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PRELIMINARY REPORT ON THE OCCURRENCE OF RAPAKIVI 

GRANITE AROUND TARAI, KANO STATE, NORTHWESTERN 

NIGERIA 

Amuda A.K., Magaji S.S. 

Department of Geology, Ahmadu Bello University, Zaria, Nigeria 

akabdulgafar@abu.edu.ng 

Anorogenic, bimodal magmatism, grusification, rapakivi granite  

The studied area is a part of Nigerian Precambrian Basement Complex. Field observa-

tions show ovoids of alkali feldspar with diameter ranging between 3.5 to 7.0 cm that are man-

tled with plagioclase feldspar. The simple texture with smooth straight contacts between the 

mineral grains facilitated surface weathering of some outcrops typified by diagnostic crumbly 

rock texture with sharp-edged grits. Grusification on subhorizontal surface and subvertical sec-

tion of the Rapakivi outcrop resulted in disintegration of matrix surrounding the K-feldspar ellip-

soids, where the ovoids themselves are less weathered. North-South trending mafic dyke rock 

and fault breccia seen at a location probably indicate that extensional tectonic setting prevailed 

during emplacement of the rapakivi granite. Occurrence of mafic dyke suggests bimodal magma-

tism in which upwelling of hot mantle material lead to intrusion of mafic magma into the crust. 

The rocks are mainly quartz monzonite with plagioclase mantled relatively equigranular K-

feldspars megacrysts of varying volume. Quartz syenite and microgranites are also present but 

subordinate in volume. Thin-section analysis shows that biotite is the major mafic mineral pre-

sent. The felsic minerals include quartz, microcline, orthoclase and plagioclase. Geochemical 

analysis carried out showed the average concentration (wt%) of major oxides SiO2, Al2O3, K2O, 

Na2O, CaO, Fe2O3, MgO, TiO2, P2O5 and MnO to be 70.6, 13.54, 5.38, 2.84, 1.76, 4.53, 0.27, 

0.50, 0.10 and 0.05 respectively. The occurrence may be a classical example of anorogenic 

magmatism and rifting within the Pan-African mobile belt. Hence, detailed investigation into the 

petrogenesis of quartz monzonite and quartz syenite in the area is envisaged. 
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COMPOSITION FEATURES OF FLUIDS IN QUARTZITES OF 

KYACHTA SILLIMANTE DEPOSIT (WEST TRANSBAIKALIA) 

Ayurzhanaeva Dulmazhap, Izbrodin Ivan, Damdinova Ludmila 

Geological Institute, SB RAS, Ulan-Ude, Russia  

dulmazhap@mail.ru 

Quartzites and sillimanite-bearing schists, types of fluid inclusions, thermometric study, composition of 

fluids 

The study of fluid inclusions is one of the sources of information about the aggregate-phase 

composition and temperature of the mineral-forming solutions. We conducted a мicrothermometry study 

of fluid inclusions in quartz from the quartzite site of Chernaya Sopka (the Kyachta sillimanite deposit, 

West Transbaikalia). The deposit is represented by a series of lenses sillimanite schists (Late Mesozoic age 

) with a capacity of up to 40 m, lying deep in the biotite and amphibole-biotite gneisses of Late Paleozoic 

age [1]. The quartzite bodies are confined in the sillimanite-quartz and quartz-sillimanite rocks. They rarely 

form separate interlayers and lenses among biotite gneisses. They are almost entirely composed of quartz 

with muscovite admixtures. Medium-grained rocks and those having less coarse structures form layers from 

tens of centimeters to scores of meters. Sometimes, quartzites have coarse layered structures with the 

stratified arrangement of sillimanites and muscovites. There are admixtures of rutile, titan-hematite, 

magnetite, feldspar and lazulite there, as well as monomineral quartzites. The quartz of quartzites 

characterized by light grey and white color is of two generations. The first generation has uneven, corrosion 

boundaries being of grain size and varying from 0.5 mm to 1 cm. The second structure is presented by finer 

grains (their size being more than 0.5 mm) of milky - white color with rounded edges [2]. We have studied 

several fluid inclusion types of the first generation quartzes in quartzites (Table 1). Most of gas-liquid and 

crystal-fluid inclusions are likely to be primary and homogenized in the temperature range between 319 

and 335° C. The results of the thermocryometric investigations show that the eutectic temperatures range 

from -36 to -55°C that corresponds to the predominance of Ca, Mg (Na, Fe) chloride fluids in solutions [3]. 

The melting temperatures of the last ice piece in the inclusions range from -21 to -6° C, that infers, that, the 

concentration of salts in the solution varies from 9,21 to 23,05 of weight % from the NaCl equivalent [4]. 

Earlier, we studied primary fluid inclusions in the quartz of sillimanite schists. They are few in 

number and single found. They decrepitate at the temperature of 680-710 °C, without reaching temperatures 

of homogenization, the gas and solid phases in the inclusions being unsolved. The chemical composition 

of those inclusions was determined to be of sodium alkalinity type using an electron microscope. The ratio 

of Na2O to K2O ranges from 0.72 to 1.05. Besides the aluminosilicate component (the content of SiO2 

varying from 49.76 to 74.85 wt%, and that of Al2O3 from 11.59 to 32.94 wt%), there is   titanium (its content 

being 0 to 1.5 wt% of TiO2) there and some content of SO3 equal to 4.72 of wt% in some cases. Single gas-

liquid inclusions of unknown nature are present as well. Gas and liquid inclusions are homogenized by 

temperatures between 300 to 325 °C. There is no homogenization in some inclusions. The gas bubbles 

sharply increase in size and partially or completely decrepitate between 368 and 375°C. 

Thus, the results of studying inclusions from quartzites and sillimanite shists have indicated that 

the composition of ore-forming solutions is heterogeneous. This is due to the misbalanced metamorphic 

processes. 
The study is performed with the support of the Russian Foundation for Basic Research (RFBR) - 16-35-00365 
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Table 1 – Types of inclusions in quartz from quartzites of Kyachta deposit 

Types of inclusions Shape 
Quantitative 

relations 
Т hom, С 

Т eut, С 

(Тmelt. ice, С) 

The 

composition 

of solutions, 

salinity 

(wt.%) 

Quartzites   

Primary 

gas-liquid 

 

rounded, 

irregular 

30-40 % of vol. 

gas phase 

60-70 % of vol. 

liquid 

320–322° 

 

–33° 

(–6°) 

 

 

МgCl2-H2O 

9,21 

 

Primary 

crystal-fluid 

polyphase 

 

irregular 

5-10% of vol. 

gas phase 

up to 65 % vol. 

solid phase 

10-25 % vol. 

liquid 

- - - 

Primary 

crystal-fluid 

three phase 

 

rounded, 

irregular 

20-30 vol%- 

gas phase 

up to 45 vol%- 

solid phase 

10-25 vol%- 

liquid 

315-319° 
-55° 

(-21°) 

 

СаСl2-

NaCl-H2O 

23,05 

Gas 

 

rounded, 

irregular 

100 % vol. 

gas phase 

 

- - - 

Liquid 

 

rounded 100% vol. liquid - - - 

Sillimanite schists 

Primary 

crystal-fluid 

polyphase 

 

rounded, 

elongated, 

single-phased 

5-10% vol- 

gas phase 

up to 85% vol- 

solid phase 

5%vol- liquid 

680-700 

(decrepitation) 
- 

Gas-liquid 

unknown nature

 

rounded, 

single-phased 

20-40%vol- 

gas phase 

60-80%vol- liquid 

 

300-325 

375-368 

(decrepitation) 

- 

Secondary gas-liquid 

 

rounded, 

elongated, 

single-phased, 

formed trains 

 

10 -50%vol- 

gas phase 

90%vol- liquid 

 

200- 225-240 

 

- 
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Monchetundra massif, mafic rocks, geochemistry, mineral compositions, Fennoscandian Shield 

The Monchetundra massif is located in the north-eastern part of the Fennoscandian shield (Kola 

Peninsula, Russia) and belongs to the Paleoproterozoic East-Scandinavian Large Igneous province 

enclosing Cr, Ni, Cu, Co, Ti, V and PGM-bearing deposits [1]. Geology and internal structure of the MM 

is a combination of both mafic rocks differing in formation age and a complex of mafic dykes, formed 

during multiple intrusions [2]. 

The oldest rocks of the MM are coarse-grained massive to foliated metagabbroic rocks, which is 

formed the southern and southwestern parts of the massif. These rocks are composed predominantly of 

Ca-amphibole (CaB>1,50) and relict tabular (An62-85,8) and recrystallized (An37,6-45,5) grains of plagioclase. 

These rocks have yielded zircon U-Pb ages of 2521±8 Ma, 2516±12 Ma [3, 4].  

Differentiated trachytoid gabbronorites occurring along northeastern flank of the MM have yield 

U-Pb ages of about 2,5 Ga [2, 5]. A direction of trachytoid texture conforms to a northwestern strike of 

the massif and has a dip of 30°-40°SW. The common rocks of this group are medium to coarse-grained 

mesocratic gabbronorites and their altered equivalents. The main rock-forming minerals of these rocks are 

plagioclase (An59-63), clinopyroxene (En32-41Wo44-49Fs15-19), orthopyroxene (En59-64Wo4Fs32-37). Higher 

PGE concentrations are associated with this group of the MM rocks. 

The central part of the MM is faint layered and consists mainly of massive coarse-grained 

leucocratic gabbronorites and gabbros and their amphibolized derivatives. Melanocratic and olivine-

bearing varieties are less common. At the bottom of the massive leucocratic gabbronorites and gabbros 

sequences, these rocks alternate with layers of troctolites, which have a NW strike and a dip of 30° SW. 

These rocks composed of plagioclase (An75-54) and olivine (Fa32-33) with lesser clinopyroxene (En32-

44Wo43-50Fs12-22) and orthopyroxene (En58-70Wo2-3Fs27-40). Zircon and baddeleyite U-Pb ages of these rocks 

are 2471±9 Ma, 2476±17 Ma, 2471±2 Ma [2, 3]. 

Pegmatoid rocks and gabbro-pegmatites were crystallized at the final stage of the MM formation. 

They usually occur among massive coarse-grained leucocratic gabbronorites and gabbros as podiform 

bodies or irregular segregations and veins. Mineral composition of these rocks is presented by amphibole, 

plagioclase, quartz, epidote group minerals, garnet, and seldom pyroxene. The isotopic U-Pb baddeleyite 

age is 2453±4 Ma [6], but, according to recent studies, veins of gabbro-pegmatites have the younger U-Pb 

zircon age of 2445.1±1.7 Ma [4]. 

The main varieties of the Monchetundra mafic rocks differ in age of formation, textural and 

structural features and have similar geochemical characteristics. The general similarity of REE patterns of 

all mafic rocks suggest that they seem to have derived from a common source and isotope-geochemical 

Nd-Sr data is typical for rocks enriched in lithophile elements of a mantle source. Variations of isotope-

geochemical data between different groups of mafic rocks are likely to be associated with the evolution of 

the mantle source during long-lived plume action. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-05-00305, 15-35-

20501). 
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Mantle peridotites from ophiolite complexes of northeastern Baikal region are intensely 
plastically deformed [1]. For them found three heat settings of plastic deformations (Fig. 1). First, the 
most high-temperature regime (more 800C) identified in dunites and harzburgites with equilibrium, 
medium-coarse-grained, granoblastic microstructure in which plastic deformations implemented 
mainly intragranular translation slip systems in olivine: {0kl}[100] , (010)[100]. Plastic flow of 
ultramafics occurred obviously in mode of axial compression, low speed (ε<10–6 c–1) in the 
conditions of the upper mantle. 

 

Fig.1 – Dependence of temperature of olivine-chromitic equilibria (T°, Celsius) from degree of deformation of 

dunites and harzburgites (S). I-III – modes of plastic deformations: I – high-, II – medium-, III – low 

temperature. Massifs: Paramsky (black circles), Shamansky (gray circles) 

The second medium temperature regime (600-800С) is the most typical of dunites and 
harzburgites with porfiroclastic types of microstructures. Plastic deformations of olivine occurred by 
translational sliding with the change of systems with high-temperature on low-temperature: {0kl}[100], 
(110)[001], (100)[010], as well as by sintectonic recrystallization and cataclastic flow. Plastic flow of 
ultramafics realized in terms as both axial as shear intense deformations at a significant rate (ε>10–4c–1) 
in the process of moving ultramafics in crust. 

The third low-temperature mode (500-600С  effect of gabbro 
intrusions on consolidated ultramafics. As a result, ultramafics are exposed a process of secondary 
recrystallization annealing with the formation of dunites with micro-grained microstructure, without 
signs of plastic deformation of olivine. 

Thus, the identified temperature regimes reflect the regressive direction metamorphism of 
ultramafics of ophiolite association in the process of moving from upper mantle to crust, which are caused 
by plastic deformation of olivine by mechanisms of translational slip, sintectonic recrystallization and 
subsequent secondary recrystallization annealing. 

 
References: 
1. Chernyshov A.I. (2005): Petrostructural signature of olivines in ultramafic rocks of the Paramsky and 

Shamansky massifs (Baikal-Muya ophiolite belt) // Russian Geology and Geophysics. V. 46(11). P. 1121–1132 

27

Petrology and geochemistry of igneous and metamorphic rocks



PETROLOGY OF METAMORPHIC MINERAL FORMATIONS IN IRON 

METEORITES 

Hontsova Svetlana, Maksimova Elena, Nauhatsky Igor, Milyukova Elena 

Vernadsky Crimean Federal University, Physical - Technical Institute, Simferopol, Russia  

sgoncova@gmail.com 

Meteorite, metamorphism, mineral formations, X-ray diffraction analysis, scanning microscopy  

In the evolution the meteorites experienced thermal, aqueous and shock metamorphism, that influ-

enced their primary structure and mineral composition [1]. In many works has been studied the structure of 

iron meteorites after the shock load, but wasn't constructed the accurate classification of structural change. 

Signs of metamorphism in iron meteorites are: shock induced plastic deformation, polymorphic transfor-

mations, melting upon impact, amorphicity of the crystal structure of minerals, stratification of metal [2,3]. 

The objects of study were iron meteorites: Sikhote-Alin (IIAB), Campo del Cielo (IAB) and 

Dronino (ungrouped), fig.1. 

   

Fig.1 – The samples of meteorites: а) Sikhote-Alin (2×2,5 сm; 10,96 g); b) Campo del Cielo (2×1,5 сm; 

13,55 g); c) Dronino (1,8×3 сm; 16,35 g) 

By X-ray diffraction, scanning electron microscopy and energy dispersive analysis it  was found 

the presence in the samples structures of shock melting: taenite γ-Fe(Ni,Co), troilite of FeS and  schreiber-

site (Fe,Ni)3P [4,5,6]. The structural parameters of their crystal lattices are presented in Table 1.  

Table 1 – The parameters of the crystal lattices of structures of shock metamorphism  

 

 

 

 

 

 

 

 

 

 

On the surface of the meteorite Sikhote-Alin observed area of contact melting on the border of 

kamacite α-Fe(Ni,Co) – rabdite Fe1,5Ni1,5P. On the surface of the meteorite Campo del Cielo found cracking 

(result of shock influence) on the border of kamacite α-Fe(Ni,Co) –  rabdite Fe1,5Ni1,5P, fig.2. 

  

The title mineral and space 

group 

Campo del 

Cielo 
Sikhote-Alin Dronino 

Schreibersite 

I 4(-) 

a, Å 9,089 9,057 - 

с, Å 4,423 4,432 - 

Troilite 

P 6(-)2c 

a, Å 5,981 5,973 6,003 
с, Å 11,761 11,772 11,752 

Taenite  

F m3m 
a, Å 3,606 3,586 3,597 
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Fig.2 – Rabdite (morphological subspecies of schreibersite) on the surface of the meteorites: а) Sikhote-

Alin, b)  Campo del Cielo (microphotographs in the reflected electrons; scanning electron microscope  

SEM-106) 

Were found portions filled with short-grained crystals of troilite FeS on the surface of meteorites 

Campo del Cielo and Sikhote-Alin, fig. 3. 

  

Fig.3 – Sulfide inclusions (troilite) on the surface of 

the meteorite Campo del Cielo 

Fig.4 – Carbon formation on the surface of the me-

teorite Campo del Cielo 

The graphite crystals are especially interesting among in metamorphic formations. They were found 

at the phase borders of silicate inclusions in the form of grains, filled of plates of graphite in the meteorite 

Campo del Cielo. Besides graphite there are the area enriched with carbon in the form of «fluffy» for-

mations, fig. 4. 
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Platinum group elements, mantle xenoliths, deformed peridotites, eclogites, isotope dilution 

We report the first data of PGE distribution in the unusually fresh deformed peridotites, granular 

peridotites and eclogites from the Udachnaya pipe. Mantle xenoliths from the Udachnaya pipe have 

different origin, structure and chemical composition and represent comprehensive depths in the Siberian 

craton. Equilibration temperatures and pressures for Udachnaya deformed and granular peridotites are 

1250-1400ºC and 5,7-7 GPa and 750-1250ºC и 3,5-6 GPa, respectively [1]. Equilibration temperatures 

and pressure estimated for eclogites ranged from 1245 to 1320ºC and 6-6,5 GPa [2]. 

We assume that the sulphides are the main host mineral of PGE in our rocks [3]. The sulphides 

from eclogites have a narrow range and little concentration of compatible elements (Ir+Ru from 0,002 to 

0,144 ppb) in contrast to incompatible PGE (Pt+Pd from 0,001 to 23,24 ppb). Ir show good positive 

correlation with major elements (CaO+Al2O3). Pt and Pd have no correlation with these elements. There 

is a good positive correlation between PGE and Fe2O3. Thus, PGE in eclogites are not controlled by silica 

components and belong to iron phase enrichment. The same situation is observed in granular peridotites. 

The sulphides in these rocks are not identified, but there is a good correlation of Fe2O3 with PGE in the 

whole-rock. And PGE show negative correlation with major elements (CaO+ Al2O3). 

 

Fig.1 – PGE distribution in the sulphides from the deformed peridotites and eclogites and ones in whole rock 

of the deformed and granular peridotites 

The sulphides were identified in two samples of the deformed peridotite. Chondrite normalized 

PGE concentrations in the sulphides are three orders higher than that in the deformed peridotites whole-

rock. But the pattern shape is similar. The distribution of PGE in the deformed peridotites generally 

corresponds to that in granular peridotites of the Udachnaya pipe and xenoliths from Lesotho [4]. 

However, in contrast with broad range concentrations PGE in the granular peridotites of the Udachnaya 

pipe ((0,0003-0,02) × chondritic), the deformed peridotites show nearly flat pattern from Os to Pt (~0,01 

× chondritic). Only Pd concentrations in the deformed peridotites range broadly (from 0,08 to 6,13 ppb). 

They are enriched in Pd in contrast to granular peridotite from the Udachnaya pipe and the Lesotho. Our 

PGE data for the deformed peridotites were compared with the previous PGE literature data in cratonic, 

circum-cratonic, orogenic peridotites and peridotites from ophiolites. The low-enriched part of the 
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deformed peridotites is in agreement with cratonic peridotites, three samples of the enriched deformed 

peridotites are in the circum-cratonic peridotites area and Uv268-02 sample in the orogenic peridotites 

area. There is no good correlation between major elements and PGE, but the deformed peridotites were 

enriched in incompatible and depleted in compatible elements during the silicate metasomatism. Thus, we 

assume a complex evolution of PGE composition in the deformed peridotites during the silicate 

metasomatism. On the first stage the deformed peridotites were depleted in compatible elements followed 

by the increase of Ga and Cpx. On the last stage the enrichment of Pt, Pd and Re is probably a result of 

submicron sulphide phases skimping in the interstices of mantle rocks. 
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The Vulsini district is located in the northern part of the Roman magmatic province, covers about 

2280 km2 in area. It contains four main volcanic complexes – Paleo-Bolsena (0.6-0.45 Ma), Bolsena 

(about 0.49-0.32 Ma), Montefiascone (0.3-0.2 Ma), and Latera (0.38-0.15 Ma). The all volcanic 

complexes are composed of lava flow of various composition (tephrite, basanite, latite, trachite, 

tephriphonolite, and phonolite), strombolian scoria, plinian deposits and ignimbrite sheets [1, 2]. It should 

be noted that petrogenesis and geodynamic settings of ultrapotassic magmatism within the Roman 

magmatic province are one of the most controversial issue and still not solved. Most researchers believe 

that ultrapotassic magmatism is related to the subduction processes [3, 4]. The others think that it is the 

result of intraplate magmatism [5, 6] and associated with deep-seated tectonic faults of Rhine-Libyan rift 

system [7, 8 etc.] or related with plume activity [9, 10]. 

 

Fig.1 – Schematic geological map of Vulsini volcanic district [2] 

In this work the lava flow of leucite tephriphonolite from Bolsena complex is the object of the 

melt inclusion study. The samples were collected from Orvieto area (Fig.1). The purpose of the research 

is to obtain data on chemical composition of initial magma, its evolution, and crystallization temperatures 

based on the melt inclusion (MI) study as well as to compare obtained data with analogous results from 

the other volcanic complexes of the Roman magmatic province. Melt inclusion study previously was 

conducted in olivine phenocrysts of Montefiascone complex scoria of leucite basanitic composition [1] 

and in clinopyroxene phenocrysts of Roccamonfina lavas (leucite tephrite, latite, and K-basalt in 

composition) from the Roman magmatic province [11]. 

Studied tephriphonolite is composed of clinopyroxene, leucite, and plagioclase(?) phenocrysts 

and groundmass consisting of clinopyroxene, mica, potassium feldspar, plagioclase, hauyne, apatite, 

titanomagnetite, and glass. The composition of clinopyroxene phenocrysts is diopside-salite (27-44 

mol.% En, 7-25 mol.% Fs, 47-50 mol.% Wo). Leucite contais (wt. %): 54.4-57.3 SiO2, 21.8-23.3 Al2O3, 

18.8-21.5 K2O, 0.3-0.7 Na2O, 0.3-0.6 FeO, and up to 0.11 CaO. Plagioclase has variable composition 

from bytownite to labrador (51-85 mol.% An, 14-43 mol.% Ab, 1-6 mol.% Or). The glassy melt 
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inclusions with gas bubble were found and studied in the clinopyroxene phenocrysts. According to the 

heating experiment results the temperature of clinopyroxene crystallization in leucite tephriphonolite is 

about 1100-1200 °C. These temperature data are comparable to the temperatures of clinopyroxene 

crystallization at Roccamonfina volcano lavas (1180-1280 °C) [11] and temperatures of olivine 

crystallization at Montefiascone leucite basanite scoria (1192-1242 °C) calculated due to olivine and 

anhydrous melt equilibria [1]. 
 

 

Fig.2 – The relationship between the concentrations of SiO2 and major oxides in heated (1) and unheated (2) 

MI hosted in diopside phenocrysts of Bolsena leucite tephriphonolite from Orvieto area: 3 – unheated glassy 

MI hosted in olivine from Montefiascone leucite basanite [1], 4 – heated MI hosted in clinopyroxene from 

Roccamonfina potassic volcanics [11], 5 – Bolsena leucite tephriphonolite 

The composition of initial magma conserved in clinopyroxene from leucite tephriphonolite of 

Bolsena complex is represented by trachybasalt-trachyandesite according to results of heated MI 

composition study. It is more evolved in comparison with that of more primitive magmas of 

Montefiascone complex and Roccamonfina volcano as well as that of initial leucite tephriphonolite 

(Fig.2). The chemical composition of unheated MI evidences that initial magma during crystallization is 

enriched in Al, Na, and K and depleted in Fe, Mg, Ti, Mn, and Ca, i.e. its composition evolves toward the 

leucite phonolite. 
The work was supported by the Russian Federation President grant for support of young scientists (№ 

MK-5016.2016.5) 
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The content of trace elements in minerals, as well as estimates of the element distribution between 

coexisting mineral phases are effective indicators in the geochemical reconstruction. In this regard, the 

xenolith samples from kimberlite pipes representing the lithospheric mantle are significant. This research 

is focused on the processes affected the lithosphere mantle in the north-east of the Siberian craton. The 

mantle xenoliths from the Upper Jurassic [1] Obnajennaya pipe (Kuoika kimberlite field) were used as 

material. 

The xenoliths from this pipe were subdivided into three groups on the basic of petrographic fea-

tures: 

1. Sp, Grt-Sp harzburgites, Grt, Grt-Sp, Sp lherzolites, Grt, Grt-Sp, Sp olivine websterites and 

Grt, Grt-Sp websterites -  the so-called magnesian group (~75-80% xenoliths) [2]. They continuously range 

by clinopyroxene and garnet contents, form transitions by mineral composition with high magnesium con-

tents (Mg#). Some samples of this group are marked by the development of phlogopite and amphibole 

replacing pyroxene in the exsolution megacrysts and forming transverse veins and irregular patches at grain 

boundaries of primary minerals. Grains of phlogopite and amphibole, are often cut off on contacts of xen-

olith and host kimberlite, which gives an evidence of the metasomatic phlogopite-amphibole mineralization 

developing before their entrainment into the kimberlite. 

2. Eclogite and garnet clinopyroxenite (~10-15% xenoliths). They characterized by clinopyrox-

ene exsolution megacryst presence with garnet lamellae and ferrous mineral composition. 

3. The Phl-Ilm rocks (~5-8% xenoliths) comprise a complex association of parageneses repre-

sented by garnet- and garnetless websterites, olivine websterites, orthopyroxenites, lherzolites [2]. Garnet 

grains often contain inclusions of relic minerals. The content of phlogopite is widely variable, from a few 

percent to 40–80%. The content of ilmenite ranges from a few percent to 15%, rarely to 30–40%. A specific 

feature of this series is high contents of K, Ti and Fe in the rocks and minerals.  

The trace element concentrations  in minerals were determined for 25 representative samples using 

mass spectrometry of secondary ions method (SIMS) on microanalyser Cameca IMS 4f Ion probe in the 

Yaroslavl Branch of the Institute of Physics and Technology RAS (analyst – S.G. Simakin). The most of 

the measures was made in garnet and clinopyroxene grains. Trace elements were analyzed in amphibole, 

phlogopite and ilmenite. The finding concentrations were normalized to C1 chondrite [3].  

The resulting trace element distributions for magnesian group (Fig. 1A - green lines) show the 

similarity of waveforms and a relatively small range of content variations (2-5 times). The rare-earth ele-

ments indicate a gradual increase from La to Yb in accordance with coefficients garnet-basaltic melt, which 

has been called the «normal» resulted from «percolative fractional cryslallization» [4]. The clinopyroxene 

(Fig. 1B) of magnesian rocks also is observed similarities form curves and relatively narrow composition 

range. At the same time trace element distribution for samples with metasomatic phlogopite and amphibole 

(Fig. 1A - red lines) varies a much more (up to 50 times), although curves are similar in shape. The REE 

distribution in garnet for phlogopite-containing rocks (Fig. 1C – violet lines) also gradual increases, possi-

bly, indicating later garnet equilibrium with the melt. The trace element contents in minerals from eclogite 

and clinopyroxenites (Fig. 1C,D – blue lines) are slightly lower than such in magnesian rocks. Some eclo-

gite samples demonstrate anomaly by Eu and in the field MREE, which can be evidence of subduction 

origin. The curves of trace element distribution in amphibole (Fig. 1E) are characterized by a wide spread 

of values (up to 20-30 times), with a maximum of Ba and Nb, significant minimum of Ti, Zr + Hf, and a 

gradual decrease in concentrations of REE values. This LREE enrichment of amphibole is supposed to 

result from enrichment fluid influence [5]. The trace element distributions in the phlogopite of phlogopite-

ilmenite parageneses (Fig. 1F - violet lines) differ from metasomatic phlogopite (magnesian group) (lower 

REE content, maximum of Ti), indicating their different origins. Thus, distinguished three groups of xeno-

liths also differ in trace element composition of minerals. 
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Fig.1 –C1-Chondrite-normalized [3] trace element concentration in minerals:  A, С – in garnet grains; B, D – 

in clinopyroxene grains; E – in amphibole; F – in phlogopite mineralization. Green lines – xenoliths of magne-

sian peridotite-pyroxenite group. Red lines – xenoliths from magnesian group with metasomatic features 

(Amph+Phl mineralization). Blue lines – eclogites and Fe-clinopyroxenites. Violet lines – Phl-Ilm –containing 

rocks (hyperbasites). 

The work was supported by the Russian Foundation of Basic Research (project №16-35-00496). The author 

also thanks Solov’eva L.V., Kostrovitsky S.I. for comprehensive support and advices, Ukhanov A.V. for eclogite sam-

ple collection. 
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Microstructures, major, trace element and PGE composition of pyroxenites, harzburgites and 

δ18O of pyroxenes from the Egiingol massif were investigated. The Egiingol massif is located in the 

Dzhida zone (Central Asian Fold Belt). Peridotites of this massif formed in supra-subduction zone [1]. 

Pyroxenites occur as veins (from 0.5 cm to 1-2 meters wide) in harzburgites (Fig.1). This 

pyroxenites form a complex net of veins, which intersect with each other. Pyroxenite veins varies from 

orthopyroxenites (opx >95 %) to websterites (cpx 10-70 %, opx 30-90 %). Thick veins (> 10 cm) are 

orthopyroxenites and websterites, but thin veins are only orthopyroxenites. Boundaries between 

pyroxenites veins and harzburgites are gradual. The thin orthopyroxenites contain chains of relict olivine 

from harzburgites between grains and inside orthopyroxenes. We observe the origin of clinopyroxenes 

after orthopyroxenes, in websterites. What is more, clinopyroxenes contain the relics of orthopyroxenes in 

websterites. The spinel content in the rock is decrease from harzburgites to orthopyroxenites and to 

websterites. 

 

Fig.1 – Pyroxenite veins inside peridotites 

We observe a consistent change in the composition of minerals from harzburgites to websterites. 

Spinels from thin veins are similar to spinel from host peridotite. Spinels from pyroxenites characterized 

by a wider Cr# and decreasing Mg# compared to harzburgite spinel. Composition of the spinel may have 

been changed due to interaction with a melt [2]. Olivines with “peridotite value” of Mg# and NiO are 

saved in thin orthopyroxenites only, they are not in websterites. Mg# of Opx and Cpx are correlate with 

each other, and decrease from orthopyroxenites to websterites. Pyroxenes with high Mg# from thin veins 

shifted to pyroxenes from host peridotite. Compared to orthopyroxenites, websterites show larger 

variation of the pyroxene composition (Al2O3, Cr2O3, Mg#). In addition, composition of pyroxenes from 

pyroxenite veins is more close to pyroxenes from high-Ca boninites. 
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Harzburgites and pyroxenites of Egiingol have similar (U-shaped) REE distribution. Besides, the 

level of HREE concentrations from orthopyroxenites is higher than host harzburgites. LREE growth in 

the center of veins. With increasing clinopyroxenes content in rock, HREE increase too. Moreover, REE 

distribution of websterites is similar to high-Ca boninites. Clinopyroxenes are characterized by low 

HREE, decrease to MREE, and depleted to enriched LREE. Level of M-HREE concentrations of 

clinopyroxene from orthopyroxenites and websterites is the same. The composition of calculated 

equilibrium melt for clinopyroxene of websterites is similar to primary composition of high-Ca boninites 

of Troodos ophiolite [3]. Some part of harzburgites have PGE concentrations are close to residual 

peridotites, with Pt, Pd minima and Re maxima. Most of harzburgites have a variable PGE (Ir minima, 

and volatile Pd) spectra, as result melt-rock interaction. Moreover, these harzburgites have closer level of 

concentrations and PGE distribution to Troodos ophiolites. Small orthopyroxenite veins demonstrate 

similar PGE spectra to their host peridotites. Wider veins have another PGE distribution. They have 

raising Pt, Pd and Re compared to Os, Ir and Ru. It is typical for websterite veins from Troodos ophiolite 

[3]. All clinopyroxenes and most orthopyroxenes are enriched in 18O compared with pyroxenes from 

mantle peridotites. The δ18O values increase from harzburgite to orthopyroxenite than websterite, from 

+5.5 to 6.6 ‰ (Fig.2). 

  

Fig.2 – δ18O in pyroxenes from pyroxenite veins and harzburgites of Egiingol 

Thus, the model of pyroxenite formation by the interaction of peridotite with high-Ca boninitic 

melt and replacement sequence: Ol (peridotite) → Opx → Cpx is more consistent. 
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Kiki granitoid intrusion with northeast-southwest trend is located in the Semnan province, 25 km 

southwest of the Byarjomand city and 5 km south of the Kiki village. This area is located between latitude 

of 35°50’ - 36°3’ N and longitude of 55°20’ - 55°37’ E. 

In the classification diagram [1], the samples plotted in the alkali granite, granite, granodiorite, 

diorite and gabbrodiorite fields. These rocks consist dominantly of plagioclase, quartz, orthoclase, horn-

blende, biotite and subordinate opaque minerals, apatite, sphene and zircon. In a few samples biotite is 

replaced completely by chlorite. Some large crystals of plagioclase are altered to epidote, sericite and clay 

minerals. The rocks are metaluminous to slightly peraluminous with aluminium saturation index (ASI) 

(molar Al2O3/(CaO +Na2O+K2O)) value ranging from 0.80 to 1.06. All samples are of subalkaline affinity 

and are of the I-type character. Primitive mantle-normalized [2] trace element concentration diagrams are 

shown in Fig. 1a. All rocks show enrichment of large-ion lithophile elements (LILEs) (i.e., K, Rb, Ba and 

Th) and light rare earth elements (LREE) (i.e., Ce and Sm) relative to high-field strength elements (HFSEs) 

and heavy- rare-earth elements (HREEs). The depletion in HFSEs is restricted to pronounce negative Nb 

and Ti anomalies. In addition, negative P anomalies are observed in all rock types. Chondrite-normalized 

[2] rare earth element patterns of all rock types are concave-upward shaped and are characterized by nega-

tive Eu anomalies with Eu/Eu* ranging from 0.11 to 0.88 (Fig. 1b).  

 
Fig.1 – (a) and (b) Primitive mantle-normalized trace-element patterns and chondrite normalized-rare earth 

element patterns, respectively (normalizing values from [2]) for samples from the Kiki intrusions 

The negative Eu anomalies require fractionation of plagioclase and/or K-feldspar. Fractionation of 

feldspar would also result in a depletion of Ba and Sr. Negative Eu anomalies and a decrease of Sr with 

increasing silica all assert that plagioclase was an important fractionating phase. Separation of Ti-bearing 

phases (such as ilmenite and titanite) and apatite resulted in depletion in Nb–Ta–Ti and P, respectively. The 

decrease of CaO, MgO, Fe2O3, Al2O3, TiO2, P2O5, Sr and increase in K2O, Ba, and Rb with increasing silica 

is thus related to the combined fractionation of plagioclase, hornblende, apatite and titanite. The geochem-

ical features of the Kiki intrusion (i.e., depletion of Sr, Nb and Ti, enrichment of Rb, Th, Pb and LREEs) 

are compatible with those of typical crustal melts, e.g., granitoids of the Lachlan Fold belt [3] and the 

Himalayan leucogranites [4]. Their derivation from a crustal source is thus apparent. Partial melting of 

lower crustal mafic rocks yields a variety of granitoid magmas [5]. 

Compositional differences of magmas produced by partial melting of different source rocks, such 

as amphibolites, tonalitic gneisses, metagraywackes and metapelites, under variable melting conditions, 

may be visualised in terms of molar oxide ratios. The chemical compositions of the Kiki intrusion are thus 

rather compatible with an origin by dehydration melting from mafic lower crustal rocks and metapelites 

[6,7,8] (Fig. 2). The chondrite-normalized REE diagrams suggest that garnet was not stable in the source, 
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whereas the negative Eu and Sr anomalies reveal that plagioclase was stable in the source of the Kiki intru-

sive rocks. 

 
Fig. 2 – The chemical composition of the Kiki intrusions. Outlined fields denote compositions of partial melts 

obtained in experimental studies by dehydration melting of various bulk compositions [6, 7, 8] 

The Kiki intrusive rocks display enrichment in the LILE elements (e.g., K, Rb and Ba) and deple-

tion in HFSE (e.g., Nb and Ti) indicating a subduction-related origin. Applying the discrimination criteria 

of Pearce et al. [9], all Kiki samples plot in the fields of volcanic-arc granites (VAG) in the Rb vs. (Yb+Ta) 

and Rb vs. (Y + Nb) diagrams (Fig. 3a and b). It has been demonstrated [10] that the abundances of incom-

patible elements in granites can be correlated with the degree of the arc maturity. A comparison of the Kiki 

intrusion with arc-type granitoids is made in the Nb vs. Rb/Zr diagram (Fig.3c). Gabbrodiorite and diorite 

from the pluton plot in the primitive arc fields, and granodiorite and granite plot in the normal arc fields. 

 
Fig.3 – (a) and (b) Rb–(Yb+Ta) and Rb–(Y+Nb) discrimination diagrams, respectively [9], (c) Nb vs. Rb/Zr 

diagram, respectively [10]. VAG, volcanic-arc granites; Syn-COLG, syncollisional granites; WPG, within-

plate granites; ORG, ocean-ridge granites 
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Upper mantle eclogite collection (21 samples) from the Catoca kimberlite pipe has been studied 

via mineralogical, petrographic and geochemical approaches. As a result, three types of eclogite have 

been distinguished: high-alumina (hi-Al2O3), low-magnesian (lo-MgO) and high-magnesian (hi-MgO) 

eclogites. Eclogites of each group are characterized by its own unique set of features. The obtained data 

allows us to make the conclusions about material and chemical heterogeneity of the lithospheric mantle of 

the Kasai Craton. Hi-Al2O3 eclogites (6 samples) consist of high-Na omphacite (Jd 51-67) and garnet 

(Prp30-33 Alm28-29 Grs37-41). There are small quantities of kyanite in each sample (up to 15 vol.%). 

Lo-MgO eclogites (9 samples) are bimineralic, composition of garnet: Prp35-53 Alm28-45 Grs16-28; 

composition of omphacite: Jd 32-57. Hi-MgO eclogites also are bimineralic and consist of minerals with 

a high MgO content, composition of garnet: Prp68-70 Alm21-23 Grs5-8, composition of omphacite: Jd 

19-25. Rutile is the most common accessory mineral. 

There are mantle peridotites and clinopyroxenite xenolithes in addition to the mantle eclogites in 

Catoca pipe. 

Almost all known tools of classical thermobarometry for the mantle eclogite were used. 

Geothermometers [1-6] have shown a good agreement in the range of 1000-1200°C at pressures of 40-50 

kbar, but only lo-MgO eclogite PT-parameters correspond with the above-noted range. Thus, we choose 

the same for all groups of eclogites method for the determination of PT-parameters based on indirect 

mineralogical and geochemical criteria. The equilibration temperatures of the eclogite xenoliths were 

evaluated using a garnet-clinopyroxene geothermometer [5]. To calculate the pressure of the xenoliths, a 

geotherm with a heat flow capacity of 40mW/m2 was chosen [7, 8]. The choice of this geotherm 

accounted for the fact that almost all of the current estimates of P and T parameters for the mantle beneath 

ancient Archaean cratons (including Kasai Craton) are close to it. In addition, the Catoca garnet lherzolite 

xenolith points lie on the same geotherm. 

The position of different groups of the eclogites in the lithospheric mantle column of Kasai 

Craton ~ 110-210 km (35-65 kb) has reconstructed on the basis of the obtained PT-parameters of the 

equilibrium mineral assemblages. The upper part of the mantle profile 110-135 km (P=35-41 kb, Т=900-

1020°C) is represented by hi-Al2O3 eclogites. Lo-MgO eclogites occur at a depth of 130-170 km (P=40-

50 kb, Т=950-1200°C). Hi-MgO eclogites were taken from depths corresponding to an area of diamond 

stability: 170-210 km, P=52-60 kb, Т=1220-1360°C. As shown by our study, processes of 

recrystallization of the mantle eclogites and specific "metasomatic" processes leading to a high-niobium 

rutile formation have already appeared. The average Nb2O5 content 7-11 wt.% in the rutiles from the hi-

MgO eclogites was determined. Occasionally in the marginal parts of the rutile grains, there are areas of 

no more than 10-15 microns containing Nb2O5 up to 20-–25 wt.% and Ta2O5 up to 4 wt.% [9]. 
The work was supported by the Russian Foundation of Basic Research (projects № 16-35-00321). 
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Carbonatites belong to enigmatic magmatic rocks, often with peculiar mineral assemblage. Their 

exact origin is still unclear, but mantle-derived source usually is anticipated. Here, preliminary data for 

carbonatite from two alkaline-carbonatite complexes in Tamil Nadu, Southern India, are presented. Both 

complexes, consisting of carbonatites, alkaline rocks (mainly syenites), pyroxenites and minor dunites, 

were emplaced into ~2.55 Ga old granite gneisses [1] along deep NNE to NE fault systems. K-Ar 

phlogopite dating from the Samalpatti carbonatite yielded an age of 700±30 Ma [2] whereas Rb-Sr age of 

771±18 Ma [3] has been determined for the Sevattur carbonatite. Both carbonatites are almost exclusively 

sövites (calcio-carbonatites) with minor amounts of apatite, magnetite and phlogopite. Accessory mineral 

phases include monazite, pyrochlore and Fe-oxides. In sample IC10J, a phosphate mineral from the 

rhabdophan group (La, Ce, Nd phosphates) was identified. 

The Samalpatti carbonatites have generally low REE concentrations (REE = 18–275 ppm) with 

flat patterns, but high concentrations of Cr and Ni (up to 1670 ppm Cr and 150 ppm Ni). They show 

enrichments in Pb, paralleled by nearly absent or slightly positive Zr-Hf anomalies. Peculiar Nb 

enrichments result in Nb/Ta up to 870. Alkaline rocks from this area show elevated contents of some 

elements, in particular syenites are extremely rich in Sr (up to 6500 ppm) and Ba (up to 58000 ppm). 

Notably, Zr/Hf and Nb/Ta ratios vary to some extent but are within a broader mantle range. 

The Sevattur carbonatites show significantly higher REE concentrations (REE = 1614–2833 

ppm) with steep patterns, uniformly pronounced Zr-Hf, Pb and Li depletions, and variable but low Nb/Ta 

(5-23). The extent of Zr/Hf fractionation correlates broadly with the total REE budget for the latter suite, 

indicating specific mineral assemblages and conditions of separation of carbonatitic liquids. Host silicate 

rocks in Sevattur carry higher loads of Nb and Ta and may thus provide important source of these 

elements when interacting with penetrating carbonatite liquids. Moreover, magnetite has been identified 

as the important Nb–Ta carrier (up to 500 ppm Nb and 55 ppm Ta, respectively) while Zr and Hf are 

essentially similar to other rocks. These differences indicate largely different sources and/or interactions 

(mantle vs. crust) for these two respective suites. 

Understanding the relationships between incompatible trace elements may provide important 

constraints for the genesis and sources of the carbonatites, so we will be finally able to fully understand 

these exotic magmatic rocks. 
This work was supported by the Czech Science Foundation project 15-08583S. 
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Autonomous fluid-magmatic systems are identified in an independent group of the continental 

lithosphere magmatic systems. Two types of deep fluid-magmatic systems: a global and an autonomous are 

clearly distinguished in the generalization of materials on deep fluid-magmatic systems in a wide age range 

from the upper Archean to Cenozoic. The global systems are mainly represented by rock-forming deep 

mantle high-temperature fluids. Globally, melting of significant quantity of magmatic material took place 

under their impact: in the mantle basic melts are prevailing and granitoid series magmas are prevailing in 

the crust.  

As a rule, global magmatic derivatives occupy significant volumes in the crust, and associated 

systems are barren or weakly ore-bearing. The ore-bearing fluid systems and fluidized igneous bodies are 

usually associated with the most deep sublithospheric asthenospheric continental layers, which, in contrast 

to global fluid systems, are autonomous. The autonomous deep fluid systems can affect on mantle or crustal 

rocks matrixes, since in the mantle magmas of different compositions from kimberlites, lamproites, 

carbonatites, alkaline ultrabasic rocks are presented; and in the earth's crust to acid and ultra-acid, alkali 

(sodium or potassium) melts are formed. The autonomous fluid systems, which are episodically displayed 

in the crust, clearly differ in composition. Boric autonomous systems, where the main boric mineral is 

tourmaline, are of particular interest. These systems are formed under the influence of boric-containing 

fluid on the aluminosilicate matrix (melt or crystallized rock). 

Granites with high concentrations of boric (up to 200 g/t) were studied in a number of granite 

massifs (Cornwall, Gorny Altai, Baikal) [1] and are called elvans. The upper limit of the boric content in 

these granites varies quite widely and reflects the impact of boric deep fluids on the granite matrix. So far, 

this type of rocks was established in association with granite massif as dyke systems, completing the 

magmatic process. We first established elvans rock type among graphite-diamond blastomylonites of 

Kumdy-Kol (North Kazakhstan) [2]. The Kumdy-Kol deposit confined to the area of deep rift Chaglinskogo 

in the Proterozoic rocks. This deposit is presented by blastomylonites, which were subjected to impact of 

high-carbon deep fluid systems. Graphite and fine diamond (in metastable conditions) were deposited in 

rocks in the systems. Based on available data, it is the sintectonic or latetectonic formation, as graphite and 

diamond shall inherit blastomylonites structure in the distribution. After the final tectonic stage boric deep 

fluids penetrated in blastomylonites foliation. Under the influence of these fluids selective melting of 

aluminosilicate rocks presented by gneisses and aluminosilicate schists occurs. According to 

geochronological data, process of diamond-bearing rocks formation is in the range of 529-507 million 

years, and tourmaline granites formation process is in a narrow range of 491.5 ± 4.9 million years. In the 

inner space of the fault, where the graphite-diamond mineralization is localized, all schistose rocks are 

tourmaline granites are not schistose and are presented by massive crystalline rocks with a dominant 
gypidiomorphic-granular structure. The impact of the boric fluid at the granite matrix is expressed as 

irregular display of agglomerates with coarse-grain and pegmatoid habitus. In addition, the impact of the 

fluid on the host rock expressed by the formation of turmalin-bearing metasomatites. The composition of 

granite is largely dependent on the composition of the initial aluminosilicate matrix and affecting boric 

fluids. The most significant variation in the composition observed for SiO2, Al2O3, Fe2O3 + FeO. K2O and 

Na2O. B2O3 content varies quite widely – 0.18-1.75 %, reflecting the extremely uneven distribution of 

tourmaline in the granites. Typomorphic elements ratio was calculated according to ICP-MS analysis. The 

values of Cr / V varies generally from 1.2 to 3.2 (10.4 and 13.5 for 2 samples), chalcophilic Ni / Co – from 

2.1 to 5.3 (11.5 in 1 sample). The ratio order for siderophile and chalcophile elements is rather close. This 

equally applies to the lithophilic elements: Rb / Sr ratio varies within a relatively narrow range from 0.5 to 

5, Zr / Hf – from 25.9 to 34.8, Ta/Nb – from 0.02 to 0.2. The Ba / Sr ratio varies over a wide range from 

0.42 to 10. 

Generally, significant differences in the ratio of these elements are not observed, indicating a high 

degree of conversion of the original granite matrix and forming the granite melt with typical geochemical 
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parameters. It is shown by comparing the normalized REE spectra in tourmaline granites. Comparison of 

the data obtained with those for typical elvan definitely indicates higher rare earth elements content for 

elvans. If the elvans associated with the granites are characterized by a typical Eu minimum, in our case 

this dependence is not detected that confirms the unique tourmaline granites formation conditions. 

A number of small tourmaline granite bodies were first discovered within the Kokchetav block.  

Sergeyevsky massif is located in the northwestern part of the Kokchetav block, near the Ishim river. The 

massif has a rounded shape and is composed of fine-grained albite granites. The central part is more 

greisenized. The massif relates to Krykkuduksky complex of Late Ordovician age [3]. Tourmaline 

dominates among the accessory minerals. The tourmaline granite dikes have a thickness up to 50 cm. The 

dikes are located inside the plate of quartz-muscovite-garnet (phengite) shales with the eclogite boudins 

near the lake Big Chebach’e. The granite dikes occur in accordance with the shales, but break through the 

eclogite boudins. The granites are represented by medium- and fine-grained massive rocks with lots of 

visible tourmaline. Host rocks are intensely tourmalinized, it can indicate the formation of the tourmaline 

granite dikes in situ under the influence of the boric-containing fluid in the aluminosilicate matrix of quartz-

muscovite-garnet (phengite) shales. The age of muscovite in quartz-garnet-muscovite schists is 493 ± 5 

million years. Another massif is located near the village Enbek-Berlyk and is part of the Enbek-Berlyksky 

terrane of fine-grained garnet-kyanite-sillimanite-biotite schists containing the eclogite boudins, garnet 

amphibolite and koponite (garnet amphibolite with garnet crowns around plagioclase and at the boundary 

with pyroxenes). Small portions of the granite melt containing a large amount of tourmaline melted by high-

alumina schists under the influence of a boric-containing fluid. These formations have a size up to 20 - 30 

cm across and composed of quartz, plagioclase, K-feldspar, tourmaline, apatite, muscovite and accessory 

minerals (monazite, xenotime, zircon and rutile). The age of 478 ± 5 million years was obtained for 

muscovite, developing on sillimanite-kyanite garnet schists (containing dated garnet amphibolite). Thus, in 

the period from 493-478 to 398 million years within the Kokchetav block deep fluid systems, 

advantageously boric composition, were affecting on the aluminosilicate rocks, that led to the melting of 

small tourmaline granite bodies. 
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The object of our research is Kazbegi basalt breccia. The deposit of this high quality facing and 

ornamental stone is located in headwaters of the river Devdoraki (the left tributary of the river Tergi) 

gorge, on the northern slope of the Main Range Zone of the Great Caucasus(one of the major tectonic 

units of Georgia)and is only partly exposed from under the glacier cover. The complicated ragged 

topography and lack of roads makes the primary deposit inaccessible for its exploitation. At present 

alluvial-glacial piles of basalt-breccia boulder blocks in the lower reaches of the river Devdorak is being 

quarried (total reserves 61300m3). 

Kazbegi basalt-breccia is a green rock with breccia texture where large basaltic clasts are 

cemented by fine-grained epidote, calite and quartz mass resulted in formation of rather attractive 

decorative pattern of the rock and high demand on this rock as a raw material taking into account its good 

physical-mechanical properties[1] as well. It is though suggested that the Kazbegi basalt-breccia should 

be used more for lining of building’s interiors and manufacturing of decorative items and mini-

architectural artworks.As the similar type rock-formations are widespread in the region. 

The subject of precise recognition of the Kazbegi basalt-breccia textures and composition has 

become extremely essential. Thin section petrography of the breccia clasts and matrix, whole rock 

geochemistry and X-ray analysis have been conducted with the emphasis on alteration processes, 

mineralogical composition and textural  features which stipulate special decorative pattern of  basalt-

breccia. 

According to previous data the rock was interpreted as epidote bearing breccia-like diabase or 

‘decorative diabase’. Based on our petrographic study the breccia- clasts (1-50cm) have typical for basalts 

aphyric texture in contrast to diabase which is characterized by ophytic textures. This observation and 

chemical analyses results established that the rock corresponds to basalt; therefore the rock has been 

introduced as basalt-breccia (Fig.1). 

 

Fig.1 – Classification scheme for volcanic rocks based on alkali element and silica content [2] and data for 

Kazbegi basalts 
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Megascopicaly the breccia is clast- to matrix- supported monomict rock with yellowish-green 

granular matrix including splinters of epidote, rarely quartz and calcite crystals and rock fragments. Grey-

green clasts have irregular shapes with planar and curviplanar margins display jig-saw fit textures and 

indicate that calasts remain in-situ after fragmentation. The clastic framework of these breccias resembles 

hyaloclastite. The rock is cross-cut by millimeter-sized epidote-zoisite-chlorite veinlets (Fig.2). In our 

opinion constructing the deposit basalt–breccia boulders represent pillow lava- breccias and hyaloclastites 

resulted from disintegration of distal margins of Liassic (age determined by stratigraphic position of 

pillow basalts) basalt pillow lavas [3, 4]. 

In thin section the basalt rock fragments are porous, have aphyric texture with glassy, weakly- 

crystallized hyalopilitic groundmass. The rock is mainly fresh, but sometimes is replaced by sericite or 

prenite. Pores (amygdales) are infilled by chlorite, epidote, calcite and quartz. The breccia matrix often 

displays flow-banded fabric where bands comprise epidote, chlorite and calcite (Fig.3, 4). 

   

Fig.2 – Kazbegi basalt breccia Fig.3 – Basalt clast in thin 

section. Crossed nicols. x 20 

Fig.4 – In thin section, matrix. 

Crossed nicols. x20 

Our observations results are consistent with the existed data about overprinting mineralization 

developed in Jurassic basaltic volcanics of the study region represented by calcite-epidote- chlorite (rarely 

quartz) assemblage.  Identical association of postmagmatic minerals are widely observed in veinlets, 

amygdales, quenched rinds and interpillow spaces of Jurassic pillow lavas of the Great Caucasus [3, 5]. 

According to X-ray analyses have been defined two mineral phases: chloritic (clinochlore) and 

epidotic (clinozoisite-pistacite) in association with calcite±quartz±albite indicative to hydrothermal-

metasomatic alteration style (unpublished data). 

We assume that combination of developed in Kazbegi basalt breccia fresh green bands, jig-saw fit 

textures of the clastic framework and matrix and hydrothermal alteration products give the rock exotic 

decorative pattern. Above mentioned textural-compositional features might serve as helpful tools in the 

study of widespread in the region similar type of rocks aiming recognition of new occurrences of high 

quality facing and ornamental stones of industrial value. Further detailed study of Kazbegi basalt-breccia 

as well as of other occurrences is the main goal of our future research. 
The work is dedicated to the memory of Dr. Otar Dudauri who encouraged us on conducting of this 

research. 
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The Monchegorsk Layered Complex (MLC) is a mafic-ultramafic intrusion containing numerous 

PGE-Ni-Cu-Cr-V deposits and occurrences. The range of metals hosted by the intrusion is comparable 

with the Bushveld Complex. Despite on a long prospecting and mining history of the intrusion an origin 

of many Monchegorsk deposits remain unclear. It is particularly true for PGE and Fe oxide mineralization 

known within the Gabbro-10 (G-10) massif [1, 2, 3]. Two detailed borehole logs of the representative 

NW-SE cross-section of the G-10 and 18 XRF analyses were made in this study. These first results 

contribute to define a primary mineral composition of rocks, to evaluate an origin of the G-10 unusual 

rock association and to constrain a genesis of its PGE and Fe oxide mineralization. 

 

 

Fig.1 – Geological cross-section of the Gabbro-10 massif 

The G-10 massif (“gabbro of 10th anomaly” target) is situated at the south part of the MLC and 

composed by different strongly metamorphosed rocks. Whole-rock data shows that porphyraceous 

gabbroid (Fig. 1) corresponds to the MLC’s melanocratic norites (19-20 wt. % MgO, 69-80 mol. % norm-

An, table 1), which have elevated Cr content [4]. Sheared hybrid gabbro with 6-7 wt. % MgO and 58-66 

mol. % norm-An has intermediate composition between melanorite and basement rocks. Gabbro has a 

composition close to the Monchetundra [4] gabbronorites (3-4 wt. % MgO, 48-59 mol. % norm-An). Two 

whole-rock analyses have shown that diorite is actually felsic rock of granodioritic composition (66-69 

wt. % SiO2, 1 wt. % MgO, 11-21 mol. % norm-An) which is very similar to granophyres of the Imandra 

lopolith [5].  
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Table 1 – The average rock composition (wt. %) of the Gabbro-10 massif 

Elements PG (4)* SHG (2) G (6) D (2) Mgt (1) BM (3) 

SiO2 51.69 48.69 51.78 67.83 27.37 65.04 

TiO2 0.37 0.64 0.95 0.81 5.02 0.57 

Al2O3 6.82 14.65 16.69 11.94 7.77 16.85 

Fe2O3 1.70 3.00 3.56 2.77 31.94 0.99 

FeO 6.93 5.82 6.75 3.68 18.23 3.10 

MnO 0.19 0.17 0.18 0.11 0.20 0.05 

MgO 19.38 6.56 3.61 1.12 2.35 1.73 

CaO 6.01 11.25 9.46 2.99 0.40 4.09 

Na2O 0.51 2.06 2.89 4.48 2.64 4.48 

K2O 0.51 0.31 0.87 1.77 1.36 1.25 

H2O- 0.33 0.28 0.20 0.17 0.26 0.25 

LOI 5.14 3.51 2.13 1.19 0.87 1.42 

S 0.04 0.15 0.11 0.16 0.78 0.04 

CO2 0.05 2.56 0.42 0.44 0.05 0.15 

Cr2O3 0.316 0.023 0.005 0.003 0.056 0.00 

V2O5 0.015 0.035 0.040 0.016 0.102 0.02 

SrO 0.02 0.05 0.05 0.05 0.01 0.06 

Total 99.98 99.71 99.61 99.50 99.41 100.08 

 

* PG - porphyraceous gabbroid, SHG - sheared hybrid gabbro, G – gabbro, D – diorite, Mgt – magnetitite, BM – 

basement rocks. In the parentheses it is given the number of chemical analyzes for each rock variety. 

 

So, considering these data we suggest following preliminary conclusions. The G-10 massif is a 

sill-like body probably formed as a result of three magmatic events, comprising an intrusion of high-Cr 

melanoritic melt with composition close to the MLC’s parent magma, a consecutive intrusion of a 

gabbronoritic magma (comparable with Monchetundra or Vurechuaivench gabbronorites) and, finally, a 

felsic intrusion appeared due to partial melting of the basement. PGE mineralization of the studied section 

occurs at the contact of high-Cr magma with the basement rocks (contact style) and within sheared zones 

in the basement (offset style). Fe oxide mineralization is obviously connected with granodiorite intrusion 

and was likely formed due to gravitational accumulation of magnetite in a felsic melt.  
The authors are grateful to Oleg Kazanov, the chief geologist of the JSC "Central Kola Expedition", for his 

understanding, invaluable assistance and cooperation. This work was supported by the Russian Foundation of Basic 

Research (project no. 15-35-20501). 
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Granitoids of the Kopan’ complex (PR1) were detailed within the Bragin granulite domain of the 

south-east Belarus [1]. Host rocks are metamorphic rocks of Kulagin-series (of AR1 [2] or PR1 [3]). The 

Kopan’ complex makes the massive of the same name at about 15 x 12 km. It composes normal alkaline 

granitoids. 

We studied granitoids from holes of Alexandrovskaja 6 (depth 3883.8 m) (A6) and Alexan-

drovskaja 20 (depth 4053.5 m) ( A20), and also of the porphyroid granite from hole of Kopanskaja 3 (depth 

3257.6 m) (K3). The chemical composition of minerals was studied by the scanning electronic microscope 

JEOL JSM-5610 LV, equipped the system of the electronic probe chemical analysis JED-2201 (Techno-

logical University, analyst V.G. Lugin). 

Granodiorites of A6, A20 are the coarse-medium-grained rocks with hypidiomorphic-grained 

structure. They are made of plagioclase (30 %), potassium feldspar (15 – 25 %), quartz (15 – 20 %), biotite 

(7 – 10 %), ortopyroxene (to 5 %), pseudomorphoses of serpentine and chlorite by clynopyroxene (10 – 12 

%). Pyroxenes have extractions of ore minerals. Plagioclase was substituted for sericite and carbonate. 

Accessory minerals are presented by apatite it usually associated with mafic minerals, as well as ilmenite 

and magnetite (to 5 %), sulfides, zircon. 

Granites of K3 compose of potassium feldspar (30 %), plagioclase (30 %), biotite (25 – 35 %), 

quartz (15 – 20 %). Accessory minerals are apatite, ore minerals (sulfides). Its structure is porphyr-blastic 

with elements of cataclastic. 

Plagioclase of granodiorites A6, A20 is presented by tabular grains of 2.3 x 1.3 mm of oligoclase 

– andesine (from An15.95–26.45 of А20 to An31.46–40.92 of А6) of two generations of normal zonation (Fig. 1). 

Plagioclase includes antiperthites. In edge of grains on the contact with potassium feldspar the myrmekites 

are very often observed. In the granites of K3 plagioclase is presented by oligoclase An25.75–28.55  (fig. 1), of 

2.5 x 2 mm in size. Its grains have zones of stress and were cataclased. Granites have myrmekites on the 

contact with potassium feldspar too. 

Potassium feldspar of granodiorites of A6, A20 is presented by quite fresh tabular grains of ortho-

clase Or74.42–86.75Ab11.26–25.44An0–2.65 (Fig. 1), of size about 2 х 1.5 mm. Some large grains have tabular nu-

cleuses of decomposition perthites. They were generated on places of trapped by potassium feldspar plagi-

oclases. Potassium feldspar contains 3.14 wt. % of Rb2O and 2.87 wt. % of SrO. 

 

Fig.1 – Composition of feldspars on diagram Ab (albite) – Or (orthoclase) – An (annortite) by [4]. 
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Potassium feldspar of the granites of K3 has 2 generations. The first generation is presented by 

grains of perthitic orthoclase (Or54.63–82.76Ab17.24–45.37An0–3.22) of 3 x 2.5 mm to 15 x 7 mm in size. The second 

generation is small grains of tabular crystals of 0.5 x 0.75 mm of most pure orthoclase (Or89.31–95.86Ab4.14–

8.97An0-1.71). 

Ortopyroxene of granodiorites of A6 is presented by grains of 3.6 x1.6 mm in size with ferrosilite 

of Fe2(Si2O6) = 70.24 – 74.05 %. It contains FeOtotal = 35.84 – 39.99 wt. %, MgO = 7.93 – 8.51 wt. %, CaO 

= 0.91 – 1.11 %. 

Biotite of granodiorites of A6, A20 is represented by slices up to 1 x 0.75 mm in size. Composition 

ally it belongs to the siderophillite-annite (Fig. 2A). Biotite is located in interstitials of large feldspar grains. 

The slices of biotite up to 6,3 x 2 mm in size of K3 granites are around grains of feldspar in zones of 

cataclasis. The biotite slices are characterised by parallel to ingrowthes with quartz and form aggregates. 

The biotites of granodiorites have more magnesian composition (F = 50.44 – 56.74 %, FeOtotal = 19.38 – 

23.09 wt.%, MgO = 9.81 – 10.69 wt.%), and biotites of granites are more ferruginous (F = 68.83 – 78.86 %, 

FeOtotal = 28.76 – 34.62 wt.%, MgO = 5.21 – 7.53wt.%). Such composition of biotites indicates that crys-

tallization of granodiorites was happened in more oxidative environment, while granites were characterized 

by reducing environment (Fig. 2B). Biotites from granodiorites contain Rb2O and SrO up to 1.39 and 0.66 

wt.% respectively. 

 

Fig.2 – Composition of biotite: A) Composition of biotite on the diagram Mg-Fe-Al; B) Composition of biotite 

from granitoids on the diagram F (ferruginosity) – L (aluminosity) by [5]. Ferruginosity – F = 100*Fe/(Fe+Mg), 

aluminosity – L = 100*Al/(Al+Si+Mg+Fe). Fields of granitoids: S-type, IO and IR – I-type; IR-type forms on 

reducing, IO-type – on oxidative conditions. 

The carried out research allow us to assume that granitoids of the Kopan' complex were formed 

under different conditions of crystallization. Granodiorites with assemblage of plagioclase1 → orthoclase 

+ plagioclase 2 + pyroxene → biotite + quartz + ore minerals likely belong to early phase of crystallization 

without any significant metamorphic evidence than the second phase presented by assemblage of ortho-

clase2 + quarts + biotite + sulphides in granites, which have undergone a significant dynamometamorphic 

changes with supply of potasssium and structural deformations (in particular cataclasing). What is the rea-

son? Different tectonic position? The question should arise in the further studies of the Kopan' complex. 
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In the present paper geochemical characterization and burial metamorphism of Eocene volcano-

clastic rocks, namely Karaj formation, in Zarrindasht area, Central Alborz, has been studied. Based on 

petrography and chemical analysis, the composition of these tuffs lie on trachyte, dacite and rhyolite fields 

of classification diagrams [1]. Plagioclase, alkali feldspars including sanidine, embayed quartz and biotite 

are the available major minerals whereas, calcite, chlorite, clay minerals (montmorillonite, kaolinite, illite), 

and a variety of zeolites (analcime, clinoptilolite) (Fig 1) are the secondary minerals in these rocks (Fig. 2). 

 

Fig.1- Optical microscopy pictures of the most common zeolite minerals, A: Analcime 

 

Fig.2- XRD pattern of tuffs from the Karaj formation, A: analcime, I: illite, Q: quartz, K: kaolinite 
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In addition to the mentioned minerals a considerable amount of glassy pellets and shards are present 

in the rock textures. The rocks demonstrate a calc-alkaline nature [2], along with meta-alumina to per-

alumina behavior through their chemical properties [3]. Primitive mantle-normalized and Chondrite-nor-

malized trace elements and rare earth element patterns indicate enrichment in the LREE and LILE com-

pared with HREE and HFSE and pronounced negative anomalies in Eu, Ba, Nb, Ti, Sr and P in the studied 

samples [4]. Samples position on the various tectonic setting discrimination diagrams indicate that these 

rocks are composed in the environment related to subduction in an active continental margins [5]. 

 

Fig. 3- Primitive mantle-normalized diagram of tuff samples from the Karaj formation 

Utada recognized the following vertical diagenetic zonation in silicic tuffs in the Neogene sections 

of Japan: unaltered glass shards ⇒ clinoptilolite and mordenite ⇒ analcime and heulandite ⇒ laumontite 

and albite, although burial diagenetic laumontite is rare and localized [6]. The Alburz Mountains, Iran, are 

the western extension of the Himalayan orogenic belt. The sequence of Eocene strata about 10,000 m thick 

is composed of submarine volcanic materials of silicic to intermediate composition. Recognized three min-

eral zones of burial diagenesis and low-grade metamorphism, from top to bottom as follows: analcime → 

albite → prehnite - epidote - albite zones [7]. 

Regarding to above mentioned information, burial diagenesis progress in the ZarinDasht region 

terminate with analcime crystallization (Fig 3).   
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The objectives of the study are metamorphic complexes and granitoids of Olkhon and Sviatoy 

Noss metamorphic terranes, which are segments of an early Paleozoic collisional system of Transbaikalia. 

They are located along the southeastern margin of the Siberian craton [1-2] (Fig.1). 

 

Fig.1 - Tectonic sketch-map of Olkhon region (West Baikal) and Sviatoy Noss peninsula (East Baikal) 

The Olkhon metamorphic terrane. The structure of the Olkhon region represents a combination of 

numerous NE-striking tectonic plates resulted from strike slip faulting and separated by linear zones of 

blastomylonites [3]. These segments can be combined into several major tectonic zones composed of dif-

ferent metamorphic and igneous complexes, for example, the Chernorud granulitic zone and Anga-

Sakhyurty zone consisting of amphibolite facies rocks. The Chernorud metamorphic rocks are Cpx-Opx, 

Grt-Cpx-Opx, Grt-Bt-Sil and Cpx-Scp gneisses, marble and marble mélanges, and graphite quartzites. 

The Anga-Sakhyurty metamorphic rocks are Grt-Bt and Grt-Bt-Amp gneisses, amphibolites, marbles, and 

quartzites. A common feature of the both zones is widely present synmetamorphic leucogranitic veins [4]. 

The U-Pb age of the granulite metamorphism is estimated to range from 500 to 490 Ma; the age of the 

amphibolite facies metamorphism is ca. 475-460 Ma [5-9]. 

The Svyatoy Noss metamorphic terrane. The geological structure of the Sviatoy Noss Peninsula 

includes two segments: Chivyrkuy and Barguzin zones. These zones are dominated by granulite facies 

and amphibolite facies metamorphic rocks, respectively. The metamorphic complexes of both segments 
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are intruded by Early Permian granitoids of the Angara-Vitim batholith in Transbaikalia. The granulites 

are represented by NE-striking Cpx-Amp gneisses dipping to the north-west  at high angles. A specific 

feature of the granulitic complex is the presence of thick marble melange zones with  metagabbroic en-

claves of of variable size. Numerous veins and dykes of garnet-bearing granites and granitic pegmatites 

(445 ± 5 Ma) cut the hosting granulites. The age of the granulite metamorphism is 495 ± 5 Ma [10]. The 

amphibolite facies metamorphic complex consists of marbles, quartzites and schists. In addition, the 

southern segment includes amphibole-biotite and biotie gneisses and amphibolites. The amphibole-biotite 

gneisses yielded a zircon age of 464.3 ± 1.6 Ma.  

The U-Pb zircon age of 299 to 288 Ma obtained from late intrusive granitoids is coeval to the age 

of the Angara-Vitim batholith [11]. In addition, zircons from one sample of Early Permian granites yield-

ed a U-Pb age of 472.3 ± 1.9 Ma. This age is close to that of the amphibolite facies metamorphism in the 

Svyatoy Nos Peninsula. 

The obtained data provide a correlation between the ages of the igneous and metamorphic com-

plexes of the Olkhon region (west Baikal) and Sviatoy Noss Peninsula (east Baikal), which are 500-490 

Ma (granulite facies) and 470-460 Ma (amphibolite facies). After the intrusion of the Angara-Vitim gran-

itoid batholith at ca. 300 - 280 Ma east of the Baikal the geological evolutions of these regions became 

different. . 

The work was supported by RFBR project №№ 14-05-00747. 
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Crystallization temperatures of primitive island-arc magmas are poorly known because of large 

uncertainties in their initial H2O content [1] and difficulties with application of traditional methods of 

geothermometry. A recently proposed Al-in-olivine thermometer [2] provides an opportunity to estimate 

the crystallization temperatures by using the composition of spinel inclusions in olivine, which are 

common in most types of primitive arc rocks. In the course of our study, we investigated spinel inclusions 

in olivine from 8 samples representing 4 volcanic centers from the Eastern Volcanic Belt of Kamchatka 

(Avachinsky, Gorely, Karymsky and Zavaritsky volcanoes). The compositions of olivine and spinel were 

obtained by high-precision electron probe microanalysis at the GEOMAR Research Center for Ocean 

Research (Kiel). Every temperature estimate and its uncertainty (1σ) were calculated on the basis of 4 

olivine analyses around spinel inclusion. In total, 99 pairs of olivine Fo84-91 and spinel with Cr#=0.4-0.8 

were analyzed. The equilibrium temperatures were found to range between 1100-1150°С for the Eastern 

Volcanic Belt of Kamchatka. These temperatures reveal no correlation with olivine Fo-number (Fig.1) 

and testify for nearly isothermal conditions of magma crystallization which is possible at crystallization 

induced by H2O degassing at shallow pressure [3]. Together with recently published thermometric data 

for Klyuchevskoy volcano, also supported by experimental results [4], our results testify for relatively 

low crystallization temperatures of high Fo olivine in the Kamchatkan magmas which range from 1150 to 

1220°C. These temperatures overlap with the lower range determined for MORB magmas and are 

substantially lower compared to intraplate oceanic magmas (e.g. LIP). The results are fully consistent 

with the predominantly fluid-induced mantle melting under Kamchatka, occurring at temperature below 

dry peridotite solidus [5]. Relatively cold Kamchatkan magmas can be explained by cooling of the mantle 

wedge by subducting oceanic plate. The cooling was apparently more significant in the southern regions, 

where subduction initiated earlier compared to Klyuchevskoy volcano further north in the Central 

Kamchatka Depression. 

This work was supported by the Russian Science Foundation (project no. 14-17-00582). 

 

Fig.1 – Forsterite content of olivine versus temperature (with uncertainty 1σ) for primitive magmas of 

Kamchatka (Avachinsky, Gorely, Karymsky and Zavaritsky volcanoes), this study; Klyuchevskoy volcano[4], 

MORB and Large Igneous Provinces (LIP) [2]. All temperature were estimated by Al-in-Ol thermometer [2]. 
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Holocene volcano Menshiy Brat is located within the Medvezhya Caldera in the north-western 
part of Iturup island at the front of the Kuril-Kamchatka island arc. The history of this caldera is divided 
into three stages. Pre-caldera stage which is manifested by formation of basaltic shield volcano. Caldera 
stage is destruction of shield volcano and extrusion of rhyolite-dacite domes. Post-caldera stage is 
characterized by formation of intracaldera shield volcanoes [1]. The caldera has Middle Pleistocene age 
[2]. Development of volcano MenshiyBratis is related to caldera stage. The volcano is composed of 
isolated dacitic dome, covered by post-caldera Vostochny and Korotyshka cinder cones and their flows. 
These flows are composed of tholeiitic olivine-pyroxene-plagioclase basalts and andesite. 

Up to 1 mm olivine crystals are dispersed within hyalopilitic groundmass. These phenocrysts do 
not form aggregates with plagioclase and pyroxene. They have xenomorphic resorbed morphology, 
sometimes with outermost rim made up of magnetite-pyroxene symplectites. Scarcely olivine forms 
isometric faceted grains, sometimes with small skeletal outgrowths. 

 
Fig.1 – The composition of the olivine phenocrysts of Menshiy Brat volcano. Forsteritic content in mol.%. 

The composition of the olivine phenocrysts studied is typical for island-arc basalts. Forsterite 
content ranges from 84,5 to 89,5 mol. %. Olivines have normal zoning, manifested in decreasing of Fo 
content from the center to the periphery. However, some of these olivines show abrupt increase of Fo 
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content up to 91 in the outer most parts. This increase was explained by olivine oxidation in lava flow 
under atmospheric conditions [3]. 

Olivine crystals contain numerous inclusions of spinel (Cr# - 0,34-0,85). The compositions of the 
spinel and coexisting olivine were determined by EPMA with special focus to the accuracy of trace 
element measurements. 
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Fig.2 – Oxygen fugacity calculated for olivine + spinel paragenesis of Menshiy Brat volcano basalts. 

Positive correlation of Al2O3 vs Fo of the studied olivines and negative for CaO vs Fo (Fig.1) 
implies that olivine + spinel assemblage was formed prior to pyroxene and plagioclase. Thus, olivine and 
spinel are the liquidus phases of the Menshiy Brat basalts, which give information about the parameters 
and composition of initial melts. It is suggested that olivine-spinel paragenesis crystallizing deep 
intermediate chamber at temperatures 1010-1290oC and oxygen fugacity NNO ±0,6 (Fig.2). 

Besides, olivine crystals contain some melt inclusions. All these inclusions are crystallized. They 
have a glass, a gas bubble and subsidiaries phases. The melt inclusions to be able to give important 
missing information about the composition of initial melt for liquidus phases of Menshiy Brat volcano 
basalts. 
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The Arantina region, at the southernmost border of the São Francisco Craton (Fig.1), has several 

mafic and ultramafic bodies positioned between levels of medium to high grade Neoproterozoic 

metasedimentary Nappes, formed during the western gondwana amalgamation [1]. These rocks are 

associated with deep faults, basement lenses and retroeclogites and its nature remains controversial and 

had been attributed to diverse environments, including remains of tholeiitic intrusion and alpine/ophiolitic 

peridotites. In this context, the Roseta ultramafic complex presents the main body on the region and, 

despite its small size, it shows a variety of ultramafic lithologies. The Roseta southern portion is 

dominated by spinel serpentinites and spinel harzburgite. The serpentinites are mesh textured, and the 

serpentinization process has been attributed as primary [2], before the high grade metamorphic re-

equilibration. The spinel harzburgite are coarse grained and shows a diverse degree of serpentinization. 

Locally, occurs veins of a fine grained laminated calc-silicate rock, composed mainly by diopside, 

grossular rich garnet, epidote, green spinel, and hornblende, interpreted as metarodingite [3]. The Roseta 

north part is composed predominantly by olivine websterites. These websterites shows a complex textural 

evolution and are associated with amphibole generation and presenting a several stages of olivine and 

pyroxene consuming and precipitation, regarded as a result of interactions between basaltic melts and 

peridotitic residues [4]. 

 

Fig.1 – São Francisco craton localization (detail), with the indication of the focused area (black square), and 

the geological map of the Arantina region [5] with the Roseta ultramafic complex highlighted 

For this evaluation were selected thirteen representative websterite samples, including olivine 

bearing and free varieties. The XRF analysis of major elements oxides was carried at the laboratory of X-

ray analysis at the Institute of Geology and Mineralogy, Siberian Branch, Russian Academy of Sciences 

(IGM, SBRAS). The samples were dried, mixed with a flux agent and then ignited in platinum crucibles 

in an inductive oven (Lifumat-2,0-Ox). The measurements were made on an X-ray spectrometer ARL-

9900-XP. The concentrations of trace and rare-earth elements (RRE) were determined by ICP-MS at 

IGM, SBRAS and followed the Nikolaeva et al (2008) procedures [6]. The results showed a wide range 

on the oxides contents: with SiO2 (48.5-56.3%), Al2O3 (0.37-6.73%), Fe2O3 (4.24-13.05%), CaO (0.19-

11.43%), TiO2 (0.03-0.13%) and P2O5 (0.01-1.96%); with all samples Hy normative. Overall, they 
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presented an enrichment in RRE, showing almost from ten to more than 1000 times the chondritic La. 

From La-Sm the normalized curve pattern is gently steep and from Eu-Ho the curve is sharp to gentle. 

Further, from Er to Lu the curve has a gentle slope with a Lu enrichment at the end (Fig.2). The La/Sm 

and La/Lu varies about of 1.54-8.60 and 16.20-180.38, respectively. However, the most outstanding 

feature is a notable negative Ce anomaly (Fig.2), showed by all samples, and its magnitude can be 

expressed by the Ce/Ce*, which varies of 0.01 to 3.4. 

Generally, Ce anomalies are produced due its 

oxidation from Ce3+ to Ce 4+ and its anomaly 

feature has been considered enigmatic [8]. It is 

known that common igneous rocks show no Ce 

anomaly in the REE patterns and Ce anomaly is a 

common feature in marine sediments, ocean water 

and some arc volcanic rocks [5, 8, 9]. Moreover, this 

anomaly in arc lavas has been attributed to the 

incorporation of subducted pelagic sediments into 

mantle edge or slab dehydration [8]. Additionally, Ce 

anomaly in peridotite xenolith was attributed as a mix 

of mantle peridotite, marine sediments and seawater-

altered basalt [7]. However, study with trace elements 

isotopes of marine sediments showed that Ce 

anomalies cannot be inherited from subducted 

sediments, suggesting for the anomaly a generation 

from a slab dehydration and mantle wedge metasomatism [10]. Hence, at the focused region, 

amphibolites (with ocean arc signature) and alpine type serpentinites show negative Ce anomalies that 

doesn’t occur in amphibolites with E-MORB and intraplate signatures. Furthermore, the association and 

proximity of this websterites with serpentinites, showing a primary serpentinization process, harzburgites 

and rodingites pointed out that these negative Ce anomalies maybe can be related to ocean water-

peridotite interactions or a slab/mantle recycling and may be used as a marker to identify primary 

hydration or suprasubduction environment components [11]. 
The work was supported by the Brazilian National Council for Scientific and Technological Development 

(CNPq) and the Program Science without borders (CAPES/CNPq) (process no2066121-2014-1). 
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The Inagly massifis located near the town of Aldan (Yakutia, Russia), in the central part of the Aldan 

Shield. It is a rounded (in map view) pipe-like body ~20 km2 in area with a concentrically zoned structure. 

The core of the massif (~16 km2 in area) consists of dunite with forsteritic olivine and Cr-spinel and is 

surrounded by a relatively thin (up to 50 m) ring body ofolivine- and phlogopite clinopyroxenites. An outer 

rim consists of several ring-like intrusions (up to 1.5 km width) of alkaline mafic and intermediate rocks  

[1-3]. Both dunite and alkaline mafic rocks are threaded by numerous pegmatitic veins of diverse mineral 

assemblages which include phlogopite, potassium feldspar, chromium diopside, richterite and Mg-

arfvedsonite. The Inagly massif intrudes Archean basement and Late Proterozoic (Riphean) terrigenous–

carbonaceousrocks and occurs at the intersection of two deep NW- and NE-trending faults. 

Major alkaline rock types include shonkinite and pyroxene syenite. Alkali syenite («pulaskite» after 

[1]) has a limited distribution and occurs as two dikes cutting the shonkinite in the northern and south-

eastern parts of the massif. 

Phlogopite clinopyroxenites have a cumulus texture and consist of 45–80 vol.% clinopyroxene, 15–

40 % phlogopite, 5–10 % apatite, 5–7 % magnetite, with minor intercumulus feldspar (up to 3 vol.%). The 

composition of clinopyroxene is dominated by diopside (Di, 73–78 mol.%), with vary in ghedenbergite 

(Hed, 11–15 mol.%) and aegirine (Aeg, 3–5 mol.%) components. Feldspar is Or4-26Ab74-96An0-1 with 1.9–

3.3 wt.% BaO. The contentsof Cr2O3, TiO2 and MgO in magnetite are low (0.1–0.2 wt.%). 

Shonkinites and pyroxene syenites are medium- to coarse-grained, with massive or 

trachytoidtextures. The firstis composed of 35–45 vol.% clinopyroxene, 20–50 % K-feldspar, 7–10 % 

pseudoleucite, 5–25 % phlogopite, 2–5 % apatite, 3–15 % olivine, and 1–5 % Ti-magnetite. The second 

consists of 20–35 vol.% clinopyroxene, 50–65 % K-feldspar, 7–10 % phlogopite, up to 5 % olivine, 1–2 % 

apatite, and 1–4 % Ti-magnetite.Clinopyroxene in shonkinites is diopside-rich in the core (Di 71–84 mol.%; 

Hed 4–12 mol.%; Aeg 5–11 mol.%) and evolves toward hedenbergite- and aegirine-bearing compositions 

at the rim (Di 66–74 mol.%; Hed 7–16 mol.%; Aeg 9–18 mol.%). In contrast, clinopyroxene in pyroxene 

syenites is more hedenbergite- and aegirine-rich in core (Di 67–74 mol.%; Hed 9–14 mol.%;Aeg 7–12 

mol.%) compared with the rim (Di 68–75 mol.%; Hed 8–11 mol.%; Aeg 6–10 mol.%),indicating weak 

reverse zoning.Olivine in pyroxene syenites is more forsteritic (Fo 59–60 mol.%; NiO up to 0.06wt.%; 

MnO 1.1–1.3 wt.%) than in shonkinites (Fo 49–56 mol.%; NiO up to 0.05 wt.%; MnO 0.9–1.4 wt.%), but 

has lower CaO contents (0.07-0.1 wt.% against 0.1–0.3 wt.%  in shonkinites).The orthoclase content in K-

feldspar from shonkinites is higher than that in pyroxene syenites (Or94-97Ab3-6An0 and Or62-70Ab29-38An0-1, 

respectively), whereas the content of BaO are in the range of 0.4–2.6 wt.%for shonkinites and of 0.4–1.2 

wt.% for pyroxene syenites.Ti-magnetite in pyroxene syenites contains more TiO2 (7.2 – 10.5 wt.%against 

7.0–7.7 wt.% in shonkinites), but has a slightly lower MgO (0.2–0.8 wt.%) than Ti-magnetite from 

shonkinites (0.7–1.2 wt.% MgO). 

The main rock-forming minerals in alkali syenites are K-feldspar (> 90 vol.%), and alkaline pyroxene 

and amphibole (~ 10 vol.%). K-feldspar is Or96-98Ab2-4An0; it is contains up to 0.3 wt.% BaO and is often 

replaced by albite (up to 20 vol.%). Pyroxene is dominated by aegirine and aegirine-augite (53–81 mol.% 

of Aeg), and amphibole is eckermannite. 

An aegirine–diopside–hedenbergite pyroxene triangle illustrating the observed variation of 

clinopyroxene composition within the Inagly alkaline rock types clearly shows that there is a compositional 

gap between the field of phlogopite clinopyroxenite, shonkinite and pyroxene syenite and the field of alkali 

syenite. Within the first field, clinopyroxenes from the phlogopite clinopyroxenites do not plot on a 

fractionation line for the shonkinite and pyroxene syenite but form their own trend. Variations of 

clinopyroxene composition for the shonkinites and the pyroxene syenites are similar, but not fractionation-

related. For all studied rock types of the Inagly massif a single evolutionary paths have been documented 

from clinopyroxene composition: from diopside to aegirine without significant Fe2+ enrichment. For this 

trend, quantitative data on oxygen fugacity (ƒO2) were determined as relatively oxidized (ΔFMQ = +1 to 

+2, where FMQ is the fayalite-magnetite-quartz buffer) [5]. 
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Fig. 1. Composition of clinopyroxenes from the Inagly alkaline rocks. Clinopyroxene evolution trend of alkaline 

suites from the Katzenbuckel, SW Germany, is given as indicator of oxygen fugacity (from [5]) 

 

All studied alkaline rocks from the Inagly massif are characterized by a potassium affinity evidenced 

in the K2O–SiO2 diagram, where the rocks plot in the field for shoshonites. The phlogopite clinopyroxenites 

contain low SiO2 (42.8 wt.%) and TiO2 (1.3 wt.%) and high MgO (13.9 wt.%) and (K2O+Na2O) (3.6 wt.%), 

with K2O/Na2O ratios of  7.9. The shonkinites contain more SiO2 (49.6–52.1 wt.%) and (K2O+Na2O) (5.6–

9.9 wt.%), with K2O/Na2O ratios of 4.5–7.1, and lower MgO (5.8–11.6 wt.%) and TiO2 (0.6–1.0 wt.%). 

The pyroxene syenites contain 50.1–55.7 wt.% SiO2, 0.7–1.0 wt.% TiO2, 2.7–7.5 wt.% MgO and 8.7–9.8 

wt.% (K2O+Na2O), with K2O/Na2O ratios of 1.5–5.6. The alkali syenites contain 61.4–65.3 wt.% SiO2, 

0.1–0.3 wt.% TiO2, 1.0–4.1 wt.% MgO and 10.7–14.5 wt.% (K2O+Na2O), with K2O/Na2O ratios of 1.4–

9.0.Although the major- and trace-element variations within individual alkaline rock types are fractionation 

related and lead to one broad linear evolution array for all samples, there are compositional gaps between 

the trends of phlogopite clinopyroxenites, shonkinites and pyroxene syenites, and alkali syenites.In addition 

to the above, evolution trends of shonkinites and pyroxene syenites are overlapping. 

Initial 87Sr/86Sr for syenites (0.70541) and shonkinites (0.70668) indicate mantle-core interaction. 

The observed variations in the mineral composition and major- and trace element contents of 

different alkaline rocks indicate at least four distinct intrusive stages for the Inagly alkaline rocks. They 

also provide mineralogical and petrological evidence for involvement of magma mingling/mixing in the 

petrogenesis of pyroxene syenites. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00335). 
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The Karaj Dam basement sill (KDBS) is a 460m thick saucer-shaped in form, situated in 

the Alborz Magmatic Belt, Northern Iran. It comprises gabbro, monzogabbro, monzodiorite, and 

monzonite upward the stratigraphic height with a cryptic layering. The chemical and textural 

variability are indicative of a complex and protracted history of emplacement and differentiation. 

Better understanding the differentiation processes and solidification evolution of the KDBS, the 

sill has been studied using the whole rock geochemistry, mineral compositions and detailed tex-

tural analyses (crystal size distribution). The results reveal characteristics of a sill with a well 

developed S-shaped compositional profile which is distinctly segmented and indicate that the 

KDBS develops as an open system. Emplacements of the sill consisted of five to six discrete in-

jections of magma (three small pulses and two final major injections) each of which, inde-

pendently, shows an S-shaped compositional profile. These pulses are different in composition in 

every stage and become more evolved upward due to the differentiation during magma under-

plating at the base of the lower crust. Each of magma pulses individually shows an upward in-

crease in terms of primitivity at their base, which represents partial crystallization in feeder con-

duits en route during the magma ascent to the shallow magma chamber. These features results in 

an overall S-shaped compositional profile for the KDBS. Geochemical, textural and field rela-

tions are also suggesting that the sill was repeatedly split and reinjected with fresh magma near 

the center (intra-accresion), in some cases, after compaction had redistributed the interstitial liq-

uid within the partially solidified magma. First two pulses and the fourth pulse of magma were 

small and emplaced uninterruptedly by voluminous third and fifth pulses respectively. The final 

injection event (sixth) is marked by a significant fine-grained rock at the sill center. The third 

and fifth magmatic injections, emplaced by intra-accretion, are the largest pulses followed by 

compaction driven in-situ crystallization which is evident by the formation of granophyres and 

dilution at the top of the sill. Transfer of residual liquid from the compacting lower solidification 

front to the dilating upper solidification front resulted in characteristic chemical and mineralogi-

cal effects, such as the depletion of the lower half of the sill and the enrichment of the sandwich 

horizon in incompatible elements and modal granophyre. The boundaries between the successive 

melts are cryptic and represent a gradational contact in terms of grain size, chemical composition 

and crystallization sequence. This implies a short time interval between the emplacements of the 

magma that could be explained by their derivation from different parts of a complex system of 

interconnected reservoirs that had undergone differing amounts of fractional crystallization of a 

similar parental magma. This sill is roughly identical with Beacon sill of Antarctica [1] and the 

recognition of evidence for reinjection and compaction in a macroscopically uniform sill sug-

gests that these processes may be common in the construction of sills with the thickness of more 

than 100m. 
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The Mongol-Okhotsk Belt (MOB) is one of the largest orogenic structures in the Central Asia, that 

makes it significant for deciphering the evolution of the Central Asian orogenic Belt formed within the time 

span from the Late Neoproterozoic to the Late Mesozoic inclusive [2]. In the Mesozoic stage of the evolu-

tion of the Transbaikalian part of the MOB one can distinguish two stages of tectonic events: post-accretion 

(Middle-Late Jurassic) and rifting (Late Jurassic-Early Cretaceous) [2,4]. The intrusive units of the Middle-

Late Akatui complex and three sequences of effusive rocks occur within the limits of the north flank of the 

Aleksandrovo-Zavodskaya depression, located in the Argun superterrane. The following classification of 

intrusive and stratigraphic units is widely accepted at present: the Akatui complex that includes the massif 

of the same name (AM); lower (J2-3) and upper (J3-K1) volcanogenic sequences of mafic and intermediate 

rocks are united into the lower (LSKS) and upper (USKS) sequences of the Kailassk suite and are divided 

between each other by the unit of the tuffogenic-sedimentary rocks; acid volcanics of the Early Cretaceous 

upper sequence are considered to belong to the Turga suite (TS) [6]. According to Tauson [7] the rocks of 

the Akatui massif and Lower Sequence of the Kailassk Suite (LSKS) belong to the Akatui volcanic-plutonic 

association. The 40Ar/39Ar age of amphiboles obtained via the step-like annealing is 154.8±4.4 Ma for the 

monzogabbro of the early phase of the Akatui massif; 159.4±2.7 Ma for the monzonite of the main phase 

of this massif and 161.5±1.7 Ma for the latite from the lower sequence of the Kailassk suite. Thus, the age 

of igneous rocks of the Akatui volcanic-pluton comagmatic association of the Aleksandrovo-Zavodskaya 

depression can be estimated as 162-155 Ma. 

The rocks of the Akatui massif and LSKS volcanic rocks belong to the shoshonite series (K2O -

2.83-4.52 wt. %; K2O/Na2O - 0.50-1.78; TiO2 - 0.17-1.34 wt. %), while USKS effusive rocks K2O - 2.23-

5.36 wt. %; K2O/Na2O - 0.49-1.67; TiO2 - 1.07-2.02 wt. %) belong to the trachybasalt series. The AM rocks 

include olivine monzonites and gabbro-monzonites (early phase), monzonites and quartz monzonites (sec-

ond, main phase) and syenites (final stage). Following the TAS [5] and K2O-SiO2 diagrams [3] the LSKS 

volcanic rocks include differentiated series from high-potassium basalts to high-potassium andesite-dacite 

and from shoshonite basalts to quartz latites; USKS volcanic rocks involve rocks from trachyandesibasalts 

and trachydacites. REE pattern in AM and LSKS effusive rocks demonstrate a higher total content (from 

419 ppm as an average (early phase) gradually decreasing to 218 ppm (third phase) and 396-227 ppm 

(LSKS) from mafic to more acid rocks, correspondingly), high fractionation degree (La/Yb(N) AM rocks 

makes up 31.1-41.2 (first phase), 19.5-41.4 (second phase), 8.7-32.2 (third phase); La/Yb(N) value in LSKS 

volcanic rocks varies from 21.6 to 40.4. and they possess a clear negative Eu anomaly (Eu/Eu* = 0.62-

0.96). USKS trachybasalts and trachyandesites show higher total REE contents varying within 413-535 

ppm for mafic rocks and 326-351 ppm for acid differentiates. REE spectrum is similar to that of LSKS 

volcanic rocks. AM rocks as well as LSKS effusives demonstrate higher Ba (753-1388 ppm, the highest 

values are common to earlier differentiates), Sr (890-2342 ppm), U (4-12 ppm), Th (18-68 ppm), LREE 

and minima (by pattern of trace element distribution on spider-diagrams), Ti (1000-9250 ppm), Nb (5-19 

ppm), P (1300-3500 ppm) contents, as well as a wide variations of Ba/Nb value (32-484), that is typical of 

shoshonite series. USKS rocks show similar geochemical features. However, they possess higher Rb values 

(78-315 ppm; in LSKS to 180 ppm), less clear negative Ti, Nb and P anomalies as well as a narrow range 

in Ba/Nb value (35-49). 
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The rocks of the Akatui massif show 87Sr/86Sr160 Ma = 0.70642-0.70644 (early phase) and 0.70667-

070669 with eNd(t) value as -0.1-(-1.7) and -1.0-(-2.1), correspondingly. LSKS volcanic rocks demonstrate 

similar isotope characteristics: 87Sr/86Sr160 Ma = 0.70652-0.70687 and eNd(t) = -0.6-(-14). USKS volcanic 

rocks have less radiogenic Sr isotope composition: 87Sr/86Sr145 Ma = 0.70510-0.70529 with eNd(t) value as 

1.0-(-0.4). 

Thus, AM and LSKS rocks of the shoshonite series, corresponding to the post-accretion stage are 

marked by moderately enriched primary Sr isotope composition. In combination with geochemical charac-

teristics it indicates the contamination of primary magmas by the crustal substance and the weakly negative 

eNd(t) values suggest the enrichment of the mantle source. A peculiar feature of AM and LSKS rocks is 

their enrichment by LILE, LREE, U, Th, Pb and clear depletion by HFSE (Nb, Ti) and P. Isotope Sr and 

Nd compositions in USKS rocks which mark the rifting stage suggest the mantle source which was less 

contaminated by the crustal substance. By trace element composition the volcanics are similar to typical 

trachybasalts of other rifting depressions of the Eastern Transbaikalia, possessing similar LILE, LREE, 

HFSE contents and bigger enrichments with such elements as Rb, Th, U, HREE. 
The studies were supported by Russian Foundation of Basic Research (projects no. 14-05-00887). 
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The Monchegorsk pluton (Monchepluton) is located in Kola platinum-enriched province of north-

eastern part of the Baltic Shield. Pluton includes the intrusions arranged in the form of two branches: me-

ridional and the latitudinal strikes. Meridional branch is composed by mountains Nittis, Kumuzhya and 

Travyanaya (NKT) with copper-nickel deposits. The latitudinal branch includes the mountains Sopcha, 

Nud and Poaz (Fig.1). The age of Monchegorsk Pluton obtained earlier by U-Pb method on zircon and 

baddeleyite is 2507±9 Ma [1]. 

Samples with sulfides and MPG from various types of ores (low-sulphide, disseminated and mas-

sive) have been selected and have been analyzed by us. The ores is located in pyroxenites, norites and 

anorthosites. 

 

Fig.1 – Simplified geological scheme of Monchepluton according to [2] 

The compositions of base metals sulfide (BMS) and minerals of platinum group elements (PGM) 

have been examined. Pentlandite has a variable composition. The relations of Ni/(Ni+Fe) in pentlandite 

increase from 0,51 in norites to 0,56 in anorthosites. The volatility of S increases in this direction [3] dur-

ing fractionation of rocks. The relation of Co/Ni in pentlandite (from 0,01 up to 0,07) increases from a 

finely disseminated in the norites to massive copper-rich ores and to low-sulphide reef. The increasing of 

concentration of Co shows the drop in temperature of pentlandite’s crystallization to 300oC [4] during its 

evolution. The composition of pyrrhotite changes from a troilite in finely disseminated ores (Fe0,97S) to 

monoclinic pyrrhotite in the veinlet-disseminated’s ores (Fe0,85S). Compositions of chalcopyrite and py-

rite are close to stoichiometry. 

The predominant mineral among all PGM is sperrylite PtAs2. The following PGM have been 

found in associations: insizwaite (PtBi2), moncheite (PtTe2), michenerite (PdBiTe), froodite (PdBi2), me-

renskyite (PdTe2) and maslovite (PtBiTe). The most of them have been described previously in this plu-

ton [5] excepting maslovite that has been found by us for the first time in pluton (in massive ore of 330 

layer of the Sopcha). Compositions of the michenerite from the different type of ores lie along the field of 

stability of synthetic compositions on the Pd-Te-Bi diagram. According to [6] michenerite enriched in Te 

1 - Archean metamorphic and ultrametamorphic 

formations of Kola block,  

2 - Monchetundra massif,  

3 - Imandra-Varzuga rifting structure,  

4-9 – Monchepluton:  
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5 - Orthopyroxenites (a), intrrbedding orthopy-

roxenites and harzburgites (b),  

6 - Harzburgites,  

7 - Norite,  

8 - Gabbro-norites,  

9 - Mettagabbro-norites and plagioclasites,  
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is stable up to 501oC and michenerite enriched in Bi is stable up to 489oC. Thus, the michenerite of 

Monchepluton formed in the specified interval of temperatures. The significantly higher concemtrations 

of refractory elements (Os, Ir, Ru) and Rh are observed in the disseminated ores in comparison with mas-

sive and low-sulphide horizon (20-50 ppm against 3-4 ppm in the sum). 

Accumulation of refractory PGE occurs at an early stage of ore-forming process. The fusible ele-

ments (PPGEs) have accumulated at a later stage of the evolution of the sulfide melt (Pt and Pd, respec-

tively in ppm): 51 and 204 (disseminated in the norites), 720 and 9940 (massive ores), 1560 and 3590 

(low-sulphide horizon in Sopcha). The PGM parageneses become the enrichment in Pd relatively of Pt in 

the same order of melanocratic reducing of rock species. The contents of Ni, Cu and Au change to simi-

larly of PPGEs. The contents of Cu and Ni are elevated relative to chondrite in the most studied samples 

(Fig. 2) of the Monchegorsk pluton as in other Cu-Ni deposits [6]. Concentrations of PPGEs and Au rela-

tive to chondrite are greater than one in the samples of low-sulfide reef. Thus the contents of all PGE 

have the highest values in the low-sulfide horizon (Sopcha) compared with other types of ores. 

 

Fig.2 – Concentration of Ni, Cu, Au and PGE in various types of ores of Monchegorsk Pluton in comparison 

with the data (gray area) received earlier [7] 

Thus there is a tendency of the accumulation of PGE concentrations from melanocratic rocks (py-

roxenite) to a more fractionated rocks (norite and anorthosite), as well as from the dissemenated minerali-

zation to massive ores. Therefore, the volatility of sulfur increases during of evolution of ore-forming sys-

tem. 
The work was supported by the Russian Foundation of Basic Research (projects no16-05-00581 and 16-05-

00884), the Russian Science Foundation (project no 14-17-00250) and the Earth Sciences branch (project no 2-1). 
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The island of Malaita, Solomon Islands, is the exposed SW margin of Ontong Java Plateau, and 

represents locations of 34-Ma deep mantle-derived magmatic rocks, alnöites, emplaced in essentially oce-

anic environment. The alnöites form pipe-like bodies and sills, and contain a rich and varied suite of man-

tle xenoliths which are similar to those found in kimberlites. The PT-estimates on the mantle xenoliths 

constrain the formation depth of alnöitic magma as > 120 km. Despite mantle xenoliths have been inves-

tigated by many authors, there are only three paper focused on magmatic mineralogy (phenocrystic and 

groundmass) of Malaitan alnöites [1-3]. 

To date, mineralogical studies were done for alnöitic rocks from Babaru'u locality [1-3]. Two 

types of alnöitic rocks were defined: aphanitic and fragmental ones. The former are compact black rocks. 

The latter was interpreted as tuffs or breccias, containing fragments of alnöites (lapilli) cemented by 

cream calcite matrix. Nixon et al. [3] summarized primary mineralogy of alnöitic rocks from Babaru'u: 

olivine (Fo85), clinopyroxene (diopside-sahlite), natro-melilite (1/3 melilite ‒ 2/3 akermanite), phlogopite, 

perovskite, spinel (ulvospinel-magnetite series) and accessory nepheline, melanite, and apatite. This 

magmatic assemblage almost resembles term ALNÖITE from glossary of IUGS ‒ an ultramafic rock with 

phenocrysts of phlogopite-biotite, olivine and augite in a groundmass of melilite (often altered to calcite), 

augite and/or biotite with minor perovskite, garnet and calcite. 

Here we present preliminary results of the study of magmatic mineralogy of alnöites from other 

locality along the Auluta river, obtained by scanning electron microscopy combined with energy-

dispersive microanalyses. Studied samples represent fragmental alnöitic rocks and consists of discrete 

mineral grains (xenocrysts or large phenocrysts) and fragments of alnöites set in calcite matrix. Calcite 

matrix also contains barite and chlorite. Olivine, melilite, nepheline and melanite were not found in al-

nöitic fragments. Olivine is probably completely altered. Euhedral fragments of calcites containing mag-

netite veins were interpreted as pseudomorphs after melilite phenocrysts; these fragments host amphibole 

inclusions. Among other phenocrystic minerals augite, phlogopite-biotite mica, and amphibole were iden-

tified. Groundmass consists of amphibole, mica, apatite, zoned spinel (ulvospinel-magnetite-spinel-

chromite series), perovskite, calcite and chlorite. 

Basically, the primary mineralogy of studied samples are similar to alnöitic rocks from Babaru'u. 

The new findings of our study is the detection of amphibole as phenocrystic and groundmass mineral in 

Malaitan alnöites. Phenocrystic amphibole contains crystalline inclusions of augite and Ti-Cr-magnetite 

whereas groundmass zoned spinels hosts amphibole inclusions. These observations suggest magmatic 

origin of amphibole. Additionally, amphibole phenocrysts display complex zoning pattern (from core to 

rims: Ti, Al, Fe and Ca increase; Si, Cr, Mg and Na decrease). Amphibole is uncommon in alnöites 

worldwide. The origin of both calcite matrix and groundmass calcite (magmatic or secondary) in Malaitan 

alnöites is unclear from our observations and requires further studies. 
The work is supported by the Russian Foundation for Basic Research (grant no. 16-05-01079 a) and the 

Ministry of education and science of the Russian Federation (project no. 14.B25.31.0032). 
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In this paper we discuss the devonian aillikites dykes from neoproterozoic hostrocks of the 

Ilbokicheskoe gas condensate field, which placed in the Irkineevo-Chadabets rift of the SW Siberian 

platform [1]. Aillikites are ultramafic lamprophyres (ULM) with high concentration of carbonates. 

The accessory minerals from these rocks are: atoll spinel, magnetite, Ti-magnetite, titanite, and 

rutile and ilmenite pseudomorphosis after perovskite. 

The perovskites are represented by subhedral grains from 150 µm to 10 µm, usually 100 µm. In 

general, they are confined to olivines’ rims, rarely they are within carbonate segregations, which took 

place in endocontact zone. The perovskites can be found in ground mass in central parts of the rock. 

The spinels are mostly represented by atoll structure (Fig.1), with spinels in the central, and the 

magnetite and Ti-magnetite rims. The lagoons are filled up with Ca-carbonates. The atoll spinels are 

represented by 20 - 100 µm subhedral grains. They are located in groundmass, in the olivines’ rims and 

rarely can accrete with perovskite. In the ground mass the spinels formed small (20-30 µm) grains, 

usually they zoned from spinel-compositions in the center to magnetite and Ti-magnetite in the edges. 

The atoll forms are common for ULM and, in particular for kimberlites. Each researcher connects this 

structure with different changing in composition or conditions of magma. [2, 3] associated it with rapid 

heating the melt, [4] connected it with decomposition and dissolution the Al-spinels, [5] consider that 

magma has such composition, P,T – parameters when the spinel is not crystallize. 

  

Fig.1 – Atoll spinel. In the center – spinel, lagoon is 

filled by carbonates, rim is magnetite. Spn – spinel, 

Carb – carbonate, Mt – magnetite, Grt – garnet 

Fig.2 – Fully altered perovskite is substituted by 

rutile and ilmenite. There isintrogrow with atoll 

spinel. Spn – spinel, Rt – rutile, Ilm - ilmenite 

The ilmenites are represented in pseudomorphosis after perovskite, in that cases, ilmenites 

intergrows with rutile (Fig.2), usually there ilmenite form 5-20 µm outside rims and worm-like growths 

with rutile in the central parts. Rarely there are ilmenites in olivines’ rims, there ilmenite are anhedral, up 

to 30 µm grains. 
The rutile occurs in the rocks only in pseudomorphosis after perovskite. Usually, rutile replaces 

central parts of perovskite. It forms worm-like growths with ilmenite (Fig.2). Rutile does not appear in 

other cases. 
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The titanite has a subhedral 20-100 µm grains. Mostly, the dissolution is not characteristic for the 

rocks. It is in groundmass and in the olivines’ rims. But not every rock contains titanite. 

The apatite, spinel and magnetite can contain inclusions of alkali phases. These inclusions, 

usually, have spheroidal form and small size (10-15 µm). Compositions vary in wide range, but always 

have alkaline specific, in which the dominant role is played by Na, K, Ca, Sr, Ba, Sc. Mostly, they are 

phosphates and carbonates. The absence of alkali inclusions in pseudomorphosis after perovskite, means 

that the pseudomorhosis were formed probably in the late magmatic stage, when the metasomatic 

processes were proceeding. These inclusions give us information about compositions of magma and 

parental melt. The mainly alkali composition of inclusions shows that the parental melt was enriched by 

alkali metals and CO2. 

The main point of this work is rutile and ilmenite pseubomorphosis after perovskite. In the 

samples from contact zone, all grains of perovskite are substituted (Fig.2), but in central parts of the 

dykes the alteration may occur on edges. In cases when perovskite is fully substituted by rutile and 

ilmenite, the first is located in core, and the second in rims. Many researchers described the opposite 

situation, when perovskite formed pseudomorphs after ilmenite. [6] explained this with reactions: 

{1} (Mg,Fe)TiO3 + CaCO3 = CaTiO3 + CO2 + (Mg,Fe)Fe2O4 and {2} 4FeTiO3+ O2 =Fe2O3+ 4TiO2. 

[7] give us other version: {3} 2 CaTiO3 + CO2 + (SiO2)aq = TiO2 + CaTiSiO5 + CaCO3. Reactions {1} and 

{3} cannot describe the process, which was in the Ilbokicheskoe occurrence, as far as there are no 

reaction relations between perovskite and spinels (Fig.2), and there are no many titanite grains. 

In this case, probably, the pseudomorposis were formed in the late magmatic stage, in that 

moment when spinels cannot be crystallized. Mg, Fe and Mn approach go to silicates and oxides, when 

Ca to carbonates. Thus, the process can be described with reactions: CaTiO3 + CO3
2- → 

CaCO3+TiO2+1/2O2 (first stage) and TiO2 + Fe2+ + 1/2O2 → FeTiO3 (second stage). The first stage is a 

reaction with carbonatic fluid, the second is oxidization. Hence the pseudomorphosis was fomed in late 

magmatic stage, when the metosomatic process began. 
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Redox conditions (or oxygen fugacity) are a very important parameter of magma crystallization 

[1]. It allows to interpret precisely the PT-history of rock formation. For this study we selected samples of 

alkaline basalts from the Lunar Crater monogenetic field (Nevada, USA). Basin and Range Province (USA) 

is situated inland [2] and creates tension on the territory of an 

area of about 1.5 mln km2. Monogenetic field are consisted of lava flows of different ages [3]. During field 

work we have selected samples of basanite, that bear homogeneous inclusions of dolerite and megacrysts 

(3-10 cm in size) of olivine, clinopyroxene and plagioclase. 

Formation of basanite and homogenic enclaves relates to different processes with different oxygen 

fugacity. To estimate the oxygen fugacity we used co-existed pairs of Cr-spinel and olivine (Fig.1). Oxygen 

fugacity was calculated by Ballhaus model as a difference with FMQ oxygen buffer and described as 

mineral reaction 6Fe2SiO4 (ol) + O2 (fluid) = 3Fe2Si2O6 (opx) + 2Fe3O4 (sp) [4]. 

 
Oxygen barometer data shows that the basanite were formed in Redox conditions about FMQ+0.2. 

Homogenetic inclusions in basanite lava have higher oxygen fugacity then basanite (from FMQ+0.4 to 

FMQ+1.4). 

We identified three generation of olivine (Fig.2). The first generation reflects compositions of 

olivine cores. Tiny Cr-spinel inclusions are common for this generation. Second generation is consists of 

olivine rims and microphenocrysts in the rock. Third generation is an olivine from groundmass. Olivine 

from second and third generation doesn’t contain Cr-spinel solid inclusions. Oxygen fugacity was 

determined only for first (earliest) generation in this rock. Olivine megacrysts (also shown in Fig.2) have 

composition similar to first olivine generation in basanites. Possibly, megacrysts are formed from the same 

basanite magma during earliest stage of crystallization [5]. 

 

References: 
1. Frost B.R. (1991): Introduction to oxygen fugacity and its petrologic importance //Reviews in Mineralogy and 

Geochemistry. V. 25(1). P. 1-9. 
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fO2 evaluation. 

Fig.2 - CaO vs. forsterite content in olivine from 

basanites of Lunar Crater. 
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The Jalal Abad iron deposit with an estimated reserves of 200 Mt iron ore is one of the main iron 

deposits in the Central Iran iron belt which is located in the NW of Zarand city in Kerman province within 

-Kerman volcano-plutonic arc (Fig.1). The host rock is dominated by 

predominantly volcanic and volcano-sedimentary sequence of late Neoprotozoic- early Cambrian of Rizu 

Series (Fig.1). The volcanic rocks include rhyolite, quartz porphyry, rhyodacite, dacite, ignimbrite and 

pyroclastic rocks. The thick sequences (about 350 to 400 m) of lower Cambrian dolomitized limestone lie 

top of volcanic and volcano-clastic rocks. Based on field relationship and U-Pb dating age the volcanic 

rocks of the Jalal Abad district have late Neoproterozoic (Ediacaran) to early Cambrian ages, and represent 

remnants of Cadomian arc magmatism at the Central Iran terrane. 

 
Fig.1 – Geological map of Jalal Abad mining district 

The Rhyolite and quartz porphyry are dominant rock types and are milky-white to greenish white 

in color and display in hand samples rounded phenocrysts of quartz in a uniformly aphanitic and vuggy 

groundmass. In thin section, the rock contains abundant quartz embedded in the recrystallized fine grained 

groundmass. The rhyodacite and dacites are generally coarse grained, grey to red colored and consist of 

plagioclase, quartz and sanidine. The ignimbrite, lapilli tuff and lithic tuffs layers occur between rhyolitic 

rocks. They are white to reddish and contain abundant grey color lenticular fiamme. 

Based on the results of bulk rock trace and rare earth elements all volcanic rocks display I-type, 

high-K calc-alkaline to shoshonite signatures and peraluminous geochemical characters, being emplaced 
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within an active continental margin setting (Fig.2). In the primitive mantle and chondrite normalized 

diagrams, all volcanic rocks show similar trace element and REE patterns with troughs in Nb, Ta ,Ti, P and 

Sr, LREE enrichment and relative depletions in HREE (Fig.3 A, B). These features are typical geochemical 

characteristics of arc magmatism and indicating a subduction- metasomatized lithospheric mantle as their 

melt sources. In the tectonic setting discriminate diagrams volcanic rocks of Jalal Abad deposit plotted in 

the Andean-type active continental margin setting (Fig.2). The magmatic rocks of Jalal Abad district are 

part of Kashmar-Kerman volcano-plutonic arc which have late Neoproterozoic (Ediacaran) to early 

Cambrian ages, and are further evidence for a pulse of Cadomia magmatism at the central Iran terrane. The 

Cadomian magmatic arc was a broad-scale magmatic arc that developed along the Proto-Tethyan margin 

of the Gondwanaland supercontinent following the subduction of Proto-Tethys oceanic lithospher and its 

remnants exposed in the allover of Kashmar-Kerman volcano-plutonic arc especially in the Jalal Abad 

district, Bafq mining area and Chahjam-Biarjmand area [1, 2]. The Kashmar-Kerman volcano-plutonic is 

relatively narrow arcuate zone between Yazd and Tabas block dominated by cadomian intrusive, extrusive 

rocks and includes a thick pile of Cambrian granites (Ariz granit, Boneh-Shurow Granitic Gneisses), 

Cambrian Leucogranite (Narigan, Zarigan and Douzakh-Darreh intrusions) and Cambrian volcano-

sedimentary sequences ( Rizu and Desu series, Esfordi formation) [1]. 

Fig.2 – Tectonic setting of Jalal Abad volcanic rock in the Nb versus Y diagram 

The Jalal Abad volcanic rocks are coeval with similar-aged volcanic and granites within Iranian 

basement exposed in Central Iran Kashmar-Kerman tectonic zone, the Sanandaj–Sirjan zone and the Alborz 

Mountains, as well as in the Tauride–Anatolide platform in western Anatolia and in NW Turkey. All these 

dispersed Cadomian basement rocks are interpreted to show fragments of Neoproterozoic–early Cambrian 

continental arcs bordering the northern active margin of Gondwana. 

Fig.3 – Primitive mantle (A) and Chondrite (B) normalized diagrams of Jalal Abad volcanic rocks 
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Interest in the study of vanavarskaya suite caused by its oil-and-gas bearing deposits. Structure of 

suite and its lithological composition were considered in detail, as well as the productive layers were 

identified and traced in numerous publications. But, despite this, facies and genetic models for this 

horizon don’t give a clear characteristic of their conditions of formation, and often contradict each other 

[1]. 

In this connection, the attempt to restore conditions of sedimentation of this suite using 

geochemical indicators was made. The objects of research are the core samples selected from well № 3 of 

Pridutsky area. For the reconstruction of sedimentation conditions the morphology of rare earth elements 

(REE) pattern normalized by carbonaceous chondrite (C1) and the Post-Archean Australian shale (PAAS) 

were used. Geochemical coefficients which characterize facies sedimentation environment are Ti/Zr, 

La/Yb; climate - Nb/Ta; sedimentation environment - Sr/Ba, Ce/Ce*, Eu/Eu*, Ni/Co; bathymetric 

indicators - Cr/Cu, Cr/Ni [2-4]. 

Based on the analysis of the PAAS-normalized REE patterns 4 types of geochemical 

heterogeneity of section were allocated. The first type includes 12 samples that characterized by a little 

enrichment of light and medium lanthanides with respect to heavy. That suggests the predominance of 

terrigenous mechanism REE concentration and the closeness of source area (Fig. 1). 

 

Fig.1 – PAAS-normalized REE patterns in rocks from Vanavarskaya suite 

Following 12 samples with Eu-anomaly, which fixes an increase reduction potential of the 

medium of sedimentation and emphasizes the lagoon or sea sedimentation conditions are to the second 

type. Also it may be associated with changes in petrofond of rocks from the basic to the acid composition 

(Fig. 1). The third type of normalized spectra (5 samples) determines the presence of Ce-minimum and 

Eu-maximum, which indicate the formation of these samples in the normal marine basin with reducing 

conditions (Fig. 1). Samples №8 and №22 belong to the fourth type. The morphology of pattern shows 

the enrichment of heavy lanthanides than light, which may indicates the far location from the source area 

or fixes the boundaries of transgressive or regressive cycle that resulted in changes and accumulation of 

heavy minerals (Fig. 1). 

Based on the distribution of selected above types of patterns studied section has three-membered 

structure (Fig. 2) caused by the position of samples №№ 8 and 22. The first cycle are generally 

represented by deposits of the first morphological type of pattern fixing the coastal-marine sedimentation 

regime. The second cycle is characterized by frequent alternation of samples of all types of patterns, 

which underlines the instability of sedimentation conditions and thus may allocate several microcycle. At 

the bottom of the third cycle rocks which belong to the 3 type and overlapped sediments from the 2 type 

are deposited supposedly responding to marine sedimentation. 
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Sr/Ba Cr/Ni Cr/Cu 

Fig.2 – Dissected section according to the morphological types of patterns 

Ce/Ce* ratio within the section varies in the range of 0,82-1,17 that indicates the periodic 

existence of mixing areas of sea and fresh water. To reconstruct the pH Eu/Eu*, U/Th, Ni/Co indicators 

were used. More sensitive are Ni / Co variations that lie within the range of 4,34-7,47 with local jumps to 

25. Thus for cycles 1 and 3 reducing conditions are established, and the 2 cycle is described by variable 

values of redox potential. Changes La/Yb and Ti/Zr show the relative proximity of the source at 

predominantly terrigenous mechanism of concentration of lanthanides with local enhancement of 

chemogenic mechanism. To determine the bathymetric parameters Cr/Ni and Cr/Cu ratios were used. 

Based on their mutual variations was found that deposits from the lower layer of section were formed at a 

considerable distance from the coast and the upper layer in the coastal parts of the sea basin. When 

analyzing the distribution of indicators Sr/Ba, Cr/Ni and Cr/Cu marked their a symbatic changes that 

emphasize the previously selected cyclicity. 

As a result of the research several conclusions can be made. The investigated fragment of 

vanavarskaya suite has three-membered structure and each of cycles was formed in specific environments 

of sedimentation. The deposits from the first cycle were formed in the coastal marine lagoon conditions; 

rocks of the third cycle accumulated in normal marine conditions; for the deposits of the second cycle 

characterized the accumulation zone in the mixing areas of fresh and sea water. It should be noted that the 

boundaries of cycles are caused by manifestations of transgression. In addition, there is a significant 

change in the composition of petrofond from basic to acid-medium and from the bottom to the top of suit. 
The work was supported in part by the Ministry of Education and Science of the Russian Federation (State 

Project No. 2282). The examinations of samples were performed on the equipment of Analytic Center of Natural 

Systems Geochemistry of Tomsk State University. 
 

References: 
1. Kochnev B.B. (2008): Depositional environment vanavarskaya suite of vendian of the Siberian platform // 

Stratigraphy. Geological Correlation. V. 16. № 1. P. 22-23 

2. Maslov A.V. (2005): Sedimentary rocks and methods of the study and interpretation of the data. 

Yekaterinburg: Ural State Mining University, 289 p. 

3. Sklyarov E.V. (2001): Interpretation of geochemical data: Proc. Manual. M .: Intermet Engineering, 288 p. 

4. Yudovich E.Ya. (2011): Geochemical indicators of lithogenesis (lithological geochemistry). Syktyvkar: 

Geoprint, 742 p. 

77

Geochemistry and geochronology



Ar/Ar AGE SPECTRUM MEASURING WITH HIGH RESOLUTION BY 

EXTRACTED GAS PORTION 

Alekseev Daniil Vladimirovich¹, Travin Aleksey Valentinovich¹ ² 

¹ Sobolev Institute of Geology and Mineralogy, SB RAS, Novosibirsk, Russia  

² Novosibirsk State University, Novosibirsk, Russia 

a.daniil.v@yandex.ru 

Keywords: Ar/Ar dating; age spectrum; high resolution by extracted gas portion; inverse problem 

40Ar/39Ar dating is one of the most popular approaches of estimate minerals and rocks age. This 

method allows not only estimate minerals and rocks age but also reconstruct their thermal history.  
40Ar/39Ar dating method is used in many laboratories of the world [1-3]. 

Sample age is determined by argon isotope composition during 40Ar/39Ar dating. Mineral or rock 

sample is stepwise heated up. Isotope composition of argon extracted at every heating step is determined. 

Dependence of age value on portion extracted 39Ar is obtained by this procedure. This dependence (age 

spectrum) is approximated by stepped function. Age spectrum is one of sample main characteristics by 
40Ar/39Ar dating. As far as number of degassing steps is limited argon isotope composition at every heat-

ing step is measured with some degree of averaging. It may result in loss of age spectrum information 

value. For example pyroxene age spectrum (sample has been given by Afanasev V.P.) is shown in the 

figure 1. Black solid line shows experimental age spectrum. Red dotted line shows theoretical model of 

true age spectrum. Ingenuous increment of heating steps number is difficult for technical reasons. Domi-

nant cause is that control of extracted at every heating step argon amount is very difficult.  

  

Fig.1 – Age spectrum of pyroxene 

New method of age spectrum measurement with high resolution by extracted gas portion has been 

devised. Proposed method builds on storage of experimental data, new technique of obtaining of experi-

mental data by harmonization of heating schedule and solution inverse problem (reconstruction true age 

spectrum). True age spectrum relates to measured age spectrum by Fredholm integral equation of the first 

kind. For this equation solving special numerical algorithm has been devised. This algorithm builds on 

commutation of integral equation to system of linear algebraic equations by commutation of  required 

function to Fourier series and linear functional action on derived equality. There is more detailed descrip-
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tion of this algorithm in paper [4]. Program on the basis of platform Framework 4.0 has been devised for 

data processing automation. Proposed method provides suppression of age spectrum distortion resulting 

from averaging argon isotope composition (high resolution by extracted gas portion). 

 

Fig.1 – Age spectrum of amphibole 

For example, amphibole age spectrum obtained by proposed method (sample has been given by 

Vernikovskiy V.A., Mendeleyev rise) is shown in the figure 2. This age spectrum is obtained by two-

sample batch. There is description this sample and initial experimental data in paper [5]. Proposed method 

allows not only measure age spectrum during 40Ar/39Ar dating but also measure other isotopic characteris-

tic during other dating methods contained stepwise release studied substance.  
The reported study was funded by RFBR according to the research project No. 16-35-00482 mol_a. 
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The high retentivity of radiogenic helium in native metals allows using the isotope systems based 

on alpha-decay in the geochronology [1, 2]. Early attempts to date native gold using U-Th-He method 

gave geologically reasonable results and showed good perspectives for this research [3, 4]. 

The Olympic Dam is the unique polymetallic cooper-uranium-gold-silver deposit in the South 

Australia which includes more than 40 % of the world’s resources of the uranium, 32 million t. copper, 

more than 1200 t. gold and 7000 t silver. In addition, this deposit is unique due to the specific 

combination of the ore components. There are a lot of hypotheses which explains the origin of the 

Olympic Dam [5]. The mineralization timed to a large graben in a crystalline basement which filled with 

granite and volcanic breccias with age 1590 million years [6, 7]. Two general types of ore mineralization 

were detected: 1) complex Cu-U with Au, Ag; 2) Au. Rare earth elements’ mineralization predominantly 

related to hematite and quartz-hematite breccias [1]. 

Samples of the native gold from the Olympic Dam deposit were kindly provided by D. 

Kamenetsky (University of Tasmania, Australia). 

The first stage of the U-Th-He method is the exploration of 4He, U and Th concentration in native 

gold. The concentration of radiogenic helium had a maximum value about 3 10-3 cc/g (MSU-G-01-M, 

IPGG RAS), the concentration of uranium – up to 90 ppm (Finnigan MAT). So, the value of the materials 

for using this method is approximately 0.05 – 0.1 mg. 

Step-heating experiments confirmed the high retention of radiogenic helium in native gold from 

the Olympic Dam deposit. The most of the 4He releases from gold near the melting temperature (1063 

°C). A part of low-temperature helium (<800°C) is insignificant (< 1-3 %). 

On the surface of the gold nuggets by electron microscope (Zeiss Merlin, IRC «Nanotechnology», 

SPBU) we detected films of a rare earth elements aluminophosphates. For an accurate application of the 

U-Th-He method these films we removed in acids.  

For measurement of radiogenic helium, the samples were sealed in quartz ampoules and heated at 

the temperature of 1100 °C. Uranium and thorium have inhomogeneous distribution in a gold grain, so it 

is necessary to measure concentrations of 4He, U and Th in the one sample. The quartz ampoule helps to 

save the gold grain for the next stage of measurement. For three samples measurement of the radiogenic 

helium have been done by isotope dilution method using Alphachron mass-spectrometer (Curtin 

University, Australia) 

Uranium and thorium concentrations were determined by isotope dilution method with using of 

combined 230Th-235U tracer. We used aqua regia and perchloric acids to dissolve native gold and possible 

U-bearing mineral inclusions. We used ICP-MS ELEMENT-2 for measurement the concentrations of U 

and Th.  Purification of the solution from the gold “matrix” was done by the electrolysis.  

The results of U-Th-He dating (IPGG RAS and Curtin University) are comparable with each 

other, as well as with existing data about ages of mineralization of Olympic Dam deposit [8]. 
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The study on the geochemical fractions or occurrence forms of metals, differing in the type of 

connection with mineral carriers, is one of the important topics of modern research in marine geology and 

has both fundamental and environmental character. The purpose of this study is to quantify the 

mechanisms accumulation of toxic heavy metals (As, Cd, Pb and Hg) in the sedimentation processes in 

the White Sea. Marine sedimentation includes the following main stages: 1) mobilization of dispersed 

sedimentary material in the water column; 2) transformation in the boundary layer water – bottom 

sediments; 3) diagenetic transformations in sediments [1]. Here we present the results of a high-resolution 

study of sedimentary cores (predominantly pelitic grain-size), taken by Neimisto tube with 1 cm (site 

1404; n=37) and large diameter tube (TBD) with a resolution of 10 cm (site 6050; n=22) in the 

expeditions of R/V "Prof. Shtokman" and "Ecolog" in the White Sea. A methodological approach is based 

on sequential extraction of the original sample with reagents, allows the separation of different 

geochemical mobility of speciation of metals, followed by quantification of metals by ICP-MS. We 

consider form 1 – exchangeable complex with clay particles and carbonates [2]; form 2 and amorphous 

Fe-Mn hydroxides and related minerals [3]); form 3 – metals associated with organic matter and/or 

sulphides [4]; and form 4 – residual (total acid decomposition using a mixture of HCl+HNO3+HF). 

According to our data, the average contribution of lithogenic form varied from 65% (As) to 30% 

(Cd, Pb) from the total content (st. 1404; 0-46 cm) (fig. 1). In the oxidized fluffy layer at the boundary 

water-bottom (0-1 cm) the content of lithogenic forms was minimal, while, on the contrary, 

geochemically mobile forms showed the maximal content. Along the core length a contribution of 

lithogenic form of metals increased and proportion of geochemically mobile forms-1, -2 and -3 decreased. 

This indicates the essential fractionation of toxic metals during diagenetic transformations of sediments. It 

was determined that the most active transformation of the trace metals composition occurs in the upper 

layers of sediment core (0-6 cm), which was attributed to changes in redox conditions resulted from the 

decomposition of organic matter. 

 

Fig.1 – Occurence form distribution of As, Pb and Cd in bottom sediments core of the st. 1404 

With core deepening up to 320 cm (st. 6050) decreasing of geochemical labile forms (1, 2 and 3) 

with their transformation to lithogenic form was defined for As: in the lower core layers (300-320 cm) the 

content of lithogenic form of As achieved up to 80% from the total content. Proportion of the occurrence 

forms of Pb (form 2 – 35-40%; form 4 – 30-40% from the total content) was almost constant along the 
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core length. Cd was characterized by a significant increasing of role of the adsorbed form on clay 

particles down the core. 

Based on the radiocarbon dating (14C), sedimentary core st.1404 covers the recent historical 

period (about 450-600 years), while core st. 6050 –  over 8500 years [5; 6]. 

Thus, we can assume that over the postglacial period geochemical transformation took place in 

different ways for different heavy metals. The research results of the heavy metals were compared with 

data of [Polyakova et al., 2014] on reconstructed parameters, such as (paleotemperature, salinity, sea 

level, duration of ice cover and productivity) in the post-glacial period in the area of the White sea. 

The results of measurements of  Hg concentrations  in the acid-soluble (7N HNO3) extracts and 

the total Hg content from the upper core layers (till 19 cm) showed a sharp increase (up to 20 ng/g dry w.) 

in the surface sediment layer (0-9 cm). As these layers were formed over approximately the past 100 

years, this fact may serve an evidence of the growing anthropogenic load during this period. The content 

of total mercury in the deeper sediments (>9 cm) was at the background level (10 ng/g dry w.). 
The work was supported by the Russian Science Foundation (project no. 14-27-00114), the Russian 

Foundation of Basic Research (project no. 15-05-08372) and the Program of the  Fundamental Scientific Research 
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Bimodal magmatism in Western Transbaikalia is presented by parallel dyke rocks which lie among 

numerous alkali granitoid plutons. Some of the dykes are grouped to extended dyke belt, which are 

considered as indicators of intraplate stretch. 

The associations of subparallel dykes in the area between Selenga-Tugnui-Uda rivers (central part 

of the Western Transbaikalia) forms a dyke belt of northeastern stretch with about 200 km length and up to 

40 km width [2]. Composition subvolcanic rocks of the belt are contrasting dyke series: mafic 

(trachydolerites trachybasalt); salic (trachytes, trachyrhyolites and comendites). According to geological, 

Rb-Sr isotopic geochronology of acidic dykes the belt was formed in the Late Paleozoic [1]. 
In this report, new geochronological data obtained by U-Pb isotope method, specifying the age of 

the formation of a series of subvolcanic rocks and thus stretching the crust in the Late Paleozoic, and 

simultaneous formation of mafic and salic dikes are presented. 

U-Pb analyses was performed by LA-ICP-MS method at the laboratory of instrumental methods of 

analysis of Geological institute of SB RAS. Instrumental operating condition was the same as here [1]. 

Samples were prepared by standard method which includes: several rock breaking and screening steps, 

magnetic field and heavy liquid (CHBr3) separations, hand-picking of zircon chips under binocular and 

fixing into epoxy resin with following mechanical abrasion and polish. 

U-Pb dating of zircons from six dyke rocks was performed. Ages of zircons from Bilutinsky 

limestone quarry are 289.7±5, 280.6±4.1 Ma (sample Kh-4-11, Kh-5-11 – dolerites), 281.9±2 Ma (sample 

Kh-6-11 – porphyritic granite). Ages of dyke rocks zircons from Zhargalanta river basin is 279±2.7 Ma 

(sample M516 – porphyritic syenite), from basin of Ona river is 282.4±3.9 Ma (sample M326 – porphyritic 

syenite) and from Khorinsky granite pluton is 286.3±7.2 Ma (sample M606 – sin-plutonic basite). 

Obtained new U-Pb ages confirm geological data about simultaneous formation of mafic and salic 

dykes in late carbon – early perm. Also the increase of SiO2 content and a corresponding decrease in MgO 

in them is not accompanied by a change in the value of its initial strontium ratios (~0.706). Thus, in the 

basalts is not detected isotopic evidence of significant contamination with continental crust material. 
Sources of magmas of bimodal associations were generally similar composition, which differs from the 

typical mantle sources of intraplate basalts. 
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The Murun massif is located near the Murun mountain between Chara and Tokko rivers, 50 km to 

the WSW from the village Torgo. The area is known for outcrops of alkaline intrusions and is genetically 

connected with the charoite deposit.  

The charoite is a unique mineral which was discovered in 1970 [3]. However, information on the 

origin of this mineral is controversial. Existing data show that crystallization of charoite occurred during 

final stages of the massif development [1]. 

The aim of this work is to determine the time of mineral crystallization in charoitite rocks using   

40Ar/39Ar step-heating method.  Prior dating attempts were described in the work [4]. Available K-Ar 

results of the dating of the igneous rocks of Malyy Murun array are in a similar range of values [2]. 

For 40Ar/39Ar dating tinaksite, frankamenite, microcline and tokkoite were separated from Malyy 

Murun charoitite. The measurements were performed in the Institute of the Earth's Crust (Irkutsk), using 

mass-spectrometric complex ARGUS VI (Thermo Scientific). The analysis of the isotopic composition of 

argon is carried out by the method of step-heating from about 3900 C to the temperature of complete melting 

of the sample at 12-16 degrees depending on the mineral. 

The age of the samples was calculated relative to the age of the standard BERN4M 18.885 million 

years.  

Tokkoite, tinaksite and microcline showed ages of 135.93 ± 0.49, 135.87 ± 0.45 and 135.79 ± 0.42 

Ma, respectively, which are statistically similar to each other. Similar ages prove paragenetic relationships 

of these minerals. The older age of 137.55 ± 0.46 Ma for frankamenite was obtained statistically which 

shows possible multiple formation episodes of charoitite rocks. 

Thus, high-quality data were obtained for the first time for charoitites, which are believed to be of 

metasomatic origin. A similar study is necessary for magmatic rocks of Maliy Murun massif. 
 

The work is done in the framework of the project «№ 14-45-04108 r_siberia_a» 
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Currently the balance of nature in global scale is increasingly influenced by the environmental 

pollution. This problem is major for the Northern Kazakhstan Ishim steppe having countless undrained high 

mineralized lakes. 

The lakes under study are located in the southern edge of West-Siberian plain in the transition zone 

between the plain and the Kazakh uplands. In Russian publications this part of the Western Siberia is known 

as the Ishim steppe. It occupies most of the Ishim-Tobol and Ishim-Irtysh interfluves and has size 400 km 

from west to east and 350 km from north to south (Fig.1). 

 

Fig.1 – Location of the high mineralized lakes in Northern Kazakhstan (Ishim steppe). Color displays the 

surface elevation 

Features of the Ishim steppe are basically defined by two geochemical factors. In the one hand, this 

land adjoins to the Northern Kazakhstan uranium province (Fig.1), suggesting leaching of heavy metals as 

well as uranium from the rocks by surface and subterranean waters and transferring them to the mineralized 

lakes. In the other hand, Ishim steppe is extension of the Kulunda steppe in Russian Federation, in which 

mineralized lakes are also located. These lakes are of interest for industrial needs as a source of natural 

minerals - mirabilite, halite, gypsum and sodium carbonates [1]. In addition, the lakes contain large reserves 

of the unique therapeutic mud and the specific halophilic organisms, for example Artemia salina. In contrast 

to the Kulunda steppe, the Ishim steppe in Kazakhstan is almost not involved in industrial and agricultural 

use resulting in saving uranium and heavy metals concentrations on naturally occurring levels, and its 

landscape ecology and biogeocoenoses are generally typical for all of the Western Siberia. 

Total dissolved solids (TDS) and ionic composition data allow to characterize the large undrained 

Ishim steppe lakes: Kalibek Lake, Kishi-Karoi Lake, Teke Lake, Zhalauly Lake (Fig.1). TDS values in 

these lakes are above 300 g/l. The lakes belong to different hydrochemical types: sodium-chloride type 
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(Kalibek Lake), sodium-magnesium type (Kishi-Karoi Lake, Teke Lake), magnesium-sodium type 

(Zhalauly Lake). The pH values vary within 6.0 and 6.9. CO2 concentrations are up to 350 mg/l. 

𝐻𝐶𝑂3
−concentrations are insignificant (within 0.08 and 1.5 g/l), while 𝐶𝑙− and 𝑆𝑂4

2− concentrations are up 

to 205 and 75 g/l respectively. Most significant cation is 𝑁𝑎+ (up to 97 g/l, mean 83 g/l), in some cases  

𝑀𝑔2+ (up to 56 g/l, mean 32 g/l). 𝐶𝑎2+concentrations are up to 50 mg/l except Kalibek Lake (3.7 g/l). 

Major and trace element concentrations in water and sediments were obtained for large lakes described 

above as well as for small lakes (Zhamantuz Lake, Urpek Lake), which allows to obtain background 

uranium and heavy metals concentrations. 

Judging by the lithological composition, the Northern Kazakhstan mineralized lakes sediments 

consist of loam with traces of carbonatic and organic materials. Mean uranium and thorium concentrations 

in these sediments are 2.0 and 5.4 ppm respectively. Radioactive elements concentrations in these sediments 

are slightly lower compare to those in Tomsk Oblast, Altai Krai and Altai Republic sediments [2-4]. At the 

same time distribution of uranium in the system "water-rock" is generally conforming to the laws of nature. 

Increasing of organic and carbonates concentration in sediments results in a sharp decreasing of uranium 

concentration in water suggesting deposition of uranium by organic and carbonatic compounds (Fig.2 A 

and B). Distribution of uranium in the system "water-rock" is inverse, which is typical for the Central Asia 

mineralized lakes (Fig.2 C) [4]. 

 

Fig.2 – Correlation between U concentration in water and sediments composition of the Northern 

Kazakhstan mineralized lakes: 1-Zhalauly, 2-Teke, 3-Kishi-Karoi, 4-Kalibek, 5-Kyzylkak 

Conducted hydrogeochemical study of the Northern Kazakhstan large lakes has shown that their 

sediments have low uranium, thorium (mean 2.0 ppm and 5.4 ppm respectively) and toxic heavy metals 

concentrations. This allows to evaluate Ishim steppe as perspective and save area for industrial and 

agriculture uses. 
The work was supported by Russian Foundation for Basic Research (project № 15-17-10003). 
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The Snezhnoe (East Sayan Mountains) and Ulug-Tanzek (Southeast Tyva) ore deposits are located 

in East part of the Altai-Sayansk folded area, which is one of the most important rare metal provinces of 

Russia. The Snezhnoe is characterized by two types of ores: phenacite-beryllium and niobium – tantalic 

ones. The Ulug-Tanzek field is presented by rare metal and rare earth ores (Ta, Nb, Zr, Hf, REE, Li, Th, U, 

cryolites) [1, 2]. 

Ages of Ta-Nb mineralization on сolumbite group minerals (CGM) in these objects have been 

determined by authors using Sm-Nd method by the developed technique. The original age data have been 

obtained, which allow to estimate a genetic linkage of processes of ore formation with formation of the 

structures containing ore and also to revise earlier offered theories about nature of ore formation. 

The Snezhnoe field associates with alkaline granites of an Ognitsky complex. The existing 

estimates of age of this complex vary over a wide range of 454–210 Ma. Different types of ores of Snezhnoe 

(phenacite-beryllium and niobium – tantalic) are spatially separated with each other. The Be-ore 

mineralization is located in the western part of the intrusion and is accompanied by a zone of crushing and 

is characterized by non-uniform vein-nested distribution. The Nb-Ta-mineralization is located in east part 

of the intrusion. Distribution of ore minerals – pyrochlore and columbite is uneven with the maximum 

concentration in intensively changed rocks [2]. 

Age of beryllium ores was estimated by Yarmolyuk with coauthors (2011) using Rb-Sr method as 

306 Ma, and was accepted as age of rare metal mineralization (Be, Ta, Nb) of Snezhnoe field. Determination 

of age of CGM is traditionally carried out by U-Pb method. Because columbite-tantalite from the field is 

characterized by low contents of uranium, the direct determination of the age of CGM in Snezhnoe are 

absent. The Sm-Nd isotope data for the columbite and for three whole rock samples of hosted granites form 

good isochrone with age 393±12 Ma (Fig.1). The obtained age of Ta-Nb-mineralization does not match 

with that of Be-mineralization and allow to make the assumption that the ore mineralization was formed in 

two stages: earlier stage (393 Ma) – formation Ta-Nb-mineralization associated with granites formation, 

and later (306 Ma) – beryllium- mineralization, connected probably with later stage activation. 

  

Fig.1 – The Sm-Nd isotope data for the CGM and whole rock of the Snezhnoe ore deposit 
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The Ulug-Tanzek ore deposit associates with alkaline granites. The age of alkaline granitoids of the 

Ulug-Tanzek intrusion is determined by U-Pb-method on magmatic zircon is 301 ± 3 Ma [1]. The CGM 

mineralization is presented by three generations. The latest generation associated with sulfide-quartz veins.  

The Sm-Nd isotope data for the CGM from the latest generation and for fore whole rock samples of hosted 

granites as well as in the case of Snezhnoe deposit form good isochrone with age 279±10 Ma (Fig.2). The 

obtained data allow to make the assumption that this age corresponds to the latest stage of ore formation. 

 

Fig.2 – The Sm-Nd isotope data for the CGM and whole rock of the Ulug-Tanzek ore deposit 

The Sm-Nd isotope data for the CGM were obtained in the laboratory of isotope geochemistry and 

geochronology of Institute of geology and geochronology of the Precambrian of the Russian Academy of Sciences 

(IGGD RAS). 
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The study of the weathering crust has a great theoretical and practical interest, since it plays an 

important role in the formation of the sedimentary shell of the Earth. The weathering crust also keeps 

unique information about composition and evolutionary changes of the lithosphere, atmosphere and hy-

drosphere.  

The aim of this study is to model experimentally the leaching of granites in a different pH-Eh 

conditions. The samples of Archean granite-gneiss (~ 2.7 billion years Yanisyarvinskaya structure, Kare-

lia), have been chosen as an experimental data. These granites are overlaid by the weathering crust. The 

composition of granite-gneisses is presented by quartz (up to 40 vol.%), microcline (7-15 vol.%), plagio-

clase (20-30 vol.%), muscovite and biotite (up to 12 vol.%).  

In order to prepare the samples for tests they have been crushed first and separated into fraction 

by sieve analysis. The fraction of 0.25-0.50mm was used for the test. The sample was placed in an acidic 

and alkaline solutions (pH - 3, 10). The solution of pH 3 was made from distilled water and sulfuric acid 

and the solution of pH = 10 was made of ammonia and distilled water. The first tests were carried out in 

oxygen environment. The time of interaction between the rock and solution was from 6 seconds to 4 

months. The second tests were carried out in argon environment, without oxygen and the interaction time 

was from 10 minutes to 4 hours. After interaction between the rock and solution is finished the solutions 

were filtered and analyzed (by atomic absorption method and the ICP-MS). The acidity of the initial and 

end solutions was determined by pH meter InoLab.  

The test results of granites leaching showed changes in acidity of the solutions after interaction 

with the rock up to pH = 8.5 - 9.5 independently of initial pH.  

The interaction time between solution and rocks in the tests models the climate process of the 

weathering. Tests of over an hour long models condition of high humidity with rainfall of about 2000 

mm/year, excluding surface runoff and evaporation; tests are over a 1 day model condition with rainfall of 

80 mm/year and over 4 days model condition of rainfall of 20 mm/year.  

Leaching tests of granites in oxygen environment with pH = 3 show that sum of cations in the test 

solutions is gradually increased from 20 mg/L during short tests to 120 mg/L during long tests. Under 

other conditions, the sum of cations in solution less than 12 mg/l. Results of experimental studies show 

that active leaching of granites happens only in the acidic oxygen environment. In the alkaline environ-

ment without oxygen, total sum of cations in solution is quite low (> 12 mg/l) and does not depend on 

climate conditions.  

In oxygen atmosphere with pH of 3 the total concentration REE is gradually increasing from 90 

mkg/l, during short tests to 990 mkg/l when the test time is more than 1 month. The more the solution 

interacts with the rock, the more it gets LREE in comparison to HREE (Fig. 1). The Concentration of La 

gradually increases from 0.02 mg/l to 0.3 mg/l respectively to time of test from 6seconds to 4montgs. The 

Concentration of Yb does not change significantly (0.2 - 0.3 mkg/L) in relation to  the test time.  

In reduction condition with ph of 3, the total concentration of REE and La/Yb ratio decreases 

while the test time increases. The total concentration of REE is almost unhanged in alkaline conditions.  

The possibility of cerium to be in form of Ce4+ and Ce3+ in natural waters of contemporary aque-

ous facies is obvious and is confirmed by negative anomaly of cerium in oxygen waters and by positive 

cerium anomaly in oxygen-free waters. However, the tests show that distribution of Ce between solid and 

liquid phases in the hypergene solutions depends not only on pH - Eh conditions but also on the time of 

interaction between the drainage water and the rock. In acidic oxygen conditions, minimum values for Ce 

anomaly (Ce/Ce* = 0.95) were obtained from the results of long tests (4 days); the maximum value of 

Ce/Ce* = 0.65 at time to 10 minutes (Fig. 1). The solution is characterized by a negative Ce anomaly in 

acidic and alkaline (oxidizing and reducing) conditions. Ce negative anomaly appears in the experimental 
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 solutions at short exposures that meet the conditions of active drainage, whereas under dry conditions (in 

long term interaction of water-rock) the negative Ce anomaly is not.  

 

 

Fig.1 – Spectrum REE of experimental solutions in acid oxidation environment depending of the interaction 

time between solution and rocks. 

The non organic components of the environment played an important role in the possibility of the 

origin of the first cells on the Earth. Results of biochemical studies suggest that protein synthesis is not 

possible in the environment with a low concentration of K relative to Na [1]. However, the modern con-

cepts of the salt composition of ancient oceans show the dominance of Na with respect to K. The test re-

sults showed that solutions where concentration of K is higher than Na are formed only in acidic oxida-

tive conditions of granites leaching. The ratio K/Na (1.2 to 4.1) in experimental solutions increases with 

time of the tests carried out in acidic environment with the free access of oxygen. In other experimental 

conditions the ratio of K/Na in the solutions is less than 1. Therefore in the ancient weathering crusts only 

solutions with a high concentration of elements-nutrients and K/Na> 1 could exists, as this is one of the 

main conditions of the origin of the first cells on the Earth.  

The leaching test data of paleproterozoic granitoids in oxygen and argon condition and in various 

acid alkaline environment showed that active leaching and forming of solutions with total cations concen-

tration of more than 20mg/l and K/Na>1 can only occur. In humid condition solutions with negative ceri-

um anomaly are forming, when in arid condition cerium anomaly does not exist.  
The work was supported by the Russian Foundation of Basic Research (projects no16-35-00136). 
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The lithosphere of present-day Central Europe, including its upper mantle section, developed in a 

series of tectonic cycles which culminated with Devonian–Carboniferous Variscan orogeny, a successive 

accretion of several microplates and relics of magmatic arcs during the collision of Laurussia and Gond-

wana supercontinents [1]. The Bohemian Massif represents the most prominent exposure of the Variscan 

basement in Central Europe [2]. Four major tectonometamorphic zones were distinguished in the Bohemian 

Massif: the Teplá–Barrandian Unit, Saxothuringian Unit, Moldanubian Unit, and Moravo–Silesian Unit. 

The oldest fragments of the Bohemian Massif (Moldanubian Unit) represent remnants of Palaeo- 

to Mesoproterozoic West African cratonic basement slivers (Dobrá gneiss, 1.38 Ga; Světlík gneiss, 2.05–

2.1 Ga; [3]). The knowledge of previous history of Saxothuringian unit of the Bohemian Massif is only 

fragmentary. Paleoproterozoic ages were identified in detrital and inherited zircons [4]. Also Nd model 

ages for Saxothuringian sediments show widespread age signature ranging from c. 1.4 to 2.0 Ga [4]. Col-

lectively, the major tectonometamorphic episodes preserved in the crustal units of the Bohemian Massif 

appear to comprise four distinct periods at 330–370 Ma, 530–570 Ma, 1.4–1.9 and 2.0–2.1 Ma [5]. 

In this study, the Re–Os elemental and isotope systematics together with whole rock trace element 

compositions are presented for a suite of more than 70 mantle xenoliths, collected from 11 localities in the 

Bohemian Massif, in order to (i) compare the TRD ages with main crust-forming events and determine the 

reflection of crustal processes in the lithospheric mantle, and (ii) possibly distinguish between contrasting 

mantle domains that could be related to current geophysical models [6]. 

The xenoliths from the Bohemian Massif are characterized by small size (up to 10 cm) and partic-

ularly low Os contents (≤1ppb). The 187Os/188Os ratios Os are mostly sub-chondritic with several samples 

showing chondritic to slightly super-chondritic ratios (0.1162–0.1330) [5]. 

The peaks of TRDII ages (modified model age Re depletion ages) can be grouped into several age 

intervals: 1.5–1.6 Ga, 1.0–1.2 Ga, 0.8 Ga, ~0.6 Ga and 0.1–0.3 Ga, with two solitary ages at 2.4 and 2.0 

Ga. A prominent peak in the calculated TRDII ages ranges between 0.5 and 0.6 Ga which corresponds to the 

Cadomian orogenic cycle. 
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The term travertine refers to a large group of freshwater carbonate rocks that precipitate from hy-

drocarbonate water upon or near the surface. The geochemical signatures (REE patterns, δ13C, δ18O, and 

trace element enrichment) inherited by carbonates from the parent fluid survive any subsequent rock alter-

ation and thus bear a record of the fluid properties [1-3]. 

Travertines in Gorny Altai were discovered long ago, first in the southeastern part of the area (in 

1936, by А. Mukhin) and then in the northeast and in the west (by Butvilovsky [4] and Rusanov et al. [5]), 

but still remain very poorly explored. This study aims at creating a database of compositions and isotope 

systematics of the Gorny Altai travertines, with examples of two sites. The sites represent travertines of 

different ages at the junction of the Kadrina and Teletsky zones of active seismogenic faults. They are 

located in the eastern side of the Chibitka valley that follows the Kadrina fault, in the vicinity of a lake 

dammed by a debris flow. An outcrop near Lake Cheibekkel in the western fault wall exposes the Baratal 

Group limestones (NP3); the Aigulak Fm. clastic sediments (NP3); the Sardyma Fm. basalts and clastics 

(NP3-Є1); the Chibitka Fm. (Є2) sand (above) and olistostromes with clasts of the Baratal carbonates (be-

low); the Belkenek Fm. carbonates and clastics (Є2-3); the Kyzylshi Fm. carbonates and clastics (D2-3); the 

Kyzyltash Fm. (С3) and Arzhan Fm. (J1) coal-bearing clastic sediments. The eastern fault wall is composed 

of metamorphic rocks (MP-Pz), granites and granodiorites (D), the Balkhash Fm. volcaniclastic rocks (Є1), 

and the Pyzhinozernaya Fm. carbonates and clastics (D1) [6]. 

Travertines of field I, in the eastern side of Lake Cheibekkel (N=50.40144º, E=87.60491º, 

Alt=1818 m), result from several stages of mineral precipitation and encrust and/or cement colluvial clasts, 

mostly of Devonian mica schists. Exposed in a road cut, they are 2.5-4 m thick and have a visible length of 

29 m. Paleotravertine field I coexists with an active source of limited carbonate precipitation from waters 

of a carbonated spring. The HCO3-SO4–Ca-Mg water of cold (10ºC) spring have рН = 6.86 and contain 

about 27.4 mg/L Ca2+ and 21 mg/L Mg2+ as major cations and the major anions of HCO3
- (234 mg/L) and 

(SO4)2- (24 mg/L). The waters have low (in mg/L) Na+ (2.7), K+ (0.64), Sr2+ (0.23), NO3
- (0.86), Cl- (below 

the detection limit, <10 mg/L) as well as Cd2+ (0.18 μg/L) and Sb3+ (0.7 μg/L) contents. The gases dissolved 

in the water contain (in vol.%): N2–69; O2–26; CO2–2.9; Ar–1.9. At the present time spring produce silt 

deposits. 

The other paleotravertine complex (field II), with a 14C age of 9520 ± 105 yr BP (sample SOAN-

3129) [5], rises 168 m above the level of Lake Cheibekkel (N=50.400556°, E=87.611389°, Alt=1958 m), 

in the upper reaches of the left (eastern) Chibitka River tributary which drains a pinnate fault cutting through 

the Pyzhinozernaya Fm. rocks (D1). Travertines of field II cement Upper Pleistocene moraine deposits and 

Holocene slope wash. Neither active mineral springs nor ongoing carbonate formation have been observed 

at the site. 

Travertines from both fields consist of calcite and aragonite which occur as layered columnar and 

radiated aggregates. Late aragonite often grows over calcite; less often, calcite grows over aragonite or 

together with it. In unconfined conditions, calcite and aragonite form up to 4 mm euhedral crystals. 

Calcites bear MgO impurity (2-4 wt%) and contain (in wt%): Na2O (< 0.21), FeO (<0.30), SrO 

(<0.2) and BaO (< 0.1). Aragonite contains the impurities of 0.8-1.15 wt% SrO, up to 0.4 wt% Y2O3, up to 

0.13 wt% BaO. The impurities of MgO, Na2O, FeO and MnO in both minerals are negligible. 

All multi-element spectra of travertine are similar to one another and to those of Post-Archean 

carbonates [7]. Compared to the Post-Archean carbonates, the CaCO3 of travertines are notably enriched in 

Zn (up to 298 ppm), Ni (up to 38 ppm), Ge (up to 4.5 ppm), U (up to 85 ppm), Hg (up to 0.665 ppm) and 

depleted in V (1-12 ppm), Pb (1.3-6.2 ppm), and Nb (0.3-1.2 ppm). The high variation of Rb (0.4-12 ppm) 

and Zr (1-79 ppm) contents in travertines are most likely due to admixture of terrigenous component. 

The δ13C and δ18O values obtained from selected samples show a narrow range. The δ13C values 

are between –4.1 and +0.2 ‰ VPDB, and the δ18O values are between –13.8 and –13.0 ‰ VPDB. The δ13C 

compositions of travertines in fields I and II are intermediate between the varieties precipitated from ther-

mal and meteoric waters, according to the classification of [8], which is evidence of a mixed СО2 source. 
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Judging by low δ18O ratios, the newly formed carbonates received oxygen mainly from early diagenetic 

sediment water. 

The GC–MS analysis of individual compounds from fluid inclusions in calcite and aragonite and 

interstitial fluid show, that fluid phase contain 77.73% CO2 and 27% H2O as well as 0.2 % N2 and 0.3-

0.4 % sulfonated compounds. Generally, the fluid include abundant various hydrocarbons. They are mainly 

oxygenated hydrocarbons (carboxylic acids (С2-С16) – 7-8.4 %; aldehydes (С4-С17) – 5.0-5.5 %; ketones 

(С3-С15) – 2.5-3 %; ethers (С4-С16) 2-15.5 %); alcohols (С4,6,13) – 0.2-0.6 %). Other components are 13-8 % 

alkanes (C5 – C15), 3-9 % alkenes (С4-С17), and 0.96 vol. % aromatics (mostly C6 – C8). The paleotravertines 

precipitated from typical carbonated waters, and syngenetic biota became buried during the process. 

There have been several controls of the travertine location in Gorny Altai: (1) faults; (2) strati-

graphically lower deformed carbonate-bearing rocks; (3) rugged terrain, locally covered with permeable 

colluvium and/or marine deposits; (4) upwelling fluids. Calcium for travertine crystallization was most 

likely supplied by limestones, marls and limy shales of the Pyzhinozernaya Fm. (D1), and the Kyzyltash 

Gr. carbonate-bearing rocks (D2-3), and possibly also by the Baratal Fm. Vendian limestones and dolomites. 

Minerals that precipitated from supersaturated waters show persistent spherulitic, rhythmically zoned and 

radiated crystal morphologies. The waters, as well as the respective calcite and aragonite precipitates, in-

herit the geochemical signatures of Sr, Y, U, Ni, Zn, and Hg enrichment from their parent deep fluids. The 

geochemical patterns of travertines bear imprint of diverse (though not very rich) metallogeny of the area. 
The work was supported by the grant MK-6322.2016.5 from the President of the Russian Federation. 
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Despite the multifaceted study of Kamchatka basement rocks, the question of their origin and 

geological history still remains debatable. This applies both to the most ancient metamorfic rocks and to 

the metasedimentary and metavolcanic rocks of the Sredinniy Range. Precisely because of these rocks it 

is possible to decipher the geological history of the formation of the region. Our study based on isotope 

techniques and aimed to evaluate the origin of the source of the basement rocks and its possible history. 

Middle-Kamchatsky horst-anticline stretches in the meridian direction of the Plotnikov River in 

the south and Icha River in the north. The oldest metamorphic formations on Kamchatka peninsula are 

Kolpakova gneisses and Kamchatka schists, which are localized in Kolpakova metamorphic zone. There 

are clastic and volcanic rocks of Cretaceous and Eocene age among metamorphic rocks of the basement 

complex in the horst-anticlinorium structure. Also on the territory presents some of plutonic complexes: 

Late Cretaceous gneiss-plagiogranite Krutogorova complex, Eocene gabbro-norite-cortlandite Dukuk 

complex and Eocene plagiogranite-granodiorite Kola complex [1]. 

Samples was collected during fieldworks in 2012-2015 within the Malka uplift on the south slope 

of the Sredinniy Range; near the Khangar volcano and Shanuch Cu-Ni deposit, which is located on the 

northern slope of the Sredinniy Range. Isotopic studies carried out on a thermionic isotope mass 

spectrometer TRITON in the Isotope Geochemistry and Geochronology laboratory of Vernadsky Institute 

of Geochemistry and Analytical Chemistry RAS. Concentrations of Rb, Sr, Sm, and Nd determined by 

isotope dilution using mixed tracer by standard methods.  

Sredinnyi Metamorphic Complex consists of Kolpakova gneisses and Kamchatka schists, they 

have high values of the isotopic ratio of strontium and low εko, which consists with the idea of their old 

age. Points of isotope analyses of these rocks form a single trend (Fig.1). The inverse correlation of 

isotope ratios of strontium and neodymium for the basement rocks of the Sredinniy Range is caused by 

negative geochemical dependence Rb/Sr and Sm/Nd ratios. In general, this trend is typical for the 

majority of crustal rocks. 

The data points for Krutogorova and Kola granitoid complexes (Fig.1) are within the trend 

formed by rocks of Sredinnyi Metamorphic Complex, but they have smaller range of values isotope ratios 

of neodymium and strontium than for the typical granites. Formation of the Krutogorova and Kola 

complexes was possible due to rocks of Kolpakova and Kamchatka series. 

Metasedimentary and metavolcanic rocks of Kheivan, Kvakhon and Iruney and suites show 

enriched isotopic labels. Therefore, these rocks were formed under the influence of pre-existing 

continental crust on Kamchatka. The protolith of these rocks is an ancient substance that have the 

geochemical characteristics of the Earth's crust for a long time. This is confirmed by the calculation 

model age, which is within the range 1 - 1.5 Gyr. 

That is notable that in Figure 1 all the studied rocks are shifted relate to the area of the mantle 

rocks, which are presented by MORB basalts. It was expected that gabbro of Dukuk complex will show 

depleted isotope characteristics typical for mantle rocks. However, in Figure 1 the figurative points of 

Dukuk complex are located in the typical crustal range of values isotope ratios of strontium and 

neodymium. 

Our isotope studies have shown that rocks of the Sredinniy Range have isotopic labels of ancient 

crust. Isotopic composition of neodymium and strontium for phyllitic shales of Kheivan suite, 

carbonaceous shales of Iruney Suite and metavolcanic rocks of Kvakhona suite do not differ from deeply 

metamorphised rocks of Kolpakova gneisses and Kamchatka schists. It is likely that sedimentary and 

volcanic rocks in the Cretaceous period was formed at the expense of species such as Kamchatsky and 

Kolpakovsky series that were on the surface in Cretaceous. This result is fundamentally contrary to the 

model [2], according to which the younger formations were accumulated at the front of the Cretaceous-
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Eocene arc and were later accreted to the metamorphic basement as a result of large-scale horizontal 

displacements. 

 

Fig.1 – The isotopic ratio of strontium and neodymium in the rocks of the Sredinniy Range of Kamchatka in 

comparison with the data for MORB 

The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00607). 
 

References: 
1. State Geological map of USSR, Scale 1:1000000, Sheet N-57. 2006 (in Russian) 

2. Hourigan J.K. et al (2009): Eocene arc-continent collision and crustal consolidation in Kamchatka, Russian Far 

East // American Journal of Science V. 309. №5. P. 333-396. 

96

Geochemistry and geochronology



ISOTOPE-GEOCHEMICAL Nd-Sr FEATURES OF THE 

PALEOPROTEROZOIC PGE-BEARING MONCHETUNDRA MASSIF 

MAFIC ROCKS (FENNOSCANDIAN SHIELD) 

Kunakkuzin E.L.1, Bayanova T.B. 2, Nerovich L.I. 3, Borisenko E.S. 4, Serov P.A. 5 

Geological Institute, KSC RAS, Apatity, Russia  
1 kunakkuzin_evgeniy@mail.ru 
2 bayanova@geoksc.apatity.ru 
3 nerovich@geoksc.apatity.ru 

4 elena.s.borisenko@gmail.com 
5 serov@geoksc.apatity.ru 

Isotope-geochemistry, mafic rocks, Nd-geochemistry, layered intrusions, Fennoscandian shield, 

paleoproterozoic  

The Mochetundra massif (MM) located in the central part of the Kola Peninsula is the eastern 

branch of the largest Paleoproterozoic gabbro–anorthosite Main Ridge massif and placed between three 

large Precambrian geological structures of the Kola region: the Belomorian and Kola megablocks and the 

Paleoproterozoic Pechenga-Imandra-Varzuga paleorift. In the west and north, the MM borders on the 

extending meridionally part of the Main Ridge – Chuna-Volch’yi tundry. In the east, Cu-Ni-Cr-PGE-

bearing layered mafic-ultramafic intrusion Monchepluton is occurred. The MM is a promising for finding 

economic noble mineralization along with Fedorovo–Pana complex, Mt. General’skaya, and 

Monchepluton with deposits and occurrences of Pt–Pd and Cu–Ni ores [1, 2]. 

Geology and internal structure of the MM is a combination of mafic rocks differing in age of 

formation and a complex of mafic dikes, formed during multiple intrusions. According to the 

petrographic and U-Pb isotope-geochronological data [2-4], the mafic rocks of the MM are subdivided at 

least four groups. 

The results of Nd-Sr research of the mafic rocks differed in ages from the Monchetundra massif 

showed various isotope-geochemical features for each of varieties (Fig.1). 

 

Fig.1 – Correlation between Nd and Sr isotope composition of Monchetundra massif gabbronorites. Fields of 

mantle reservoirs MORB, OIB, HIMU, EM-1, EM-2 according by – [5] 

The oldest rocks of the massif (metagabbroides) show a wide range of εNd(Т) values between 

+0.02 and -2.23 and Mezo- to Paleo-Archean TDM ages. Trachytoid gabbronorites have more radiogenic 

Nd and Sr compositions than other rocks of the massif. The εNd(Т) and TDM values for them range from –

1.70 to +1.42 and from 2.7 to 3.5 Ga respectively. The εNd(Т) values for massive gabbronorites vary 

between -3.38 and +2.08, and TDM ages for them are in the range from 3.4 to 2.7 Ga. Gabbro-pegmatites 
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were formed at the final stage of massif forming and have negative εNd(Т) values (-1.26 to -0.63) and TDM 

of 3.2 to 3.0 Ga. 

Forming of the Monchetundra massif rocks as well as other Fennoscandian mafic-ultramafic 

intrusions, such as Fedorovo-Panskiy massif, mt. Generalskaya, Monchepluton, Olanga complex, 

Portimo-Penikat-Kemi complex, is likely to connect with the long life lower mantle plume acting at the 

time of 2.52-2.39 Ga [6, 7]. The isotopic Nd and Sr data for the mafic rocks of the layered Fennoscandian 

intrusions indicate to forming from the enriched EM-I-type mantle source [7]. 

Thus, according to the known [2, 7] and new isotope-geochemical Nd-Sr data the MM mafic 

rocks were formed from a mantle source enriched in lithophile elements, similar with the EM-1 type 

mantle source [5, 7]. The variations of isotopic values in different groups of rocks are likely to cause by 

the evolution of the long life mantle reservoir during the plume-lithospheric interaction. 
The studies were supported by the Russian Foundation of Basic Researches (RFBR), project no.15-35-

20501, 16-05-00305, 16-05-00367. 
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Graphite and diamond were identified as two upper mantle subfacies proceeding from graphite-

to-diamond phase change. The crystallization conditions for various polymorph modifications of carbon 

can be inferred from data on diamond- and graphite-bearing mantle rocks. The genesis of these rocks has 

been a subject of discussions for decades [1-4] The formation of graphite- and diamond-bearing eclogite 

xenoliths is commonly considered in terms of crystallization of carbon polymorphs close to the diamond-

graphite phase change[2-3]. Identification of succession of crystallization of carbon polymorhs is the 

main aim of this study. 

Udachnaya East kimberlite pipe is one of the largest diamond deposits in Russia and contains 

uniquely preserved kimberlite and mantle xenoliths. To confirm or deny this statement, eclogitic (3 sam-

ples) xenoliths from Udachnaya-East kimberlite with a garnet+kyanite+clinopyroxene+coesite+ dia-

mond+ graphite+ sulfides (C-group by Coleman [4]) and gar-

net+clinopyroxene±coesite+diamond±graphite (predominantly B-group) assemblage were selected for 

recovery their P-T conditions. Microdiamond and graphite predominantly occur in the matrix of eclogites. 

However, sometimes they also can be found as inclusions in rock-forming minerals. The P-T estimates 

for the samples are as high as 1020-1100 (±40) °C and 4.7-6.2 (±1) GPa [5, 6], and correspond to dia-

mond stability field (Fig.1). 

 

Fig.1 – P-T conditions of formation diamond- and graphite-bearing xenoliths from worldwide occurrence [7, 

8] and diamond- graphite-bearing of eclogite sample (our data). 

  

99

Geochemistry and geochronology



Graphite presented in mantle and UHP rocks may be a metastable phase crystallized in the dia-

mond stability field. This fact should be taken into consideration in petrological constrains and iden-

tification subfacies of upper mantle into diamond and graphite subfacies.This fact has to be taken into 

account in petrographic reconstructions and identification of upper mantle facies. 
The study was supported by grant of Russian Science Foundation (RSF №15-17-30012) 
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Irkutsk coal-bearing basin is located in the south of the Siberian Craton and extends along the 

East Sayan – from Lake Baikal in the south-east to the river Uda near Nizhneudinsk in the northwest. 

According to the current regional stratigraphic scale, there are Cheremhovo (Pliensbachian - Early 

Toarcian), Prisayan (Toarcian - Aalenian) and Kuda (Aalenian) formations located in the major part of 

the basin [1]. In the southeastern part of the basin (Baikal series) there are Dabat, Taltzy and Koty 

formations that are considered as analogues to Cheremkhovo, Prisayan and Kuda formations, respectively 

[1]. However, there is an alternative point of view, according to which the most ancient formation is the 

Koty formation (referred to as Baikal formation), after that follow Dabat, Cheremkhovo and Prisayan 

formation, whereas the Kuda formation is excluded from consideration [2]. One of the main problems for 

correlation of Baikal series with the main part of the Irkutsk coal-bearing basin lies in the fact that 

sediments have been displaced by post-Jurassic thrusts with respect to their initial occurrence. The 

sediments of the Irkutsk coal-bearing basin are represented by first cycle continental type sediments 

(based on petrographic and geochemical data). The correlation of the formation was done by lithology 

and coal layers. This is highly uncertain due to facial variability. Age for the formations was assessed by 

paleobotanical studies, which do not yield unambiguous results. 

The Kuda formation has a limited distribution within the Irkutsk coal-bearing basin. Most of the 

outcrops are located in so-called Priirkutsk (near Irkutsk) depression. Earlier studies mapped the Kuda 

formation as localized formation, however results of recent geological survey expanded limits of the 

formation [3]. The Kuda formation is composed of conglomerates, sandstones, aleurolites and argillites, 

which are rarely interbedded with thin (a few tens of centimeters) coal layers. Several horizons of 

volcanic and volcano-sedimentary units represented by ash tuffs, and tuffaceous siltstones and tuffaceous 

sandstones [3] were also discovered. We collected samples from the stratotype section of the Kuda 

formation at the right bank of the river Kuda, in 2 km to the north of village Zherdovka, from a roadside 

quarry of 19th km of the road Irkutsk - Kachug and in a quarry at the right side of the river Ushakovka 

along the road Irkutsk - Big Goloustnoye. Conglomerates from the Kuda formation are characterized by 

small and middle size well-rounded pebbles. Pebbles are mainly represented by volcanics of intermediate 

composition and their tuffs. Basalts are rare. Matrix is formed by poorly sorted quartz and feldspar of 

sand fraction. Sandstones are formed of feldspar and quartz cemented within pale-yellowish clay-

ferruginous cement. Some sandstones are whitish with mostly small to medium-grain size sharp-edged or 

slightly rounded particles embedded into clay cement. The rock debris is dominated by felsic and 

transition composition volcanics of varying degree of alteration. Heavy mineral fraction is represented by 

zircon, garnet, rarely magnetite, rutile, titanite, apatite, ilmenite, chromite, tourmaline, monazite and 

epidote. Aleurolites are similar to sandstones by the composition. Tuffaseous sandstones are lithic-

vitroclastic with ash texture and cement represented by felsic volcanic glass (devitrified) with typical 

crescent shape shards. The heavy mineral fraction is represented by zircon, magnetite, rutile, titanite, 

apatite, ilmenite, monazite and epidote. 

The Koty formation is distributed locally only in the Angara-Koty intermountain depression in 

the southeastern part of the basin, near the source of the river Angara. The formation is composed mainly 

by conglomerates, which are interbedded with thin (up to 0.5 m) sandstone and aleurolite layers and 

rarely with argillites (0.5 m) and coal (few cm thick). According to the literature data, within the Angara-

Koty intermountain depression, Dabat, Taltzy and Koty formations also contain volcanic and volcano-

sedimentary rocks [4]. We collected samples from the Koty formation at the southwestern coast of Lake 

Baikal, 18 km to northeast from the source of the river Angara. Conglomerates from the Koty formation 
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are composed by well rounded large size pebbles. Pebbles are represented by granites, gneisses, volcanic 

rocks of intermediate composition and their tuffs embedded into various grain quartz-feldspar matrixes. 

Sandstones are yellowish with feldspar and quartz cemented by sharp-edged or slightly rounded clay-

ferruginous particles. Among the rocks debris, gneisses and transition and felsic composition volcanics 

are predominant. The heavy mineral fraction is represented by zircon, rarely magnetite, rutile, apatite, 

tourmaline, monazite and epidote. Aleurolites are light gray, rich in organic matter, but their composition 

is similar to Koty formation sandstones. 

Sandstones of the Kuda formation are clearly distinguished from the older Jurassic sandstones of 

Prisayan, Taltzy and Dabat formations based on chemical and isotopic (Sm-Nd) proxies. The Kuda 

formation sandstones are characterized by high concentrations of SiO2 in the range of 59 to 76 wt.%, in 

contrast to 42-72 wt.% in sandstones of the older formations. They are characterized by lower 

concentrations of V, Cr, Co, Ni and limited variation of other major elements. Thus, geochemical data 

indicate provenance for Kuda formation to more felsic rocks on comparison to provenance of other older 

formation, which are in opposite are linked to rocks with higher proportion of mafic rocks. By Sm-Nd 

isotope data, sandstones of Dabat formation are characterized by negative εNdT values of -21.7, and 

sandstones of Kuda formation is characterized by higher εNdT values of up to -2.1, whereas sandstones 

of Prisayan formation have intermediate values. This change in isotopic composition indicates change in 

provenance in agreement with geochemical data.  

U-Pb dating of detrital zircons from the sediment at the top of the Prisayan formation indicate that 

sediments were formed due to destruction of the Siberian Craton (1.86-3.24 Ga - 50% of ages) and Early 

Paleozoic complexes from near-craton Transbaikalia (420-610 Ma - 50% of dating). U-Pb dating of 

detrital zircons from the Jurassic sediments at the lower part of the Kuda formation show three age groups 

of zircons: 1.85-3.00 Ga (54% of ages), 460-490 Ma (15% of ages) and 240-330 Ma (31% of ages). 

Zircons from the top of te Kuda formation also demonstrate three age generations: 2.25-2.76 Ga (33% of 

dating), 440-500 Ma (13% of dating) and 185-345 Ma (54% of dating). The peculiarity the Kuda 

formation is that it reflects provenance of granite complexes of the Angara-Vitim batholith (280-330 Ma). 

The number of ancient zircons (> 1.8 Ga) is reduced towards the top of the formation. Jurassic zircons 

were found only at the upper part of the Kuda formation [5]. For this work we additionally analyzed 

zircons from lower part of Koty formation using the same analytical procedure as in [5]. U-Pb zircon 

dating was performed on a quadrupole inductively coupled plasma mass spectrometer Perkin Elmer 

NexION 300D with a laser platform 213 NWR (New Wave Research, USA) at the Institute of 

Geochemistry SB RAS (Irkutsk). Data were processed using Glitter program. Measurements were done 

relative GJ-1 standard and quality controlled was assessed via measurements of MudTank, Plesovice, 

91500 and Temora standards. 

Сhemical composition of sandstones from Koty formation is also characterized by high 

concentrations of SiO2 (60-74 wt.%) similar to Kuda formation. According to the content of other major 

and trace elements, Koty and Kuda suites are also similar. Sm-Nd isotopic composition of sandstones 

from Koty formation is not currently available. U-Pb dating of detrital zircons from the Jurassic 

sediments of Koty formation shows remarkably similar age distribution to the lower part of the Kuda 

formation. Thus, according to the available mineralogical, petrographic and geochemical data, the Koty 

formation correlates with the Kuda formation in accordance to the current regional stratigraphic scale [1]. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-35-60005). 
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Geochronological data of granite batholiths obtained using different isotope systems (Rb/Sr, K/Ar 

etc.) may vary in a range from tens to hundreds Ma relatively to the age of formation determined by U/Pb 

dating on zircon. It’s related to volume diffusion of isotopes inside mineral grain and equilibrium 

temperature on a depth of location. Also, as showed [1], its range depends on geodynamic conditions of 

formation of granite massif: postcollisional stretching, transform margin, active continental margin. All this 

cases characterized by different deviation of Ar-Ar age from U/Pb dating. For detail research of dynamic 

cooling of granite batholith (massif) and behavior of K/Ar system, we have carried out complex modeling 

of thermal history of batholith and behavior of K/Ar system in mineral grains in different observation points 

of batholith. 

As nature equivalentsSebinskiy massif of Monastyrskiy complex and Tastubinskiy massif of 

Kalbinskiy complex from Kalba-Narym batholith have been considered: 

As zeroth-order approximation was made model of massif as pie with diameter d and thickness h, 

for two cases: 

 hypabyssal massif with depth of occurrence 5 km, h=3 km, d=16 km. 

 abyssal massif with depth of occurrence 8 km, h=7.5 km, d=30 km. 

In both cases start temperature of massif is 750°C and its mean compositions are: quartz – 30%, 

albite – 35%, K-feldspar – 35%. 

Depth of occurrence was take of those consideration that melt chamber hasn't rise over of transition 

zone from plastic flow to brittle deformation, because in brittle deformation zone melt has intrusion only 

in tectonic faults. 

Modeling was performed in two units. The first unit is model of cooling granite massif (only 

conductive cooling to equilibrium temperature) and the second unit models behavior of K/Ar isotopic 

system in mineral grains in different points of batholith. Asaresult of workingwithfirst program we took 

thermal history which used for workingwithsecond unit. 

Result of modeling showed that Ar-Ar age within one horizontal of massif is different and decrease 

with depth. The last depend with geothermal gradient. So on the depth about and more 7-8 km K/Ar isotope 

system in biotite is opened because temperature of the surrounding rock on it depth reaches and exceeds 

closure temperature. 
The question arises of the degree of influence of the later stages on the isotopic system of early 

parageneses in interpreting the data for geochronology of igneous, metamorphic complexes, characterized 

by a complex, multi-step formation of history.Striking examples of this kind are granitoid batholiths, for 

which the duration of formation can reach several million years [2-4 and other]. For interpretationthese data 

it is necessarytoestimate halo heat affected on host rocks. For theseestimates we used similar program, but 

observed points outside massif. Two cases were considered: 1) massif has diameter d=16 km and thickness 

h=3 km and to compare 2) massif has diameter d=50 km and thickness h=3 km.  

In both cases results of calculation showed that halo does not depend of diameter. The vertical 

thermal flow is determineddue to the fact that area of horizontal surface much larger than the area of the 

lateral surface. Thus, thermal halo is independent from diameter if massif has form of pie. 
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At the territory of the Barabinsk steppe there are more than 4 000 lakes. About 520 of these lakes 

are with an area of mirror over 1 km2. Lakes, generally drainless, shallow and salty, are a basic elements of 

hydrography of Ob-Irtysh interfluve and terminating water intakes [1]. 

20 lake systems with sapropelic ground deposits, located within the central part of the Barabinsk 

steppe and studied in the course of field works since 2012-2014 within complex expedition (IGM SB RAS, 

IWEP SB RAS, IC SB RAS, ISSA SB RAS), became objects of research. These lakes fall into with Om-

Tartasko-Vasyuganskaya system of lakes [2]. By the size all lakes are small, with depths up to 2,5m. 

Samples of bottom sediments (BS) were taken from a catamaran by a cylindrical sampler (82 mm 

in diameter and 50 cm in length) with a vacuum lock, designed at NPO Taifun. BS core samples were 

studied at depths from 50 to 120 cm with a step of 5 cm.  

Sample drawing of water on all analyses was made by reference techniques of GOST 31861. 

Immediately in field conditions values of indexes рН, Eh, the common mineralization of water, content of 

oxygen were defined; samples of a ground deposit were weighed for further calculation of humidity at once.  

In the laboratory, the macro- (Al, Fe, Ca, Mg, K, Na) and microelement (Cd, Pb, Cu, Zn, Mn, Cr, 

Ni, Co, V, Hg, Be, Ba, Sr, Li) composition of lake water and sapropels was determined by atomic-

absorption method (Solaar M6, Thermo Electron Corporation). The mineral composition was determined 

by X-Ray crystallographic analysis on an X-Ray diffractometer ARL X’TRA. The morphology, phase and 

chemical composition of sapropel samples were determined using of a MIRA 3 TESCAN scanning electron 

microscope.  

There is a large number of sapropels classifications [3-6], but we, after analysis of the existing 

classifications, stopped on the option. Depending on structure of organic and mineral parts (ash content), 

sapropels were subdivided into types: 

• Organic with ash content to 30 %; 

• Organic-mineral with ash content of 30-50 %; 

• Mineral - organic with ash content of 50-70 %; 

• Mineralized with ash content of 70-85 %. 

Depending on ash content and chemical composition of mineral part it is established that in lakes 

at this territory organic-mineral and mineral-organic type prevails, and also meets mineralized sapropel 

types with ash content from 40 to 91%. According to AA the macroelement composition of sapropels 

mineral part is characterized by Si (5–22 %), Al (0.8–9.2%), Ca (0.8–12%) и Fe (0.7–2.9%). Therefore, 

sapropels of an organic-silicate class prevail, and also meets organic-carbonate and organic-mixed classes 

(Fig.1). 

The water composition of the studied lakes varies. Mainly it is waters of hydrocarbonate 

magnesium-sodium fresh, chloride-hydrocarbonate calcium-magnesium-sodium fresh, hydrocarbonate 

sodium fresh and chloride-hydrocarbonate sodium saltish composition (Fig.1). 

Revealed researches with use of a X-Ray diffraction analysis and the scanning microscopy that as 

a part of sapropelic deposits of all lakes there are minerals of terrigenous (quartz, feldspars, micas, chlorite) 

and biochemical components (pyrite, low-magnesian calcite, amorphous silicon dioxide (recrystallized in 

quartz), aragonite) presented in a different ratio and quantity in everyone separately the taken lake.  

In lake systems with particular type and a class of sapropel the water composition can be absolutely 

different. For example, in the lake systems with sapropel of mineral - organic type organic-silicate class the 

water composition covers a wide interval from  hydrocarbonate magnesium-sodium fresh to chloride-

hydrocarbonate sodium saltish or in the lake systems with sapropel of organic-mineral type organic-

carbonate class the water composition can differ from  hydrocarbonate magnesium-sodium fresh to 

hydrocarbonate-chloride sodium salty (Fig.1).  
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Thus, correlative dependence between a class of sapropel and chemical composition of lake water, 

the common mineralization, amount of the dissolved oxygen in it and other hydrochemical indexes was not 

revealed. 

 

Fig. 1. Sapropel types and the water composition of the studied lakes 

 
I express gratitude to my research supervisor Prof. Strakhovenko V. D. for the help and mentoring.  
The work was supported by the Russian Foundation of Basic Research (projects № 16-05-00132). 
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The largest nephrite_bearing province in Russia is located in the southern folded environs of the 

Siberian Craton. Deposits related to two formational types are established in this area: apoultrabasic 

(Dzhida and East Sayan areas, Paramskii massif) and apocarbonate (Vitim area). Nephrite composes schlie-

rens and lens_like bodies, usually in the contact zones of serpentinized (lizardite–antigorite) dunite–

harzburgite rocks and dolomite marble with aluminosilicate rocks of various compositions. 

The studied nephrite-bearing province is located on the southern folded framing of the Siberian 

craton and includes four areas. The nephrites found here are of apoultrabsic (East Sayan and Dzhida areas, 

Parama massif) and apocarbonate (Vitim area) types. 

The East Sayan region, including about 50 ultrabasic rock massifs of different sizes, is more than 

250 km2 in area. These massifs were earlier studied in the context of their asbestos, diamond, chromite, 

and nephrite potentials. In recent decade, the East Siberian metallogenic province with abundant PGE–Cu–

Ni deposits has been explored. Nephrite deposits are localized mainly in the Ospa–Kitoi and Kharanur 

massifs. The largest deposits in this area are Ospa, Gorlykgol, and Ulankhoda. 

The massifs of the Dzhida ultrabasic belt are metamorphosed mostly to serpentinites. There are 

several sites with nephrite mineralization in this area (Khamarkhuda, Khokhyurta, and Kharganta), with 

the Khamarkhuda site being the largest. 

The Vitim nephrite-bearing area is a part of the Baikal folded area, is composed mostly of the 

Late Paleozoic granites of the Angara–Vitim batholith, with dispersed relics of metamorphosed carbonate 

and volcanosedimentary rocks of their roof pendant. The carbonate rocks host several deposits (Burom, 

Golyube, and Kavokta) and occurrences (Khaita, Voimakan, and Aleksandrov) of nephrite. 

There are a lot of studies concerning petrological, mineralogical and geological features of neph-

rites [1-5], but the question of nephrites genesis is still open. In some cases demonstrated that water from 

different sources participated in the formation of nephrite, as well as in the cases with serpentinite. A spe-

cialized isotope study of nephrite bodies, as well as host rocks, was not carried out in the considered region. 

Thus, the problem of the fluid source is not solved yet. 

The compositions of nephrites show a strong difference between their apocarbonate and apoultra-

basic types. The apocarbonate nephrites are more magnesian and fluoric but less ferroan. The contents of 

Li, Be, Rb, and Cs in them are two orders of magnitude higher than those in the apoultrabasic nephrites, 

whereas the contents of Sc, Ti, and Mn are lower. A specific feature of the apoultrabasic nephrites is ex-

tremely high contents of Cr, Co, and Ni. The difference in the contents of macrocomponents and impurity 

elements in them is negligible. 

We studied nephrite, host carbonate rocks, serpentinite, talc, minerals from calciphyre (amphibole, 

diopside, and calcite), and quartz from granite. According to the oxygen isotope composition, two groups 

of nephrites were distinguished. The first group includes the apoultrabasic occurrences; the second group 

includes the apocarbonate bodies. 

The oxygen isotope composition of nephrites of the first group is quite close to the composition 

of ultrabasic rocks, which provides evidence for their contribution to the mineral matrix. In contrast to 

them, serpentinite is characterized by a slightly higher enrichment in light oxygen. However, the obtained 

values do not allow us to estimate the source of fluids unambiguously on the basis of only the oxygen 

isotope data. The solution of this problem is slightly clarified by the hydrogen isotope composition, which 

is not subjected to significant isotope exchange with contacting rocks. Similarly to oxygen, the δD values 

(Fig. 1) plot inside the contours of the magmatic fluid source quite compactly. They are also overlapped by 

the values typical of the water of metamorphic origin. In this relation, it is logical to suggest fluid mobili-

zation from serpentinite, the concentration of water in which is 5–6 times higher than that in tremolite. In 

addition to the similar isotope characteristics, this assumption is supported by the replacement of serpentine 

with tremolite mentioned by many researchers, although the origin of calcium is not yet clear. 
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Fig. 1. δD and δ18O composition diagrams for apocarbonate (1) and apoultrabasic nephrites (2) and serpentin-

ites (3) of the East Siberian nephrite-bearing province and other regions. Composition fields of waters, after 

Taylor (1974). Deposits: 1 - Vitim area; 2 - Chuncheon, Korea; 3 - Turkestan, China; 4 - Alamas, China; 5 - 

Karakach and Yurungkach, China; 6 - Wyoming, USA; 7 - Cowell, Australia; 8 - Ospa; 9 - Gorlykgol; 10 - 

Khamarkhuda; 11 - Ulankhoda; 12 - Red Mountain, New Zealand; 13 - Ogden, Canada; 14 - Shulaps Range, 

Canada; 15 - Chara; 16 - Parama.  

The δ18О and δD values of apocarbonate nephrites of the Vitim area enter another isotope cluster 

(the second group). Oxygen of these rocks is strongly enriched in the light isotope (–14.6…–18.6‰ δ18О 

SMOW), which definitely provides evidence for the meteoric origin of oxygen. Fibrous tremolite and the 

mineral of phenocrysts and aggregates of the tabular habit from amphibolized dolomite have similar oxygen 

compositions (table, analyses 18–22). The formation of amphibole during decarbonatization included adop-

tion of only Ca and Mg from replaced rocks, introduction of silica, and removal of oxygen with carbon 

dioxide outside the areas of the mineral formation. 

The strong depletion in deuterium (⎯119.3…–178.5‰ δD SMOW) of hydroxyl water in apocar-

bonate nephrite provides evidence for the key role of the meteoric source, similarly to the oxygen isotope 

composition. The relative similarity of the oxygen and hydrogen isotope compositions to the conformed 

oxygen and hydrogen isotope compositions provides evidence for insignificant transformation of primary 

waters and their contamination with heavy isotopes. This could result from their rapid introduction to the 

area of nephrite formation. 

Thus, the performed studies allow us to make the following conclusions: 

(1) The fluid phase of apoultrabasic nephrite was mobilized from serpentinite during metamor-

phism. This is consistent with the mechanism [1] according to which regional metamorphism is responsible 

for serpentinization, rodingitization, and formation of nephrite. 

(2) The only meteorite source of water is registered in apocarbonate nephrite of the Vitim area. 

Granite, which was considered as a source of fluids, only launches the recycling mechanism of these waters. 

(3) Oxygen from the minerals of calciphyre came from replaced matrix and formational waters. 
The work was supported by the Russian Foundation of Basic Research (projects no16-35-00040). 
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Wastes of mining and ore processing are known to bring a serious contamination to the environment 

and have been studied properly in this case. In the last decades, such wastes, especially sulfide tailings, are 

considered as an anthropogenic deposits of rare and precious elements and other mineral products. 

The Ursk tailing located in the northern Salair Ridge (Kemerovo region, Russia) was mined for 

more 80 years and stores wastes of pyritic primary ore and ore from the Au-bearing weathering profile. 

Acid mine drainage with contents of Au (0.2-1.2 ppb) and Ag (0.01-0.3 ppb) and unfixed wastes influence 

to natural swampy peat ravine located below them. Enriched with gold (up to 155 ppm) and silver (up to 

560 ppm) zones were formed due to Au and Ag reprecipitation [1]. 

Distribution and speciation of Au and Ag was studied using 4-step sequential extraction procedure 

adapted for sulfide and organic-containing objects. Scheme of procedure is presented in Table 1. The 

objects of investigation shown in Fig.1 represent two vertical profiles 43 and 37 cm in height respectively. 

Profile №1 (P1) was taken in the desperation train of weathering profile wastes and consist of them with 

peat layers. Profile №2 (P2) was sampled in the desperation train of primary ore wastes and consist of peat 

matter covered by wastes with plant residues. Au and Ag contents were determined by ETAAS (Solar M6, 

Thermo Electron). Mineralogical composition was studied by SEM (MIRA 3 LMU, Tescan). 

Table 1 – Sequential extraction procedure scheme [2]. 

Fractions Predominantly dissolved minerals Conditions of extraction 

Water-soluble 
Water-soluble sulfates, chlorides and 

organic complexes 

20 ml H2Odist., t=24 h under normal 

conditions 

Oxidizable Organic matter, sulfides 20 ml H2O2, t=2-3 h under heating 

Reducible 

Amorphous Fe/Mn oxides, 

ferrihydrite, goethite, jarosite-group 

minerals 

20 ml 2М NH2OH·HCl in 25% AcOH, 

pH=2-3, t=3 h under 900С 

Residual Silicates, quartz 
Digestion by mineral acids HF, HNO3, 

HClO4, HCl 

 

The bulk concentrations of Au and Ag are comparable to the elements’ contents calculated by the 

sum of leaching forms (see Fig.1). The mineralogical investigations were performed in enriched layers (P1 

L-7, P2 L-2). The Au0 particles were not found in the enriched peat layers of P1 but found newly formed 

sulfides such as Zn sulphides (sphalerite group), Hg selenides (tiemmanite) and complex sulfides of Zn and 

Hg with impurities of As, Pb, Cu, Ag, I, forming a thin coalescence. Numerous submicron particles of 

native gold with impurities of Cu, Ag were found in P2 on the surface of plant residues. 

Au and Ag contents in P1 are in the range 0.1-10 ppm and 2.7-8.7 ppm respectively with dominating 

in peat-containing layers (L-7 and L-15). Water-soluble Au dominates in peat (35-42 ppb) rather than in 

waste (up to 20 ppb) giving 1-4% of total content. Oxidized Au is also typical for peat (0.06-1.6 ppm) and 

less for waste (0.1-0.63 ppm) giving 0.6-40% of total. Reducible Au (ppm: 0.01-1.4 for wastes; 0.3-0.9 for 

peat) indicates the sorption by Fe(III) compounds, occurring due to Au-thiocomplex destruction, followed 

by precipitation. Residual Au (ppm: 0.04-1.3 (waste); 6.5-10.3 (peat)) is as native. 

Au and Ag contents in P2 are in the range 0.26-32 ppm and 0.21-18 ppm respectively with 

decreasing depth. Huge amounts of water-soluble Au were determined in the upper layers (30-230 ppb), 

underlying layers are characterized by a less contents (2-14 ppb), giving 0.05-1.3% of total. Peat at a depth 
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9-24 cm contains 2.0-5.0 ppm of oxidizable Au (11-41% of total), in the other layers the contents are also 

significant. Reducible Au is also associated with Fe(III) compounds which are less spread in P2 (0.02-0.49 

ppm, 0.2-7.7% of total). Residual Au is as native too and the presence of Au0 particles was confirmed only 

in the layer L-2 (0.45-24 ppm). 

 

Fig.1 – Au, Ag distribution and speciation in Profile №1 and Profile №2, in ppm: 1 – water-soluble fraction, 

2 – oxidizable fraction, 3 – reducible fraction, 4 – residual fraction, * – contents of element presented in ppb. 

The presence of native gold in peat and organic-containing layers agrees with theory. It is known 

that organic matter adsorbs gold from solution reducing it to metallic state [3]. Since visible Au particles 

were not found in P1 we believe that Au enters in the structure of newly formed sulfides as impurities 

showing the relationship of Au with sulfides and organic matter. Also gold is known to reprecipitate during 

leaching causing its dominance in residual fraction. Ag presents in all forms and is prevalent in reducible 

fraction (90%) since it is an isomorphic impurity in ASP minerals. 
The field and geochemical works was supported by the Russian Foundation of Basic Research (projects 

№15-05-05362, 15-35-21024), the mineralogical studies – by the Russian Science Foundation (project №15-17-

10011). 
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Trachybasalt – trachyt –comenditic (TTC) magmatism appearance are usual to intraplate rift 

zones and oceanic islands. Much less, it observed at developed island arc systems and active continental 

margins. Existence of TTC magmas in zones of convergence of lithospheric plates should be connected 

with special conditions of magma generation that is different from conditions such as suprasubduction 

and intraplate genesis of magmas. Rocks of TTC series must have specific and indicating characteristics 

of their isotopic and geochemical composition and their genesis in the «ocen - continent» transition zones 

reflect heterogeneity of their sources the nature in which such structures can be studied from the 

standpoint of modern ideas about the processes astenosphere-lithosphere interaction and mantle-crustal 

recycling. A good example of the development of the TTC magmatism in the conditions of active 

continental margins is a late Cenozoic volcanic belt of the Sredinny ridge of Kamchatka [1]. TTC 

magmatism abundance is located at structures such as volcanic centers Belogolovski and Bolshoi-

Kekuknaiski in the rear part of the volcanic belt. The existence of subalkaline magmatism in the structure 

of these centers is date to the late Pliocene-early Pleistocene, and represented by trachybasalts, 

trachyandesites, trachytes and comendites. 

Analysis of the isotopic data provides a number of important conclusions about the role of 

different sources in the formation of subalkaline magmas TTC series of the Sredinny ridge of Kamchatka. 

It should be emphasaised that the isotopic sources K-Na subalkaline magmas have signs of heterogeneity. 

On the one hand, it is depleted mantle source similar to the source the «Komandorski» type MORB and 

from the other hand, it is a relatively enriched source with characteristics similar to «Indian» MORB 

(Fig.1). The third likely source of magmas could be suprasubduction mantle, metasomatically in the 

process of dipping oceanic lithosphere in the zone of the Miocene-Pliocene subduction of the relatively 

«ancient» oceanic Kula plate or Izanagi. The most radiogenic isotopic compositions of rocks by the 

values of the 87Sr/88Sr, 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb ratio, is late Pliocene - early Pleistocene 

TTC series of the Sredinny mountain range, which are trachybasalts, trachyandesites, trachytes and 

comendites relatively enriched in LILE and. HFSE. In the following the Pleistocene-Holocene stage in 

the structures Belogolovski and Bolshoi-Kekuknaiski centers appear trachybasalts and sub-alkaline 

basalts of the K-Na type, among which were marked as enriched and moderately enriched in LILE and 

HFSE of the rocks, often having geochemical characteristics transitional to the type IAB magmas. Most 

basaltoids on this stage possess clearly less radiogenic isotopic compositions and are the closest to the 

source of MORB type (Fig.1). Depending on the variations of the conditions of formation of subalkaline 

magmas such as the melting degree of magma substrate and the role of different sources in their forming, 

there is a consecutive change of the chemical composition and isotope compositions they produced 

volcanic rocks. It should be assumed that the role of enriched isotopic source type «Indian»  MORB was 

maximum during the formation of the source magmas of the TTC series, while in the formation rocks of 

the later stage acquires a more significant role of depleted source, similar to the «Komandorski» MORB. 

This explained in terms of the geodynamic models of the structure of Kamchatka in the late-Miocene-

Pleistocene time. 

Geodynamic model for the formation of subalkaline magmas in the rear zone of the volcanic belt 

of the Sredinny ridge of Kamchatka in conditions of realization of processes astenosphere-lithosphere 

interaction and participation in magma formation heterogeneous sources. The achievement of conditions 

asthenosphere-lithospheric interaction, which led to participation in heterogeneous magma formation on 

the composition of the source substances and the formation of subalkaline magmas of the Sredinny ridge, 

can be explained through several hypotheses. The first of them suggests that result of the cessation of 
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subduction is possible the ascent of asthenospheric material into the region of the supra-subduction 

mantle wedge along the boundary of paleoslab as a result of decay processes of compression. Another 

hypothesis based on the assumption about the formation of structure in the subducting oceanic plate 

beneath the Median ridge zone of destruction or gap (slab window) and entering the zone of destruction 

of the substance of the asthenospheric diapir. The third is the possibility of recycled substances in the 

form of asthenospheric plume in the area between the external destructive boundary paleoslab and 

released below the modern oceanic lithospheric plate. Taking into consideration the distinct structural and 

tectonic control of parts of the existence of subalkaline magmas in the rear zone of the volcanic belt of the 

Sredinny ridge in North-Eastern direction along its strike, it appears that such control was defined by the 

formation region of destruction of paleoslab – the (slab-window), that is, in the second of the presented 

hypotheses. 

 

Fig.1 – Isotopic characteristics of the rocks of suprasubduction volcanic belts of Kamchatka and Belogolovski 

and Bolshoi-Kekuknaiski volcanic centers. 

1 – fields of isotopic characteristics of basalts and andesites and suprasubduction geochemical type of volcanic 

belts of Kamchatka (numbers in circles is rock composition of volcanic belts of: 1 – Eastern Kamchatka, 2 – 

Southrem Kamchatka, 3 - Central Kamchatka's depression, 4 – Sredinny ridge); 2 - fields of isotopic characteristics 

of subalkaline rock series and alkaline K-Na basaltoids of Eastern Kamchatka; 4 – fields of basalts and andesits 

composition of Komandorski bassin and Eastern Alutian Islands, n – amount of samples; 5 – trends of evolution and 

average value of isotopic charectiristcs for MORB – Indian ocean(IO) and MORB (PO) – Pacific ocean, MORB (K) 

– basalts of Komandorsky bassin, EMI and EMII – enriched mantle; 6 – directions to marks of isotopic reservoirs; 

7-8 – points of subalkaline rocks compositions of Belogolovsky volcanic center (7 – late Pliocene and early 

Pleistocene series of volcanic center and 8 – early and middle Pleistocene shield volcanoes); 9-11 points of rock 

compositions of Bolshoi-Kekuknaiski volcanic center (9 – high K volacnic series of Kekuknaisky volcano, 10 – 

subalkaline series of Bolshoi volcano, 11 – zone of areal volacnism Dol Geologov) [2]. 

The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00717-a) 
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METASOMATIC ORIGIN OF GARNET XENOCRYSTS FROM THE V. 

GRIB KIMBERLITE PIPE, NW RUSSIA 

Shchukina E.V. 

Sobolev Institute of geology and mineralogy, SB RAS, Novosibirsk, Russia 

Kimberlite, garnet, xenocrysts, geochemistry, V. Grib pipe, Arkhangelsk diamondiferous province, mantle 

metasomatism  

We present new major and trace element data from 150 garnet xenocrysts from the V. Grib 

kimberlite pipe located in the central part of the Arkhangelsk diamondiferous province (ADP). All garnet 

xenocrysts were divided into the following groups according to Cr2O3, CaO and TiO2 concentrations [1]: 

68% of garnets (102 grains) plot the field of lherzolite paragenesis; 14% (21 grains) – megacryst 

paragenesis; 11% (17 grains) – eclogite paragenesis; 6% (9 grains) – harzburgite paragenesis; 1% (1 

grain) – wherlite paragenesis. This study is focused on peridotitic garnets. Based on the concentrations of 

Cr2O3, CaO, TiO2 and REE the garnets were divided into seven groups: 1) lherzolitic “depleted” garnets 

(“Lz 1”), 2) lherzolitic garnets with normal REE patterns (“Lz 2”), 3) lherzolitic garnets with weakly 

sinusoidal REE patterns (“Lz 3”), 4) lherzolitic garnets with strongly sinusoidal REE patterns (“Lz 4”), 5) 

harzburgitic garnets with sinusoidal REE patterns (“Hz”), 6) wherlitic garnets with weakly sinusoidal 

REE patterns (“Wh”), 7) garnets of megacryst paragenesis with normal REE patterns (“Meg”) (Fig.1). 

   

   

Fig.1 – C1-Chondrite normalized [2] REE profiles of V. Grib garnet xenocrysts 

The average Cr2O3 content and Mg# in lherzolitic garnet group increase in the following 

sequence: “Lz 1” (Cr2O3 = 2.4 wt.%; Mg# = 73 mol.%) < “Lz 2” (Cr2O3 = 3.3 wt.%; Mg# = 76 mol.%) < 

“Lz 3” (Cr2O3 = 5.7 wt.%; Mg# = 78 mol.%) < “Lz 4” (Cr2O3 –7.9 wt.%; Mg# – 79 mol.%). The average 

Y/Zr ratio decreases in the following sequence: “Lz 1” (14.9) > “Lz 2” (0.6) > “Lz 3” (0.2) > “Lz 4” 

(0.08). Garnets of megacryst paragenesis (“Meg”) contain moderate concentrations of Cr2O3 (2.2 – 3.4 

wt. %) and CaO (4.4 – 5.4 wt. %), high TiO2 content (0.9 –1.3 wt. %) with the average Mg# = 0.75. 

These garnets have flat REE patterns with Smn/Ern < 1 (0.2 – 0.6), Lan/Ybn – 0.001 – 0.012. The Y/Zr 

ratios are similar to “Lz 2” garnets. Garnets of harzburgite paragenesis (“Hz”) contain high Cr2O3 (7.9 – 

10.4 wt. %) and moderate CaO (2.6 – 5.3 wt. %) concentrations with average Mg# = 0.8. These garnets 

have sinusoidal REE patterns with Smn/Ern > 5 (5.2 – 19.8), Lan/Ybn – 0.04 – 1.4. The Y/Zr ratios are 

similar to “Lz 4” garnets. A garnet of wherlite paragenesis (“Wh”) has high CaO (6.4 wt. %) and Cr2O3 

(6.2 wt. %) contents, a weakly sinusoidal REE pattern with Smn/Ern > 1 (1.8) and Lan/Ybn – 0.012. 
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Detailed mineralogical and geochemical garnet studies and geochemical modeling results suggest 

several stages of mantle metasomatism influenced by carbonatite and silicate melts. Сarbonatitic 

metasomatism at the first stage resulted in refertilization of the lithospheric mantle, which can be proved 

by a nearly vertical CaO-Cr2O3 trend from harzburgitic (“Hz”) to lherzolitic (“Lz 4”) garnet composition 

(Fig. 2). Harzburgitic garnets (“Hz”) have probably been formed by interactions between carbonatite 

melts and exsolved garnets in high-degree melt extraction residues. At the second stage of metasomatism, 

garnets with weakly sinusoidal REE patterns (“Lz 3”, “Wh”) were affected by a silicate melt possessing a 

REE composition similar to that of ADP alkaline mica-poor picrites. At the last stage, the garnets 

interacted with basaltic melts, which resulted in the decrease trend of “Lz 2” garnet composition in the 

CaO-Cr2O3 plot. Cr-poor garnets of megacryst paragenesis (“Meg”) could crystallize directly from the 

silicate melt which REE composition was close to that of ADP alkaline mica-poor picrites. 

 

Fig.2 – Schematic illustration of the garnet CaO- Cr2O3 evolution 
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The Baikal-Muya Foldbelt is one of the oldest and the most enigmatic terrain among the Central 

Asian Orogenic Belt. During the Early (1.0-0.8 Ga) and Late (0.8-0.6 Ga) Neoproterozoic orogenic cycles 

a notable amount of juvenile crust has been formed in subduction-collision settings along with the re-

working of the existing Early Precambrian continental crust. The latter is perfectly presented within the 

North Muya metamorphic block (Anamakit-Muya zone) including the oldest high-pressure subduction-

related rocks in the Central Asia. In order to evaluate the process of the juvenile crust formation in the 

Precambrian continental unit, whole-rock trace elements along with zircon U-Pb ages and Hf-isotopic 

composition were analyzed in granites of unknown age that intrude the Precambrian volcanic-

sedimentary rocks of the Parama series in the southern North Muya Block [1].  

Typical coarse-grained granitoids, with both acidic plagioclase and K-feldspar, together with 

quartz as main minerals, with a small amount of biotite and accessory apatite, titanite and zircon. The 

studied granites have a high SiO2 (71.5-75.4 wt. %) and total alkali content of 6.6-6.7 wt. %, hence be-

longing to calc-alkaline series but are close to high-K alkaline, and are characterized by a low Mg# (0.17-

0.19). They are slightly peraluminous in composition with A/CNK and A/NK molar modules of 1.06-1.15 

and 1.49-1.57, respectively. According to the newer classification, rocks fall into fields of calc-alkalic 

(MALI of 4.3-5.2) and slightly peraluminous (ASI of 1.26-1.3, apparently grows as plagioclase is re-

placed by sericite). Due to the field intersection at high silica values, it is uncertain whether the granites 

are ferroan or magnesian (Fe*-number of 0.81-0.83). The studied granites demonstrate REE patterns 

similar to those of the typical upper crust. They are characterized by LREE enrichment with La/YbN ratio 

from 4.5 to 7.9, a clear negative Eu anomaly (Eu/Eu* of 0.47-0.57), flat or gentle-sloped distribution of 

elements from MREE to HREE (Sm/LuN of 1.29-1.89). Discrimination diagrams based on major and trace 

elements, strongly suggest the granites formed at subduction–related settings via melting of mafic crust. 

Evidently, the latter has a continental nature, as the slab-derived granitic magmas commonly show “ada-

kitic” trace element distribution with a strong HREE depletion, high La/YbN and low Sr/Y ratios along 

with no or weak Eu*. 

Studied granites show three principle clusters that likely reflect the time of the main intrusion 

pulse (~810 Ma) and are accompanied by minor portions of slightly younger but still well-concordant 

igneous and grains (770-790 Ma) and single older zircons up to 900 Ma (Fig. 1). The distribution is be-

lieved to reflect the processes of crystallization of pristine granitic zircons; recrystallization of zircons 

partially damaged due to high U content and associated metamictization; inheritance and recrystallization 

of zircons from older from the above crust, and thus a wide abundance of the Neoproteorozoic felsic 

magmatism. Studied zircons initial 176Hf/177Hf(T) ratios of 0.282142-0.282560 and εHf(T) values of -5.2 – 

+11.9 (Fig. 2), dominated by those within +3.5 – +7. The crustal model Hf age of zircons varies from 1.0 

to 2.0 Ga. Here, zircon Hf isotope studies give the first in-situ evidence of mixing between juvenile man-

tle-derived source (underplated juvenile mafic crust) and evidently older (Paleoproterozoic) crustal com-

ponent presented by the Precambrian mafic basement in the continental arc. We may thus argue that the 

abundant granitic magmatism in the North Muya block corresponds to the same continental arc system, as 

the Neoproteorozoic arc complexes of the Tuva-Mongolia and Dzabkhan microcontinents. By the 800 

Ma, the island arc has evidently evolved into the mature state; this was likely followed by the arc-

microcontinent collision that slightly overprinted the U-Pb systems of zircons and probably led to for-

mation to the Ileir complex of granitic gneisses [2]. 
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Fig.1 – Concordia U-Pb and age distribution diagrams for the North-Muya subduction-related granites. 

 

 Fig.2 – Hf isotope composition of studied zircons.  

The work was supported by the Russian Federation President Foundation (Grant MK 4852.2016.5). 
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Kandalaksha-Kolvitsa complex is located in the N-E part of Baltic shield and consists of three 

zones. Marginal zone (mesocratic metanorite) lies at the base of the massif. Main zone is composed of 

leucocratic metagabbro. The upper zone is alteration of mataanorthosite and leucocratic metagabbro. All 

rocks were subjected to granulate metamorphism. 

Age of magmatic crystallization of the massif was determined for the first time, using the U-Pb 

isotope method for single zircon grains. Three fractions of single zircons from anorthosite of the 

Kandalaksha massif gave U-Pb age of 2450± 3 Ma. 

For major groups of species concentration of rare-earth elements were measured. REE content 

was determined using a quadrupole mass spectrometer Agilent 7500 ce ICP-MS in the laboratory of 

isotope analytical methods IGM SB RAS (analyst Travin A.V.). The measurement results are shown in 

Table 1, Fig. 1. 

Table 1 - Content of rare earth elements in rocks of Kandalakshsky array, ppm. 

chemical elements 

sample number 

183 220/1 225/1 

leucogabbro orthoamphibolite anorthosite 

La 11.29 4.42 7.74 

Ce 8.54 2.97 5.82 

Pr 6.92 2.75 5.00 

Nd 5.00 1.85 4.17 

Sm 2.51 0.92 2.46 

Eu 8.30 5.03 8.16 

Gd 1.74 0.46 1.93 

Tb 1.60 0.42 1.71 

Dy 1.34 0.40 1.43 

Ho 1.25 0.38 1.39 

Er 1.29 0.39 1.38 

Tm 1.48 0.43 1.54 

Yb 1.53 0.43 1.58 

Lu 1.46 0.43 1.55 

total amount 54.25 21.29 45.87 

(La/Yb)n 7.37 10.26 4.90 

(Sm/La)n 0.22 0.21 0.32 

(Eu/Eu*)n 3.91 7.26 3.72 

 

Anorthosite and leucocratic metagabbros (main zone) is characterized by a flat spectrum distribution 

of HREE. 
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Fig.1 – REE distribution in rocks of Kandalaksha array normalized to chondrite C1 [1] 

The REE pattern is characterized by significant positive anomalies of Eu ((Eu / Eu *)n = 3.72-

3.91) in anorthosite and leucogabbros and 7.26 - in ortoamfibolitah. General content of individual 

elements that are common for this type of rocks: Cen = 5.82-8.54, Ybn = 1.54-1.58, which indicates that 

the process of crystallization of the rock occurred with predominant accumulation of plagioclase. Based 

on these data the primary basaltic magma for anorthosite have rift nature and crystallization occurred at 

primary fractionation and subsequent separation of plagioclase. 

All investigations are devoted to memory of academician PAS F. Mitrofanov. 
The scientific researches are supported by the Russian Foundation of Basic Research (projects № 15-35-

20501, 16-05-00305, 16-05-00367). The  theme of state assignment № 0231-2015-0005. 

 

References: 
1. Sun S-S., McDonough W.F. (1989): Chemical and isotopic systematics of oceanic basalts; implications for 

mantle composition and processes / Ed. Saunders A.D., Norry M.J. // Magmatism in ocean basins. Geol. Soc. 

London Spec. Publ. Vol. 42. P. 313 – 345. 

  

118

Geochemistry and geochronology



U-Pb STUDY OF UGRANDITES – FIRST RESULTS AND PERSPECTIVES 

Stifeeva M.V.¹, Salnikova E.B.², Chakhmouradian A.R. ³ 

¹ Saint Petersburg State University, St. Petersburg, Russia 

Stifeeva.Maria@yandex.ru 

² Institute of Precambrian Geology and Geochronology, RAS, St. Petersburg, Russia 

katesalnikova@ya.ru  

³ University of Manitoba, Manitoba, Kanada 

U-Pb dating, ugrandites, garnet, Cibder Lake, Dashkesan  

Garnet is the traditional mineral-geochronometer, and its Sm-Nd isotopic system is used for tim-

ing of metamorphic processes. However U-Pb dating of metamorphic garnet is rather problematic due to 

low concentrations of U and Pb, and the presence of not cogenetic inclusions of monazite or zircon [1]. 

Until now U-Pb isotopic studies have been performed for garnets of pyralspites subgroups, while garnets 

belonging to the ugrandites subgroup (uvarovite, andradite, schorlomite, grossulare) are practically not 

been studied. 

We performed U-Pb geochronological investigations of andradite and schorlomite from alkaline 

magmatic complexes and scarns. U-Pb study has been performed on clean fragments of crystals following 

the modified methods of T. Krogh [2], Manhes et al. [3] and Horwitz [4]. The total blanks were 0.01 ng 

Pb and 0.001 ng U. Isotope analyses were performed using a Triton TI mass-spectrometer in static mode 

and jumping mode using SEM. 

The Cinder Lake alkaline intrusive complex (eastern Manitoba, Canada) is located in the central 

part of the Neoarchean Gods Lake Domain (GLD), the largest greenstone-granite belt in the northwestern 

Superior Province. Ti-rich andradite constitutes monomineral veins located within alkaline-carbonatite 

complex. Obtained U-Pb andradite age at 2710±6 Ma is similar to zircon U-Pb of the Cinder Lake sye-

nite. 

The Dashkesan scarn magnetite deposit is one of the large ore deposit in north-eastern part of 

Lesser Caucasus. It is consisted of middle and upper Jurassic volcanogenic sedimentary rocks intruded by 

gabbroids of the lower Cretaceous age. We analysed andradite from magnetite garnet-pyroxene scarn. U-

Pb age of the andradite is at 142±9 Ma and closes to the age of the Dashkesan intrusion. 

The Afrikanda alkaline-ultramafic massif located within the Paleozoic Kola alkaline province [5]. 

We have dated schorlomite from alkaline pegmatite rocks schorlomite at 377±4 which similar to the U-Pb 

age of the perovskite (Regir et al., 2011).  

Our studies demonstrate that ugrandites are promising minerals for U-Pb dating of alkaline mag-

matic complexes, scarns and carbonatites. 
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Apatite fission tracking (AFT) is a method of low-temperaturegeochronology. It is applied for re-

construction of the thermal evolution of the rocks in the upper 3–5 km of the continental crust within inter-

vals of few millions to hundreds of millions of years. One of the AFT applications is the determination of 

the periods of tectonic events and orogeny as well as denudation rates and extents [1, 2]. The area under 

consideration is southeastern Gorny Altai, which is well studied by geological and geophysical methods 

[3-10]. The region is characterized by high seismicity [11]. More than 100 apatite track dates were obtained 

for the rocks of Gorny Altai, based on which >60 thermal models were constructed [12-16]. These works 

show the no uniform neotectonic evolution of the Gorny Altai structures, expressed in the differentiation 

of the values of track parameters and in the change of the thermal evolution trends of the rocks. For exam-

ple, the authors stress the role of activity of Late Paleozoic regional fault zones, manifested in the increase 

in denudation rates and reflected in the change of the thermal trend [16]. Based on analysis of AFT results 

and their correlation with stratigraphic, tectonic, geomorphological, and geophysical data, is described a 

thermotectonic model for southeastern Gorny Altai and presented results of study of the regional tectonic 

evolution and topography in the Late Mesozoic–Cenozoic.  

The most contrasting Cenozoic movements and deformations took place in southeastern Gorny 

Altai, near the Mongolian frontier; the Chulyshman (Kurai–Chulyshman block) and Ukok (eastern South 

Altai block) high-altitude plateaus and separating ridges (North Chuya, South Chuya, Kurai, Shapshal, and 

others). In the Pleistocene the deformations spread to the more northerly regions of Gorny Altai, where 

they were expressed in the formation of fault-line basins (e.g., Lake Teletskoe) or E–W tectonic steps. The 

contrast of neotectonic movements in Gorny Altai decreases northward. Arched uplifts formed in central 

and northern Gorny Altai; they were bordered by the E–W fault zone along which the Paleozoic rocks of 

the Gorny Altai block are thrust over the Oligocene–Quaternary deposits of the Biya–Barnaul basin with 

an amplitude of ≤700 m [7]. 

The reconstructions of Late Mesozoic–Cenozoic evolution of southeastern Gorny Altai are based 

on the thermotectonic evolution of the South Altai, Kurai–Chulyshman, and West Sayan blocks, separated 

by active fault zones. They formed as a result of renewed activity of Late Paleozoic regional fault structures 

(Charysh–Terekta, Kurai, Teletskoe–Bashkaus, and Shapshal). Samples for apatite track analysis were re-

covered mainly from Paleozoic igneous rocks. Samples from the rocks of the Chulyshman Plateau (Kurai–

Chulyshman block) were taken along a profile oriented from west to east, from altitudes of 1300–2500 m. 

The Kurai Ridge, bordering on the block in the south, was sampled along the axial part at altitudes of 2170–

3024 m. The South Chuya Ridge, bordering on the South Altai block in the north, was analyzed based on 

rock samples recovered at altitudes of 2700–3500 m. 

On the assumption that orogeny is controlled by the renewed activity of fault zones, the track anal-

yses permitted obtaining data on the time and intensity of neotectonic movements and substantiating the 

conclusions on the ages of tectonic activity in the study area and denudation rates and extent. Also, the 

track dating allowed a conclusion on the evolution of intermountain basins and topography in general. 

Results of AFT dating have been summarized and correlated with stratigraphic, geoelectrical, tec-

tonic, and geomorphological data. The average regional rate of rock denudation in southeastern Gorny Altai 

is reflected in three thermotectonic events: (1) Late Cretaceous–Early Paleogene tectonic activity with a 

denudation rate of ~200 m/Ma, which might be related to the distant impact of the Mongol–Okhotsk orog-

eny; (2) Middle Paleogene–Early Neogene stabilization with peneplanation; and (3) Neogene–Quaternary 

“stepwise” tectonic activity with a denudation rate of ≤270 m/Ma, related to the distant impact of the Indo-
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Eurasian collision. We present results of study of the evolution of regional tectonic processes and topogra-

phy over the last 100 Ma by analysis of apatite track dating and geological and geophysical data. A series 

of paleotopographical maps has been compiled for southeastern Gorny Altai; they show that (1) the territory 

evolved as a peneplanation surface with an uplifted northeastern part (Shapshal Ridge of the West Sayan 

block) from 95 to 65 Ma; (2) the interval of 55–25 Ma was characterized by homogeneous denudation and 

the lack of tectonic uplifts; (3) over the last 15 Ma, the rocks in the southern (South Altai block) and north-

western (West Sayan block) parts have been denuded intensely, whereas the central part (Kurai–Chulysh-

man block) experienced minimum denudation; and (4) the highest mountain ranges and intermontane basins 

have formed over the last 5 Ma. 
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The study of processes of diagenesis in oceanic sediments shows an increase in U and decrease in 

Mn content down the sediment column. These facts were explained by redox processes involving micro-

organisms during early diagenesis [1]. This assumption is confirmed by the fact that the Mn concentration 

in the pore solution in the lower layers is significantly higher than in the upper layers. In turn, it is assumed 

that dissolved in the lower layers of pore solution uranyl ion in the absence of oxygen is reduced and pre-

cipitated as UO2, its concentration in the pore solution decreases, which leads to a continuous migration of 

uranyl ions to the depth [2]. However, the latter explanation remains a hypothesis, since it is not possible 

to measure directly UO2 by conventional methods of analysis because of its very small amount. It is natural 

to assume that similar processes should occur in lakes as well. Recently with the help of thermodynamic 

calculations an attempt was made to prove the possibility of the formation of UO2 in the lake sediments. 

However, the lack of thermodynamic data did not allow obtaining evidence of its formation [3].  
The aim is to study uranium speciation in modern carbonate sediments of small lakes to detect evi-

dence of the formation of its own mineral phases of uranium (IV) in the early stages of diagenesis. 

Two lakes were studied: Lake Tsagan-Tyrm is localized in a depression confined to a pull-apart fault 

that formed at the early stages of formation of the Baikal Rift. The fault drains deep horizons of groundwater 

circulation. [4]. In sediments are predominant: high-magnesia calcite (50%), low-magnesia calcite (20%), 

illite+biotite (15%), halite (5-10%), and the content of terrigenous minerals is less than 10%. Lake Alyaty 

is within the Irkutsk-Cheremkhovo basin, it is the drain lake. Catchment area is covered with a thick layer 

of soil. In sediments calcite is predominant (40-45%), quartz (~20%), plagioclase (~10%), potassium feld-

spar (5-10%) are included, and the small amounts of kaoline, chlorite, and illite are available 

We have chosen the scheme of sequential extraction developed based on Tessier methods [5]. This 

scheme is convenient because the used reagents cannot interact with the U oxides. These oxides mast re-

main in the residue. Reduced oxides (uraninite and pitchblende) are very inert and soluble only in concen-

trated H2SO4 or HNO3. For the oxides detection an additional step was introduced – leaching of residue by 

concentrated HNO3. Then isotope U ratio was measured in the solution obtained and in the undissolved 

rest. 

Uranium largely associated with major authigenic sediment phases (Fig. 1). Phases of U(IV) have to 

locate in the residuals. Table. 1 shows the ratios 234U/238U for the components of the studied lake systems. 

Let's look at Alyaty sediments. Throughout the sediment core isotope ratios in chemogenic fractions are 

about 1.9 ± 0.3, ie, much greater than unit (as it should be for chemogenic components). In the top of the 

sediment column (0-42 cm) residue isotope ratio (as it should be for the terrigenous component) is close to 

unity, i.e. chemogenic UO2 is absent. However at the large depth (93cm) residue ratio 234U/238U = 1.5. It 

just shows that in addition to U of terrigenous component chemogenic U must be present in the residue. 

For UO2 detection leaching of the residue was carried out by concentrated HNO3. This experiment showed 

that after the leaching of deep layer residuals U with high 234U/238U ratio appears in the acid. Chemogenic 

U was leached almost completely, as in the rest 234U/238U = 1. Sediments of Tsagan-Tyrm lake are of par-

ticular interest for our study. They have a strong smell of H2S, and it can be expected significantly reducing 

conditions and reduced forms of U in all (including the top) their parts. The measurements show that 
234U/238U> 1 in residues of all layers. Accordingly, all these residues have chemogenic U, so UO2 may be 

present. Leaching of residue by HNO3 showed that chemogenic U went to the acid. This behavior of U and 

Mn can be explained by significantly reducing conditions in the upper layers of sediment column. Lake 

Tsagan-Tyrm is very shallow and it has high mineralization. In winter it almost completely freezes, that 

leads to a sharp increase of sulfate ion concentration in water. Apparently, it gives push of sulfate-reducing 

bacteria development. 
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This study fully confirms the hypothesis of UO2 formation and its accumulation in sediments.  

 

Fig.1 – The results of sequential extraction of sediment column for 238U in studied lakes 

Table 1 – Results of alpha-spectrometric measurements of 234U/238U activity ratio and absolyte content of 238U 

in components of the studied lake systems. Weight of using sample 50 g 

Alyaty Lake Tsagan-Tyrm Lake 

Depth, 

sm 

chemo-

genic 
HNO3 residuals 

Depth, 

sm 
chemo-

genic 
HNO3 residuals 

0-3 2.0±0.3 - 1.00±0.19 0-3 2.56±0.05 - 1.69±0.38 

3-6 2.4±0.3 - 1.03±0.12 3-6 2.63±0.06 2.29±0.22 1.86±0.23 

6-9  - 0.91±0.17 9-12 2.76±0.10 - 2.11±0.19 

24-27 1.7±0.3 - 0.92±0.15 15-18 2.69±0.04 2.15±0.60 1.07±0.14 

39-42 1.7±0.2 - 1.26±0.25 22-27 2.68±0.06 2.30±0.61 0.89±0.14 

42-45 1.8±0.3 1.18±0.30 0.85±0.16 30-33 2.73±0.04 1.84±0.21 1.45±0.23 

63-66 1.6±0.3 2.27±0.74 1.54±0.31 32-35 2.83±0.06 - 1.6±0.2 

81-84 1.8±0.3 1.61±0.48 1.00±0.21     

87-90 1.9±0.3 1.91±0.36 1.00±0.15     

90-93 1.7±0.2 - 1.50±0.29     

water 1.66±0.27 2.7±0.2 

 
The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00139, 15-35-

21024).  
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Isotope systems based on radiogenic helium are not used in the field of isotope geochronology 

usually. Helium due to its characteristics quickly escapes from the structures of most minerals during the 

geological history. However, there are some minerals where retention of helium is anomalously high [1]. 

Mainly this feature is standard for native metals [2]. However recently high retention of radiogenic 

helium was shown for arsenide of platinum (sperrylite) [3]. Thus, we suggested that there is a high 

probability that chemically and crystallographically close sulfides also can be used as U-Th-He 

geochronometers. 

In this study, we experimentally checked the idea of high retention of helium in sulfides, 

developed the methodology of the U-Th-He dating of them and tried to make a conclusion on 

perspectives of using various sulfides in the field of isotope geochronology/thermochronology. 

We tested this approach on the samples of pyrite (FeS2), chalcopyrite (CuFeS2), pirrotine 

(FenSn+1), tennantite (Cu12As4S13) and bornite (Cu5FeS4) from the Gai (D1ems), Uzelga and Molodeznoe 

(D2eif) deposits, located in the southern part of Urals. Ilya Vladimirovich Vikent'ev kindly provided these 

samples for the research. 

Sulfides that are formed in the hydrothermal environment can have a significant admixture of 

uranium, up to 11 ppm [4]. At the same time concentration of helium in "modern" chalcopyrite from the 

"black smokers" do not exceed tens of nanocubic centimeters per gram (1,1×10-10 – 1,3×10-8ccg) [5]. In 

studied samples from the southern Urals concentration of 4He varies from 3,6×10-5 – 1,2×10-4ccg 

indicating that the main source of 4He is alpha-decay of uranium and thorium. Therefore, trapped helium 

from other sources can be easily neglected. 

Kinetics of thermodesorption of 4He from sulfides was studied by the step-heating method on the 

massspectrometric set MSU-G-01-M (IPGG RAS). Calculations of the migration parameters were done 

based on the concept of the mono-molecular reaction of the first order [6]. Activation energy of helium 

migration from pyrite varies from 109-127 kcal/mol; chalcopyrite – 35(xenomorphic) and 85(crystalline) 

kcal/mol; bornite – 54 kcal/mol. Thermodesorption of helium from pirrotine is more complicated and 

characterized by two peaks with energies 29-30 and 63-74 kcal/mol. Thermodesorption of helium from 

tennantite requires only 37 kcal/mol. For comparison activation energy of He migration in zircon is 39-42 

kcal/mol, apatite – 30 kcal/mol. The activation energy of Ar migration from biotite is 57 kcal/mol; 

muscovite – 85 kcal/mol. Thus, there is a high probability of using pyrite as U-Th-He geochronometer, 

and chalcopyrite and other sulfides as thermochronometers.  

The actual concentration of 4He in sulfides varies from sample to sample, as well as within the 

one sample, in orders, meaning that distribution of parent isotope is strongly inhomogeneous. Thus, for 

the accurate U-Th-He dating it is necessary to measure U, Th and He in one sample.  Samples for the U-

Th-He dating were sealed in quartz ampoules before helium extraction, because sulfides partly evaporate 

when heating. After the 4He measurement, ampoules were crashed individually. Each sample was spiked 

with combined 230Th-235U tracer and dissolved in HCl. Separation of uranium and thorium was done using 

UTHEVA resin.  Measurements of U and Th concentrations were conducted on the ICP-MS 

ELEMENT 2. 

Obtained data revealed a good probability for application U-Th-He isotope system in pyrite and 

chalcopyrite for studying sulphide deposits. 
The work was supported by the Russian Foundation for Basic Research (projects 16-05-01010). 
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In order to establish the sequence of kimberlite evolution an 40Ar/39Ar study of different 

phlogopite types from Udachnaya and Mir kimberlite pipes (Sakha Republic, Yakutia, Russia) has been 

held. 

1. Phlogopite from kelyphitic rim of garnet. Six mantle xenoliths of deformed peridotite and one 

single grain of garnet from unaltered kimberlite matrix of Udachnaya East kimberlite pipe were selected 

for the study. Kelyphitic rims in xenoliths 0.1-1.1 mm thick had not direct contact with the kimberlite. 

Kelyphitic rim in a separate grain of garnet has a width of 0.4 to 1.2 mm. 

Complex 40Ar/39Ar age spectra of phlogopites from 4 xenoliths samples of deformed peridotite 

indicate a partial loss of radiogenic argon with the ages vary from 600 to 364 Ma [1]. In 40Ar/39Ar age 

spectra of two another samples an plateau age of 366.0 Ma and 368.6 Ma are clearly distinguished (with a 

percentage of released 39Ar of 60-90%). These values are consistent to the estimated age of Udachnaya 

East kimberlite (367-378 Ma [2, 3, 4]). 

The age of 352.0 Ma obtained from 40Ar/39Ar dating of kelifitic phlogopite from kimberlite matrix 

corresponds to the age of kimberlite melt implementation phase during the formation of the eastern body 

Udachnaya kimberlite pipe [1, 2]. It is comparable to the U-Pb isotopic dating of perovskite from 

Udachnaya West (353-359 Ma) [3]. 

2. Phlogopite phenocryst. In 40Ar/39Ar age spectrum of phlogopite phenocryst an plateau age of 

365.9 ± 3.8 Ma with 67% of released 39Ar is distinguished. Seven U/Pb datings for perovskites from 

intergrowth with phlogopite phenocrysts had done. Discordia plotted on Tera-Wasserburg diagram by 

seven age definitions of perovskites has the lower intersection corresponds to U/Pb age of 371 ± 89 Ma.  

The weighted mean age of 7 points is of 369 ± 10 Ma, which is consistent with 40Ar/39Ar data of 

phlogopite phenocryst [4]. 

3. Phlogopites from xenoliths. Five mantle xenoliths from kimberlite pipes Mir and Udachnaya 

East: 4 garnet-spinel and garnet pyroxenite and 1 garnet-ilmenite ultramafic were investigated. The large 

plates of phlogopite were studied in pyroxenite (from 1-1.5 mm to 11 mm) and phlogopite flakes up to 1 

mm from the intergranular space were studied in ultrabasite [5]. 

Large plates of phlogopite in pyroxenite are structurally in equilibrium with other minerals and 

characterized by relatively homogeneous composition in phlogopite-istonit solid-solution range and differ 

from finegrane phlogopites, interstitium grains, kelifitic grains and phenocrysts grains in kimberlite by 

least content of FeO (usually in the range of 2.3-3.3 wt.%). Al2O3 and MgO content are 11.7-13.3 and 

23.5-26.6 wt.%, respectively. TiO2 <1.5 wt.%, Cr2O3 <1 wt.% and content of TiO2 and Cr2O3 is usually 

lower than in the finegrane phlogopites. The chemical composition of this phlogopites are consistent with 

the primary metasomatic origin. 

According to 40Ar/39Ar dating of large phlogopite plates in pyroxenite, plateau age is 

distinguished in higher part of the spectrum with ages of 2568.5 ± 17.7, 2429.8 ± 17, 2336.2 ± 16 and 

2288 ± 15.8 Ma. 40Ar/39Ar dating of such primary metasomatic phlogopite provides data of the age of 

metasomatic events in lithospheric mantle of ancient cratons [5]. 

The chemical composition of phlogopite from ultrabasites varies in oxide contents of Ti, Al, Cr, 

Mg, Fe. There is at least three generations of phlogopite: the first – close to the composition of phlogopite 

from the kimberlite of Udachnaya East kimberlite pipe [6], the second – fine-grained secondary 

metasomatic phlogopite mantle xenoliths, the third generation is represented by tetraferriphlogopite of 

different composition similar to that of melt inclusions in olivine deformed peridotites of Udachnaya East 

kimberlite pipe [6] and also mica from carbonatite rocks. 

As a result of 40Ar/39Ar dating of phlogopite from ultrabasites, a complex age spectrum was 

obtained: lower level of age spectrum has an age of 401.5 ± 6.6 Ma and a plateau age in other part of age 

spectrum has an age of 697 ± 7.1 Ma [5]. 
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Thus, on the basis of chemical composition and morphological features it can be practicable to 

pick out phlogopites most suitable for age estimating of introduction of kimberlite melts or the age of the 

ancient metasomatic events. It was found that the fine-grained phlogopites (veines, small plates, kelifitic 

phlogopite, phlogopite grains in the interstices, the phlogopite grains in the bulk kimberlite) with a 

composition corresponding to a series of phlogopite-istonite solid solutions are most often give the age of 

the kimberlite formation. 

Based on 40Ar/39Ar study of different types of phlogopites: 

1. The age of Udachnaya-East kimberlite pipe was measured; 2. Several stages of metasomatic 

enrichment of the Siberian craton lithosphere at different times were revealed by complex of  obtained 

geochronological and petrological data; 3. The age estimate of kelyphitic rims formation on garnets 

associated with the stage of metasomatism of mantle rocks was done. 
The work was supported by RFBR (grants Nor. 14-05-00712, 14-05-31520, 15-35-20267). 
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mine, Hesse, Germany 

Eleonorite is known for a long time, but until recently its status was ambiguous. 

Eleonorite was first observed by August Nies [1] in the Eleonore mine as small red-brown 

tabular crystals overgrown by cacoxenite. Three years later A. Nies described this mineral as a 

new species, a basic phosphate of Fe3+ [2]. August Streng [3] reported another locality of 

eleonorite, the Rotläufchen (Rothläufchen) mine, and described it as an iron phosphate with the 

stoichiometry Fe:P:H2O = 3:2:4, which corresponds to the present-day idealized formula of the 

mineral. Frondel [4] published new chemical analyses of beraunite, and showed that in samples 

from Middletown, New Jersey, USA, iron is partly bivalent. From these data, it was assumed 

that Fe2+ and Fe3+ may occupy different sites in the crystal structure of beraunite. Subsequent 

structural studies confirmed this assumption. Based on structural and compositional data, Moore 

and Kampf [5] suggested the following end-member formulae for beraunite-type minerals: 

Fe2+Fe3+
5(OH)5(H2O)4(PO4)4·2H2O and Fe3+

6O(OH)4(H2O)4(PO4)4·2H2O. The latter formula 

corresponds to eleonorite. 

The studied sample of eleonorite was found in the Rotläufchen mine, Waldgirmes, Wetz-

lar, Hesse, Germany in association with goethite, rockbridgeite, dufrenite, kidwellite, variscite, 

matulaite, planerite, cacoxenite, strengite and wavellite. The empirical formula of eleonorite 

(based on 27 O apfu) is (Fe3+
5.76Al0.18Mn3+

0.09)6.03P3.92H16.30O27 [6]. 

The single-crystal X-ray data were collected at room temperature on a SMART APEX2 

diffractometer. The unit cell parameters are: a = 20.68(1), b = 5.148(2), c = 19.22(1) Å,  = 

93.57(1)°, V = 2042(2) Å3, sp. gr. C2/c. The final refinement cycles converged with R1 = 6.08, 

wR2 = 8.60, GooF = 0.99 for 2230 I > 2σ(I). 

The crystal structure of eleonorite is similar to that of beraunite and is based on 

heteropolyhedral framework which is formed by M(1-4)Ø6-octahedra (where M = Fe3+; Ø = O2-, 

OH- or H2O) and isolated PO4 tetrahedra (Fig. 1), with a wide channel occupied by H2O 

molecules. 

In accordance with Moore [7] the structures of basic iron phosphates are formed by the 

condensation of co-called h-clusters. The general formula of the isolated h-cluster in the 

beraunite-type structures is M1(M2)1/2(M3)2(M4)2[(OH)5(H2O)4](PO4)4. Along a, the h-clusters 

are linked via common M2-octahedra, whereas in others directions the clusters link via oxygen 

atoms of PO4-tetrahedra and OH3-groups. 

In beraunite-type structures, the h-cluster contains a trimer of face-shared M1- and M4-

octahedra (the M1–M4 distance is 2.875(1) Å), where inner M1O4(OH1)2-octahedron occupies 

4a-site and outer M4O4(OH1)(OH2)-octahedra occupy 8f-sites. In the structure of eleonorite all 

the sites are occupied by Fe3+, whereas in beraunite M1 is occupied predominantly by Fe2+. It 

leads to the shortening of the average M1-Ø distance from 2.110 Å in beraunite [5] to 2.034 Å in 

eleonorite. This is in a good agreement with ionic radii of Fe2+ and Fe3+ (0.61 and 0.55 Å, 

respectively). The trimer of face-shared octahedra is connected to M3O3Ø3-octahedra via 

common OH1 group. The site W3 in wide channels of the eleonorite structure is occupied by H2O 

molecules linked to each other and to PO4
3- groups by hydrogen bonds. 
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Except eleonorite Fe3+
6(PO4)4O(OH)4·6H2O and beraunite Fe2+Fe3+

5(PO4)4(OH)5·6H2O, 

the beraunite group includes an insufficiently studied beraunite-type mineral with Mn2+:Fe3+ = 

0.52:5.48 (possibly, the Mn2+-analogue of beraunite [8]) and recently discovered tvrdýite 

Fe2+Fe3+
2Al3(PO4)4(OH)5·6H2O [9]. 

In nature numerous transformational series are known which are the result of oxidation of 

Fe2+ to Fe3+ with coupled substitution of OH- for O2- or/and H2O
0 for OH–. Eleonorite is a 

transformational mineral species formed as a result of the oxidation of beraunite according to the 

scheme Fe2+Fe3+
5(PO4)4(OH)5·6H2O  → Fe3+

6(PO4)4O(OH)4·6H2O. 

 

Fig.1 – General view of the crystal structure of eleonorite 

The work was supported by the Russian Foundation of Basic Research (projects no. 16-35-60101) and 

Foundation of the President of the Russian Federation (project no. MK-8033.2016.5). 
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A lot of information about preferentially oriented inclusions and exsolved minerals in mantle garnet 

is known at present time [see reviews in 1-3]. Nevertheless, all of data are needed to be systematized. 

Especially in order to understand relationships between mineralogy of oriented inclusions in garnets with 

the type of rocks and paragenesis they belong to, the position of kimberlite pipes with respect to geodynamic 

setting as well as diamond grade of the pipes, etc. 

This study is aimed to reveal vital factors defining the mineralogical diversity of oriented inclusions 

and exsolution products in garnets. We have investigated distinctive oriented, needle- or platelet-shaped 

mono- and polymineral inclusions found within garnets from mantle xenoliths of the diamondiferous 

Udachnaya-East, Zarnitsa, Mir and diamond-free Obnazhennaya kimberlite pipes of Yakutia (Republic of 

Sakha, Russian Federation) (Fig. 1). The rocks are presented by peridotite (P-type), websterite-pyroxenite 

(W-type) and eclogite (E-type) parageneses in several rock varieties. 

 

Fig.1 – Preferentially oriented inclusions in garnet exsolution textures. (a) Distribution of minerals along <111> 

of garnet. (b) intergrown needles and platelets of pyroxenes, ilmenite and chromite in lherzolite sample. (c) 

monomineral rutile, ilmenite and CSM needles, rods and platelets in websterite sample. (d) quartz paramorphs 

after coesite together with rutile needles in eclogite sample 

The intergrown needle and platelet inclusions and associated exsolved needles of rutile, ilmenite, 

clino- and orthopyroxene are mostly preferentially oriented parallel to <111> of garnet (Fig.1). They are 

made up of olivine, crichtonite series minerals (CSM), apatite, chromite, amphiboles (magnesiokatophorite, 

pargasite), coesite, and quartz (paramorphs after coesite) (Table 1). 

131

Mineralogy and experimental mineralogy



We hypothesize that most of them represent products of garnet decomposition together with well 

known exsolved Ti±Fe oxide (mostly rutile) and pyroxene needles and platelets. This requires that needle 

and platelet formation occurred in response to cooling and decompression. Some of needles and platelets 

(like amphiboles, apatite, coesite and quartz paramorphs after it) finally liberated fluid during retrogression. 

Previously existed overpressure around precipitates was confirmed by microRaman technique and slight 

strain/stress patterns in the host garnets were found. Significant internal pressure within some inclusions 

was also detected [3]. 

As it was shown in previous studies on mantle material from Yakutian kimberlites, according to 

reintegrated compositions, peridotitic and websteritic-pyroxenitic garnets were homogeneous at pressures 

no less than 5 GPa and up to 8 GPa at temperatures 1100–1500 °C [1,2], and eclogitic ones at pressures 6–

8 GPa and temperatures 1250–1400 °C [3]. Thermobarometric calculations described in [1-3] provide P–T 

estimates of re-equilibration. Granular peridotites, websterites-pyroxenites and garnet xenocrysts were 

transported from the mantle horizon with 1.5–4.5 GPa and 700–900°C P–T conditions, while studied set of 

eclogites was moved from the level of 3.2–4.9 GPa with the corresponding temperature interval equal to 

800–1100 °C. Thereby, previous presence of ultrahigh pressure garnets might be considered as an evidence 

of that earlier some parts of the Siberian craton mantle lithosphere were deeper and had underwent 

transportation into shallower depths. 

Table 1 – List of minerals identified in exsolution textures of garnet, clinopyroxene and orthopyroxene 

Paragenesis Mantle rocks Host garnet 

P-type 

Granular lherzolites Ol, Opx, Cpx, Rt, Ilm, CSM, Spl, FET 

Deformed lherzolites Spl, FET 

Olivine websterites Ol, Cpx, Amp, Rt, Ilm, CSM, FET 

W-type 

Websterites Cpx, Rt, Ilm, CSM, Opx, Ol, Pl‡ 

Clinopyroxenites Cpx, Rt, FET 

Orthopyroxenites Opx, Cpx, Rt, Ilm, Spl, CSM, Ap 

E-type 

Coesite eclogites Rt, Ilm, Ap, Qz*, Coe 

Bimineralic eclogites Rt, Ilm, Ap, Qz*, FET 

Grospydites Rt, Ap 

Note: CSM – crichtonite series minerals, FET – fine exsolution textures in garnet, ‡ – only with 

clinopyroxene among garnet exsolution products, * – paramorphs after quartz. 

 

Consequently, mineralogical variety of preferentially oriented needles and platelets as well as 

petrographically obvious oriented Ti±Fe oxide needles and pyroxene platelets were exsolved from the 

previously homogeneous compositionally complex garnet containing Ti-, Na-, Si-, P-, Cr- and Zr-rich 

components. Garnet composition hangs upon its growth medium, P–T conditions of crystallization and 

further re-equilibration, coexisting minerals in paragenesis that may change element distribution 

parameters, and upon composition of the lithospheric mantle dependent on geodymanic position. 

The oriented, elongate intergrown and monomineral inclusions may be useful indicators of extreme 

temperature-pressure rocks in other field areas. 
The work was supported by the Russian Science Foundation (project no. 15-17-30012). 
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Experimental study, aimed at the modeling of carbide-sulfide interaction, concerned with the 

formation of elemental carbon (graphite and diamond) in a reduced domains of the lithospheric mantle, 

was performed in the Fe3C-(Fe,Ni)S and Fe3C-FeS2 systems (P = 6.3 GPa, T = 1100-1500 °C, t = 20 h.), 

using multianvil high-pressure apparatus of a "split-sphere" type. Experimental results are presented in 

Table 1. Carbide-sulfide interaction in the Fe3C-(Fe,Ni)S system at relatively low temperatures (1100 and 

1200 °C) resulted in the formation of large (greater than 1 mm) elongated crystals of Fe2.95Ni0.05C carbide 

with pyrrhotite + taenite quenched aggregate as well as graphite crystals (20-30 um) in the intergranular 

space (Fig. 1a). Analyses of the quenched aggregates showed that at these temperatures two immiscible 

melts - sulfide (Fe-Ni-S)L and a metal-sulfide with dissolved carbon (Fe-Ni-S-C)L were generated (Figure 

1a.). These melts are characterized by the bulk compositions of ~Fe0.95Ni0.05S and ~Fe1.96Ni0.17SS0.2 re-

spectively. It is supposed, that carbide-sulfide interaction in the range of 1100-1200 °C was realized via 

the following schematic reaction: 

Fe3C + Fe0.7Ni0.3S → (Fe,Ni)3C + (Fe-Ni-S)L + (Fe-Ni-S-C)L + C0
(graphite)                           (1). 

It was established that the main processes of carbide-sulfide interaction were the partial melting 

of sulfide, cohenite recrystallization and extraction of iron in a sulfide melt that resulted in the (Fe-Ni-S-

C) melt generation and the crystallization of the released carbon as graphite. 

At T ≥ 1300 °C cohenite was totally consumed in the reaction (1), and samples were presented by 

single quenched (Fe-Ni-S-C) melt and macrocrystalline graphite (70-250 µm) (Fig.1b). At 1400 and 1500 

°C diamond growth on the (111) and (100) faces of seed crystals was established. Composition of the sin-

gle metal sulfide melt with dissolved carbon varied depending on the temperature from Fe3.35Ni0.25SC0.9 

(1300 °C) to Fe4.6Ni0.3SC (1500 °C). It was found that the crystallization of graphite and diamond growth 

on seeds occurred directly in the metal-sulfide melt, wherein the carbide acts as a carbon source. In this 

range of temperatures interaction in Fe3C-(Fe,Ni)S system occurs via schematic reaction: 

Fe3C + Fe0.7Ni0.3S → (Fe-Ni-S-C)L + C0
(graphite, diamond)                                (2). 

In the course of carbide-sulfide interaction in the Fe3C-FeS2 system at 1100 °C pyrrhotite + co-

henite + graphite assemblage, coexisting with two immiscible melts - sulfide (Fe-S)L and a metal sulfide 

with dissolved carbon (Fe-S-C)L, was formed (Table 1). At the contact between cohenite and sulfide, re-

action zones consisted of graphite and graphite-pyrrhotite polycrystalline aggregate were established. 

Compositions of melts were of Fe0.95S and Fe2.3SC0.08.  

 

Fig.1 – SEM micrographs of the polished sections of samples from (a,b) [Fe3C-(Fe,Ni)S] system and (c) [Fe3C-

FeS2] system: a – Ni-cohenite crystals in Fe-Ni-S and Fe-Ni-S-C melts (1100 °C); b – large graphite crystals in 

the metal-sulfide melt (1400 °C); c – graphite crystals in Fe-S and Fe-S-C melts (1300 °C). 
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Table 1 – Experimental results 

T, °C 
Final phases 

Fe3C-(Fe,Ni)S system Fe3C-FeS2 system 

1100 Coh, Gr, Lsulf, Lmet-sulf Po, Coh, Lsulf, Lmet-sulf, Gr 

1200 Coh, Gr, Lsulf, Lmet-sulf Lsulf, Lmet-sulf, Gr 

1300 Lmet-sulf, Gr Lsulf, Lmet-sulf, Gr 

1400 Lmet-sulf, Gr, Dm Lsulf, Lmet-sulf, Gr 

1500 Lmet-sulf, Gr, Dm Lsulf, Lmet-sulf, Gr, Dm 

 

At T ≥ 1200 °C carbide and sulfide were totally consumed by the partial melting processes, and 

graphite formation was accompanied by generation of two immiscible melts (Fig. 1c), with compositions 

of ~Fe0.98S and ~Fe2.21SC0.1. At a temperature of 1500 °C growth of diamond on seeds was found. The 

main reaction of carbide-pyrite interaction at T ≥ 1200 ° C is assumed to be as follows: 

Fe3C + FeS2 → (Fe-S)L + (Fe-S-C)L + C0
(graphite)                                       (3). 

Reconstruction of the carbide-pyrite interaction at 1100 °C, based on the results of the study of 

the reaction zones that have been preserved around the single crystals of carbide, allow us to determine 

the potential mechanism of graphite formation. It was found, that as a result of extraction of iron from 

carbide by reacting with sulfide, pyrrhotite melt was formed and carbon, liberated from carbide, crystal-

lized in form of graphite. At higher temperatures (1200-1500 °C) melting of newly-formed pyrrhotite 

took place, and graphite crystallization, most likely, realized via the interaction of cohenite with the first 

portions sulfide melt. As a result, part of the sulfide melt enriched with iron, finally resulted in a for-

mation of predominantly metal melt (Fe-S-C)L, from which subsequently graphite was crystallized and 

diamond growth occurred.  

Thus, it was found that the carbide-sulfide interaction in the Fe3C-(Fe,Ni)S and Fe3C-FeS2 sys-

tems under P,T-parameters of the lithospheric mantle led to the formation of graphite (or diamond 

growth), accompanied by the generation of metal-sulfide melt with dissolved carbon and sulfide melt. It 

was experimentally demonstrated that the crystallization of graphite from carbon of carbide, in the range 

of 1100-1500 °C can occur in a predominantly metal melts, which compositions in Ni-containing system 

ranged from Fe1.96Ni0.17SC0.2 to Fe4.6Ni0.3SC, and in the Ni-free system - from ~Fe2.3SC0.08 to ~Fe2.21SC0.1. 

The diamond growth on seeds in the course of the sulfide-carbide interaction realized at 1400 and 1500 

°C, in the melt with compositions of Fe4.6Ni0.3SС and Fe2.21SС0.1. 
The work was supported by the Russian Foundation of Basic Research (project no 16-35-60024). 
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Snezhnaya cave system is located at Hipsta karstic massif which is the part of southern slope of 

Bzybsky Ridge. Until the present, three entrances to the system through the mine-ponors were known: 

Illizia, S. Mezhennogo and Snezhnaya; the cave system was named respectively, "Snezhnaya- Mwzhen-

nogo -Illusion". In summer 2015 the fourth entrance was discovered. Therefore, in our opinion, it is better 

further to call the cave system by the name of the main cave discovered in 1971 “Snezhnaya” in order to 

avoid lengthening of the cave name. The history of Snezhnaya cave system studies is described in detail 

in [1]. The Metrostroi blockage was passed in 2009. It was considered as impassable for a long time peri-

od. Behind the blockage a new spacious part of the system revealed [2]. For now, the total amplitude of 

the cave system is 1764 m, counting from the upper entrance, Illusion cave. 

Snezhnaya cave system was formed in the south flank of a large anticline fold in limestones, dol-

omitic limestones and dolomites. The upper part of the cave lies in the massive and fissile Barremian 

limestones and dolomites to the depth of 450-600 m; the lower part is almost entirely confined to the for-

mation of alluvial breccia of Lower Neocomian [3]. 

We have already considered the secondary minerals of Snezhnaya system at the depth of 700 - 

1000 m. It was found that calcite, aragonite, gypsum and hydromagnesite are the most widespread.  At the 

section of Illusion cave celestite and strontianite were found; dolomite, goethite, rutile and zircon are ob-

served as micro inclusions in corallite [4]. 

In present manuscript the data on the secondary minerals of cave system at a depth of 1000 -1700 

m are given. The mineral content of the samples was determined in Irkutsk Institute of the Earth's Crust 

SB RAS by Uschapovskaya Z.F. and in Ulan-Ude Geological Institute SB RAS by Khromova E.A. with 

the use of microscope "LEO-1430VP" (Carl Zeiss International) and energy dispersion spectrometer 

"INCAEnergy 300" (Oxford Instruments Analytical Ltd.). The experimental conditions were the follow-

ing: accelerating voltage is 20 kV, probe current is 0.3-0.4 nA, probe size is of <0.1mm, the measurement 

time - 50 seconds, the error is ± 2 wt.%. 

In studied area of the cave the most common mineral is calcite, forming the stalactites, stalag-

mites, crusts and corallites; it often contains MgO impurity (up to 3.48 wt.%). Inclusion-form dolomite, 

barite, apatite, goethite and pseudo-rutil were found in sinter crust sample; as well as quartz, clay miner-

als, biotite, plagioclase, xenotime and monazite, which apparently are impurities captured by calcite crust 

during growth. Over calcite speleothems are observed the aragonite accretions and microcrystalline hy-

dromagnesite-placer at the areas distanced from the watercourses. The speleothems are absent or de-

pressed in large halls, with the exception of the massive sinter crust and stalagmites up to 1.5 m high, ob-

served at small section in the Ural hall. 

The bottom part of Snezhnaya cave is young and still developing; it is the most watered part and 

as a result, the section of less abundant secondary minerals. The thick layer of sandy-argillaceous for-

mations with the watercourse marks in all large halls of the cave indicates the water flood in the past and 

periodical underflooding in present. The largest diversity of secondary minerals in Snezhnaya cave is ob-

served at the old dry passages. By all appearances, large speleothems in Ural hall were originally elabo-

rate in small closed cell with water inflow. Then, in the course of tectonic shifts, the destruction of some 

speleothems occurred with a following cell uncovering and the formation of a large caving hall. Speleo-

thems dating could be of a great interest to indicate the time of primary cavity formation as well as geo-

chemical and isotopic studies of the layers, which will provide the information about the sedimentation 

conditions and temperature regime in the past. 

The work was done using the equipment of Shared Research Center "Geodynamics and geochro-

nology", Institute of the Earth Crust SB RAS (Irkutsk). The authors are grateful to Nemchenko T.A. for 
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the help in organization of expedition. The authors are also appreciated to Uschapovskaya Z.F. and 

Khromova E.V. for the analysis preformed. 
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The Kan-I-Gut cave mine (or Kon-I-Gut, or Mine of Death) is located in the south-west of Kyrgyz-

stan on Sary-Too massif and lies in the ore-bearing rocks of hydrothermal metasomatic deposit of iron, 

silver and lead. Bearing rocks are Middle Devonian – Lower Carboniferous massive limestones [1], where 

eight ore bodies, the sulfide bed, are formed. Kan-I-Gut is the only karst cavity combined with the great 

number of artificial mines. The cave is practically arid; the temperature in it reaches the 150С [2]. In present 

time the most detailed mineralogical data summary for the object is the article by Petrov and co-authors 

[3]. Our manuscript provides the new information on secondary (hypergene) minerals of Kan-I-Gut, which 

was observed during 2014 expedition. The mineralogical content of the samples was determined by X-ray 

analysis at the Institute of the Earth Crust SB RAS in Irkutsk (analyst Uschapovskaya Z.F). 

The wide range of secondary minerals belonging to sulfides, carbonates, oxides, sulphates and sil-

icates classes is distinguished at Kan-I-Gut cave mine. Calcite and aragonite are the main representatives 

of the carbonates class. The calcite forms the sinter crusts and helictites; the aragonite forms multilayered 

crusts on the surface of dry pond. The other carbonate minerals such as cerussite, malachite, and smithsonite 

were found in small quantities [3]. Among the representatives of oxide class the most common are limonite, 

goethite, and hematite, composing a large amount of loose formations. Rare finds of quartz, chalcedony 

and opal described in [3, 4]. As for manganese oxides, besides pyrolusite and psilomelane mentioned in 

[3], we discovered cryptomelane presented by the soft black fibrous asbestos-like aggregates. The sulfite 

class includes gypsum and hexahydrite composing the crust on the walls; rotsenit and melanterite previ-

ously described in [5]; epsomite forms the fluff-like and hair-like aggregates and fibroferrite, jarosite, 

szomolnokite and copiapite, included in the loose deposits content. Silicates are presented by hemimorphite 

[4], and we are also marked the ferruginous sepiolite, which is enter into the composition of the cave clay 

simultaneously with fibroferrite. 

In general, the classical karst cave minerals (calcite, aragonite) are poorly developed in Kan-I-Gut, 

but water ferrous sulfate and magnesium mostly confined to artificial cavities and sections of primary ga-

lenite - marcasite ores are widespread. In cave mine the manganese oxides are also common which, appar-

ently, are the product of material redeposition under the intrusion into the host rocks of hot solutions. A 

great number of minerals untypical for the main part of the carbonate karst caves were formed in Kan-I-

Gut due to the peculiarities of composition of the host rocks and the microclimate of the underground 

cavity. Evidently, the minerals of this object can not be referred to the cave formations and should be 

investigated as the residual soil minerals of ore deposit. 
The work was done using the equipment of SRC "Geodynamics and geochronology", Institute of the Earth 

Crust SB RAS (Irkutsk). The authors are grateful to S.D. Dudashvili, A.G. Filippov and V.V. Tsibanov for the organ-

ization of Kan-I-Gut expedition and Z.F. Uschapovskaya for the performing the analysis. 
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Cave pearls (pisolites) are the speleothems, usually, of a circular concretions shape with a smooth 

or rough surface, which formed in shallow water reservoirs. The cave pearls finding indicates the hydro-

logical regime in this cave and signs the places of intense dripping or slight watercourses. The inflow in-

tensity is in turn closely related to the microclimate of a cavity. This article presents the data on cave 

pearls of Severnaya cave, located at Sverdlovsk region at the Vijay River area.  

The mineral content of the samples was determined in Irkutsk Institute of the Earth's Crust SB 

RAS by Uschapovskaya Z.F. and in Ulan-Ude Geological Institute SB RAS by Khromova E.A. with the 

use of microscope "LEO-1430VP" (Carl Zeiss International) and energy dispersion spectrometer "IN-

CAEnergy 300" (Oxford Instruments Analytical Ltd.). The experimental conditions were the following: 

accelerating voltage is 20 kV, probe current is 0.3-0.4 nA, probe size is of <0.1mm, the measurement 

time - 50 seconds, the error is ± 2 wt.%. 

Severnaya cave is 2250 m length with the amplitude of 60 m (according to 2010 data) [1] and it 

bedding in gray organic limestones of the Devonian. The constant watercourse is in the lower parts of the 

cave, thus, the cavity ongoing formation is in progress. The feature of this cave is the recent dramatic 

change in its microclimate. Due to excavations of second entrance by the entry part of the cave the sea-

sonal glaciation began to develop during the winter period. Ice stalagmites are growing over the calcite 

stalagmites; ice stalactites and atmogenic crystals are forming over the calcite stalactites and draperies; 

coating ice crusts are forming over the sinter calcite crusts. 

The cave pearls were found in the same part of the cave. The pearls are of a light gray color with 

the size from 0.5 to 1.5 cm, usually of stringer flattened shape, located in small trays, shrinking in winter. 

According to X-ray diffraction data the pearls are composed of calcite. Quartz, titanite, chlorite and epi-

dote were also identified in the composition of the pearls with the electron microscope studies. These 

minerals are forming the inclusions of calcite in the mass center of the pearl, forming the so-called pri-

mer. Calcite is accumulating by layers on the primer. There wasn’t revealing the difference in the chemi-

cal composition of calcite of central and marginal parts of the pearl. 

The cave pearl of two types is observed in the cave: the pearl with smooth surface and the pearl of 

“hedgehog-shape” with calcite crystals up to 1 mm. It is known that smooth pisolites are forming in the 

active hydrodynamic conditions with the active drippings which mixes the pearls and stitches the rough-

ness on their surface. The “hedgehog-like” pisolites are forming in the absence of water movement [2], 

which gives the possibility for crystals to develop on pearls surface similar to the incrustations of reser-

voir bottom. 

In Severnaya cave the pisolites of both types were found in the same shrunk pond. It may concern 

with the fact that overturning and swinging of pearls, caused its smooth surface, occurred only in the cen-

tral part of the pond with the reducing of the dripping while the edge part of the pond remained tranquil. It 

is possible to assume the further degradation of speleothems through the temperature fluctuations in this 

part of the cave, including the pisolites, as the seasonal glaciation causes the congelifraction and the 

cracking of the secondary mineral formations. 

The work was done using the equipment of Shared Research Center "Geodynamics and geochro-

nology", Institute of the Earth Crust SB RAS (Irkutsk). The authors are grateful to Tsurikhin E.A. for the 

help in organization of expedition. The authors are also appreciated to Uschapovskaya Z.F. and Khro-

mova E.V. for the analysis performed. 
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The Katugin deposit within the East Siberia is unique due to the content of exceptional reserves of 

rare-earth niobium-tantalum ores with cryolite in alkaline granites [1, 2]. The deposit is located in the south 

of the Siberian platform (Chara-Udokan area of the Transbaikalia region) and is confined to the boundary 

of the early Proterozoic Kodar-Udokan protoplatform trough with the Katugin spur of the Archean Aldan 

Shield [3]. 

The Katugin complex rocks are presented by medium- and fine-grained, here and there pegmatoid, 

often gneissous, leucocratic and mesocratic quartz-albite-microcline granites which are considered in 

earlier works as granite-like metasomatites. Biotite, biotite-amphibole, aegirine-amphibole and aegirine 

differences are distinguished among them. Biotite granites are attributed to plumasite granites of normal or 

relatively high alkalinity with high contents of Mo, Be, Y, F, Nb, Th, Zr, Sn, and Rb. Aegirine-amphibole 

granites represent agpaite granites with Nb, Ta, Zr, U and Sn whose concentrations exceed more than one 

order those in palingenic granites of normal alkalinity. Amphibole granites are resulted from postmagmatic 

change of aegirine granites or biotite granites altered by sodium alkaline solutions. 

This article presents the data on the chemical composition and paragenesis of fluoride and 

fluorcarbonates in the rocks of Katugin complex. 

The mineral composition of the samples was determined in Ulan-Ude Geological Institute SB RAS 

by Khromova E.A. and Kanakin S.V. using scanning microscope "LEO-1430VP" (Carl Zeiss International) 

and energy dispersion spectrometer "INCAEnergy 300" (Oxford Instruments Analytical Ltd.). The 

experimental conditions were: accelerating voltage - 20 kV, probe current - 0.3-0.4 nA, probe size - 

<0.1mm, the measurement time - 50 seconds. 

Aegirine-arfvedsonite granites contain paragenesis of cryolite with gagarinite, reflecting the 

environment depletion of Ca-mineral formation by the enrichment of Na and F. Arfvedsonite granites are 

characterized by intergrowths of yttrofluorite with fluocerite and gagarinite, indicating relative enrichment 

of Ca at low concentration of CO2. For biotite granites characteristic association of fluorite, titanite, apatite, 

and monazite indicates increased concentration of Ca in the system and moderate concentrations of F and 

P. In the biotite-amphibole granites, along with replacement annite by riebeckite and albite by microcline, 

neighborite, coulsellite, gagarinite, fluocerite and tweitite-(Y) appear. This fact indicates the influence of 

the moderately alkaline fluoride-sodium solutions with low concentration of Ca on the biotite granites. 
The work was supported by RSF (grant №14-17-00325). 
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The work is devoted to the theoretical search of the most energetically favorable  structures of 

alkaline carbonates (Li2CO3, K2CO3, Na2CO3) in the pressure range 100-200 GPa. Behavior of the 

alkaline carbonates in the pressure range up to 100 GPa has been described earlier based on evolutionary 

algorithms [1]. Following phase transitions have been found: for Li2CO3 – 8GPa C2/c→P63/mcm; for 

Na2CO3 – 2GPa Pmmn→C2/m, 5GPa C2/m→P63/mcm, 35GPa P63/mcm→P2m; for K2CO3 – 12GPa 

P2/c→P-1, 53.5GPa P-1→C2/c.   Cation arrays of the predicted structures follow the trends: Li2CO3 

CaF2→AlB2-ideal, for Na2CO3 PbCl2→γ-Na2CO3→AlB2-ideal→AlB2-deformed, for K2CO3 γ-

K2CO3→AlB2-deformed. 

We use evolutionary algorithm implemented in USPEX code for structure prediction, calculations 

have been performed at 100 GPa, 150 GPa, and 200 GPa for 1, 2, 3, and 4 formula units. The calculations 

of ground state energy and local optimization were carried out on the basis of density functional theory, 

VASP code. Temperature in all calculations was 0 K. As the test ambient phases of Li2CO3, Na2CO3, and 

K2CO3 were predicted. 

Calculations reveal following structures: for Li2CO3 – P63/mcm, Na2CO3 –130-200GPa C2/m, for 

K2CO3 – 110-145GPa P-1-II, 145-200GPa C2/m. All predicted phases belong to the ideal or deformed 

AlB2-type. C2/m-phases of Na2CO3 and K2CO3 are characterized not by triangular, as in lower pressure 

carbonates, but by tetrahedral coordination of carbon. This is the first finding of alkaline carbonates with 

tetrahedral coordinated carbon. Previously such phases were found both theoretically and experimentally 

for CaCO3 and MgCO3 [2, 3]. Transition to C2/m-phase of Na2CO3 and K2CO3 (Fig.1) accompanied by 

transformation of isolated CO3-triangle to pyroxene-like chains of CO4-tetrahedrons. The difference with 

alkaline-earth carbonates is in the absence of sufficient structural changes during the transition (Fig.1) 

slight changes of oxygen positions enough to increase coordination number of carbon from 3 to 4.  

In the case of Li2CO3, P63/mcm-phase with triangular coordinated carbon is the most 

energetically favorable in pressure range 100-200GPa. Founded structures with tetrahedral coordination 

carbon atoms (Pmc2 and C2/m) are less favorable then this phase. 

 

Fig.1 – Transition to CO4-terahedrons for K2CO3 
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Sulfates and phosphates consisting of mixed anionic radicals (or heteropolyhedral units) constitute 

a large group of mineral species. In this contribution, we will summarize our recent results on some novel 

or poorly studied minerals, whose structures are based upon octahedral-tetrahedral structural units. 

During investigations of secondary pegmatite phosphates from Hagendorf (Germany), we have lo-

cated a new whiteite-jahnsite-group mineral that was named whiteite-(CaMnMn) [1]. The X-ray diffraction 

data were collected using Bruker Smart APEX II diffractometer. Whiteite-(CaMnMn), 

CaMnMn2Al2[PO4]4(OH)2(H2O)8, is a new hydrous phosphate of Ca, Mn and Al, closely related to jahnsite-

(CaMnMn) and other minerals of the whiteite group. Its structure is formed by alternating anionic layers 

[M12M32(PO4)4(OH)]3- composed from MO6 octahedra and PO4 tetrahedra, and linked together thorugh 

M(2) cations and water molecules [1]. 

The crystal structure of bonshtedtite, Na3Fe(PO4)(CO3), is similar to that of the other minerals of 

the bradleyite group. It is based upon the [Fe(PO4)(CO3)]3- layers oriented parallel to (001). The layers are 

formed by corner linkage of PO4 tetrahedra and FeO4(CO3) groups consisting of FeO6 octahedra sharing 

edges with CO3 triangles [2]. Topology of octa-tetrahedral layer in bonshtedtite is similar to that observed 

in the autunite-group minerals, but differs from the latter in terms of local topological properties.  

Refinement of the crystal structure of girvasite at 100 K allowed to detemine positions of H atoms 

and to reveal the hydrogen bonding scheme. The refinement confirmed that the proper chemical formula of 

the mineral should be written as NaCa2Mg3(PO4)4(CO3)(H2O)6, in contrast to the formula  

NaCa2Mg3(PO4)2[PO2(OH)2](CO3)(OH)2(H2O)4 proposed in the original works [3,4].  

The crystal structure of cattiite, Mg3(PO4)2(H2O)22 [5] contains two symmetrically independent Mg 

sites, tetrahedrally coordinated by water molecules to form octahedral complexes [Mg(H2O)6]2+. From 22 

H2O molecules present in the structure, four are not bonded to the Mg2+ cations and are located in between 

the [Mg(H2O)6]2+ complexes [6]. The structure consists of layers of the two types. The A layer contains 

[Mg1(H2O)6]2+ groups and the H2O13 molecules. The B layer contains [Mg2(H2O)6]2+ groups, (PO4)3- tet-

rahedra and the H2O6 molecules. The layers alternate according to the ...ABB'ABB'A... or [ABB'] se-

quence, where B' is a layer symmetrically equivalent to B. Natural cattiite is an analogue of synthetic 

Mg3(PO4)2(H2O)22-1A2. The difference between the Mg3(PO4)2(H2O)22 polytypes (cattiite and 

Mg3(PO4)2(H2O)22-1A1) is in mutual relationships of the octahedra located in the adjacent layers. 

The crystal structure of  vendidaite, Al2(SO4)(OH)3Cl(H2O)6, contains one symmetrically independ-

ent Al site octahedrally coordinated by three OH groups and three H2O molecules. Two adjacent 

[Al(OH)3(H2O)3] octahedra share the Oh1...Oh1 edge to form a [Al2(OH)4(H2O)6] dimer with the Oh1-Al-

Oh1 bond angle equal to 76.96(6)o, i.e. considerably shorter than the ideal angle of 90o. The dimers are 

further linked by sharing the Oh4 atoms to form [Al2(OH)3(H2O)6]3+ chains running parallel to the a axis. 

The crystal structure contains (SO4)2- groups and Cl- anions held in the structure by hydrogen bonds only. 

Together with the [Al2(OH)3(H2O)6]3+ chains, Cl- anions and (SO4)2- groups form pseudo-layers parallel to 

(010). 

Steklite, KAl(SO4)2, was first described as a technogenic phase in products of burning coal dumps 

(Chelyabinsk region, Russia). Steklite of natural origin was found in sublimates of the Yadovitaya (Poison-

ous) fumarole of the Second scoria cone of the Northern Breakthrough of the Great Tolbachik Fissure 

Eruption, Kamchatka, Russia [7]. In the structure of steklite, SO4 tetrahedral anions share corners with 

distorted AlO6 trigonal prisms to form 2∞[(Al,Fe)(SO4)2]- layers parallel to (001), with K+ cations located in 

the interlayer space. 
This work was supported for by the Russian Foundation for Basic Research (grant  14-05-00910 and 16-35-

00182) and Russian science Foundation  (grant  14-17-00071). X-ray diffraction measurements have been performed 

at the SPbSU X-ray Diffraction Resource Centre. 
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«Vstrechniy» mafic massif located in under-watershed part of the Mid-Range in upper tide of the 

Right Alkhavitovaya River (the Pustaya River basin) on the northeast part of Kamchatka Peninsula. 

Massif related with gabbro- pyroxenite – dunite massifs of northern-Kamchatka area [1]. 

In the plan massif presents as a stretched lenticular solid concordant with country volcanogenic-

sedimentary rock dated as Late Cretaceous [2]. The intrusion consists of gabbroids, occasionally 

transformed into tectonic breccia. In the subsurface part of the massif the ledges with gabbro-porphyrite 

were found. 

Gabbro-porphyrites are greenish-gray colored with large (till 1,5 cm) grains of zoning 

clinopyroxenes: light green core differ from the dark green, almost black rim. The structure of rock is 

porphyritic, full crystalline. Clinopyroxene in porphyry takes 40% all volume of the rock, the bulk 

composed of plagioclase (labrador) and clinopyroxene minerals. Fe-oxides are idiomorphic and often 

located in edge parts of porphyry with clinopyroxene or alongside with it. It is important to note that in 

crossed nicols phenocrysts of clinopyroxene have oscillatory zoning (Fig.1). Apatite is the accessory 

mineral. 

 

Fig.1 – Microsection showing the oscillatory zoning in clinopyroxene (Cpx), ×5 

Phase compositions were obtained using the Camebax SX50 microprobe (Department of 

mineralogy, Faculty of geology, MSU, Russia) using silicate, vanadate and Ni-oxide standards for 

calibration. The accelerating voltage was 15 kV, the bean current 30 nA, operator – D.A. Khanin. 

Studying with microprobe revealed distinct reverse zoning of diopside-augite grains: cores are 

enriched in Fe, Ti, and Al; at rims the content of Si, Mg, Ca, Cr, and Ni increases. Similar cases with 

oscillatory and reversal zoning in clinopyroxene was described for alkaline basalts [3, 4]. Probably 

genesis of magnesia rim around ferrous core could be result of sharp variations thermodynamic 

conditions melt crystallization during its evolution or the result of mixing two different mafic melts into 

interjacent magmatic chambers [3]. 
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Table 1 - Selected microprobe analyses of clinopyroxene from gabbro-porphyrites 

Label 1 2 3 4 

location R* C R R C C → R C → R 

 SiO2 51.77 53.05 54.17 52.76 51.24 49.43 52.83 52.12 51.93 52.58 52.68 

 TiO2 0.14 0.27 0.15 0.44 0.49 0.64 0.30 0.25 0.49 0.16 0.16 

 Al2O3 1.12 1.59 1.08 1.71 3.72 5.60 2.25 1.84 4.19 1.36 1.25 

 Cr2O3 0.45 0.33 0.36 0.05 0.01 0.01 0.09 0.10 0.10 0.71 0.74 

 FeO* 4.47 4.54 3.25 6.76 7.59 9.21 5.26 4.60 7.13 3.66 3.49 

 MnO 0.11 0.12 0.08 0.32 0.16 0.16 0.09 0.10 0.16 0.11 0.10 

 MgO 18.09 17.19 18.12 15.09 14.90 13.95 16.52 17.70 14.91 17.20 18.10 

 CaO 22.59 22.60 23.41 20.98 21.46 21.48 23.27 23.90 21.75 23.27 23.89 

 Na2O nd 0.65 0.15 0.31 - - - - 0.52 0.42 0.18 

 K2O 0.02 0.03 0.02 - - 0.02 0.02 0.02 - 0.01 0.01 

 NiO 0.08 - 0.01 - - 0.01 0.07 0.07 - 0.03 0.07 

 Total 98.78 100.35 100.78 98.42 99.57 100.52 100.63 100.64 101.17 99.48 100.60 

Cations (О=6) 

 Si 1.91 1.92 1.95 1.98 1.90 1.83 1.92 1.88 1.89 1.92 1.90 

 Ti 0.01 0.01 - 0.01 0.01 0.02 0.01 0.01 0.01 - - 

 Al 0.01 0.07 0.05 0.08 0.16 0.24 0.10 0.08 0.18 0.06 0.05 

 Cr 0.01 0.01 0.01 - - - - - - 0.02 0.02 

 Fe(II) 0.14 0.14 0.10 0.21 0.24 0.29 0.16 0.14 0.22 0.11 0.11 

 Mn 0.01 0.01 0.01 0.01 0.01 0.01 - - 0.01 - - 

 Mg 0.99 0.93 0.97 0.84 0.83 0.77 0.90 0.95 0.81 0.94 0.97 

 Ca 0.89 0.88 0.90 0.84 0.85 0.85 0.91 0.93 0.85 0.91 0.92 

 Na - 0.05 0.01 0.02 - - - - 0.04 0.03 0.01 

 Total 3.98 4.02 4.00 3.99 4.00 4.01 4.00 3.99 4.01 3.99 3.98 

 ƒ, % 12.18 12.90 9.14 20.08 22.05 27.03 15.15 12.73 21.15 10.67 9.75 
R = rim of the grain, С = core of the grain; → - intermediate point behind core and rim of the grain; FeO* = total 

iron as FeO; f = 100*Fe/(Mg + Fe); R*- counted with 0.01 a.f. Ni. Compositions are expressed in wt%. 
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Bystrite and sulfhydrylbystrite, minerals of cancrinite group, were found in lazurite-bearing rocks 

from Malaya Bystraya deposit, Lake Baikal area, Eastern Siberian Region, Russia. The minerals develop 

at the contact with lazurite, at that sulfhydrylbystrite replaces it in some areas with the formation of a 

disequilibrium lazurite-diopside-sulfhydrylbystrite association The structures of both minerals are 

characterized by layers of six-membered rings of ordered SiO4 and AlO4 tetrahedra stacked along [001] 

so as to form a three-dimensional framework. Bystrite and sulfhydrylbystrite in particular are built up by 

ABAC… stacking sequence, which is characterized by the development along [001] of columns of base 

sharing cancrinite cages and columns of base-shared losod cages (fig.1 a). The cancrinite cage is 

composed of six inclined four-membered and five six-membered rings (fig.1 b) (three inclined and two 

rings in the bases of the cage), while the losod cage (fig.1 b) is limited by six four-membered and eleven 

six-membered rings (six inclined, three inclined corrugated and two rings in the bases of the cage). 

 

Fig.1 – Fragment of the bystrite and sulfhydrylbystrite crystal structures; LOS – losod cage, CAN – 

cancrinite cage. a) Sketch of the cages; b) Sketch of the cages, where 1) six-membered ring in the base of the 

cancrinite cage, 2) six-membered ring in the base of the losod cage, 3) six-membered inclined ring, 4) six-

membered corrugated ring are shown; c) Sketch of the cages. The ω1, ω2, υ1, υ2 angles are shown. 

The crystal structure of bystrite from Malaya Bystraya lazurite deposit was determined by 

Pobedimskaya et al. [1], who obtained some unusual results: in their structural model anionic position in 

the center of cancrinite cage is occupied by 0.48 Cl and 0.48 H2O, whereas the composition derived from 

chemical analysis indicate Cl0.08 and (H2O)1 apfu. In their chemical formula the authors [1] also reported 

1.80K, but it is not present in their structural model. We have re-investigated the crystal chemistry and 

refined the structure of bystrite, and obtained results that differ significantly from those of [1].The 

empirical formula of bystrite, investigated by us, is: Na7.03K0.04Ca1.01[Si6.04Al5.96O24](S5)2-
0.94(Cl-

0.88SH-
0.12). 

The crystal structure of sulfhydrylbystrite [2], a new mineral of cancrinite group approved in 2015, very 

similar to bystrite, has been for the first time described by us [3]. The empirical formula of 

sulfhydrylbystrite is: Na5.17K1.87Ca0.99[Al6.01Si5.99O24](S5)2-
0.86(SH-

0.86Cl-
0.07). The pentasulfide anion S5

2- 

occurring in both bystrite and sulfhydrylbystrite was confirmed for the first time in minerals. 

The aim of this study is the investigation of the low-T behavior of bystrite and sulfhydrylbystrite 

by means of single crystal X-ray diffraction, in order to describe and compare their thermoelastic 

properties, the main deformation mechanisms. 

The fragments of bystrite and sulfhydrylbystrite crystals were mounted on a Bruker AXS D8 

VENTURE dual source diffractometer with a Photon 100 detector under monochromatized MoKα 

radiation. Intensity diffraction data were collected at 100 K. Low temperature data collections were 

performed with the crystal cooled by a Bruker Cobra nitrogen Cryostat. Complete data collection was 
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accomplished by several φ and ω scans with 0.5º rotation, 9 s exposure time per frame and a crystal-to-

detector distance of 40 mm. The data collection strategies were optimized and least-squares refinements 

were performed. The refined parameters were: scale factors, atomic positions, occupancies and atomic 

displacement factors. The crystal structures of bystrite and sulfhydrylbystrite were refined to R = 

0.028/0.034 on the basis of 2973/2363 unique reflections ǀF0ǀ > 3F for data collected at low temperature 

for bystrite and sulfhydrylbystrite, respectively. The comparison of electron-density maps calculated at 

the interlayer for the data obtained at room and low temperature indicates no fundamental differences. In 

both cases the positional disorders of extraframework M3 and M4 cationic and some X1-X5 anionic sites 

in the losod cage were confirmed. The splitting arises from the different conformations of S5
2- anion and 

their arrangement around the 3-fold axis of the structure. 

The unit-cell volume of bystrite and sulfhydrylbystrite decreases and similar behavior is also 

observed along the unit-cell edges (Table 1). The equivalent thermal parameters of cationic and anionic 

sites decrease during low-T experiment. 

Table 1 – Unit cell parameters (space group P31c) and selected angles of bystrite and sulfhydrylbystrite 

crystal structure at 293 and 100 K temperature study 

Cell parameters 
Bystrite Sulfhydrylbystrite 

293 K [2] 100 K 293 K [2,3] 100 K 

a, Å 12.8527(6) 12.8080(5) 12.9567(6) 12.9394(5) 

c, Å 10.6907(5) 10.6511(5) 10.7711(5) 10.7600(4) 

c/a 0.8318 0.8316 0.8313 0.8316 

V, Å3 1529.4(1) 1513.2(1) 1566.0(1) 1560.2(1) 

Angles (º)     

ω1 128.24(9) 130.42(7) 117.2(1) 121.3(1) 

ω2 109.41(6) 107.42(5) 119.01(9) 115.3(1) 

υ1 135.32(7) 136.13(5) 136.9(1) 136.9(1) 

υ2 103.17(6) 101.85(5) 103.06(8) 102.63(9) 

 

The 6-membering rings of the cancrinite and losod cages show a ditrigonalization process with 

decreasing temperature, as shown by the opening of the ω1 and υ1 angles and the closure of the ω2 and 

υ2 angles of bases cancrinite and losod cage rings, respectively, in the structure of bystrite and 

sulfhydrylbystrite (Fig.1 c, Table 1). The inclined and inclined corrugated 6-membered rings demonstrate 

the same trend. Thus, the opening of three angles of the inclined rings reaches on average 3.3º and 7.1º, 

and the closure of the opposite ones equals to 3.1º and 7.1º for bystrite and sulfhydrylbystrite, 

respectively. The opening of three angles of the inclined corrugated rings in bystrite and 

sulfhydrylbystrite structures during the cooling averages 3.1º and 6.2º, and the closure of the opposite 

ones - 2.9º and 6.2º, respectively. A deformation of the coordination polyhedra of the cationic 

extraframework sites is strictly controlled by the ditrigonalization of the rings. 

This is the first investigation of the structural evolution of bystrite and sulfhydrylbystrite at low 

temperature. No evidence of phase transition was found. The extraframework population does not show 

significant variations at temperature down to 100 K and strong position disorder of these sites persists. 

The structural behavior of the minerals at low-T appears to be governed mainly by framework 

rearrangement through tetrahedral tilting. In particular, the main deformation mechanism are represented 

by ditrigonalization, at that inclined and inclined corrugated six-membered rings are stronger deformed 

and the rings in the bases of the cancrinite and losod cages are deformed to a lesser degree. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00137). 
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Water can change physical and chemical properties of mantle minerals, or the part of the mantle, 

for instance, the effect of OH on mineral deformation and its impact on mantle rheology [1]. Kimberlites 

are one of the most important objects for research because they carry mantle xenoliths to the surface. So 

that kimberlites are the only direct source of information on the petrology and geochemistry of the deep 

mantle rocks. 

We have studied representative collection of the 19 and 25 relatively fresh xenoliths of peridotites 

and eclogites, respectively. The xenoliths of peridotites are non-deformed and deformed garnet lher-

zolites, harzburgite and dunite. The studied peridotites contain 45-70% olivine, 10-40% orthopyroxene, 5-

25% clinopyroxene and 10-25% garnet. The garnet bearing peridotites have microscopically recognizable 

deformation textures. The peridotite xenoliths have granular, porphyroclastic, mosaic-porphyroclastic and 

fluidal textures [2]. Using different degrees of peridotites deformation we identify three types of lher-

zolites: non-deformed garnet lherzolites, medium-deformed garnet lherzolites and high-deformed garnet 

lherzolites.  

The studied eclogites are bimineralic and contain 40-70 % clinopyroxene (Cpx) and  

30-60 % garnet (Grt). Cpx and Grt show wide range of compositions. Clinopyroxenes are characterized 

by Na2O (1.7- 7.0 mas.%) and Al2O3 (1.9-15.3 mas.%) contents and Mg# 73-92. In garnets almandine 

component varies from 19 to 48%, pyrope component from 21 to 72%, grossular component from 8 to 

33%. All eclogites are divided into three groups by classification scheme of [3], based on MgO and Na2O 

contents in Cpx. 

Using calibration coefficients [4] we calculated water content in mineral samples. Water contents 

in peridotites range from 2 to 95 ppm in olivine, 8-61 ppm in orthopyroxene, 7-71 ppm in clinopyroxene. 

The water in eclogites is mainly stored in omphacite (4-99 ppm). Garnets do not contain measurable OH 

in both rock types. Taking into account the volume ratios of mineral phases in the studied xenoliths, the 

water contents vary over narrow ranges, from <1 to 61 ppm in peridotites and from 2 to 55 ppm in eclo-

gites. It should be noted that the high-deformed peridotites have the highest water content and vice versa, 

low-deformed and non-deformed ones contain the low water amounts. We suppose that higher water con-

tents in deformed peridotites associate with water enrichment of kimberlite fluid, which infiltrate through 

the peridotite vein. 

Moreover we obtained no correlation between eclogite water concentration and temperature, 

pressure or composition of the rock. Low amounts of water in eclogites may be related to intensive dehy-

dration during subduction or partial melting of the rock before kimberlite ascent. The former confirm lim-

ited water transfer in subducted slab. 
This work was partially supported by the Ministry of education and science of Russian Federation, project 

No. 14.B37.21.0457 and RFBR (projects No 15-55-50033; 15-55-53029; 16-35-00317). 

 

References: 
1. Miller G.H., Rossman G.R., Harlow G.E. (1987): The natural occurrence of hydroxide in olivine // Phys. 

Chem. Miner. V. 14. P. 461-472. 

2. Harte B. (1977): Rock nomenclature with particular relation to deformation and recrystallization textures in 

olivine-bearing xenoliths // J. Geol. V. 85. P. 279–288. 

3. Taylor L.A., Neal C.R. (1989): Eclogites with oceanic crustal and mantle signatures from the Bellsbank kim-

berlite, South Africa, Part I: mineralogy, petrography, and whole rock chemistry // J. Geol. P. 551-567. 

4. Bell D.R., Rossman G.R., Maldner J., Endisch D., Rauch F. (2003): Hydroxide in olivine: A quantitative de-

termination of the absolute amount and calibration of the spectrum // J. Geoph. R. V. 108. P. 1–9. 

 

148

Mineralogy and experimental mineralogy



MINERALS OF SPINEL GROUP IN MASSIVE SULFIDE OF THE KOLA 

REGION, RUSSIA 

Kompanchenko Alena, Voloshin Anatoly, Bazai Aya 

Geological Institute, KSC RAS, Apatity, Russia  

Spinel group, coulsonite, magnetite, chromite, massive sulfide ore, Kola region, Russia  

Massive sulfide ore is developed on Bragino site, South Pechenga structural zone (SPSZ), the Ko-

la region, Russia [1]. The ores are divided into four types according to texture: massive, banded, brecciat-

ed and disseminated. The main ore minerals are pyrrhotite, pyrite, marcasite, chalcopyrite, sphalerite, and 

ilmenite. Secondary ore minerals are galena, molybdenite, arsenopyrite, pentlandite, cobaltite, tellurides 

of Ag and Au. 

The study of the chemical composition of minerals was conducted on SEM Leo-1450 and Came-

ca MS-46. The Raman spectra are obtained from the Raman spectrometer Almega XR ThermoScientific, 

Olympus VH51 microscope, 100x lens, the laser wavelength 532 nm. 

The studies identified a new type of mineralization - vanadium mineralization represented by spi-

nel group minerals - coulsonite FeV2O4 and high-vanadium V-chromite, V-containing minerals of crich-

tonite group, ilmenite, rutile and silicate phases. This finding of coulsonite is the second in Russia. For 

the first time coulsonite was found in massive sulfide occurrences in Prikhibinye (Imandra-Varzuga 

Structure Zone, IVSZ) [2]. 

 

Fig.1 – Morphology and the character of segregation of minerals of spinel group. A - octahedral crystal of 

coulsonite in pyrrhotite matrix. SE image. B - central part of the crystal - coulsonite (Cou), margin zone - 

magnetite (Mgt). Po - pyrrhotite. C - Crystal of coulsonite with phase heterogeneity (lower left). BSE image. 

The lower center figure – the characteristic emission of chromium. The lower right figure – the characteristic 

emission of vanadium. 

Coulsonite occurs as single octahedral crystals and adolescents, as well as rounded grains. It was 

found in massive (most large euhedral crystals up to 0.3 mm (Fig.1 A) and brecciated ore types. Often 

mineral is in close intergrowths with ilmenite, rutile and minerals of crichtonite group. Individuals of 

coulsonite are characterized by phase heterogeneity due to presents of relics of V-cromite (Fig.1 C), 

where the central part of the grain corresponds to primary chromite and rims, to coulsonite. Chemical 
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composition of coulsonite which was found in SPSZ massive sulfide ore differs from that founded in 

IVSZ massive sulfide ore [2] by high content of chromium and iron. Also noted impurities are Zn, Mn, 

Al, Ti, Si (Table 1). Magnetite is formed at the rim of the coulsonite grains smaller than 50 µm (Fig.1 B). 

Minor amount of V2O3 (1%), and traces of Cr, Zn, Si, Mn were noted in magnetite. Also magnetite is ob-

served as inclusions of octahedral microcrystals in goethite, but its genetic position is not yet clear. All 

minerals of spinel group have been confirmed by Raman spectra corresponding to appropriate standards 

of this mineral species. 

Table 1 – Chemical composition of minerals of spinel group, wt. % 

Oxides V-Chr 
Coulsonite 

Mgt 
1 2 

FeO 30.33 33.63 31.13 44.13 

ZnO 4.71 2.84 4.18 0.36 

MnO 0.52 0.21 0.40 0.28 

MgO 0.3 - 0.18 - 

V2O3 21.7 39.66 28.25 0.65 

Fe2O3 8.36 12.39 9.27 53.15 

Cr2O3 31.85 10.98 25.29 0.35 

TiO2 0.45 0.43 0.73 0.07 

Al2O3 3.04 1.11 1.89 0.08 

SiO2 - 0.13 - 0.69 

Total 100.00 100.00 100.00 100.00 
Note. Сou-1, Mgt – see Fig.1 В. Сou-2, V-Chr –see Fig.1 С. 

 

Conclusions. The investigation established evolution time series of minerals of spinel group in 

massive sulfide ores from the primary V-chromite until late magnetite. Chromite is observed as relics in 

the central part of coulsonite crystals, as well as in the form of small octahedral crystals. Coulsonite is 

characterized by extremely variable content of Cr2O3, from 5 to 23 wt.%. Magnetite completes evolution-

ary series minerals of spinel group and forms rims around coulsonite crystals up to 50 µm, the thickness 

of the rims varies from a few microns up to full substitution coulsonite with the formation of pseudo-

morphs. 
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Silicate melts are widespread in the nature and their structures variety is caused by ability of 

tetrahedrons SiO4 to connect to each other forming difficult silicate anions. One of the most efficient in 

situ tools to study melt structures is high-temperature spectroscopy [1, 2]. However, experimental studies 

of melts are difficult and can be applied only compositionally simple systems. Consequently, use of 

physicochemical modeling methods is topical for determining the dependence of melt structure on 

chemical composition and temperature. 

The aim of our investigation is comparison and matching of experimental data with 

physicochemical modeling results of silicate melts. The design of a physicochemical model suggests the 

existence of a database of thermodynamic properties of silicates consistent with the results gained by 

Raman spectroscopy, which would provide an experimental substantiation to the prediction of melt 

structures over wide ranges of compositions and temperatures. 

In silicate melts there are unordered polymeric anions which make up structural units of glasses 

and crystalline silicates. These structural units are silicon – oxygen tetrahedral Qn, which are 

differentiated in the ratio between terminal and bridging (n) oxygen atoms and consist of the central 

silicon atom and four oxygen atoms [3-5]. 

To compare the results of spectroscopic data with physicochemical modeling, let us assume that 

∆fG° the free energy of formation of crystalline silicates from simple substances, can be useful for 

estimating the thermodynamic characteristics of Qn structural units. Hess [3] showed that the energies of 

reactions in silicate systems are determined by short-range forces; therefore, such a quasi-crystal 

approximation can be applied to the thermodynamic description of melts. For this reason, the list of 

probable components of the model will include the silicates that stoichiometrically correspond to Qn 

structural units [4]. 

Having dependence of thermodynamic properties on the type of structural unit derived by us [5], 

we were able to make consistent the divergent values of thermodynamic and thermochemical potentials 

and to estimate the heat of melting and melting temperatures of heretofore unstudied alkali metal silicates 

using the method proposed in [6]. 

In summary, having calculated the thermodynamic properties of melt components based on the 

results of spectroscopic studies, we compiled a thermodynamic database for both lithium, potassium, and 

sodium silicates and for Qn tetrahedral that exist in silicate melts. The sodium silicate system, which is 

best studied, has least deviation of model data from the experiment. Lithium silicate and potassium 

silicate melts were modeled exactly in the range of up to 60 and 50 mol % M2O, respectively. The 

divergence between the calculated and experimental data results from an insufficiency of experimental 

data on lithium silicate and potassium silicate melts (Fig. 1). The comparison of physicochemical and 

experimental results implies the applicability of the method for calculating and fitting thermodynamic 

properties for components of silicate melts where the modifier cations are lithium, sodium, or potassium. 
This study was supported by the Russian Foundation for Basic Research (project nos. 16-35-60045 and 15-

05-02216) and by the Presidential grant for support of young Russian scientists (MК-5863.2016.5). 
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Fig.1 – Qn structural unit distribution depending on temperature for the 33%M2O∙67%SiO2 (where M – Na, 

K, Li) system. Symbols show Raman spectroscopy datapoints [7] 
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An important role in shaping the structure of melts is played by network modifying cations: their 

concentrations control the number of non-bridging oxygen bonds and, correspondingly, the degree of melt 

polymerization, whereas the type of the cation controls the coordination number of Ge atom and Qn-

distribution in silicate and germanate melts and glasses [1]. It is known [2] that the determining role in the 

origin of silicate structures, including the crystallization of melts, is played by cations, to which silicon–

oxygen anionic tetrahedrons “accommodate”. In general, a model for the structure of silicate melts should 

also account for the behavior of cations in melts (cation–anion model), which is particularly important 

with the transition from simple to more complicated multicomponent melts and naturally occurring 

magmas in which cations of various types coexist. 

In order to examine relations and trends in the behavior of network modifying cations, Raman 

spectroscopy was applied in [3] to study the structure of model three component glasses of the 

composition (40 – х)%К2О·х%Li2O·60%SiO2 with two network modifying cations (К+ and Li+) that have 

significantly different ionic potentials. It was demonstrated that glasses of this composition contain 

structural units of two types (Q3 and Q2), and the analysis of the behavior of the characteristic vibration 

frequencies of Si–O…M bonds in these structural units during the systematic substitution of potassium 

cations for lithium cations made it possible to determine a non-statistical distribution of network 

modifying cations. It was also demonstrated that the K+ cation is prone to occupy cation sites near SiO4 

tetrahedrons with a single non-bridging O atom, whereas Li+ tends to occupy sites near SiO4 tetrahedrons 

with two non-bridging O atoms. This result is in good agreement with the polarity principle of chemical 

bonds and concepts currently adopted for the acid–basic interaction in silicate melts [4, 5]. 

Germanate systems can be considered as high-pressure structural analogues of silicate melts, 

because the coordination number of germanium atom can be not only four, but five and six. System K2O-

Li2O-GeO2 (with 20 and 30 mol. % of cation oxide) was studied by Raman spectroscopy to detect anionic 

motifs, which are connected multi-alkali effect: extremes on the physicochemical properties dependence 

on the composition in oxide systems with several modifier cations. Figure 1 shows that the glass 20Li 

structure consists mainly of three-membered rings, consisting of germanium-oxygen tetrahedra GeO4 

(band 532 cm-1). A weak shoulder near 475 cm-1 corresponds to the presence of a small amount of Ge 

(V). Glass 20K structure also consists mainly of three-membered rings, the low-band (632 cm-1) indicates 

the presence of Ge (VI). The high-frequency region of the spectra is characterized by bands 770 cm-1 and 

880 cm-1 (TO-LO-doublet) and 830 cm-1 and 879 cm-1 (Q3 (Li+) and Q3 (K+), respectively). 

Figure 1b demonstrate Raman spectra of germanate glasses containing 30 mol. % of alkali cation 

oxide. The same bands are observed in high-frequency region, but low frequencies contain additional 

peaks. The spectrum of 30K glass has a clear peak near 654 cm-1 corresponding to vibrations of Ge (VI) + 

Ge (IV). So the substitution of Li+ by K+ in germinate glasses containing 30 mol. % of alkali cation oxide 

leads to appearance of Ge (VI) joined to Ge (IV). It is interesting that the peak 470 cm-1 is not so marked 

and can be noticed only in spectra of 20K10Li. Moreover the intensity of low-frequency region is smaller 

than of high-frequencies in 30K and 30Li while in all spectra of glasses with 20 mol. % of alkali cation 

oxide this region dominates. Thus Raman spectra of glasses containing 20 mol. % of alkali cation oxide 

are more informative about high-coordinated germanium atoms than ones of glasses with 30 mol. % of 

cation oxide. 

It has been found that the replacement of Li+ to K+ in the lithium tetragermanate glass occurs first 

increase the amount of Ge (V) on the background of disappearance of non-bridging oxygen atoms 

associated with lithium cations. Further substitution leads to formation of Ge (VI) followed by appearance 

of non-bridging oxygen atoms coordinating potassium cations. Thus, there is a non-statistical distribution 

of modifier cations in the tetragermanate glasses. With equal opportunities lithium cations proved to 

occupy energetically favorable position near Ge (V), whereas potassium cations prefer Ge (VI) 

environment. This research allows to define conditions of high-coordinated germanium appearance in 
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multialkali germanate glasses. A non-statistical distribution of modifier cations in germinate and silicate 

glasses was found. 

 

Fig.1 – Raman spectra of glasses хK2O(20-х)Li2O-80GeO2, where х = 0, 5, 10, 15, 20 mol. % (20K, 15K5Li, 

10K10Li, 5K15Li, 20Li, correspondingly) (a) and хK2O(30-х)Li2O-70GeO2, where х = 0, 10, 20, 25, 30 mol. % 

(30K, 20K10Li, 10K20Li, 5K25Li, 30Li  correspondingly) (b) 

This work was financially supported by the Russian Foundation for Basic Research, project № 15-05-

02216 and 16-35-60045, and by the Presidential grant for support of young Russian scientists (MК-5863.2016.5). 
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Crystal growth, double tungstates, optical properties 

Single crystals of double tungstates of rare-earth elements are of interest due to a wide set of 

unique physical properties. For instance, these compounds may be a phosphor of WLED (White Light-

Emitting Diodes (WLED)). Also, crystals having a Tm3+ in the structure may gain a laser generation in 

the two-micron range. These crystals have a wide line of absorption near 0.8 microns, which is ideal for 

pumping by powerful laser diodes. The lasers have been working in these wavelengths are used in remote 

sensing of atmosphere and for medical applications. It is worthy to note that no study of optical properties 

of Tm-containing tungstate is published yet. 

In this report, LiTm(WO4)2 single crystals were grown using the TSSG (top-seeded solution 

growth) (Fig.1) method with TmNO3 (99.999%), WO3 (99.99%), and Li2CO3 (99.999%) used as starting 

reagents. Polycrystalline samples of LiTm(WO4)2 were synthesized by high-temperature solid-state 

reaction at 500ᵒC. After this process the single-phase powder of LiTm(WO4)2 , checked by X-ray powder 

diffraction analysis, was obtained. X-ray diffraction pattern has been compared with those of LiR(WO4)2 

family (R – heavy lanthanides: Dy, Er, Ho, Ly). It is vital to note that, the arrangement and intensity of 

peaks of LiR(WO4)2 are identical to LiTm(WO4)2. Thermal behavior of LiTm(WO4)2 was investigated by 

means of differential thermal analysis (DTA). There was a single endothermic peak at 1007ᵒC on heating, 

but two exothermic peaks were found on the cooling curves. That means that LiTm(WO4)2 melts 

incongruently and flux method should be use. By means of theoretical and experimental methods possible 

fluxes were analyzed. Finally, the composition 0.55Li2WO4-0.45WO3 was chosen for the growth of single 

crystals. Absorption spectrum of grown samples was recorded from 300 to 850 nm (Fig.2), which showed 

a noticeable peak of absorption at 0.8 microns. This allows to consider LiTm(WO4)2 crystals as the 

potential laser medium. Phosphor application and fluorescence spectra of the samples will be discussed at 

the talk. 

 

Fig.2 – Absorption spectrum Fig.1 – Transparent grain cleaved from 

LiTm(WO4)2 polycrystall (show in the figure 

inside) 
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In last years the great work of studying the concentrically zoned clinopyroxenite-dunite massifs 

of the Uralian or Ural-Alaskan type, widely distributed in Koryak-Kamchatka region (approximately 30-

40 massif). The Tamanvayam group of massifs in one if the latest not very well studied objects of current 

type in that region. The reason of relatively low interest payed to this massif by the researchers is its low 

erosion level, which does not allow us to expect the profitable placer deposits associated with it. In the 

modern erosion outcrop, only gabbro and different clynopyroxenites can be seen, while dunite (the main 

source for PGM in most Uralian-Alaskan type massifs [1]) was still not found. This makes even the 

assignment of these massifs to the Ural-Alaskian type not 100% reliable. Therefore, studying of PGM can 

lift the veil on the origin of Tamanvayam group massifs and the geology of adjacent territory. 

Prizhimny Creek drains the satellite massif of Tamanvayam group, situated at Tamanvayam river 

basin. Small gold placer, located at the alluvium of the Creek was developed at 1999-2003; by the end of 

mining operations, 850 kg of gold and 50 kg of PGE was obtained. Most of the PGM grains are small-

sized (0,1 – 0,2 mm), in this work we used partly the ordinary material, partly – the largest grains we have 

obtained (2-4 mm). 

All of about 25 five PGE-grains, studied by electron microprobe, are represented by Pt-Fe-Cu 

alloys (Fig.1), containing inclusions of native osmium, chromite, Cr-rich magnetite, several unnamed 

phases – sulfides of Pt, Ir and Ru (Fig.2). Al Pt-Fe-Cu alloys refer to Ir-free native platinum 

(isoferroplatinum was not met at all). Both these features are typical for the platinum mineralization in 

clinopyroxenites and olivine clynopyroxenites. 

Cr-rich magnetite is typical for olivine-clinopyroxenite and wherlite [3]. We have also found it at 

olivine clinopyroxenite from Machevna massif – one of the Tamanvayam group. The presence of both 

  

Fig.1 – Composition of PGE alloys from placer of the 

Prizhimny River in terms of the Fe – Pt – Cu 

diagram. Gray area – composition of Fe-Pt-Cu alloys 

of Galmoenan massif [2] 

Fig.2 – BSE-image of unnamed sulfide phases 

inclusions in platinum. The plate-shaped 

crystals of native osmium with slight impurity of 

Ir and Ru can be seen 

100 мкм

(Pt, Fe)

(Os, Ir, Ru)

PtS

(Ir, Pt)S2

(Ir, Ru)S2
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chromite and Cr-rich magnetite also shows us, that the source of PGM may be heterogenic – minerals 

could be extracted partly from olivine clinopyroxenite body and partly – from completely eroded body of 

dunite of the same massif. 

In Kamchatka, the closest to the Prizhimny PGM association was described for Pustaya River that 

is also considered to have the outer parts of concentric-zoned massifs (consisting of clinopyroxenite and 

wherlite) as the source of PGM [4]. Most feauters – Pt-Fe-Cu alloys composition, inclusions of osmium, 

absence of Ir impurities in platinum are typical for both placers. The only serious difference is full 

absence of Pd impurity in platinum of Prizhimny Creek placer. 

Summarizing all fact, we can conclude, that the source of PGM in Prizhimny Creek placer was 

the mineralization in the outer parts of concentric-zoned massifs of Ural-Alaskian type; PGM may origin 

partly from clinopyroxenite and partly from dunite. 
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The actual problem today is to find and improve methods to get UV radiation. The most popular 

method of obtaining this radiation is to convert the light from solid-state lasers by means of nonlinear otical 

crystal. 
Borates is one of the most promising classes of NLO converters. In most cases, they have wide 

range of transparency, good chemical stability and high laser damage threshold. Up to now the deepest UV 

radiation from the solid- state laser was obtained with KBe2BO3F2 crystal. However, the use of KBBF is 

complicated because of the layered structure and plate-like morphology. [1] Then, KBBF was replaced by 

the compound with similar formula Sr2Be2B2O7. SBBO has less expressed anisotropy of the chemical bonds 

in the structure. However, it is very difficult to obtain high-quality crystals of this compound because melt-

solution crystallization from known solvents is possible at high temperatures in the narrow range of con-

centrations. For KBBF and SBBO the common the disadvantage is the presence of toxic beryllium in their 

composition.  

A large number of isostructural compounds were obtained by heterovalent replacing of Sr2 + and 

Be2 + in SBBO to Al3 + and alkali or alkaline earth metals. K2Al2B2O7 is one of this compound, which has 

less pronounced anisotropy of chemical bonds, non-hygroscopic, high hardness and wide range transpar-

ency from 180 nm to 3600nm. KABO should be grown from flux because it has incongruent melting. The 

use of solvents like K2CO3, NaF, NaF-B2O3, KF et al. is already described [2]. The largest crystals from 

NaF-B2O3 flux were grown and today this solvent is considered to be the most promising. 

In this work, we continued the search of solvent for KABO. Experiments were repeated with known 

solvents: KF, NaF, NaF-B2O3 и K2CO3. Typical drawbacks of these fluxes were high volatility (KF), reac-

tion with crucible (K2CO3) and high viscosity in the case of NaF-B2O3. 

Due to the large content of B2O3 and Al2O3 in the composition of KABO, the problem with melt 

viscosity is mostly challenging. So we tested some solvents of molibdates and their analogues which are 

used for growth of YAl3(BO3)4. Following systems were considered: K2Mo3O10–B2O3, K2SO4–3MoO3, KF–

K2B4O7, K3FMoO4.  However, none of these solvents resulted in KABO phase. For K2Mo3O10–B2O3 and 

K2SO4–3 MoO3 systems the solubility of Kabo does not exceed 20 mol% resulting to glass formation on 

cooling. KF–K2B4O7, K3FMoO4 are also not suitable due to the strong evaporation. 

Next step was to test fluorides and borates of Li, Na, K. These solvents are characterized by higher 

viscosity than molibdate solvents. We tested the following solvents: KF–K2B4O7, KBO2–KF, LiF–B2O3, 

LiBO2–LIF, LiF–Li2O. Fluxes with KF-K2B4O7 and KBO2–KF are characterized by high volatility and LiF-

B2O3 was found to have melt stratification. Addition of 10 mol% of KABO in LiF–Li2O produced insoluble 

precipitates. 

KABO crystals were obtained from the solvent with eutectic composition 0,59 LiBO2 - 0,41 LiF. 

The size of crystals was increased by using rotation of seed holder. This solvent has a high viscosity so 

addition of LiF was made. However, when we increase the content of LiF in the flux, the resulting KABO 

crystals demonstrate the shift of peaks on the x-ray diffraction pattern, which may indicate a partial replace-

ment of K in the structure. Nevertheless, the obtained crystals remain noncentrosymmetric which was con-

firmed by the effect of second harmonic generation from 1064 nm laser. 
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Amphibole lamellae, clinopyroxene, EBSD. 

The study of the content and ways of "water" 

penetration into nominally anhydrous ultramafic 

minerals is one of fundamental objectives of the Earth 

mantle research. The Urals present a unique geologic 

formation, composed mostly of mantle rocks, similar to 

xenolith in composition. The study of ultramafic rocks 

is often difficult due to superimposed metamorphism 

processes. An earlier work [1] has shown that 

nominally anhydrous clinopyroxene from deep (about 

1000m) Kempirsai massif rocks, which did not 

experience serpentinization, are inhomogeneous and 

contain microscopic lamellae of aqueous amphibole. 

Based on the data of chemical composition and regular 

arrangement of lamellae in host mineral grains, 

amphibole lamellae are interpreted as decay products 

of structural-water-containing clinopyroxene. 

In this research, the structure and orientation 

relationship of clinopyroxene mineral matrix and its 

decay products in natural samples of clinopyroxene 

from spinel lherzolite of the Kempirsai massif 

Southeast block (South Urals) were studied by EBSD - 

electron backscatter diffraction (scanning electron 

microscope JSM-6390LV, Jeol, with EBSD 

NordlysNano and EDX X-max 80 consoles, Oxford 

Instrument, Shared Services Research Center 

"Geoanalitik"). The structure and composition of the 

detected inclusions in clinopyroxene (diopside 

CaMgSi2O6, space group C2/c) correspond to the 

composition and structure of calcium amphibole 

((СaMg)7-8[Si4O11]2(OH)2, space group C2/m). The 

inclusions are observed both in the form of rounded 

grains up to 60 microns, and thin lamellae about 20 

microns long and 2-4 microns wide (Fig. a, b). The 

orientation distribution analysis using inverse pole 

figures has shown that lamellae within a clinopyroxene 

grain are oriented identically (Fig.1, b); the angle 

variation does not exceed 20. The orientations of crystallographic axes of amphibole lamellae and 

clinopyroxene host matrix are similar, while the orientation of rounded amphibole micro-inclusions 

relative to the matrix is arbitrary. The data indicate the occurrence of lamellae as a result of primary 

clinopyroxene structure decay. The nature of large inclusions (their occurrence prior to lamellae dropout 

or as a result of lamellae segregation) is not clear. In conclusion, the use of EBSD technique to 

reconstruct water metamorphism processes involving nominally anhydrous minerals is promising. 
The work was supported by the Russian Science Foundation, grant N16-17-10283, and the Presidium of the 

Ural Branch of RAS, project № 15-18-5-53 “Alpine ultramafic Urals and related chromite mineralization: 

geochemistry and isotopes of rare elements, the redox state of Fe, Cr-containing mineral solid solutions, micro-

mineralogy”. 

 

Fig.1 – BSE image (a), distribution map of 

crystallite orientations relative to the plane 

of the sample (b), inverse pole figures (c) 
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А non-destructive Raman spectroscopy technique was applied to measure the degree of crystallin-

ity of zircon from Verhneurmijsky biotitic (Zrn-Bt) and zinnwalditic (Zrn-Znw) granites [1]. Raman spec-

tra were collected by means of the Renishaw InVia Raman spectrometer using an excitation wavelength 

of 785 nm and standardized by the 520.5 cm-1 line of a silicon wafer. The Raman spectra of Zrn-Bt and 

Zrn-Znw samples were obtained from the analytical points of the preceding ion microprobe analysis of 

trace elements content (Fig.1). The formation region of recorded spectra is only narrow range from 950 to 

1050 cm-1, containing ν1 (975 cm-1) and ν3 (1008 cm-1) bands, which are responsible for symmetric and 

anti-symmetric stretching of the SiO4 group, respectively [2, 3]. 

The set of rather conformal spectra and wave numbers of Raman modes for both zircon types un-

der study are in agreement with other studies [2, 3, 4, 5] and characterized by the left side wave-shaped 

curves elevation with the extremum value in the range of 200-350 cm-1, overlapping an external transla-

tional (202, 225, 355 cm-1) modes of SiO4 tetrahedra. 

 

Fig.1 – Raman spectra of zircon from biotitic (Zrn-Bt) and zinnwalditic (Zrn-Znw) granites at the certain 

points corresponding to the zircon ion microprobe analytical points; the dotted red lines indicate the position 

of the characteristic peaks of SiO4 oscillations in crystalline zircon: v1 - 975 cm-1,  v3 - 1008 cm-1 

The spectra of the Zrn-Znw without distinction of core/rim crystal zones are characterized by 

whole peaks reduction grading into the wave-shaped curves. Whereas in passing from the center to the 

periphery in the vast majority of Zrn-Bt grains, comes around a gradual shift in the red region for the 

ν1(SiO4) and ν3(SiO4)  peaks, accompanied by peak tailing up to complete disappearance of the peaks and 

the emergence of so-called amorphous halo, typical for zircon enriched in REE and resulting from laser-

induced fluorescence emissions of the luminophor impurities [4].  In some cases, Raman spectra of the 

Zrn-Bt rims are similar to Zrn-Znw spectra along the whole grain, which could indicate the analogous 

alteration processes. 

In the light CL-zones (principally corresponding with core zones) of the Zrn-Bt crystals FWHM 

of the ν3(SiO4) band ranges from 8.7 to 18.4 cm-1, which suggests only a partial amorphization of the 

crystal structure (so-called transit state). The peak reduction in the spectra of the zircon rim gives evi-

dence of significant structural radiation damage (FWHM minimum value is 29.1 cm-1), leading to an in-

crease in the zircon reactive capacity and dramatic accumulation of trace elements [5]. 

The coincidence of Raman and ion microprobe analytical points make possible to trace the rela-

tionship between the characteristics of the ν3(SiO4) peak with the composition of zircon, expressing them 
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through appropriate correlations. As consequence, it was revealed that the peak broadening and the value 

of the Raman shift expectedly decrease with the increase of LREE, Li, F content and Th/U ratio.  Howev-

er, the increasing of the Ce-anomaly value are accompanied by increase in Raman shift magnitude of 

ν3(SiO4) peak.  Shown correlation is regular from the standpoint of Ce4+ incorporating into the zircon 

crystal structure according to the isovalent isomorphism model: due to the proximity of Ce4+ (0,097 nm) 

and Zr4+ (0,084 nm) ionic radius, isomorphic occurrence of  Ce4+ in  Zr4+ position does not lead to signifi-

cant distortions of the zircon crystal lattice. Reduction of zircon crystallinity accompanied by the broad-

ening and redshift of the ν3(SiO4) peak is also confirmed by the decrease in the degree of REE fractiona-

tion (LuN / LaN) specific to altered zircon. 

 

Fig.2 – (left) Abrupt increase in volatiles (F) and rare alkalis ( Li) content in zircon from zinnwalditic granites 

(Zrn-Znw); (right) Increasing of uranium accumulation gradient in zircon through the formation of Ver-

hneurmijsky intrusive series: from biotitic (Zrn-Bt) to zinnwalditic (Zrn-Znw) granites 

These spectral signatures of Zrn-Bt and Zrn-Znw show zircon crystallinity reduction through the 

formation in Verhneurmijsky granitoid series. The reduction of zircon crystallinity is also verified by in-

creasing of uranium accumulation gradient and resulting in extension of isomorphic capacity of zircon 

lattice with naturally determined accumulation of rare earth (REE, Y) elements and abrupt increase in the 

concentration of volatiles (F) and rare alkalis (Li) at the stage of lithium-fluorine granites formation 

(Fig.2) [1]. 
The research was supported by the Ministry of Education and Science of Russia (design part of the state 

task in the scientific sphere № 5.2115.2014/K for 2014-2016). 

 

References: 
1. Alekseev V.I., Polyakova E.V., Machevariani M.M., et al. (2014): Evolution of zircon from postorogenic in-

trusive series with Li-F granites, Russian Far East // Geology of ore deposits. V. 56. №7. P. 513-530 

2. Dawson P., Hargreave M.M., Wilkinson G.R. (1971): The vibrational spectrum of zircon (ZrSiO4) // J. Phys.C: 

Solid St. Phys. V. 4. P. 240–256 

3. Gusik A., Zhang M., Koeberl C., et al. (2004): Infrared and Raman spectra of ZrSiO4 experimentally shocked 

at high pressures // Mineralogical Magazine. V. 65. №5. P. 801–811 

4. Kozhevnikov V.N., Ivashevskaya S.N., Kevlich V.I. (2015): Geochemistry and Raman spectra of zircons from 

ore (PGE*Au) amphibolites of the Travyanaya guba massif, North Karelia // Proceedings of Karelian Research 

Centre of Russian Academy of Sciences. № 7. P. 36-53 

5. Nasdala L., Irmer G., Wolf D. (1995): The degree of metamictization in zircon: a Raman spectroscopic study // 

Eur. J. Mineral. V.7. P. 471-487 

162

Mineralogy and experimental mineralogy



INVESTIGATION OF MINERAL INCLUSIONS IN QUARTZ OF 

COMMERCIAL TYPE 

Makhlyanova Anna, Zarubina Olga, Pavlova Lyudmila, Nepomnyashchikh Alexander 

Vinogradov Institute of Geochemistry, SB RAS, Irkutsk, Russia 

mahlyanova.anna@mail.ru 
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To date, the problem of selecting of optimal schemes of natural quartz enrichment to produce top-

quality chemically pure quartz products remains urgent in quartz industry. Depending on the field of 

application, the quality of quartz grit and high-purity quartz concentrate must meet certain requirements, 

e.g. the total content of trace elements, coefficient of light transmission, amount of high-temperature water, 

as well as presence of mineral impurities. 

To develop effective methods of quartz enrichment it is essential to identify highly pure varieties 

with a minimum content of trace elements and their structural and textural features among a large number 

of mineralogic-technological types of quartz: rock crystal, piezooptic quartz, quartzite, quartz sand [1]. The 

most important physical and chemical properties of the original quartz raw materials determining its 

technological characteristics [2] are structural and textural features of raw materials, as well as impurity 

elements in various forms: mineral, fluid and the one in the crystal lattice of quartz. 

The main objective of this work was to study the mineral impurity phases in quartz raw material of 

Kyshtym (Southern Ural), Bural-Sarjdag (Eastern Sayan) and Bodaibo (Chipeketsky group) deposits. 

Polished thin sections and plates of granular vein quartz of the Kyshtym (Southern Ural) and 

Bodaibo deposits, fine-grained quartzite and superquartzite field Bural-Sarjdag were examined in detail by 

polarization microscope "Alta Polar 1" and Olympus C-4000. Then microanalysis of surface of prepared 

samples was performed using electron probe X-ray microanalyzer JXA8200 (JEOL Ltd, Japan) equipped 

with five wavelength spectrometers with the analyzer crystal LDE1, LDE2, TAP, LDEBH, TAPH, PETJ, 

PETH, LiF and LiFH and EMF - energy spectrometer EX-84055MU (JEOL Ltd, Japan) (Center for 

Collective Use "Isotope-Geochemical Studies" IGC SB RAS). The analysis of the mineral composition, 

defects and chipping on the surface, the determination of impurity phases in specific areas was carried out 

with the help of energy dispersive spectrometer (EDS) in the automatic and manual modes. 

Provisional microscopic evaluation of the samples showed each type of quartz material to be 

specified by relevant structural and textural features. As to the Ural grannular quartz, the X-ray spectral 

microanalysis revealed inherent anisotropy in the structure, and high content of mineral and gas-liquid 

inclusions. 

The mineral inclusion sized ~ 65 microns (Fig.1) was found on the surface of the Kyshtym sample 

using electron probe X-ray microanalyzer in the intergranular space. The EDS analysis determined that the 

mineral phase comprises K, Na and Al (Fig.1, c). 

It is known that super-quartzite deposit Bural-Sarjdag is poor in mineral impurities [2]. Single phase 

inclusions, numerous cracks and unevenness were detected in treated samples. The mineral composition 

was determined in specific zones using the energy-dispersive spectrometer. The tested mineral grains were 

attributed to the aluminosilicate phase - dickite - Al4[Si4O10](OH)8 based on data of microanalysis As noted 

therein, the impurities MgO, K2O, FeO were present in it. Iron and magnesium replace [Al] VI, and 

potassium is compensator: Al 3+ VI → Mg 2+ + K +. 

The EDS analysis of fine-grained quartzite at the Bural-Sarjdag field identified that unknown 

mineral phases contain elements of light fraction (Na, K, Ca and Mg). The distinctive feature of quartzite 

is small size (no more than 10 microns) of most near-surface microinclusions. Only in a few cases the 

impurity phases reach 20 microns. 

While analyzing the Bodaibo quartz the inclusions similar in structure to mica were detected on 

plate surfaces in the intergranular sites. At the micron scale some irregularities, cracks and chips, some 

mineral phases in the grain boundaries and individual grains of quartz were detected on the polished surface 

of Bodaibo fine quartz and quartzite. 
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Fig.1 – Image of surface of analyzed spot in granular quartz of the Kyshtym deposit (1) with identified 

inclusion (2) in secondary electrons (a), X-ray potassium (b). c - EDS- spectrum of the analyzed area. 

Identification of impurity phases in the industrial types of quartzite, even at a quality level plays an 

important role in the development and selection of optimal schemes for enrichment and deep processing of 

natural quartz. Recognition of foreign micro-inclusions will solve the problem of their removal at specific 

stages of processing.  

Based on recognized characteristics of various quartz types it is feasible to distinguish them by their 

potential to produce top-quality concentrate. 

A distinctive feature of super-quartzite deposit Bural-Sarjdag is minor amount of structural and 

mineral impurities, gas-liquid inclusions, which positively affect the quality of produced quartz 

concentrates. Thus, the Bural-Sarjdag quartzite is a promising raw material for technological processing. 
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The silicic volcanic rocks of the Greater Kurile island arc that includes Iturup island are less 

common than basic and  intermediate ones. Nevertheless, they are important for understanding the arc 

magma evolution and formation of island arc crust. The aim of this study isa reconstruction of the 

crystallization conditions for plagiocalse phenocrysts of the Vetrovoi isthmus (VI) dacites on the basis of 

growth zoning and melt inclusion study. 

Dacitic VI pumices contain phenocrysts of plagioclase, clinopyroxene orthopyroxenes, quartz, 

magnetite and ilmenite. The plagioclase is the main mineral (~50-60 %) in the phenocryst assemblage. 

Plagioclase are zoned and is often found in intergrowths with clinopyroxene, orthopyroxene, ilmenite and 

magnetite. Plagioclase contains abundance of naturaly quenched vitreous melt inclusions. This study, is 

focused on the primary inclusions of homogeneous glass or vitreous inclusions with small shrinkage 

bubble, with size greater than 10 microns. 

Geometry of the growth zoning and composition of plagioclase were determined by BSE imaging 

and energy dispersive spectroscopy (EDS) on SEM Tescan MIRA-3 (IGM SB RAS, Novosibirsk). The 

presence of water and carbon dioxide in the melt and fluid inclusions was determined by Raman 

spectroscopy. 

 

Fig. 1. BSE image of plagioclase from pumice of Vetrovoi isthmus (a-b). a - concentrically zoned type; b - 

mixed type. Cpx - augite, Opx - hypersthene, Mgt - magnetite,  Ap - apatite, PB - melt inclusions, Pl - 

plagioclase. White circles – location of EDS analyses (presented in table 1). 

Two types of compositional heterogeneity of plagioclase compositions were identified: 

oscillatory zoning and patchy structure. In many plagioclase phenocrysts core zones have a patchy 

structure, but the middle and outer zones - oscillatory zoning (mixed type of plagioclase) (Figure 1). 

Composition of plagioclase varies from andesine to bytownite. In areas with patchy structure the calcium 

of plagioclase increases from An45-50 to An80-85. Internal parts of the oscillatory zoned areas have the 

highest calcium up to An90, which decreases towards the edges to An45-50. Areas with patchy structure 

and high-Ca areas in oscillatory-zoned areas contain large amounts of melt and coeval H2O-CO2 fluid 

inclusions. 

b) а) 
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Table 1. Plagioclase compositions according to the EDS microanalysis (wt.%) 

 

Plagioclases from pumice of  the VI crystallized along with diopside-augite, hypersthene and Fe-

Ti oxide minerals from rhyolitic melt (SiO2 - 74.3 wt%) of normal alkalinity (Na2O - 3.5 wt%, K2O - 1.6 

wt%) with a H2O content about 4-6 wt. %. No difference in major components of the melt from which 

patchy and oscillatory-zoned plagioclase crystallized was found. Crystallization temperatures by 

plagioclase-liquid and two pyroxene geothermometers [1] at a pressure of 1 kbar and a water content of 5 

wt. % are 838,4±17°С  and 832,3±11,5°С respectively.  

The observed data suggest that patchy plagioclase with An80-90 begins to crystallize from rhyolitic 

melt in association with clinopyroxene and Fe-Ti oxides, which have peritectic origin. No evidences of 

input of basic magma and its mixing with the rhyolitic melts were established. The high-Ca zones of 

patchy and oscillatory-zoned plagioclase crystallized from the rhyolitic melt saturated with water and 

CO2. The absence of regular variations in the water content of melt inclusions in zones with different Ca-

content gives reason to believe that the abundance of water in the magma chamber developed a high fluid 

pressure. The pressure decreases with the crystallization of the middle and outer parts of the oscillatory-

zoned crystals, which led to decrease in the Ca-content of the plagioclase to An45-50. This is confirmed by 

the experimentally determined fluid pressure dependences of the Ca-contents of plagioclase in magmatic 

systems [3-4]. 
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  Concentrically-zoned type Mixed type 

Component 1 2 3 4 1 2 3 4 5 6 
SiO2 56,93 55,35 56,01 56,61 56,69 56,39 46,94 47,26 57,93 55,97 

TiO2 bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 
Al2O3 27,76 28,8 27,87 27,89 27,62 28,04 33,86 34,16 27,21 28,4 
FeO 0,49 0,45 0,37 0,4 0,53 0,59 0,51 0,5 0,44 0,37 
MnO bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 
MgO bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 
CaO 9,72 10,84 10,37 9,89 9,67 10,14 16,71 16,96 9,32 10,4 
Na2O 5,73 5,45 5,61 5,94 5,77 5,69 1,86 1,81 6,36 5,74 
K2O 0,1 0,08 0,12 0,14 0,1 0,1 0 0 0,11 0,07 
Total 100,73 100,97 100,35 100,87 100,38 100,95 99,88 100,69 101,37 100,95 
An# 48 52 50 48 48 49 83 84 44 50 
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The only currently known charoite deposit is Sirenevyi Kamen’ (Lilac Stone) located in the 

Murun alkaline massif in the northwestern part of the Aldan Shield at the border of the Irkutsk region and 

Yakutia. The Sirenevyi Kamen’ deposit includes both charoite and charoite-containing rocks, as well as 

eluvial boulders of charoite [1]. The geological structure of the Murun massif and a wide variety of rare 

and unique formations are factors contributing to the inconsistency of scientific views on the charoite 

mineralization origin. Today opinions differ on the conditions and mechanisms of the formation of char-

oite rocks [2-9]. It is assumed that the Murun massif was formed in the unstable tectonic conditions [5], 

as evidenced by numerous dykes of varied composition and strong foliation of igneous rocks. At the same 

time, there was a lack of tectonic control during the formation of the charoite field, and the charoite bod-

ies intruded and dissected other rocks. However, con-formable bedding of charoite veins and veinlets are 

also common. Probably, the intrusion of fluidized melt may be accompanied by shock decompression of 

the melt [10] and the formation of structures typical for torgolite disintegration. 

The charoite composition is (K, Sr, Ba, Mn)15-16(Ca, Na)32[(Si70(O, OH)180)](OH, F)4*nH2O, and 

its structure is highly complex [11]. The main charoite chemical components are K, Na, Ca, Si, and H2O; 

the secondary components are Ba, Sr and Mn; the presence of traceable amounts of Fe, Mg, Al, Ti, Zr and 

Th is noted. Charoite is an alkaline calcium silicate with tubular Si-O-radicals. Its crystalline structure is 

quite specific, like that of other minerals of this group (kanasite, tinaksite, frankamenite, mizerite etc.) 

discovered in the Murun charoite mineralization field. Over 50 minerals are closely associated with char-

oite, and the latter does not occur in nature in its “pure” form [5, 9].  

It was noted that the charoite rock bodies often contain a large amount of xenoliths presented by 

alkaline potassium minettes. Study of the substitution processes of these rocks by charoite made possible 

to trace the trend of changes in the content of trace elements. A gradual transition from the unaltered po-

tassium alkali Minett to almost monomineral charoite rock was studied at the series of 12 charoitite sam-

ples. 

The diagrams of rare-earth element distributions show an increase of the original rock changing 

degree and the increase of charoite amount. These factors result in addition of light and heavy rare-earths 

elements, but heavy and medium rare-earths elements are introduced to a greater extent. The element dis-

tribution diagrams become flatter with increasing of contamination degree. Addition and loss of the ele-

ments in the process of charoite formation and original rock changing can be clearly seen in the spider 

diagram. The amount of Th, La, Ce, Nd, Sm, Zr, Hf, Tb, Yb, Ba, Ti increases, K and Ti – reduces, and the 

same amount of Sr, Y, La, Rb, Nb is observed. 
The study was supported by the Russian Foundation for Basic Research (Grant No. 14-45-04108) and the 

Government of the Irkutsk Region. 
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Carbon storage and flux in the deep Earth strongly depends on the oxidation state of the mantle 

rocks, controlled by oxidation state of iron in minerals and melts. The high amount of Fe0 presented in the 

lower mantle [1] and core-mantle boundary will lead to the reduction of carbonates subducted from 

Earth’s surface [2].  

MgCO3-Fe0 interaction, a simplified model for the redox reaction between Fe0-containing reduced 

mantle rocks and carbonate-bearing subducted slab were investigated at high pressure conditions (65-130 

GP) in a diamond anvil cell. MgCO3 crystals and Fe foil (99,9%) were used as the starting materials. The 

starting materials were loaded in a drilled rhenium gasket. «Sandwich» configuration, where Fe foil was 

placed between two single-crystal carbonates was used. Two experimental runs were carried out. Pressure 

was first raised gradually up to the desired conditions at room temperature. Heating was achieved using 

the double-sided laser-heating technique. Every sample contains two heated areas, obtained at different 

pressure, with approximate size ≥15 µm. Sample was heated up to 1500-2500 K and annealed during 10-

15 min. After quench, pressure was increased, and all procedure were repeated at different spot. Samples 

were heated at 65-70 GPa, 85-90GPa, 110-115GPa, and 130 GPa. 

Experiments were conducted in situ using X-ray diffraction to observe phase transformations. X-

ray diffraction spectra were measured using a focused monochromatic beam (0.31 Å). The data were pro-

cessed using following software: Dioptas [3], Fityk [4], and UnitCellWin [5]. Phases were identified us-

ing JCPDS databases and previously reported equation of states for individual compounds. Pressure was 

determined from the calculated unit cell volumes of Fe-hcp using the equation of state proposed by 

Dewaele et al.[6] 

Analyses of experimental data showed complexity of the system under investigation caused by 

phase transformations in the structures of the presented compounds. Formation of wustite (FeO), ferroper-

iclase ((Mg,Fe)O), carbide (Fe7C3) and diamond was observed. Magnesite transformation to monoclinic 

polymorph was observed at about 70 GPa and 1500-2200K. However, formation of high pressure car-

bonate was not effect sufficiently reaction path, and same products were observed at the pressure range of 

65-130GPa. Mg-carbonate reduction can be schematically presented by following reaction:  

3MgCO3+13Fe=6FeO+3MgO+Fe7C3.  

As the most processes in the mantle, the reaction rate at slab-mantle interface are highly influ-

enced by diffusivity in silicates, which is extremely slow, so that even over the entire history of the Earth 

only small amount of carbonates can actually decompose by reaction in the lower mantle. In the same 

time, if carbonates could be transported to the core-mantle boundary, where concentration of iron is sig-

nificantly higher, they would be completely reduced. 
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Fig.1 – Representative examples of X-ray patterns, collected at 83; 86 GPa. a – at high temperature; b – after 

quench; c shows calculated XRD pattern at 85 GPa for high pressure magnesite based on structure C2/c [7] 

and unit cell parameters a= 9.78; b=3.80; c=13.20; β=107.86. Abbreviations: Fe- iron-hcp; FeO – iron oxide; 

Per – ferropericlase (Mg,Fe)O; Mgt – magnesite; Fe7C3 – iron carbide. Peaks of high pressure Mg-carbonates 

are marked with their hkl indexes. 
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The presence of supercritical COH fluid was proposed in a number of studies [1-3] based on 

findings of polyphase solid inclusions. Crystallization of solid phases from hydrous melt inclusions should 

lead to the liberation of fluid phase during retrograde metamorphic stages. However, there is no evidence 

yet for the presence of residual H2O-rich fluid in former hydrous melt inclusions. Herein we present the 

evidence for fluid migration in the UHP gneisses from the Kokchetav massif. 

Kokchetav massif is located in the Central-Asiatic mountain belt in Northern Kazakhstan. It 

represents a megamelange zone 17 km wide and 80 km long which extends from north-west to south-east 

[4]. Diamond-bearing gneiss (sample 108a-117) was collected from the drill-hole 108a (~ 64 m depth) at 

the Barchi-Kol area of the Kokchetav massif. This sample is composed by garnet, quartz, clinopyroxene, 

biotite, plagioclase, K-feldspar. Accessory minerals are represented by zircon, diamond, grapite, apatite, 

titanite, calcite, monazite, pyrite, chalcopyrite and pyrrhotite and dumortierite. Garnet usually forms 

euhedral porphyroblasts up to 2 mm in size and have following composition Alm43-55Gross11-27Py18-28Spess4-

8And0-3. 

Polyphase mineral inclusions (PI) occur in the cores of garnet porphyroblasts. Biotite, chlorite, 

apatite, quartz, calcite and graphite were identified as the solids of polyphase inclusions by means of SEM 

analysis. Some of the aqueous fluid inclusions are located close to the polyphase inclusions and oriented 

towards the cracks in garnet-host. Along with these early inclusions, trailbound fluid inclusions occur along 

the sealed cracks in garnet porphyroblasts. Necked-down inclusion was observed in the core of garnet 

porphyroblast. This inclusion consists of two interconnected parts: polyphase solid and fluid parts. 

Phengite, phlogopite, vermiculite, apatite, quartz, calcite was indicated in the polyphase part of the 

inclusion and liquid H2O was indicated in the fluid part of the necked-down inclusion by means of Confocal 

Raman imaging. 

Finding of the inclusion with the necked-down appearance indicate another mechanism for the fluid 

and polyphase inclusions formation in UHP-gneisses. Fluid and polyphase inclusions represent former 

hydrous melt, which was trapped prior or at peak metamorphic conditions. The fluid phase was released 

during the retrograde metamorphic stage due to crystallization of daughter minerals in former melt 

inclusions. According to experimental results [5] hydrous melt should exist in the Kokchetav rocks at peak 

metamorphic conditions. However, no traces of residual H2O-rich fluids in former "melt" inclusions in the 

UHP rocks have been reported yet. Most probably the interconnected polyphase and fluid inclusion 

represents necked-down inclusion of former hydrous melt. This fact is also supported by findings of fluid 

inclusions closely coexisting with polyphase inclusion and oriented towards the cracks in garnet 

porphyroblast. Migration of such fluid through the cracks in garnet may be responsible for the fluid 

inclusions lack or rare findings in UHP metapelites and for the formation of secondary trailbound 

inclusions.  
This study was supported by a grant from the Russian Science Foundation (RSF 15-17-30012). 
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Neoproterosoic rocks from East-Angarsky, Central-Angarsky and Icakovcky terrains participate 

in the structure of the zaangarsk part of the Yenisei Ridge. These tectonic blocks are separated by large 

shove faults. In the geological structure of the Central terrain early-archean and proterozoic 

metaterrigenous and metaterrigenous-carbonate sediments (malogarevskaya, tejskaya, suhopitskaya, 

tungusikskaya series) are occurred which changed under conditions of amphibolite, epidote-amphibolite 

and greenschist facies of metamorphism. Within the terrain neoproterozoic granitoid (~ 880-629 Ma) and 

alkali-basaltic (~ 750-650 Ma) magmatism were appeared repeatedly [1, 2]. There are a rare metabasaltic 

occurrences which mainly localized in zones of transform faults and represent conformable amphibolite 

bodies from the nemtihinsky, indyglinsky and orlovsky complexes of different ages (from 1020 (?) to 720 

Ma). The object of my research is a metabasic formation from Tyrada river basin. It is characterized by a 

lenticular or sheetlike shape with length from a few tens of meters up to 2 km and a width about 30 m. It 

has been established that metabasalts in their geochemical composition are derivatives of tholeiitic mid-

oceanic basalts E-type with the changes at the level of the epidote-amphibolite facies. The following is a 

mineralogical characteristic and evaluation of P-T regime of metamorphism of studied metavolcanics by 

the example of chemical composition of the representative amphibolite (sample T-1/1). 

The chemical composition of the mineral phases of amphibolites was obtained by the author 

using the scanning electron microscope "VEGA II LMU, combined with energy dispersing x-ray 

spectrometer model INCA Energy («Analytical Center Geochemistry of Natural Systems» Tomsk State 

University). Representative amphibolite of metabasic formation of Central Angarsky terrain from the 

Tyrada river basin was considered (Fig. 1). Plagioclase in the amphibolites is andesine. Its composition 

varies in a range XAn=Ca/(Ca+Na+K) = 0.32-0.44. Amphiboles are mainly edenites and in a small amount 

magnesiohornblende (Fig.2 a). This transitional trend suggests a gradual temperature. They are 

characterized by a small amount of Na and К (0.61-0.46 in formula) [3] and low content of TiO2 (0,28-

0,45 wt. %). Single spots of zoisite next to rare grains of potassium feldspar indicate the changing of the 

original basic plagioclase, possibly as a result of secondary superimposed metasomatism. In samples sub-

oriented grains of chlorite, which develop due to changes of chemical composition of amphiboles are 

present. According to the international nomenclature they are presented diabantitе and piknohloritе 

(Fig.2 b) [4]. Also there are sphene and ilmenite. 

 

Fig.1 – Photomicrographs of the paragenetic associations from the representative amphibolitic sample T-1/1. 

Amp – amphibole, Chl – chlorite, Fsp – feldspar, Pl – plagioclase, Spn – sphene, Zo – zoisite 
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Estimates of P-T conditions of metamorphism were obtained based on compositions of rock-

forming minerals with famous mineral geothermobarometers. Temperatures and pressures were 

determined by using appropriate models for Amp-Pl geothermometer [5]. Calculations have shown that 

crystallization of amphiboles was at a temperature 550-600 °C and a pressure 4-7 kbar (Fig.2 b) which 

corresponds to epidote-amphibolite facies of metamorphism. In addition, the presence grains of chlorites 

suggests about existence of greenschist facies. Based on the temperature calculation of its formation using 

two different methods, I concluded that the temperature varies between 120-280 °C from more high-

temperature piknohlorite to low-temperature diabantite [6]. Thus we can talk about a two-stage retrograde 

metamorphism of neoproterozoic basic complex. 

 

Fig.2 – a) Classification diagram of amphiboles [3], b) Classification diagram of chlorites [4]; c) plagioclase- 

amphibole geothermobarometer [5] 
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Solid solutions of pyrope (Mg3Al2(SiO4)3, Prp) are indicator minerals of metamorphic rocks formed 

at high pressures and temperatures. With increasing pressure the solubility of chromium component (knor-

ringite (Mg3Cr2(SiO4)3, Knr) in the pyrope also increases. Samples of garnets with high concentration of 

chromium have been found in mantle xenoliths from kimberlite xenocrysts, as well as inclusions in dia-

monds. Stability field of pyrope garnet and its mantle (high-pressure) associations that arise in their disso-

ciation are for a special interest. One of the methods for studying phase transitions is the calculation of 

mineral equilibria on the basis of thermodynamic functions. 

To study pyrope and solid solutions of pyrope-knorringite a series of in situ experiments were made, 

using synchrotron radiation at the multianvil Kawai type apparatus (Spring-8, Japan). Few compres-

sion/heating cycles (up to 20 GPa and 1873 K) with simultaneous X-ray diffraction of the sample were 

performed. As a result of experiments, based on the equation of state (EOS) of Birch-Murnaghan, several 

fitting parameters were obtained for Prp and its solid solutions, shown in Table 1. Using equation of state 

given in [1], was designed a complete set of thermodynamic parameters for Prp.  

Phase transitions to post-garnet phase were calculated on the basis of Gibbs free energy. It was 

shown that at a temperature below 1500 K garnet transforms to Al-akimotoite and at elevated temperatures 

garnet produces association: bridgmanite + corundum (Fig.1). 

Table 1 – Values of thermoelastic properties for pyrope and pyrope-knorringite solid solutions 

Parameter Prp100 Prp50Knr35Maj15 

V0 (Å3) 1526,03 ± 0,6 1526,03 ± 0,6 

K0 (GPa) 148 ± 2,7 148 ± 2,7 

K’ 4,9 ± 0,5 4,9 ± 0,5 

α1 (10-5 K-1) 3,5 ± 0,1 3,5 ± 0,1 

α2 (10-8 K-2) 0,3 ± 0,2 0,3 ± 0,2 

(𝜕KT/𝜕T)P (GPa К-1) -0,025 ± 0,004 -0,022 ± 0,002 
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Fig.1 – Diagram of phase transitions for pyrope 
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Mantle xenolith study is very important because it provides rare opportunity for insight into 

composition and structure of the Earth lithosphere. Xenoliths of ultramafic rocks supply information 

about different processes in the upper mantle and the crust basement. 

This work is devoted to xenoliths from the Kharchinsky volcano, located on the eastern part of 

Kamchatka peninsula. The Kharchinsky volcano is situated in the north of the Central Kamchatkan 

Depression, which is adjacent to the junction between Kuril-Kamchatka and Aleutian island arcs. The 

Kharchinsky is late Pleistocene extinct stratovolcano, which is almost entirely composed of magnesian 

basalts (MgO up to 12.3 wt.%) [1, 2]. Dyke-like body with numerous different xenoliths is observed in 

the central part of the strongly destroyed summit. This study was based on the representative xenolith 

samples from this body. 

According to mineral composition the studied xenoliths can be subdivided into two groups: 

peridotites and pyroxenites (Fig.1). The ultramafic xenoliths exhibit a coarse-grained, granular texture. 

 

Fig.1 – Thin sections of two xenolith groups from the Kharchinsky volcano: a) spinel-hornblende 

wehrlite with olivinite veinlet; b) hornblende-rich clinopyroxenite 

Peridotite xenoliths (Fig.1a) include spinel wehrlite, olivinite in spinel-amphibole wehrlite, spinel 

harzburgite and amphibole lherzolite. They are mainly composed of olivine, orthopyroxene and 

clinopyroxene, with accessory spinel varying in composition. Some of them comprise small amounts of 

apatite, magnetite and sulfides. Moreover the xenoliths have assemblages composed of chlorite, 

plagioclase, orthopyroxene, potassium feldspar, barite, rarely amphibole, anhydride, phlogopite, etc. They 

form interstitial segregations and veinlets, which seem to have crystallized in cracks and along olivine 

grain boundaries. 

Pyroxenite xenoliths (Fig.1b) are represented by olivine-bearing, plagioclase-ore-rich and 

amphibole species. Clinopyroxenites are characterized by widely varying amounts of hornblende. Besides 

clinopyroxene and amphibole they comprise plagioclase, potassium feldspar, chlorite, apatite, 

orthopyroxene, titanite, ilmenite and Ti-magnetite with solid solution break-up lamellas. Large (up to 1 

cm) patches containing plagioclase, minor garnet (andradite), epidote, chlorite, magnetite, wollastonite, 
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etc. are presented in one metasomatized clinopyroxenite xenolith and are compositionally similar to calcic 

skarn. 

Therefore in addition to primary minerals (olivine + clinopyroxene ± orthopyroxene + spinel) 

most of the studied xenoliths have metasomatic assemblages (amphibole + plagioclase + potassium 

feldspar + magnetite + barite + phlogopite, etc.) as well as secondary mineral such as chlorite. 

Common primary mineral of both types of xenoliths is olivine. Olivine is coarse in the peridotite 

xenoliths and finer in the pyroxenite ones. No compositional zoning within a grain was noted. Olivine has 

Mg# values ranging within 79.0-90.0 in the peridotite xenoliths and 60.2-77.1 in the pyroxenite xenoliths. 

Both peridotitic and pyroxenitic olivines have low MnO and CoO contents (0.2-0.3 and 0.02-0.03 wt.%, 

respectively) and are considerably depleted in NiO, CaO, Al2O3 and Cr2O3. Surprisingly, NiO is almost 

constantly low, ranging from 0.1 to 0.3 wt.%. This effect is probably related to presence of sulfide 

minerals in particular pyrrhotite. 

Clinopyroxene forms large euhedral crystals, small grains and inclusions in olivine and chromite. 

Chemical composition of xenolithic clinopyroxene is En23-46Fs3-43Wo34-61 with Na2O up to 1 wt.% in 

peridotite and En3-38Fs5-44Wo39-61 with Na2O up to 20 wt.% in clinopyroxenite. These compositions fall 

within the diopside field. The clinopyroxene is characterized by low Cr2O3, MnO, TiO2, Al2O contents 

and Mg# values ranging within 66.1-91.9 in the peridotite xenoliths, which is slightly higher than those of 

the pyroxenite xenoliths. Cr# varies widely, reaching values of 55.9 and 40.6 (in peridotite and 

clinopyroxenite xenoliths, respectively). In general clinopyroxenes in the peridotite xenoliths have close 

compositions. Clinopyroxene in the pyroxenite xenoliths is characterized by zonation, with which central 

zones are richer in MgO, and rims contain higher FeO and Al2O3 contents. Clinopyroxene from skarn-like 

patches and areas of intensive recrystallization has more ferrous composition compared to other parts of 

the xenoliths 

Primary orthopyroxene forms large euhedral crystals in spinel harzburgite and amphibole 

lherzolite. In other xenoliths orthopyroxene is present in veinlets and patches of intensive 

recrystallization, which is produced due to metasomatism. Orthopyroxene (En53-84Fs12-41Wo0-9, Na2O up to 

0.6 wt.%) is represented by enstatite to enstatite-pigeonite compositions (Mg# = 61.5-88.4) with high 

CaO (up to 2.9 wt.%) contents. Cr# varies widely, reaching values of 36.6 and 1.8 in peridotite and 

clinopyroxenite xenoliths, respectively. As a rule metasomatic orthopyroxene has higher FeO content, 

compared to primary grains, and FeO concentrations increases from peridotite to pyroxenites. 

Oxide crystals can be subdivided into three groups: very large crystals, interstitial grains and relics 

included in olivine. As a rule several groups can be presented in the same sample. Their compositions 

vary widely, and oxides form chromite, magnetite, rarely ulvospinel and Al2O3-rich hercynite. Chromite 

occurs predominantly in peridotites, while magnetite prevails in pyroxenites. Chromite and hercynite are 

sometimes replaced by magnetite. Values of Cr# and Mg# are strongly variable in chromite (up to 75.1 

and 61.1), magnetite (up to 84.8 and 26.5) and hercynite (up to 65.5 and 9.8, respectively). 

Thus, the studied xenoliths contain two mineral assemblages: primary and secondary. Secondary 

minerals replace primary assemblages, indicating a metasomatic overprint. Moreover, large sized primary 

minerals such as olivine and rarely clinopyroxene are intensively fractured, and healed fractures contain 

abundant fluid and melt inclusions. According to Raman spectra fluid inclusions in clinopyroxene contain 

CO2 and H2O, scanning SEM EDS analyzes indicate presence of silica, calcite, etc. as daughter phases. In 

addition secondary melt inclusion was found in olivine from the olivinite vein. Its chemical composition 

is extremely unusual, because silicate glass is characterized by high alkali contents (Na2O + K2O = 13.2 

wt.%) with relatively low SiO2 57.3 wt.%, that is similar to alkaline intermediate melts, which nature 

need to be established. 

The majority of the rocks represented by the studied xenoliths are probably cumulates crystallized 

on intermediate levels, probably at the Moho boundary. Peridotites belong to spinel facies. Both 

peridotites and pyroxenites experienced intensive metasomatic alteration. Presence of fluid and melt 

inclusions allow to propose that there was influence of metasomatic media, containing appreciable water 

and alkali contents. 
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Studies of mantle rocks fragments (i.e. mantle xenoliths) brought to the surface by alkali- basalt 

and kimberlite magmas provide an unique opportunity to look into the Earth’s interior and indicate that 

the lithospheric mantle has undergone many stages of depletion and enrichment of various elements due 

to extensive partial melting and metasomatism. It was demonstrated that mantle xenoliths often contain 

mineral phases which were introduced between rock-forming minerals. The models of formation of inter-

stitial mineral phases in mantle xenoliths may include: 1) decompression melting of primary minerals of 

xenoliths after trapping by host magmas; 2) partial melting of primary minerals in mantle in situ; 3) meta-

somatic events in mantle before trapping by host magma (i.e. mantle metasomatism); 4) infiltration of the 

host melt into xenoliths during transport to the surface or at the subsurface conditions. Thus, interstitial 

mineral phases can be useful for understanding the compositions of mantle fluids or melts and their role 

in modifying of mantle rocks in situ and during transport to the surface. 

Peridotites of cratonic lithospheric mantle (CLM) are represented by two texturally distinct types: 

granular and sheared (porphyroclastic). In contrast to granular type sheared peridotites displays a bimodal 

grain size with large porphyroclasts resides in fine neoblasts matrix. Sheared peridotites usually have 

higher P-T conditions of equilibrium than granular type and it is suggested that they originated from the 

lower part of CLM. The evidences of partial melting and metasomatism in sheared peridotite are recorded 

in their major and trace element signatures [1-3]. However, the studies of interstitial mineral phases in 

sheared peridotites are rare. 

Here we provide preliminary report on detailed study of the interstitial mineral assemblages in the 

sheared peridotites from the uniquely fresh kimberlites of Udachnaya-East pipe (Siberian craton). The 

xenoliths have rounded, ellipsoidal shapes and are large, 10-25 cm in size. The sheared peridotites show 

porphyroclastic to fluidal-mosaic-porphyroclastic textures. The rock-forming (primary) mineral assem-

blages of the sheared peridotites are olivine (Fo86-91) + orthopyroxene + garnet ± clinopyroxene. The por-

phyroclasts and neoblasts of both olivine and pyroxene have identical composition for a certain sample. 

The primary mineral assemblages of the sheared peridotites were equilibrated in the mantle at 1150-1400 
оС and 6.0-7.5 GPa, corresponding to depths of 180-230 km. Primary mineral assemblages of the sheared 

peridotites also include blebs of Fe-Ni-Cu sulfides enclosed in rock-forming minerals and in intergranular 

regions. 

In the sheared peridotite we have found interstitial mineral assemblages which include olivine 

(Fo93-94), clinopyroxene, monticellite, mica, humite, clinohumite, calcite, zoned spinel, calcite, pentland-

ite, pyrrhotite and djerfisherite (K6(Na,Cu)(Fe,Ni,Cu)24S26Cl). These late interstitial minerals are mostly 

localized in triple-junctions between both porphyroclasts and neoblasts of rock-forming minerals; less 

frequently they occur along grain boundaries. Djerfisherite was also observed as rims around blebs of 

primary Fe-Ni-Cu sulfides. Interstitial olivine and clinopyroxene notably differs in composition from 

primary ones. Spinel are usually zoned, the core is chromite and the rim is magnetite. Interstitial mica is 

represented by phlogopite and tetraferriphlogopite. 

The interpretation of deformation features suggests that porphyroclastic texture of sheared perido-

tites results from the recrystallization of granular peridotites under a very high-stress and high strain-rate 

deformation; the preservation of deformation features implies that recrystallization was essentially con-

temporaneous with the entrainment of xenoliths by kimberlite magma [2]. The presence of the studied 

interstitial minerals between both porphyroclasts and neoblasts of rock-forming minerals indicates their 

close connection with kimberlite magmatism. Relationship between the interstitial minerals demonstrates 

that they most likely crystallized during the same process. Mineralogy of the interstitial assemblages, ex-

cept some minerals, resembles the groundmass of host kimberlites [4, 5]. Moreover, compositions of the 

some minerals from the interstitial assemblages are similar to those of the kimberlite groundmass of the 
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Udachnaya-East pipe. These facts suggest that the origin of the studied interstitial mineral assemblages in 

the sheared peridotite is the result of infiltration of transporting kimberlite melt into xenoliths. The major-

ity of interstitial minerals crystallized directly from kimberlite melt, but djerfisherite rimming primary Fe-

Ni-Cu sulfides is the product of their reaction with kimberlite melt. 

In the sheared peridotites interstitial perovskite is a main storage of LREE, Nb and Ta, calcite ‒ 

Sr, djerfisherite ‒ K, mica ‒ K, Rb and Ba. The presence of these kimberlite-related interstitial minerals 

may have an essential influence on the bulk trace-elements composition of mantle xenoliths. This fact 

should be considered when we use bulk geochemical characteristics of mantle xenoliths for interpretation 

of processes in CLM. 
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The evolution of carbonaceous material during the deep subduction is very disputable theme now. 

With increasing PT-conditions organic matter underwent different stages of evolution and the end points 

of these changes are graphite or diamond crystals. There are several geothermometers based on the degree 

of graphite crystallinity [1]. The Raman imaging of the intergrowth of graphite and coesite inclusions in 

kyanite porphyroblasts from diamond-bearing gneisses from Kokchetav massif (Northern Kazakhstan) 

was the main aim of the study. 

These gneisses consist of large kyanite and garnet porphyroblasts in quartz-biotite-phengite-K-

feldspar matrix. Accessory minerals are rutile, zircon, apatite, graphite and UHP relics – diamond and 

coesite. The Ky porphyroblasts have a zonal distribution of C and SiO2 polymorphs: (i) graphite-rich core 

with quartz/coesite inclusions, and (ii) clean overgrowth zone with diamond crystals. 

The Raman imaging of intact inclusions is the most informative and unrestrictive method for de-

tailed study of mineral relations even within the small inclusions (5-10 µm). Raman imaging was per-

formed by alpha - WITec Raman system equipped with a 488 nm laser and a 100X NA0.9 objective. 

Raman imaging reveals that in addition to well-ordered graphite flakes, which can be observed 

with optical microscope, there are tiny disordered graphite inclusions within the coesite inclusions in the 

kyanite porphyroblasts. In most cases graphite was found at the quartz-coesite interface (Fig. 1). There 

are two main models for origin of disordered graphite: (i) diamond graphitization and (ii) crystallization 

from COH-fluid [2-3]. In our case well-ordered graphite has euhedral shape, thus the model of diamond 

graphitization for graphite formation can be excluded. It is likely that graphite crystallization occurred 

mostly near the peak of metamorphic conditions from COH-fluid. Some of this COH-fluid was entrapped 

by SiO2 inclusions. It is well known that degree of coesite-quartz transition is controlled by fluid amount. 

The coesite-to-quartz transformation is accompanied by significant volume increase and it produces 

strong radial crack pattern, which may promote the leakage of fluid and precipitation of disordered graph-

ite. 

Also the residual pressures for solid and fluid inclusions were estimated [4]. For different types of 

SiO2 inclusions, such as monocrystalline quartz and quartz with coesite relicts, the values of overpressures 

vary from 0 to 1.4 GPa, while in fluid inclusions the pressures obtained by CO2 phase diagram vary from 

0.5 to 0.75 GPa (for 1000 °C) [5]. These differences can be explained by different rheological properties 

of the host mineral and the FI total composition.  The compound of fluid inclusions is not the same in dif-

ferent zones of kyanite  porphyroblasts. Hence, there was the evolution of fluid composition during the 

metamorphism. It is confirmed by zonal distribution of C polymorphs within the single kyanite porphy-

roblasts: oxidation-reduction conditions gradually changed from predominantly oxidative, that resulted in 

diamond crystallization (clean overgrowth zone) to reductive, with graphite formation (graphite-rich 

core). 
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Fig.1 – Raman map of coesite inclusion within the kyanite porphyroblast. Coesite forms the intergrowth with 

disordered graphite 

This study was supported by a grant from the Russian Science Foundation (RSF 15-17-30012).  
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Despite significant interest of experimentalists to the study of geophysically important 

phase equilibria in the Earth’s mantle and a huge experimental database on a number of the 

model and multicomponent systems, incorporation of minor elements in mantle phases was stud-

ied only on a qualitative level. The influence of such elements on structural peculiarities of high-

pressure phases is poorly investigated, although incorporation of even small portions of them 

may have a certain influence on the PT-parameters of phase transformations. Chromium is one 

of such elements with the low bulk concentrations in the Earth’s mantle (0.42 wt % Cr2O3) [1], 

although some mantle phases are characterized by significant Cr content [2 etc.]. Our experi-

ments were aimed on the study of phase relations in the MgO-SiO2-Cr2O3 system at 10–24 GPa 

and 1600 °C. The experiments were performed using a 2000-t Kawai-type multi-anvil high-

pressure apparatus at the Geodynamics Research Center, Ehime University (Japan). 

The Maj–Knr system was selected because an association of Knr-garnets with natural dia-

monds is quite abundant. The main phases obtained in experiments were pyroxene, Knr-Maj 

garnet, Cr-bearing akimotoite and bridgmanite, eskolaite, MgCr2O4 with the calcium titanate-

type structure, and stishovite [3]. 

Single-crystal X-ray diffraction studies were carried out to study the structural peculiari-

ties of the synthesized Сr-phases. All garnets are characterized by a silicon surplus (> 3.0 p.f.u.) 

and high Cr content (up to 90 mol. % Knr). All garnets have cubic symmetry (space group Ia3̅d) 

and the lattice parameter linearly increases with increasing the Knr content. The cell parameter 

for pure Knr calculated by [4] Ottonello et al. (1996) matches our trend, plotting at the end of our 

line. The cubic/tetragonal transition at high majorite content, which were observed for the Maj–

Prp join [5], is not observed in the Maj–Knr system, even at very high (97 mol%) Maj content. 

Cr-akimotoite synthesized at pressures > 18 GPa have a composition of (Mg1–xCrx)(Si1–xCrx)O3 

(with x = 0.015, 0.023, 0.038) and trigonal symmetry (space group R3̅). The incorporation of Cr 

in MgSiO3 Ak results in a general expansion of the unit cell, which is mostly controlled by the 

increase in the a cell parameter, whereas c is almost unaffected [6]. Bridgmanite synthesized at 

pressures > 20 GPa have a composition of (Mg1–xCrx)(Si1–xCrx)O3 (x=0-0.07), orthorhombic 

symmetry (space group Pbnm). Incorporation of Cr in Brd results in a significantly increase in 

the cell volume [7] in comparison with pure MgSiO3 bridgmanite [8]. The discussed crystal-

chemical data provide evidence for the significant influence of Cr on the MgSiO3 Ak/Brd phase 

transition. According to the results of our study, the stability field of Cr-bearing Brd expands to 

the lower pressures (20 GPa) than that of Al-bearing and pure MgSiO3 bridgmanite (21–22 GPa).  

Our interest to experimental study of the Fo – MChr system is explained by wide abun-

dance of (Mg,Fe)2SiO4 polymorphs in the Earth’s mantle. The phases synthesized in system in-

clude Cr-bearing olivine (Ol), wadsleyite (Wad), ringwoodite (Rgw), bridgmanite, Mg2Cr2O5 

with the modified ludwigite-type structure, Mg(Mg,Cr)(Mg,Si)O4 with the distorted calcium ti-

tanate-type structure [9], Knr-Maj garnet, MgCr2O4 with the spinel-type (MChr) and calcium 

titanate-type (Ct) structures [10], eskolaite, and periclase (Per). 
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Rgw has the Sp-type structure and, that is why, we suggest the following mechanism of Cr 

incorporation in this phase: Mg substitutes Si in the tetrahedral site, whereas all Cr enters Mg-

octahedrons by the following scheme: 2VICr3++IVMg2+=2VIMg2++IVSi4+. Gudfinnsson and Wood 

(1998) [11] proposed the same mechanism of Cr incorporation in Wad. We may suggest the dif-

ferent mechanism: VICr3++IVCr3+=VIMg2++IVSi4+. Both of these mechanisms are supported by the 

negative correlation of Cr with Si and Mg in Wad with a slope of -0.5.  

In MgCr2O4 with the calcium titanate-type structure (Ct, orthorhombic symmetry, Bbmm) 

Mg atoms occur 8-fold coordination, and Cr is located in octahedrons. The phase with distorted 

calcium titanate-type structure has an orthorhombic symmetry (space group Cmc21) [9]. The dif-

ference of this structure from the classic Bbmm structure [10; 12] results from absence of an in-

version center due to the ordered distribution of Si and Cr in the octahedral sites. This leads to 

change of Mg coordination from 8-fold typical for post-spinel phases [12] to 7-fold. 

Experimental study of the simplified model systems Maj–Knr and Fo–MChr allowed us to 

consider the influence of chromium on crystallochemical peculiarities of the major mantle phas-

es and on the phase transformations. We established significant changes in cell parameters with 

increasing Cr concentrations and cordially different reactions of akimotoite and bridgmanite pol-

yhedrons on Cr incorporation. Because of this, while modeling of the composition and properties 

of the Earth’s mantle we should account for the influence of Cr on mantle phases, since even 

very low concentrations of this element may change the cell volumes significantly and a number 

of other physical properties, such as density and thermoelastic properties of deep minerals. 
The work was supported by the Russian Foundation of Basic Research, project nos.16-35-00171 and partly 

16-05-00419. 
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Shahdarinskaya and Leskhozovskaya pegmatite veins are placed in the mountains of south-west 

Pamir (Tajikistan), on the right bank of the Shahdara river (left tributary of the Gunt river), at 1.5 km from 

each other. They have sharp intrusive contacts with the garnet-biotite gneisses.  The veins are about 10 

meters along the strike. The origin of these pegmatites is associated with peraluminous granite-leucogran-

ites of the pamir-shugnan complex. Their age is 14.8-12.9 Ma [1]. 

The pegmatites of Shahdarinskaya and Leskhozovskaya veins belong to subraremetal miarolitic 

pegmatites of the tourmaline series [2]. Evident zoning in pegmatite veins is absent. Both have similar 

structure in general. Their main volume is occupied by quartz-two-feldspar assemblages, which can have 

aplitic, pegmatoid and graphic structure, as well as blocks of potassium feldspar (KFs). Each pegmatite 

vein has several miarolitic cavities. Often they are surrounded by quartz-albite nearmiarolitic association 

with accessory minerals. 

The outcrop of Leskhozovskaya veins is almost completely composed of quartz-plagioclase peg-

matite with minor black tourmaline (schorl) and garnet. The plagioclase composition varies from oligoclase 

in near contact aplite zone to albite in the central part of the vein. Small rare blocks of KFs occur among 

the quartz-albite complex. Miarolitic cavities are located in the central part of the vein. Their walls are 

covered by rock crystal, KFs and small crystals of pink tourmaline (rubellite). KFs around miarolitic cavi-

ties is subjected to albitization, and schorl is overgrown by brown and yellow tourmaline [2]. Accessory 

minerals are represented by tantalite-columbite, pyrochlore and zircon. A characteristic feature of all com-

plexes of the vein is a very small amount of mica, presented by biotite in quartz-feldspar complex, and 

lightly colored micas in the nearmiarolitic one. 

The main part of Shahdarinskaya vein consists of two-feldspar pegmatite with schorl, garnet and 

biotite. Aplitic complex were not found in the outcrop. The plagioclase is represented by albite. In nearmi-

arolitic complex polylithionite, colored tourmaline (elbaite), topaz, beryllium silicate (phenacite or ber-

trandite), hubnerite and apatite were found along with quartz and albite. 

Usually it is assumed that the crystallization of the pegmatites begins with quartz-two-feldspar as-

semblage, nearmiarolitic one is intermediate, and miarolitic one is final. In order to determine the mineral-

forming environments of these pegmatites melt and fluid inclusions have been studied. Quartz is main host 

mineral for them. Each assemblage of the veins contains both melt (MI) and fluid (FI) inclusions (Fig.1). 

A small amount of melt and fluid inclusions in the earliest two-feldspar complexes, a large number 

of both in nearmiarolitic complex, and the abundance of large FI and rareness MI in miarolitic quartz was 

observed. Obviously, proportion of the melt decreases at the miarolitic cavities formation, and a hydrother-

mal solution becomes the major mineral-forming media.  

In Shahdarinskaya vein the fluid phase evolution was envisaged. Low saline water-carbon dioxide 

fluids (in quartz-two-feldspar assemblage) transform into water-carbon dioxide fluid with dissolved boric 

acid (in nearmiarolitic assemblage), and the latest (miarolitic) fluid contains less portion of CO2 and more 

of boric acid. 

In Leskhozovskaya vein CO2 content is lower. Concentration of boric acid and alkali metals in-

crease starting from of two-feldspar assemblages formation, which is reflected in the appearance of daugh-

ter sassolite and pentaborates of alkali metals. Similar fluid was involved in the nearmiarolitic tourmaline-

quartz-albite complex formation. Concentration of dissolved components (boric acid, pentaborate of rubid-

ium, cesium and of other alkali metals) in the miarolitic fluid compared to fluid of earlier stages increases. 
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Fig.1 – Concomitant melt (MI) and fluid (FI) inclusions in miarolitic quartz of Leskhozovskaya pegmatite. 

Fluid inclusions at room temperature contain crystals of daughter sassolite and alkali metals pentaborates 

The data obtained allow us to draw the following conclusions. 

1. In spite of the close location and similar structure of Shahdarinskaya and Leskhozovskaya peg-

matite veins, they are characterized by different sets of accessory minerals and various evolution of the 

fluid phase during crystallization of the pegmatite bodies. It may imply significant differences in the history 

of their formation. 

2. In Shahdarinskaya vein, with a simpler fluid composition, low concentrations of salt components 

and a high content of carbon dioxide in the fluid phase, formation of more rich rare-metal nearmiarolitic 

mineralization took place. While in Leskhozovskaya vein, which was formed with the participation of more 

concentrated and more complex boric acid borate-rich substantially aqueous fluid, nearmiarolitic associa-

tion doesn't have a rich rare metal mineralization. 

3. Silicate liquids has a role in miarolitic mineral formation. Although the proportion of melt de-

creases by the time of miarolitic cavities formation, and minerals grow from hydrothermal solutions of 

boric acid borate-rich composition.  
The work was supported by the grant of the president of Russian Federation № MK-5367.2016.5. 
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The most abundant mineral group in the Earth mantle composition after silicates is the oxides [1]. 

The oxides of trivalent cations (A2O3) are presented group of sesquioxide minerals [2]. The most common 

minerals of this group are the corundum type structured oxides, which include corundum (α-Al2O3), esko-

laite (Cr2O3), and hematite (α-Fe2O3). The presence of these oxide components stabilizes the impure 

phases (garnet, bridgmanite, Ca-perovskite, and Ca-ferrite) over the entire mantle pressure–temperature 

regime [3, 4]. Variations of the structural modification in sesquioxides are founded at high-pressure stud-

ies. The alpha phases of corundum and hematite are considered as stable modifications up to ~95 GPa and 

~55 GPa, respectively, and the denser phases of Rh2O3(II) type structure are existed at very high pressure 

[5, 6]. The room temperature compression experiments have showed that Cr2O3 retains the corundum type 

structure up to 70 GPa. However, the magnetic transition around 15 GPa and the possible phase transition 

at 30 GPa may take place in eskolaite [7]. Therefore, study of the thermodynamics of rock-forming co-

rundum type oxides plays an important role in understanding of mantle mineralogy and properties of dif-

ferent solid-state systems on the depth at high temperature and pressure. 

We have constructed equations of state of α-Al2O3, Cr2O3, and α-Fe2O3 using the modified ther-

modynamic model from our previous studies [8, 9]. The Kunc-Einstein combination is determined poten-

tial (P298, K0, and K') and thermal parts of EoS. The thermal part of the Helmholtz free energy is consid-

ered as a sum Einstein temperature contribution and contribution of intrinsic anharmonicity: 

     ),2/3()]/exp(1ln[),( 2
0 TxnRaTRTmTVF m

iith   

where, m1 + m2 = 3n (i = 1, 2), x = V/V0, a0 and m are fitted parameters. We use two Einstein temperature 

contributions because it allows more accurate approximation of the heat capacity. The λ transition in the 

heat capacity of Cr2O3 and α-Fe2O3 was fixed based on different measurements. It can be considered in 

our model by the magnetic contribution to the Helmholtz free energy as: 

           
),1)()(1ln()( 0  gBRTTFmag  

where B0 and g(τ) are fitted parameters. The Grüneisen parameter is expressed by Al’tshuler equation: 

      ,)( 0

 x   

where γ0, β, and γ∞ are fitted parameters. Summing the corresponding functions, we have obtained a com-

plete thermodynamic description of equation of state. Obtained parameters of EoS of α-Al2O3, Cr2O3, and 

α-Fe2O3 are presented in the Table 1. 

Calculated heat capacity of Cr2O3 and α-Fe2O3 is good agreed with experimental data (Fig.1a, b). 

Difference between observed and calculated pressure of corundum, eskolaite, and hematite is in good 

agreement with recent P-V-T measurements. 
The work was supported by the Russian Scientific Fund (project no 14-17-00601) and the Russian Founda-

tion of Basic Research (project no 16-35-00061 and no 15-35-20556), and conducted under the program of the Min-

istry of Education and Science of the Russian Federation (project no 14.B.25.31.0032). 
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Table 1 – Parameters of equations of state of rock-forming corundum type oxides 

Parameters α-Al2O3 Cr2O3 α-Fe2O3 

V0, cm3mol–1 25.575 29.057 30.274 

K0, GPa 253.0 211.7 202.5 

K' 4.05 5.35 3.21 

Θo1, K 950 718 554 

m1 7.5 7.5 11.9 

Θo2, K 475 376 201 

m2 7.5 7.5 3.1 

γ0 1.131 1.388 2.084 

β 1.9 0.5 1.3 

a0, 10–6K-1 6.2 – – 

m 2.82 – – 

B0 – 1.034 1.927 

g(τ) – 0.378 0.304 

 

 

Fig.1 – Calculated heat capacity of Cr2O3 (a) and α-Fe2O3 (b) in comparison with experimental data [10–13] 
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The Tazheran massif is situated on the western shore of the Baikal Lake, being a component of 

Lower Paleozoic collisional orogen at the margin of the Siberian craton. The massif is syn-collisional and 

intruded in the time interval 470-460 Ma [1]. The massif is composed of alkaline and nepheline syenites, 

subalkaline gabbro, beerbachites, brucite marble and calciphyres [1-4]. Metasomatic rocks of various min-

eral compositions are widespread in the massif. However, some of them have geological and mineralogical 

features that cannot be explained by previously proposed simple influence of syenite magma to the car-

bonate-silicate matrix [2]. Melilite-bearing rocks can be referred to this type.  

The typical mineral assemblage in melilite-bearing rocks is melilite, wollastonite, grandite garnet, 

monticellite and calcite. Diopsite, nepheline, pectolite [NaCa2Si3O8(OH)] and cuspidine [Ca4Si2O7F2] also 

can be found. Idiomorphic graphite, perovskite [CaTiO3], sulfides (pyrrhotite, chalcopyrite, pentlandite, 

troilite) and such rare minerals as K-Cl-bearing sulfides (djerfisherite, bartonite, Cl-bartonite) are accessory 

phases []. The sodium content in melilite reaches 5.5 wt.% that allow to attribute some melilites to alumoak-

ermanite. Melilites with a similar composition have been never described in metasomatic rocks. The mag-

nesium number of monticellite goes down to 50%, and almost lies in the field of kirshtenite (CaFe[SiO4]). 

The structure and texture of melilite-bearing rocks with numerous symplectites and kelyphitic rims are the 

evidence of solid phase reactions, for which metamorphic phase analysis system can be used. At a pressure 

below 1 kb, that was proposed for Tazeran massif before [2], all the reactions took place during the for-

mation of melelite-bearing skarns and occurred in the temperature range from 700 to 850 Cº, and the mole 

fraction of CO2 from 0.25 to 0.35%. 

There are two main unsolved questions about melilite-bearing rocks: “What was the protolith of 

such rocks?” and “What was the source of fluids?”. Previously melilite-bearing rocks were described as 

high-temperature Ca-skarns. However, they does not reveal any obvious territorial connection with syenites 

and marbles. They occur as separate blocks that are cut by syenite or nefeline syenite veins. Rare earth 

elements are immobile in metasomatic processes. Considering the fact, that REE concentration in the meli-

lite-bearing rocks of the Tazheran massif is much higher than in marbles, it is doubtful that marbles are 

their protolith. Otherwise, spatial connection with the nepheline-Ti-fassaite rocks can be seen. The last one 

compose together with calcite marble a narrow stripe between beerbachites and alkaline syenite in the cen-

tral part of the Tazheran massif. Rounded blocks of nepheline-Ti-fassaite rocks are frequently founded in 

the marbles. Idiomorphic grains of alumoakermanite (Na2O up to 7.5 wt.%) were detected in these blocks. 

Konev and Samoylov treated nepheline-Ti-fassaite rocks as metasomatic rocks that were formed on the 

contact of “hornfels” (now beerbachites) and marbles by influence of syenite fluids [2]. However, beer-

bachites trace element spectra are characterized by Ta-Nb maximum while trace element spectra of all rocks 

in Tazheran massif (including melilite-bearing and nepheline-Ti-fassaite rocks) have Ta-Nb minimum (fig 

1). One of the best explanations for the genesis of nepheline-Ti-fassaite rocks [3] proposes the crystalliza-

tion (with automagmatic metasomatic change) of trachydolerite magma that assimilated some carbonate 

material. The evidences of this hypothesis is the founding of zone with relikt ophitic texture. Gradual tran-

sition from ophitic rocks containing plagioclase to Ti-fassaite rocks with idiomorphic nepheline can be 

observed in this zone. Rare earth elements spectra of melilite-bearing rocks are similar to the earliest gab-

broids (Birkhin formation, 500 Ma) (fig. 2). It can be proposed that the protolith of melilite-bearing rocks 

was metasomitised dolerites relating to Birkhin formation. However, the question “What was the source of 

fluids?” is still open.  
The work was supported by the grant MK-6322.2016.5 from the President of the Russian Federation. 
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Fig.1 – Primitive mantle normalized multiple trace elements of the beerbachites and melilite-bearing rocks 

from the Tazheran massif.  

 

Fig.2 – Primitive mantle normalized multiple trace elements and chondrite normalized REE distribution pat-

terns of the of the melilite-bearing rocks (Tazheran massif) and the gabroids (Tazheran and Birkhin massifs, 
Western Baikal area). 
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Although that the Crimea belongs to the classic areas of karst and here there are more than 1,000 

natural karst cavities, the mineralogy of water-chemogenic deposits – the most spectacular and well-

known formations in the caves, has been poorly studied. There are gypsum, aragonite, calcite, illite, 

quartz, kaolinite, goethite, pyrolusite [1]. 

Emine-Bair-Khosar – one of the most beautiful caves in the Crimea, located on Chatyrdag Plat-

eau, which is part of the Main Ridge of the Crimean Mountains and occupies a central position in it. 

Chatyrdag Plateau is a territory in which there are almost all the varieties of karst forms – both surface 

and subsurface, with more than 140 caverns of genetic classes of corrosion and erosion-corrosion. The 

Emine-Bair-Khosar cave has a length of 1630 m, a depth of 125 m, the volume of 160,5 thousand m3. The 

general understanding of its morphometry can be obtained from the article [2]. 

Emine-Bair-Khosar is a multilevel system of passages which are separated from each other by 

landslides and water dripping on the halls: the Main, Country of Lakes, of Idols and other. In the Emine-

Bair-Khosar, there are various genetic types of cave deposits: residual, landslip, water-chemogenic and 

mechanical chemogenic. The cave is characterized by an exclusive richness of speleothems decoration. 

This is varied in form gravitational (tubular, cone-shaped, plate, etc.) and anomalous stalactites. There are 

also conical, pagoda-shape and other stalagmites. 

In this work it was studied the material composition of two samples of water-chemogenic for-

mations of the Emine-Bair-Khosar cave: a fragment of the lower part of stalactite with a hollow channel 

inside from the Dublyansky hall (fig.1 а) and a fragment of a dark colored crust from the wall of the Idols 

hall (fig.1 b). 

 

Fig.1 – The investigated samples: a) stalactite; b) crust 

By the method of X-ray fluorescence analysis (by wave dispersion X-ray fluorescence spectrome-

ter Rigaku ZSX Primus) was determined the elemental composition of the samples (Table 1). 

The structural analysis was carried out on a diffractometer DRON-3 with copper radiation (K�̅�) 

in an angular region 2θ of 10° to 110°. Qualitative and quantitative X-ray phase analysis of the mineral 

composition of stalactite showed, it is 70,3 % of calcite CaCO3, 27,6 % of pigeonite (Ca,Fe,Al,Mg)Si2O6  

and 2,1 % of SiO2 (information card for 9006294 [3]). Crust composed of pigeonite (Ca,Fe,Al,Mg)Si2O6 

(69,6 %), hedenbergite (Ca,Fe)Si2O6 (22,7 %) and tridymite SiO2 (7,8 %) (Table 2). 
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Table 1 – Chemical composition of the samples 

Units, 

wt. % 
CaO SiO2 Al2O3 MgO TiO2 Fe2O3 P2O5 K2O MnO 

Stalactite 97.1291 1.0528 0.7645 0.4800 0.3160 0.0896 0.0677 0.0487 0.0139 

Crust 84.7105 4.2595 2.6039 0.2148 0.3699 2.9626 0.1642 0.5742 3.9045 

Table 2 – The phase composition of the samples 

 Stalactite   Crust  

2θ I (intensity) mineral 2θ I (intensity) mineral 

14,99 63,3 SiO2 20,15 6,5 tridymite 

19,02 9,7 SiO2 20,38 15,9 tridymite, pigeonite 

26,86 17,9 SiO2 23,15 96,8 tridymite 

29,52 751,6 calcite 27,59 11,2 tridymite 

36,21 206,2 pigeonite 29,78 1000,0 hedenbergite 

39,71 326,3 pigeonite 34,95 7,9 tridymite 

43,41 443,2 SiO2 35,26 5,1 hedenbergite 

47,69 1000,0 calcite 47,73 430,8 hedenbergite 

48,61 931,8 calcite 48,63 560,1 pigeonite 

57,8 232,1 pigeonite 53,96 6,1 pigeonite 

61,38 332,8 SiO2 57,70 236,5 pigeonite 

63,34 29,2 pigeonite 63,19 53,8 pigeonite 

65,16 87,7 SiO2 64,90 18,4 hedenbergite 

65,88 64,6 calcite 65,17 117,7 tridymite 

82,04 102,3 pigeonite 65,73 19,5 tridymite 

84,71 30,8 SiO2 74,42 17,7 hedenbergite 

95,31 40,0 calcite, SiO2 81,27 7,6 hedenbergite, pigeonite 

96,63 60,1 pigeonite 86,64 22,8 hedenbergite, pigeonite 

99,61 87,7 calcite 95,22 140,5 hedenbergite 

 

A detailed study of the water-chemogenic deposits very important in practical terms. Density, size 

and shape of the deposits let you set the intensity of the water inflow.The position of different morpholog-

ical groups of water-chemogenic deposits in relation to the different elements of the microrelief of the 

cave and to other types of deposits records the levels of flooding (fringe) and the change of stages of sed-

iment accumulation (crust, stalagmites).The color and mineralogical composition of deposits are indica-

tors of paleogeographic conditions. 
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This paper is focused on contaminated semiarid area near an operating copper smelter and old 

mine-tailing disposal sites in Tsumeb in the northern Namibia, where copper, lead, zinc and to lesser ex-

tent silver and germanium were historically mined. It has already been demonstrated that soils and plants 

from this area are highly polluted by dust particles originating from mining and mineral processing activi-

ties [1, 2]. In this paper, we focus on the mineralogy of mining and smelter-derived particulates extracted 

from topsoils (litter, n = 4) and biomass samples (n = 2) collected in this area (litter from marula and aca-

cia trees, grass samples). 

The soil and biomass samples were digested in mineral acids and analysed by ICP-MS. High lev-

els of inorganic contaminants were found: up to 5800 mg Cu kg-1, 1920 mg As kg-1, 4880 mg Pb kg-1, 

3310 mg Zn kg-1. Highest levels of contaminants occurred especially in the fined-grained fractions 

(<2 mm). Moreover, main part of contaminants was bound in the mineral samples (soils) in contrast to 

organic carbon-rich biomass samples. 

Scanning electron microscopy coupled with energy dispersion spectrometry (SEM/EDS) and 

electron probe microanalysis (EPMA) were used for the identification of the metal(loid)-bearing phases in 

heavy mineral fraction of the soil and biomass samples. Spherical particles which originate from the 

smelting process were observed (fig. 1). Secondly angular shaped grains were probably transported di-

rectly by wind during the ore processing or from nearby mine-tailing disposal sites (fig. 1). 

 

Fig.1 – BSE image of heavy fraction particulates. Left picture shows angular grain of enargite (Eng) and 

spherical quenched Cu-Fe-S phase. Right picture shows a smelter-derived bornite-galena myrmekite 

Bushfires can be responsible for transformation and remobilization of particles from the polluted 

topsoils and biomass. We plan to perform thermal soil/biomass burning experiment to understand the ex-

tent of such transformation processes under conditions simulating bushfires in this area. 
This study was supported by the Czech Science Foundation (GAČR 13-17501S). 
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The results of study of five diamonds with mineral inclusions from kimberlite pipes of the 

Yakutian diamondiferous province by nondestructive methods of analysis - X-Ray tomography and 

Raman spectroscopy are provided. The samples are presented by clear diamonds of octahedral shape with 

a size of not more than 4 mm on the long axis. In one of individuals there is a system of cracks with iron 

accumulation around the inclusions, which under normal visual examination is not possible to determine 

the number, shape and location of mineral inclusions (Fig. 1). Three-dimensional images of the diamond 

crystals by desktop high-resolution micro-CT SkyScan 1272 are obtained. In this images the features of 

diamond internal structure and mineral inclusion morphology are well visualized (Fig. 2). The internal 

volume of the investigated samples is homogenous, zonation is not fixed. There are inclusions with high 

X-Ray density and high contrast on brightness in diamonds. Inclusions with isometric shapes are located 

mostly in the central part of the host crystal. In these diamonds, there are inclusions with flattened defects 

of less contrast, closer to the host crystal on X-Ray density. The defects are like rose petals. The petals are 

located almost parallel to the top face of the host crystal. 

  

Fig.1 – Diamonds with mineral inclusions from kimberlite pipes of Yakutian diamondiferous province: 

a - 4132; b - 4169 

Olivine, garnet, chromite and omphacite inclusions in the studied diamonds are identified by 

Raman spectroscopy (Fig. 3). The Raman spectra are registrated on a confocal InVia RENISHAW Raman 

microscope, equipped with Wire 3 software package. The excitation of grid vibrations was carried out 

using laser radiation with a wavelength of 532 nm ("green laser"), diffraction grating of 1800 I/mm and 

CCD detector was selected. The Raman spectrometer has a resolution of 1-2 cm-1. The accuracy of the 

wave number was not less than 0.5 cm-1 and it was calibrated using a monocrystalline silicon standard. 

Spectra were recorded using a lens x50, x20 (Leica, Germany). Identification of mineral inclusions in 

diamonds was carried out using the library of RENISHAW Raman spectra and CrystalSleuth software. 

a b 
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Fig.2 – X-Ray microtomograms of diamonds with mineral inclusions: a - 4132, b - 4169 

The X-Ray tomography allows to study the features of morphology, internal structure of 

diamond, to examine the shape, position and the dimension of the mineral inclusions in half-transparent 

and opaque crystals, when visual examination is not effective. The Raman spectroscopy allows to identify 

mineral inclusions in situ, without the destruction of expensive and unique, with the scientific and 

geological point of view, samples. 

 

Fig.3 – Raman spectra of garnet inclusions in diamonds (3638, 3811) 

a b 

195

Mineralogy and experimental mineralogy



SYNTHESIS, STRUCTURE, AND HIGHTEMPERATURE BEHAVIOR OF 

NEW COMPOUNDS Ca2(UO2)O(TeO3)2 AND K2(UO2)2O2(TeO3) 

Zadoya Anastasiya, Siidra Oleg, Bubnova Rimma, Evgeniy Nazarchuk 

Saint Petersburg State University, Saint Petersburg, Russia 

izanastasiia@gmail.com 

Crystal chemistry, uranium, high temperature x-ray diffraction  

Investigation of thermal stability of uranium minerals and uranyl compounds is important from the 

point of view of nuclear wastes management.  

Herein we report on the synthesis, structure and high temperature behavior of new compounds 

Ca2(UO2)O(TeO3)2 (1) and K2(UO2)2O2(TeO3) (2). Both compounds were obtained by solid state method 

in ceramic crucible. 

Compound 1 Ca2(UO2)(TeO3)2O crystallizes in the monoclinic space group P21/n. The unit cell 

parameters are: a= 9.328(4), b= 7.843(4), c = 11.729(6) Å, β = 100.22(1)°, V = 844.52(14) Å3. Coordination 

environment of U(1) atom is a tetragonal dipyramid UO6, with 4 short (1,875-2,077Å) and 2 long (2.202Å) 

bonds. Such coordination can be described [1] as ‘antiuranyl’ and observed in several compounds: Na4UO5, 

Li4(UO5), Sr3(UO6). Uranium bipyramids are connected one to each other via additional O(8) oxygen atoms 

forming chains, which are decorated by tellurium TeO3e tetrahedra on both sides. Ca(1) is surrounded by 

eight oxygen atoms to form СaO8, Ca(2) is located in the center of CaO7 polyhedra. Base of structure 

consists of infinite one-dimensional [(UO2)3O(TeO3)]2- chains elonged along the b axis. Space between the 

chains is filled by calcium coordination polyhedra.  

Compound 2 crystallizes also in the monoclinic space group P21/c. The unit cell parameters are: 

a=6.8331(16) Å, b= 20.2539(49) Å, c= 6.9724(16) Å, β= 109.99(0)°,V= 906.80(137)Å3 . Structure of this 

compound contains two symmetrically independent of (UO2)2+ uranyl ions. Both of them coordinated by 5 

oxygen atoms in the equatorial plane forming by distorted UO7 pentagonal bipyramids. Polyhedra around 

U(1) atom has four common edges with adjacent polyhedra, while atom U(2) has only two neighbors. UO7 

pentagonal bipyramids form a chain extended along c axis. These uranyl chains are interconnected in layers 

via tellurite TeO3e tetrahedral. Interlayer space is filled by two atoms of potassium K(1), K(2) and the 

additional oxygen atoms O(2), O(3). 

Thermal behavior of 1 and 2 was studied in air by means of a Rigaku Ultima X-ray diffractometer 

(Cu-Kα radiation) with a high-temperature camera Rigaku HTA 1600. Sample was prepared from heptane’s 

suspension on a Pt-Rh plate. The temperature step for 1 was 20°C in the range of 25–900°C and also 20 °C 

in the range of 25–750°C for 2. Unit cell parameters at different temperatures were refined by least-square 

methods. Main coefficients of the thermal expansion tensor were determined using linear approximation of 

temperature dependences by the ThetaToTensor program. It was found that 1 is stable up to 800°C and 2 

to 600°C.  

 

Fig.1 - General projections of crystal structures of Ca2(UO2)(TeO3)2O (a), and K2(UO2)2O2(TeO3) (b). 
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35-20632.  
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Carbon and sulfur are one of the most common volatile components involved in the mantle mag-

matic processes. Subduction plays a key role in the geochemical cycles of C and S. In the course of sub-

duction carbonates, sulfides and sulfates are transported into the mantle where their interaction with man-

tle silicates becomes to be possible. Estimates of the amount of carbon and sulfur input fluxes into the 

mantle in subduction zones, indicate that on average each year input is of ~ 3±1.5×1012 moles. Output 

flux of the carbon and sulfur in volcanic gases does not exceed 20 – 30% of input [1,2]. Accordingly, a 

great amount of carbon and sulfur is transported to deep mantle. Experimental research focused on mod-

eling the interaction of the subducted material and mantle silicates was performed in the olivine – magne-

site – pyrite system ((Mg,Fe,Ni)2SiO4 – (Mg,Ca)CO3 – FeS2), using multi-anvil high-pressure apparatus 

of a “split-sphere” type (BARS), at a pressure of 6.3 GPa and in a temperature range of 1050 – 1550 ° C, 

with a duration from 40 to 60 hours. As a result of olivine – magnesite – pyrite interaction in the tempera-

ture range of 1050 – 1250 °C,  olivine + ferromagnesite + orthopyroxene + pyrite + pyrrhotite assemblage 

was formed (Fig. 1a). It was established that the basic processes occurred in the system at these tempera-

tures were the recrystallization of olivine and magnesite, partial extraction of Fe and Ni from the olivine, 

pyrite enrichment with Fe and Ni, and the formation of pyrrhotite. The main reaction at T ≤ 1250 °C is 

supposed to be as follows: (Mg,Fe,Ni)2SiO4 + (Mg,Ca)CO3 + FeS2 → (Mg,Fe,Ni)2SiO4 + (Mg,Fe)2Si2O6 + 

(Mg,Ca,Fe)CO3 + (Fe,Ni)S2 + (Fe,Ni)1-xS. In the temperature range of 1350-1550 °C formation of the 

forsterite + enstatite + magnesite assemblage was established and generation of two immiscible melts: 

carbonate-sulfur (enriched with Ca) and sulfide ((Fe,Ni)1-xS) ones took place (Fig. 1b). It is found, that 

extraction of Fe and Ni from olivine to sulfide melt occurred, and as a result silicates were characterized 

by very low concentrations of FeO (≤ 1 wt.%, relative to the initial 9 wt.%), and the absence of NiO im-

purities. Thus, as the main reaction of olivine-magnesite-pyrite interaction at T ≥ 1350 ° C, following one 

can be considered: (Mg,Fe,Ni)2SiO4 + (Mg,Ca)CO3 + FeS2 → Mg2SiO4 + Mg2Si2O6 + MgCO3 + 

[(Ca,Mg,Fe)CO3+S]melt + [(Fe,Ni)1-хS]melt. 
The study was performed by a grant the Russian Science Foundation (Project № 14-27-00054). 

 

 

Fig. 1 – SEM micrographs: a –aggregate of olivine, ferromagnesite, orthopyroxene, pyrite and pyrrhotite 

(1050 °C); b - olivine, ferromagnesite and orthopyroxene with quenched melts (1550 °C). 
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In the 50-s of XX century, a detailed study of positive tectonic structures were dissected ferrugi-

nized sandstone horizons extends far beyond the West Siberian Plain. Subsequent study and evaluation of 

these horizons identified oolitic iron ore thickness from a few meters to 26 meters with conditioned content 

of Fe and V [6]. Formation of oolitic iron ore processes of mechanical differentiation, it took place in water 

environment (streams and waves) and on land (rewinding with creation of dunes during sea regression). 

The joint study of the geochemistry and mineralogy of iron ore is very promising because it allows you to 

more fully represent the process of sedimentary ore formation, to solve the issue of oolitic formation, iden-

tify sources for the formation of iron-ore strata that have accumulated in a short period of geological time 

over a large area.  

Iron ores are related with several horizons (Narymsky, Kolpashevsky, Tymsky and Bakcharsky) 

and overlapped by a rather thick Neogene-Quaternary rock body (160-200 m). The depth of productive 

strata varies from 2 to 40 m. The ore horizons are traced throughout the entire area of the deposit, as well 

as outside its borders and are separated by the barren and weakly ferruginous rocks that overlap each other 

often with washouts. The area of the ore field in the contours of wells is about 520 km2, the average width 

of 20 m [4]. There are four main ore cluster - Bakcharsky, Kolpashevsky, Parbigsky and Parabel-Chuziksky 

within the Tomsk part of the basin. The East and West sector are the most studied areas on Bakchar ore 

cluster. In the Eastern sector Kolpashevsky and Bakcharsky iron horizons are close together and form a 

unified ore body width 26-36 m 

On the section strata are relatively shallow weakly inclined bedding of to the general decline from 

south to north. The morphology of the ore horizons is relatively simple. Cemented horizons ores have the 

form of extended reservoir bodies with unrestrained thickness and curved. The upper horizon is cut by 

erosion and tapers off in a southerly direction. Unconsolidated and weakly cemented ore form lenticular 

bodies of various sizes and are adjacent to the cemented horizons ore above or below, and only rarely form 

independent layered bodies. Sometimes ore horizons merge, forming a continuous orebody. The structural 

localization of the ore complex is cyclical. Each cycle includes two types of ore: brown goethite-hydrogoe-

thitic and gray-green chlorite-glauconite oolitic iron ores, which are interconnected transitional varieties, 

fixing zone conversion precipitation regime change against the background of sedimentation. 

The mineral composition of ores is determined by the presence of terrigenous and authigenic com-

plexes. Terrigenous part consists of quartz, feldspar, magnetite, ilmenite, rutile and zircon. Authigenic and 

clay mineralization represented by three associations of reductive, hydrolyzative and oxidative. In this case, 

reductive associations are established in chlorite-glauconite oolitic iron ores: glauconite, chlorite, sulfides 

and native silver. Hydrolyzative association are described a transitional varieties of ores and is represented 

by kaolinite, illite, siderite and phosphate. Oxidative association are determined the composition of brown 

goethite-hydrogoethitic oolitic ores which includes lepidocrocite, goethite and hydrogoethite. Iron oxide 

and hydroxide content up 22 % to 75 %, carbonates: 1-12 %, clay minerals: 13-45 %, quartz and other 

clasts - 1.92 to 20 %. The studies of mineral inclusions (~1μm) in oolite ores have demonstrated the pres-

ence pyrite (framboidal and euhedral), sphalerite, covellite and antimonite. The phosphates are mainly rep-

resented by the association of REE minerals. In composition, they are solely Ce, La and Nd, composition 

like a monazite [1]. The structure and mineral composition of oolites indicate a stable hydrodynamic con-

ditions of sedimentation: terrigenous minerals are observed in the nuclei of oolites, the orientation of con-

centric layers are tangential with inclusions of REE phosphates and native silver, inversion zoning of fer-

ruginous layers. 

Lithogeochemical studies of oolitic iron ores indicate that the main reason for defining their diver-

sity, is a variation of the amount of clastic and ore com-ponents, which also controls the distribution and 
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trace elements. Worth noting significant content siderophilic (V, Cr, Co, Ni, Mo) and chalcophilic (Zn, As, 

Ag, Cd, Sb, Pb) elements, a fundamental role in the distribution of which played sorption processes [3]. 

The average content of total REE in the investigated oolitic iron ores is 424 ppm, the maximum (up 

to 600 ppm) are characteristic of goethite- hydrogoethitic ores, and the minimum (~ 320 ppm) - for chlorite-

glauconitic ore [2]. It is observed enrichment of ores by Ce and medium REE, suggesting a tropical climate 

during the formation of ore, which contributed preferably removal of Ce in the sedimentation basins in the 

hydrolyzative conditions. 

The change facies environments demonstrate trace elements and their ratios - Ti/Zr, Sr/Ba, 

Σ(REE+Y), ΣSe/ΣY, La/Yb, and the change in redox conditions of sedimentation V/Cr, V/Cu, Mo/Co, 

U/Th ratios [5]. Variations of geochemical indicators are well correlated with the position of the type of ore 

in the section, which also points to the cyclical features of formation [2] 

In the Late Cretaceous - Paleogene south-eastern edge of Western Siberia was a coastal-marine part 

paleobasin. Analysis of the data on the structure and mineralogical and geochemical features of ores showed 

that the formation of oolitic iron ores occur in the semi-coastal-marine environment according to the type 

of lagoons with stagnating depressions. The advent of stagnant depressions in the coastal area due to the 

dissection of bottom of sedimentation basin, waterlogging paleorivers deltas and forming lake-lagoon areas. 

In these basins with quiet hydrodynamic regime are shaped the globules of glauconite. The source material 

for the ore coming from the continent were fresh water (swamp and groundwater) with weighted and clastic 

material, flows mineralized (catagen) waters, which are filtered by the system breaks of increased permea-

bility zones. The implementation of reducing conditions occurred due to the decomposition of organic mat-

ter and, as a result, increasing the local content of hydrogen sulfide, which contributed to the formation of 

sulphides and native silver. The numerous change of sedimentation conditions (regression-transgression of 

the sea) leads to active rewashing weakly  ferruginous rocks and appearance the loose of goethite-hydrogoe-

thitic varieties, and then, result of exposure pore water to the loose and permeable oolitic ore are formed 

carbonate cement. 
The work was supported in part by the Ministry of Education and Science of the Russian Federation (State 

Project No. 2282). All experimental studies of samples were performed on the equipment of Analytic Center of Natural 

Systems Geochemistry of Tomsk State University. 
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The Devonian Rudniy intrusion located in NW Mongolia is one of numerous gabbroic intrusions 

of similar age surrounding the Tuva depression. It has been considered as a part of large igneous prov-

ince. However, among those intrusions, Rudniy is the only one known to contain magmatic sulfide Ni-

Cu-PGE mineralization represented by disseminated sulfide blebs, ranging from 3 mm to 30 mm in size. 

The sulfide blebs are zoned and consist of pyrrhotite, pentlandite, chalcopyrite and cubanite. Detailed 

characterization of the sulfide blebs shows that the base metal sulfides (BMS) contain platinum-group 

mineral as small nuggets and in dispersed form. The intrusion is of interest because it is a small intrusive 

body that solidified quickly and the sulfide blebs are interpreted to keep a record of the geochemical be-

havior of chalcophile elements from the crystallization of a sulfide melt in a closed system. This is signif-

icant because the behavior of chalcophile elements during the formation of large-scale Cu-Ni-PGE depos-

its is still controversial due, at least in part, to later alteration and hydrothermal processes that may have 

strongly affected the resulting distribution of elements.  

Firstly, PGE contents were analyzed using Ni fire assay with ICP-MS, other elements were ana-

lyzed by XRF except sulfur, which was analyzed by IR spectroscopy. The obtained data were used for the 

recalculation of sulfide tenor in ore zone of Rudniy intrusion. Secondly, using LA-ICP-MS analyses 

(Resonetics, RESOlution M50 ArF excimer 193 nm laser probe coupled to a Thermo-Fisher XSeriesII 

ICP-MS, Laurentian University, Canada) trace element distributions were mapped and the concentrations 

of chalcophile and platinum group elements in BMS were measured.  

Chondrite-normalized PGE and precious metal concentrations in 100% sulfides from Rudniy in-

trusion were plotted for three types of blebs sampled in outcrops, which differ in shape, size and enrich-

ment in PGE and precious metal nuggets (Fig. 1). All data have very similar patterns except the Os and 

Ag. It can indicate the sensitivity of these elements to the fractionation processes. The Rudniy data points 

compared with data compilations of Naldrett [1] fall into the trend pertaining to flood basalt ores, except 

for Ni (its concentration is enhanced relative to the flood basalt area). These data confirm that Rudniy 

intrusion belongs to large igneous provinces magmatism. 

LA-ICP-MS analyses were carried out for the trace element content in 3 samples from the Rudny 

intrusion. Interestingly, there were many small nuggets of PGE minerals that had to be filtered out of the 

signal. All visible spikes that could be attributed to nuggets were eliminated from the integrations. The 

summary of the processed data shows that IPGE and Re are concentrated in pyrrhotite and pentlandite. 

Pentlandite has higher contents of Ru (1.46 ppm) and Rh (0.32 ppm) in comparison with pyrrhotite (0.77 

and 0.02 ppm, respectively). Chalcopyrite and cubanite do not comprise IPGE, Re and Rh, but host small 

concentrations of Pt (0.02 ppm) and relatively high concentrations of Pd (6.89 ppm) and Ag (3.76). 

Cubanite is the BMS with the highest Ag content (10.4 ppm). Dispersed Au has been observed only in 

chalcopyrite (0.01 ppm). 

When combined ICP-MS and LA-ICP-MS data the partition coefficients between MSS and resid-

ual liquid were estimated utilizing the equation of [2]. With the exception of Ag and Pd, the calculated 

partition coefficients (for Re, Ir, Ru, Pt, Au, Cd and Zn) are similar to those found in published experi-

mental work and correlate with data from Noril’sk ores. Calculated coefficients for Ag and Pd (1.05 and 

1.74, respectively) suggest that these elements should partition into mss whereas actually they are hosted 

in pentlandite and iss. These anomalies also could be explained by the redistribution during the reaction 

of mss and residual liquid. 
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Fig.1 – Comparison of chondrite-normalized PGE and precious metal concentrations in 100% sulfides from 

Rudniy intrusion with ranges of a number of important types of magmatic ores [1]. For Rudniy concentrations 

of PGE and precious metal from three types of blebs have been plotted: circles – large horizontally elongated sulfide 

blebs with PGE, Ag and Sn mineralization; triangles – medium size vertically elongated and spherical sulfide blebs 

with relatively rich bismuth telluride mineralization; diamonds – small vertically elongated sulfide blebs with rela-

tively poor bismuth telluride mineralization. 

Table 1 – Calculated partition coefficients between monosulfide solid solution and sulfide liquid for medium 

size vertically elongated and spherical sulfide blebs with relatively rich bismuth telluride mineralization 

Co Re Ir Ru Pt Pd Au Ag Cd Zn 

Calculated sulfide liquid 

2698,75 0,09 0,03 1,39 0,01 14,49 0,01 3,96 8,06 121,71 

Calculated partition coefficients 

7,47 4,32 4,94 2,76 0,08 1,74 0,15 1,05 0,02 0,03 
 

The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00100). 
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The Sudbury Igneous Complex is well known for its magmatic Ni-Cu ores occuring at the contact 

with footwall units. However, last 20 years brings another type of ore as a major focus of exploration 

within the Sudbury area. The footwall type deposits consist of Cu-Ni-PGE veins and are found in foot-

wall units up to 2 km from the contact zone. Sulfide veins may be several meters thick and were mainly 

emplaced in intensely brecciated footwall rocks (Sudbury Breccia). The veins are strongly enriched in Cu, 

Pt, Pd, Au, and Ag in comparison to the contact-type magmatic sulfide mineralization [1]. 

The origin of these Cu-PGE-rich, vein type footwall deposits has been debated for many years. 

The magmatic sulfide differentiation model cannot explain some features observed in footwall deposits, 

and the presence of hydrothermal alteration along veins and in the mineral assemblages suggests that 

hydrothermal processes played a significant role in the ore genesis [2,3]. 

The Levack Main deposit was discovered in 1887 (first deposit discovered on the North Range) 

and the Levack contact deposits were mined between 1915-1929 and 1935-1997. In 2002 KGHM Interna-

tional Ltd (then Quadra FNX) acquired it and renewed production few years later. In addition, exploration 

program was carried out on the property which resulted in the discovery of the Morrison deposit, rich in 

polymetallic ore with high-grade copper, nickel and precious metals [4]. The Morrison deposit contains a 

spatially continuous distribution of mineralization from pyrrhotite-rich pods and veins, through sharp-

walled chalcopyrite-rich veins, to millerite and bornite- and platinum, palladium and gold-rich veins [5]. 

Petrographic studies of collected samples in reflected light and using SEM have determined the 

ore assemblages to be dominated by chalcopyrite and pentlandite with significant amounts of pyrrhotite 

and millerite and minor amounts of magnetite, sphalerite, galena and cubanite. These are accompanied by 

precious metal bearing minerals: Pt–Pd tellurides (michenerite, moncheite), PGE sulfarsenides (sperry-

lite), Ag –tellurides (hessite), native Au and some trace minerals (e.g. cassiterite). The main factor con-

trolling PGM distribution is depth (abundance of PGM is higher in lower part of the deposit) witch is 

consistent with formation from a highly fractionated sulfide liquid.  
 

  

Fig. 1 – Examples of PGE-bearing minerals: left - moncheite, right - michenerite (light gray) and sperrylite 

(dark grey). 
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Raduzhnoe deposit is located in the mountainous part of the republic of Kabardino-Balkaria in the 

territory of Cherek district in Hulamo-Bezengi gorge. 

Geological characteristics of the deposit are: 

1. Disposition of ore district to the activated in Cimmerian time linking area of the Main Range 

structurally-formation zone to the North Caucasian marginal massif (with a wide development of basic 

and acidic magmatism in the Jurassic age). 

2. The confinement of the area to the deep sublatitudinal Saurdanskiy fault that is one of the 

branches of the eastern continuation of the large Tyrnyauz-Pshekish zone. Eruptive and volcanic 

structures of Jurassic volcanism are associated to this fault. 

3. Association of the deposit to the northern edge of the rigid transverse structure (Bezengi horst), 

bounded on the west by submeridional Bodulinskiy fault, and from the north and the east - by the 

branches of Saurdanskiy fault. It led to a wide development of smaller dislocations with northwest, 

latitudinal and meridional directions, broken the boundary of the horst into small blocks with vertical and 

horizontal displacements, which forwarded to the penetration of hydrothermal solutions. 

4. Screening role of Jurassic argillaceous sediments at hydrothermal processes: increase in the 

degree of silicification and ore mineralization in the contact zone of granitic basement rocks with the 

Jurassic sedimentary cover is observed close to tectonic dislocations. 

Within the Raduzhnoe deposit six ore localities (so-called ore zones) are described: Pervaya, 

Vtoraya, Lagernaya, Gypsovaya, Orlinaya and mostly polymetallic Kishlyk-su. It should be noted that 

only the first zone can be regarded as an independent ore body. It traced along the course for more than 

500m. There are marked areas with a high concentration of gold and silver, forming separate ore 

chimneys (bonanzas). The rest of the so-called ore zones, in fact, represent the individual intersection, 

opened at different levels and are not linked to each other. 

Ore mineralization in the Raduzhnoe spatially associated with subvolcanic bodies of Jurassic 

potassic rhyolites and trachytes. The ore bodies and mineralized zones often are represented by vein-like, 

and stok-like bodies of explosive-hydrothermal breccia zones and siliceous breccias, disseminated sulfide 

ores in polygenic breccias, lenticular bodies of massive sulphide ores and rich-impregnated ores and 

different in composition veins and veinlets [2]. 

Three types of mineralization are divided: polymetallic, gold-sulphide and gold-silver. These 

types correspond to the two technological types of gold ores: the primary gold-sulphide and oxidized 

gold-silver. In the first type of technological industrial interest besides gold and silver can be copper, zinc, 

lead and cadmium [2]. 

The gold-sulphide mineralization was formed in the early post-magmatic stage and is associated 

with potassic rhyolite bodies. Within the Lagernaya and the Pervaya ore zones there are observed 

outcrops of silicified brecciated rocks with nested and lenticular sulphide-polymetallic ores with width up 

to 30 cm. 

Input of fluids (associated with volcanic activity), mobilization of ore components, as well as the 

rapid cooling of ore-bearing solutions in surface conditions, and mixing them with cold meteoric waters, 

appear to have resulted to the redeposition of ore substance and to formation of ore mineralization 

containing acanthite and native gold. 

The set of geological, structural, lithological, and mineralogical data allow us to attribute the ore 

deposit Raduzhnoe to the typical hydrothermal one with the wide development of later metasomatic 

processes. Ore mineralization in the basement rocks and the upper volcanic-sedimentary structural floor 

has evidence of genetic unity, representing different levels of the ore system, has being controlled by the 

processes of volcano-tectonic activity. 
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Table 1 – Mineral sequence and ore composition of Raduzhnoe deposit 

Metallogenic 

epoch 

Cimmerian (Early Alpine) 

Mineralizatio

n Stage 

Prior-

productive 

Early productive Late productive 

regenerated 

Post-productive 

Mineral 

assemblage 

(complex) 

premineral 

metasomatites 

Gold-sulphide Galena- 

sphalerite 

Gold -silver Supergene 

weathering 

products 

Mineral 

association 

quartz-chlorite-

hydromica, 

hydromuscovite

-quartz-pyrite 

Quartz-

carbonate-pyrite 

with anhydrite, 

gold-pyrite-

galena-

chalcopyrite with 

gold 

Galena-

sphalerite-

quartz-

carbonate 

Gold-silver, 

kustelite-

carbonate-barite 

with gray ores 

Gold-acanthite 

with hydroxides 

of Fe, Mn, 

sulphosalts of Ag, 

Pb, Zn, Cu 

Minerals Quartz, 

carbonate, 

chlorite, sericite, 

hydromica, 

hydromuscovite, 

pyrite, 

arsenopyrite, 

anatase. 

Pyrite, marcasite, 

chalcopyrite, 

sphalerite, galena, 

gold isomorphic 

in pyrite and 

chalcopyrite, 

barite, anhydrite, 

gypsum, quartz 

Sphalerite, 

galena, 

chalcopyrite, 

pyrite, barite, 

quartz 

Native gold, 

silver, kustelite, 

freibergite, 

bournonite, 

barite, calcite, 

chalcedony, 

adularia 

Acanthite, native 

gold jarosite, 

beudantite, 

malachite, azurite, 

hematite 

 
The work was supported by the program of fundamental researches of RAS (project no. I.4П(P)). 
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The North Baikal Ni-Cu province is a part of the Baikal-Muya volcano-plutonic belt. It is known 

for numerous PGE-Ni-Cu-bearing mafic-ultramafic intrusions of Neoproterozoic age [1, 2]. These include 

the Ioko-Dovyren and Avkit rift-related intrusions located in the Synnyr rift of the north-western part of 

belt; the Chaya, Gasan-Dyakit and Nyurundukan syncollisional intrusions which are part of the Kichera-

Mama ophiolite terrane in the central part of belt; and the Marinkin intrusion of island-arc origin is in the 

Muya eastern segment of the Baikal-Muya volcanic-plutonic belt. 

The Ioko-Dovyren layered dunite-troctolite-gabbro intrusion is a 26 km long and up to 3.5 km 

wide sill-like body, which was intruded almost concordantly into Neoproterozoic carbonate-terrigenous 

rocks, along the axis of the Synnyr rift zone. The Ioko-Dovyren intrusion was emplaced in the Late 

Proterozoic (728±3.4 Ma [3]). The massif consists, from the bottom upward, of: a lower plagioperidotites 

marginal zone (up to 200 m thick), ultramafic zone (up to 1000 m), layered zone (up to 1000 m), and a 

gabbroic zone (up to 1100 m). The gabbronorites occur as a sill in the uppermost part of the massif, as 

well as sills and dykes that cut plagioperidotites at the bottom of the massif and the adjacent country 

rocks. 

Ni-Cu mineralization is observed in the plagioperidotites of the Ioko-Dovyren massif and in sills 

of the same composition that cut the footwall of the intrusion. Both disseminated (locally net-textured) 

and massive sulfide Ni-Cu mineralization occurs. It is irregularly distributed. Disseminated mineralization 

is more common than net-textured and massive ores. The outcrops of rocks including disseminated 

sulfides have been traced along the strike for 1400 to 1700 m in surface exposures. Their width typically 

varies from 8 to 25 m, locally reaching 80 m. The lenses of disseminated mineralization are oriented 

parallel to the sills and the bottom zone of plagioperidotites. Veins of massive sulfide mineralization most 

commonly occur inside the disseminated ore zones. The largest sulfide vein occurs in the northeastern 

part of the massif. It extends along the base of the massif for 650 m and is 0.7-1.0 m wide. Drilling data 

indicate that the veins dip almost vertically and extend to depths of more than 500 m. Sulfide mineralized 

zones at Ioko-Dovyren are enriched in PGE (up to 0.5 ppm Pt, 2.2 ppm Pd, 0.24 ppm Rh), Au (up to 0.32 

ppm), Ag (up to 16 ppm), Se (up to 23 ppm) and Te (up to 14 ppm). Sperrylite, geversite, sudburyite, 

mertieite-I, naldrettite and also electrum were found at the vein ores [4]. The high concentrations (up 

0.195 %) of Pd occur in maucherite. The inferred resources are 147,000 t of Ni, 51,010 t of Cu, 9,470 t of 

Co [2]. 

Low-sulfide PGE mineralization is lens in the gabbroic part of the massif, and has been traced 

along its strike for ~20 km. The lowest and most PGE-rich horizon (I) is observed in a transitional zone 

between rhythmic layered troctolite - olivine gabbro and the olivine gabbro (500 to 600 m above the first 

appearance of cumulate plagioclase). The PGE ore zone is composed of concordant veins and lenses of 

coarse-grained and taxitic troctolites, olivine gabbros, pegmatites and anorthosites. Both schlieren and 

lens-like bodies of anorthosites surrounded by gabbro-pegmatites are widely abundant in the area. The 

anorthosite bodies are commonly a few cm to 1 m thick and extend for 2 to 5 m along the strike of the 

massif (rarely >40 m), forming discontinuous ore zones with an en echelon-like distribution. The horizon 

I consists of three separate layers over a 200 m vertical interval. The bulk PGE content in the rocks may 

reach as much as 4.1 ppm Pt and 7.8 ppm Pd as well as 3.34 ppm Au, 0.71 % Cu and 0.43 % Ni. The 

prevalence of Pt over Pd is characteristic. Concentrations of the other PGE reach: 0.018 Os, 0.130 Ir, 

0.060 Ru and 0.080 ppm of Rh. Twenty minerals of precious metals were revealed [5], with tellurides and 

bismutotellurides of Pt and Pd being predominant. Fe-Pt alloys are less abundant, whereas arsenides, 

stibnides and stannides are rarely observed. The main minerals are moncheite, potarite, tetraferroplatinum 

and kotulskite. Thus, >50% of the PGM contain platinum. Both gold and silver minerals are also 

widespread (up to 14%). The unknown phase (Pd,Hg)2(Cu,Fe)S(Te,Pb)2 was found in association with 

kotulskite. Pentlandite from the horizon contains up to 360 ppm Pd, thus including almost half of the total 

Pd budget of the rocks. The resourses of Pt, Pd and Au are 66, 46.2 and 46.2 t, respectively [2]. 
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The Chaya massif has roughly lens-shaped form, dimensions 1.5×5.0 km and age 627±25 Ma 

[6]. Country rocks are schists and marbles with horizons of high-alumina metapelites metamorphosed 

under epidote-amphibolite facies. The massif internal structure is characterized by a zonal arrangement of 

its rocks. The central part consists of the serpentinized dunite. It is surrounded on the periphery by 

plagioperidotites. The non-olivine gabbro and hornblende gabbro compose the second intrusive phase of 

the Chaya massif. The pyroxenites of several morphogenetic types are typical for Chaya massif. The 

Chaya massif hosts four types of Ni-Cu sulfide mineralization (disseminated, massive, brecciated and 

blastomylonitic). The Ni-Cu sulfide mineralization is hosted by pyroxenites with highest concentrations 

in the center of the pluton mainly. The average content of sulfides (pyrrhotite, pentlandite, etc.) ranges 

from 3-5 to 30-50 vol.%; Ni - 0.45-1.28, Co - 0.02-0.05, Cu - 0.14-0.38%. The massive ores (pyrrhotite, 

pentlandite, and chalcopyrite) are also hosted by pyroxenites and surrounded by disseminated ores. The 

average contents are 5.58 (Ni), 0.19 (Co), 1.70 (Cu) %. The brecciated ores are hosted by dunite and 

peridotite fragments submerged into pyroxenite matrix (5-50 vol. % of sulfides: troilite, pyrrhotite, 

pentlandite, chalcopyrite). The average contents are 1.70, 0.09 and 0.60 % of Ni, Co and Cu, respectively. 

The blastomylonitic "opaque" ores (up to 11 wt. % Ni) consist of pentlandite (40-45%) and pyrrhotite 

(45-52%). The average contents are 6.1 (Ni), 0.14 (Co), 0.35 (Cu) per cent. The Chaya has confirmed 

resources of Ni, Cu and Co are 260, 86, and 10.7 thousand t, respectively, however the massif needs 

further exploration because the evaluated prospective resources are much larger: 800 (Ni), 270 (Cu) and 

33 (Co) thousand t [2].  

The Marinkin massif intrudes the PR1 contact metamorphosed volcanic rocks at east and north. It 

is intruded by PZ(?) granites at the rest area. Sm-Nd age is 825±12 Ma [7]. The Marinkin massif has 

concentrically-zonal internal structure. The dunites and plagiodunites compose the central part, forming 

an ellipse-like body by area about 2 km2 extended in south-north direction. The peripheral Marinkin parts 

are changed intensively by postmagmatic processes and, probably, granites influence, intrusion rocks 

changed into zoisite, zoisite- and saussurite-actinolite rocks. Marinkin sulfide Ni-Cu mineralization is 

localized within ultramafic core mainly. This mineralization subdivides into two genetic types: 1) general 

rare disseminated grains at dunites and plagiodunites and 2) net-textured mineralization, forming the 

linear zones in massif plan. The concentration of sulfides (pentlandite, troilite, chalcopyrite) is 0.5-1 vol. 

%. The highest concentrations of Ni, Co and Cu in main ore types (netted, brecciated) are 0.6, 0.08 and 

0.15 wt. %, respectively. According to different estimations the dunitic core contains up to 0.5 and 0.65 

ppm of Pt and Pd. The resources are 118125 t of Ni, 30375 t of Co, 67500 t of Cu and 8 t of (Pt + Pd) [2]. 

All deposits can be regarded as a Ni-Cu ore cluster adjacent located near the Kholodninskoe Pb-

Zn deposit which is ready for mining. In addition, there are less studied small dike-like bodies with 

sulfide mineralization, which formed in a rift setting and may be enriched in Ni, Cu and PGE. 

Individually, those bodies are of poor commercial value by its resources, but they are located relatively 

close to each other (<30 km) and therefore can appear profitable for mining companies. There are 

deposits of Au, K-Al, Ta, Nb, Zr, REE, Mn, quartz at this area also. Therefore, the North Baikal Ni-Cu-

PGE province needs additional geological exploration targeted at the north-eastern Synnyr rift hosting 

numerous small subvolcanic bodies with Ni-Cu sulfide mineralization. Some small subvolcanic bodies 

contain the industrial level Ni-Cu deposits (Shanuch, Cabanga-Musongati, Voisey’s Bay, Jinchuan etc.). 
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Scandinavian Svecofennian granitic pegmatites are aged 1.86-1.79 Ga [1]. In the Haapaluoma de-

posit from western Finland, lithium pegmatites occur within proterozoic granodioritic country rock [1]. The 

main minerals are microcline, albite, quartz, pink tourmalines and micas [2- 4]. Pegmatite complex in Kaa-

tiala (western Finland) is enriched in many rare elements: lithium, cesium, rubidium and niobium. Interest-

ing minerals such as black tourmalines, columbite, löllingite, beryl and muscovite with potash feldspars 

occur in the deposit [5, 6]. Pegmatites from Sweden are enriched in albite, beryl, columbite, garnets, mus-

covite, uraninite and zircon, but macroscopically the biggest are tourmalines [5]. The project aims is an 

analysis of the pegmatites from the three locations, with the different varieties of tourmalines. 

 

Fig.1 – Geological map of Fennoscandian Shield with marked sampling places  
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The West Pjalozersky area is located within Koykarsko-Korbozersky greenstone structure, which 

is a fragment of the Archean Vedlozerko-Segozersky greenstone belt of the Baltic Shield. The area is 

composed mainly of metamorphosed (epidote-amphibolite facies) Archean (Lopii) sedimentary-volcanic 

formations that are attributable to Semcherechensky and Bergaulsky suites characterized by a mottled 

composition and the extensive development of igneous rocks of various composition. The Elmussky ore 

cluster is separated out on the northern continuation of the greenstone structure and includes gold ore 

occurrences Pedrolampi, Talpus, Gavshlamnoya and Yuzhka. 

Prospecting models of projected types of deposits have been developed in the initial stage of work. 

Gold deposits of greenstone belt Hattu-Ilomantsi in Finland are taken as "external" standards, gold-objects 

of Elmussky cluster - as "internal". Elements of prospecting deposit models of estimated ore-formation 

types were adapted to the territory of works, are updated and supplemented in the course of research. The 

leading types of mineralization are determined as: gold-quartz in rocks of komatiite-basalt composition, 

gold-sulphide in the rocks of rhyolite-dacite composition and gold-pyrite formation. 

According to its landscape features West Pjalozersky area is not favorable to work using traditional 

search methods, because the open and fragmented open areas, which correspond to the residual 

(mechanical) geochemical halos and flows of the scattering ore elements, occupy about 30% of the area. In 

this regard, the search efficiency in such areas is low and can be increased, as evidenced by the domestic 

and foreign experience, just by the complex nature of the study with the application of new technological 

methods, namely, deep geochemical exploration for secondary halos with the assaying the lower horizons 

of moraine (till survey). 

Geochemical (till) sampling is carried out in the course of work on an area of 50 km2 in the network 

of 25 ×250 m and subsequent laboratory analysis work using precision techniques (ISP MS) allowed to 

identify anomalies of weak intensity Au, Ag, Sb and Bi at low values of the elements. Because of the work 

the two most prospective areas are marked for detailed work. 

Detailed geochemical prospecting were carried out on prospective areas on the network 200x50 m. 

Confirmation of till anomalies of gold and pathfinder elements was carried out with the use of mining 

(ditches, clearings) and drilling operations; average drilling depth was about 150 m. As a result of these 

activities potentially mineralized areas are contoured, geochemical types of zones of sulphide 

mineralization containing anomalous gold concentrations are determined, their size and internal structure 

are determined, the conditions of localization of mineralization projected gold ore are updated. 

Based on the analysis of geological and geochemical data area Southern are contoured as a 

perspective for the detection deposits of gold-quartz-sulphide formation in rocks of acid-medium 

composition. Four mineralized (potentially ore-bearing) area, elongated in the submeridional direction of 

1-1.5 km, and a width of up to 50 meters are allocated within the area. Areas are countoured by the results 

of till survey and anomalous fields of elevated gold contents and pathfinder elements are traced. In addition, 

there are gold grades to 2.45 ppm in the bedrock within zones. 

The mineralized zones are closely spaced systems of tectonic faults of varying width (a few tens of meters), 

separated by blocks of fractured and weakly altered rocks. The central part of the zones of tectonic faults is 

characterized by intense crushing, schistosity of host rocks and the appearance of silicification, 

beresitization and sulphidation. 

As a result of the complex geological and geophysical work within the West Pjalozersky area 

perspective object with probable reserves of gold in the P2 category in the amount of 5.8 tons is localized. 
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Vast majority of gold deposits in the Yenisei Ridge is localized in the tuffaceous-carbonate-

terrigenous flyshoid carbonaceous sediments of Early-Middle Riphean (udereyskaya, gorbilokskaya, 

kordinskaya series) and Early Proterozoic (penchenginskaya series) (Fig.1).  

Prospecting of gold ore within the Sredne-Ishimbinskaya prospective area located in the central 

part of Yenisei gold province reveals a new type of gold-mineralized zones localized in carbonaceous 

carbonate-terrigenous sediments of kartochki-aladyinskaya and potoskuyskaya series of the Upper-

Middle Riphean – ore occurrence Yujnoye. 

Exploration carried out according the methodology for prospecting of gold deposits in difficult 

mountain-taiga landscapes approved FSUE TsNIGRI [1, 2]. Research methodology provides a complex 

application of geological, geochemical and geophysical research methods. The first step of research was:  

1) studying of the prospective area by a series of basic profiles, including geological routes, 

lithogeochemical sampling for secondary dispersion halos, geophysical surveys (magnetic, gravity, 

electrical exploration);  

2) geochemical prospecting of dispersion flux (scale 1:50 000); 

3) geological routes (scale 1:25 000, 1:10 000). 

As a result we have localized an ore-controlling zone of fold-discontinuous deformations in the 

south part of the area. 

The next step was a detailed research works within the zone of fold-discontinuous deformations: 

4) geochemical prospecting of secondary dispersion halos (sampling density 200х20 m);  

5) excavation of pits depth of 0,8 m with schlich and lithogeochemical sampling of deep-lying 

productive layer of diluvium (intervals between the pits are 20-40 m );  

6) excavation of pits to bedrock (intervals of 10-20 m between the pits). 

Research of this stage revealed a series of gold mineralized zones of gold-quartz-sulphide type, 

localized in terrigenous-carbonate deposits of the Upper-Middle Riphean. The average thickness of the 

zones is 280 m, the length exceeds 800 m. Morphologically the zones are characterized by a complex 

linear-stockwork structure. The content of gold within the zones exceeds 0,1 g/t. 

The last step of exploration was: 

7) trenching; 

8) drilling. 

Within the gold-mineralized zones we localized the epicenters of the highest gold contents (more 

than 0,3 g/t) in primary and secondary dispersion halos – «non-conditional» ore zones, representing areas 

of saturation by veinlets and veins (8-12 or more veinlets and veins per 1 meter) of quartz, quartz-ankerite 

following by intense dissemination of sulfides (up to 5-7%) in host rocks. Width of the ore zones amounts 

to 30 m, the length – up to 300 m.  

Consequently, for the first time in the region we prognosticate the detection of large-dimension 

stockwork-type gold mineralization with lower average gold concentration related with gold-sulphide-

quartz type of mineralization, localized in carbonaceous carbonate-terrigenous sediments of the Middle-

Upper Riphean [3]. 
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Fig. 1. Schematic map of gold mineralization of central part of the Yenisei gold province (with using data of 

"Krasnoyarskgeolsemka"): 

1–7 – stratified sediments: 1 – quaternary sediments; 2 – carbonate-terrigenous variegated complex (nemchanskaya 

(Vnm), pod`emskaya (Vpd), suvorovskaya (Vsv), moshakovskaya (Vms), chistyakovskaya (Vcv), aleshinskaya 

(Val) series); 3 – carbonate-terrigenous complex (chividinskaya (R3cv), karyernaya (R3krr), lopatinskaya (R3lp) 

series); 4 – flysch carbonate-terrigenous complex (suhohrebtinskaya (R3sh), gorevskaya (R3grv), moryanihinskaya 

(R3mr), dashkinskaya (R3ds), nijneangarskaya (R3na), mokrinskaya (R3mk), rybinskaya (R3rb), boreminskaya 

(R3br), udoroskaya (R3ud) series); 5 – carbonaceous carbonate-terrigenous complex (shuntarskaya (R3sn), 

potoskuyskaya (R3pt), aladyinskaya (R2al), kartochki (R2kr) series; 6 – carbonaceous volcanic-carbonate-terrigenous 

complex (udereyskaya (R2ud), gorbilokskaya (R2gr), kordinskaya (R2kd) series); 7 – carbonate-terrigenous 

crystalline shale complex (penchenginskaya series (PR2pn)); 8 – intrusive complex: plagiogranite-diorite complex 

(tatarsko-ayahtinskiy (R3ta), teyskiy (R2te); 9 – tectonic faults: a) main fault zones, b) minor fault zones; 10 – gold 

deposits and ore occurences: a) very large, b) large, c) medium, d) ore occurences and points of gold mineralization, 

e) ore occurence Yujnoye; 11 – contours of gold ore cluster; 12 – contour of Sredne-Ishimbinskaya area  
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Currently, Kazakhstan has a problem of recreating its own mineral resource base of rare metals 

and, above all, tantalum, niobium and beryllium, which are widely used in the field of high technologies. 

The main rare metal deposits (Ta, Nb, Be, Li, Sn, W) are concentrated in the granitoid belts of Permian age 

within the territory of the Greater Altai (GA) [1]. 

Qalba-Narym belt is the main rare-metal structure of GA in which concentrate many deposits and 

ore occurrences of pegmatite, albite-greisen, greisen-quartz vein and hydrothermal types [2]. The main 

geological and industrial type are deposits of rare-metal pegmatites (Ta, Nb, Be, Li, Cs, Sn). Criteria of 

forecasting of rare metal mineralization based on geological, structural, petrological, mineralogical, geo-

chemical and other factors. The authors obtained new information about geotectonic position of pegmatite-

bearing ore fields, the distribution of rare elements in various mineral complexes, the first results of Ar-Ar 

isotopic dating of pegmatites.  

 

Fig.1 – The microphotographs of inclusion of ore minerals in quartz-microcline-albite (with spodumene) peg-

matites of Bakennoe deposit: a - tiny clusters of tantalite, b - micrograin of microlite, c - euhedral grains of 

columbite, d - diamond-shaped cassiterite. Bitmap images were made in the laboratory "IRGETAS", on a 

scanning electron microscope (JSM-6390LV). Executor: Rusakova A. V. 

 

The Bakennoe deposit located within Gremyachinsk-Kiinsk ore zone, controlled by a system of 

deep latitudinal faul. The quartz-microcline-albite (with spodumene) mineral complex is prevailed in peg-

matites. The main ore minerals - tantalite, cassiterite and spodumene, minor - beryl, microlite, manganotan-

talite, lepidolite, etc. For the first time in ores found microinclusions of tantalum-bearing scheelite, colum-

bite, cassiterite, bunsenite, galena, tetrahedrite, sylvite, monteponite, bismite and native seredra (fig. 1). 
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Enrichment of pegmatite forming solutions is emphasized by fluoride and halides compounds (F, P, Cl), 

and ore elements (Cu, Pb, Sb, Zr, Ag, etc.). 

The Yubileiny deposit is located in Asubulak ore field, controlled by Plachgorinsk deep fault of 

latitudinal direction. Pegmatite objects localized in its feathering shallow fractured structures (Yubileiny, 

Red Cordon, Ungursay, Carmen-Kuus, Budo, and others). The pegmatites expressed of unique minerals 

(cleavelandite, lepidolite, spodumene, petalite, ambligolite, pollucite, color and polychromatic tourmaline, 

beryl, tantalite-columbite, et al.). We also found uranium-bearing microlite, tinny stibnite, galena, zincite 

and other minerals in ores. In tantalite determined finely dispersed gold, and in late quartz veins found 

native gold (Au - 60,79, Ag - 1,52% by weight.). Staging of mineral forming was refined, given the pro-

spective estimation of the ore field. Ar-Ar- isotopic age (295 - 280 Ma - muscovite, lepidolite) is defined 

for Yubileiny and Red Cardon spodumene pegmatite veins. 

Deposits of Belaya Gora and Baymurza formed in the eastern endocontact of Chebundy granite 

massif. Emphasized their confinement to the meridional fractured structures, bordered Belogorsk latitudinal 

fault. The pegmatites composed the process of albitization with forming quartz-microcline-muscovite, al-

bite and spodumene complexes typical for pegmatites of other regions [3]. Ar-Ar isotopic age of    spodu-

mene pegmatite of Belogorsk deposit is 290-286 Ma, muscovite. 

 

Conclusions 

1. Determine the leading ore-controlling role of latitudinal deep faults in the distribution of pegma-

tite-bearing ore fields of Qalba-Narym granitoid belt. New information about the distribution of rare and 

accompanying elements in the pegmatites of various mineral complexes were received by electron micros-

copy. 

2. Based on Ar-Ar isotope dating is confirmed "intragranite" position of spodumene pegmatites, 

which intruding the granites of the first phase of Qalba complex (296 ± 1,3; 292 ± 1,9 Ma, U-Pb, zircon) 

and likely have more old age relative to the granites of the second phase of Qalba complex (285 ± 3,4, 285 

± 1,3 Ma, U-Pb, zircon) [4]. 
The work was supported by the JSC "National Agency for Technological Development" under the contract 

№403 from 23.12.2011, Russian Foundation for Basic Research (project № 16-05-00128-a, project № 16-35-00209). 
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The Orot deposit belongs to the Western Transbaikalia and has a Be-bearing composition [1]. Despite 

of detailed mineralogical and geochemical works [2, 3], a problem of fluid sources is not covered. 

The Be-mineralization is located in exocontact between volcanic structure vent part and brecciated 

granite. The Be-mineralization is fixed by intensive metosomatic alteration of country rocks – argillisation, 

microclinization, gematitization and silicification. The Be-mineralization zones are patch-like, lenticular, 

and out-of-shape forms related with country rocks by mutual transitions. The Be-mineralization zones have 

crimps, bulges, and feathering-out. They are mostly composed by dickite and feldspar. 

The major minerals of Be-ores are K-feldspar, quartz, and dickite. The secondary and accessory are 

fluorspar, carbonates (mostly ankerite), hematite, bertrandite, and zircon. The rate of change of primary 

rocks and the ratio of the major minerals varies greatly. There are as well weakly altered argillized granites 

containing 5-7 % of quartz and 5-10 % of dickite as rocks containing 70-80 % of dickite with relicts of K-

feldspar. All types of rocks have gradual transitions and vary concentrations of bertrandite. 

It is recognized that Be-mineralization is related to alkaline granites [2, 3], also assumed the mantle 

component has taken part. In order to assess the source of the fluid phase we studied the isotopic 

composition of oxygen in silicate minerals and hematite, carbon and oxygen in carbonates, sulfur in 

sulfides, and hydrogen in hydroxyl group of dickite (see Table). The analyses carried out in laboratories of 

GIN SB RAS (Ulan-Ude) and FEGI FEB RAS (Vladivostok). 

Table 1 – Isotopic compositions of O, C, D and S in minerals of the Orot deposit 

№  Mineral 
δ18О ‰ 
SMOW 

δ13С ‰ 
PDB 

δD‰ 
SMOW 

δ34S ‰ 
CDT 

δ18О ‰ 
fluid 

SMOW 

t°C 

1 

Argillized 

granites 

K-feldspar 

-13,6      
2 -11,6      
3 -10,8      
4 -10,7      
5 -9,2      

6 -7,1      
7 

Hematite 
-15,0      

8 -12,15      
9 Quartz 3,0      
10 Zircon 0,2      
11 

Ores 

Dickite 

-9,5    -19,6 150 

12 -9,4  -158,6  -20,2 150 

13 -8,8  -166,4  -20,3 150 

14 
Ankerite 

-7,65 -1,95   -18,25 200 

15 -7,52 -1,29   -18,0 200 

16 Bertrandite -10,2      
17 

Sulfides 

Molibdenite    7,0   
18 

Pyrite 
   6,13   

19    7,6   
20    7,62   
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The results of isotopic investigations show three groups of mineralization. The first is sulfur (pyrite, 

molibdenite) related with quartz veins and following by fluorspar. This group is individual and not related 

with Be-ores. The second group is hematite associated zircon. The third group is minerals of ores (K-

feldspar, bertrandite, dickite, ankerite). 

It is established that minerals of ores and argillized rocks are highly enriched by light oxygen. The 

calculations of oxygen from fluid phase show a part of meteoric source. This is also confirmed by depletion 

of D in dickite which is associated with bertrandite. The obtained data requires rethinking of relationship 

of Be-mineralization and granites. Also it is not identified a part of mantle source during ores formation. 
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Abstract: Bodi is located north of Boumnyebel where the Pan-African formations of the Yaoun-

dé Group comprise of quartzite, micaceous quartzite, garnet-mica-schist, talc-schist, garnet-amphibolite 

and amphibolite. Talc indices of Bodi are hosted in a garnet and muscovite-bearing mica-schist. The min-

eralogy of talc-schists of Bodi is mainly composed of talc (>90 %) and traces of chlorite, amphibole and 

phlogopite. The geochemistry of talc-schists indicates an ultrabasic composition as shown by the high 

concentration of Ni (3302-4862ppm) and Cr (1200-2830ppm). The absence of toxic elements such as As, 

Cd, Pb, U shows that it could be useful in ceramics, cosmetics and pharmaceuticals. 

I. Mineralogy: Results of the X-ray diffraction show conspicuous peaks of talc and minute traces 

of chlorite and amphibole. All the whole rock samples patterns are dominated by the 00l reflections of 

talc as for pure talc [1]. From the diffractograms of powder samples, talc constitutes the most abundant 

mineral accounting for about 90% of the total rock volume (Fig.1). 

 

Fig.1 – XRD diagrams of talc-schist samples from Bodi 

II. Geochemistry: The results of chemical analyses show that the crude talc samples are made up 

of SiO2 (28.06-49.43 wt. %), MgO (20.65-29.38 wt. %), Fe2O3 (15.74 and 27.49 wt. %) and CaO (0.128-

2.169 wt. %). Na2O content is below detection limits and K2O varies from (0-0.0749 %). Their Al2O3 

concentration is low (0.185-0.668wt. %). The loss on ignition (L.O.I) values range from 0.99 wt. % to 

20.74 wt. %. On the tholeiitic-komatiite classification scheme talc-schists of Bodi plot in the field of 

tholeiite [2]. 

The analyses of trace elements show that the crude talc contains high level of Ni (3302-4862 

ppm), Cr (1200-2830 ppm), Cu (0-70 ppm) Zn (60-90 ppm) whereas cobalt is below detection limit. 

III. Discussion: Talc accounts for more than 90 % of the talc-schists of Bodi similar to the talc-
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schist from Boumnyebel [3] making it suitable for use in cosmetics, baby powder, pharmaceuticals, 

steatite ceramics, pitch control in the paper industry and as a filler in rubber [4]. The SiO2 content of these 

samples varies from 28.06-49.43 wt. %. Values of SiO2 greater than 45 % are generally regarded as upper 

limit for ultrabasic igneous rocks. However, the seemingly high SiO2 content may suggest possible 

syntectonic metamorphic silicification of the rock. Moreover, on the tholeiitic-komatiite classification 

scheme [2] talc-schist of Bodi plot in the field of tholeiite. Considering the above, and in comparison with 

rocks of similar composition, the overall major element chemical composition of the rock confirms an 

ultrabasic igneous rock origin. Even though the iron content is high, the composition of these major 

elements are similar to those mined in Trimouns in France, Rabenwald in Australia, Ponta Grossa, Castro 

zones in Brazil, the lower Skagit Valley, Washington in USA and Eastern Desert of Egypt. It is also 

similar to major elements geochemistry of talc-schists from Memel. The SiO2 (28.06-49.43 wt. %) and 

MgO (20.65-29.38 wt. %) contents, though with high Fe2O3 (15.74-27.49 wt. %) content make talc-

schists of Bodi suitable for cordierite ceramics [5]. Na2O is below detection limit and K2O is very low (0-

0.0749%). This may possibly be due to hydrothermal leaching. 

IV.As concerns the trace elements, analyses show that the crude talc contains high level of Ni 

(3302-4862 ppm), Cr (1200-2830 ppm) and Zn (60-90 ppm). Ni, Cr, and Co are important elements for 

the identification of origin of talcs. Their abundances are low in Mg-carbonatic talc, but are concentrated 

in ultramafic talcs. These elements (Ni and Cr) and Fe contents characterize talc formed from ultrabasic 

rocks making it similar to the talc-schist from Bibodi and Memel [5]. It also matches with the trace 

elements geochemistry of talcose rock of Esie area, southwestern Nigeria [6]. Trace elements 

concentration of talc from Bodi ties with the concentration of the major talc deposit in eastern USA [7]. 

The concentrations of trace elements Ni and Cr in the rock samples is also similar to those of peridotites. 

High Ni, Cr and MgO contents point to the existence of a high Ni-phase, presumably olivine in the parent 

rocks. It is shown that the liquidus phases in a melt with MgO > 20 % are olivine and chromite; if MgO is 

between 2 to 12 %, olivine + pyroxene; and with MgO < 12 %, pyroxene + plagioclase. By the same 

argument, the high Cr-phase may be spinel or Cr-rich orthopyroxene. Most of the very small 

concentrations of toxic elements like As, Cd, Pb, U, except Al could not be detected under the analytical 

conditions. It may therefore indicate a potential cosmetic and pharmaceutical use [5], [7]. 

Conclusion: The Bodi area is principally composed of meta-sedimentary and meta-igneous rocks 

which have been affected by three phases of deformation. Talc indices embedded in a Pan-African garnet 

and muscovite-bearing mica-schist of the Yaounde series were discovered at Bodi (Cameroon). 

Mineralogical and geochemical analyses of talc-schists point to an ultrabasic protolith as 

indicated by high Cr and Ni contents. Also following the classification scheme of variation of Al2O3 with 

FeO/(FeO + MgO)% ratio [2], samples plot in the field of tholeiitic rocks. X-ray diffraction analyses 

show that talc accounts for approximately more than 90%; chemical analyses show high SiO2 and MgO 

concentrations coupled with the absence of small concentration of toxic elements such as As, Cd, Pb and 

U which could not be detected under the analytic condition; it therefore indicates that, the talc of Bodi 

could be suitable for industrial applications such as ceramics, cosmetic and pharmaceutical, pitch control 

in the paper industry and as a filler in rubber. 
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THE MWANUBI OCCURRENCE: AN EXAMPLE OF ATYPICAL 

INTRUSION-HOSTED GOLD-MOLYBDENUM MINERALIZATION IN 

THE LAKE VICTORIA GOLDFIELDS, TANZANIA 

Tsikin Alexander¹, Utenkov Vladimir² 

Russian State Geological Prospecting University, Moscow, Russia 

¹ alex_tsikin@yahoo.com 

² vutenk@yandex.ru 

Gold, molybdenum, Lake Victoria Goldfields, Archean, calc-alcaline granodiorite  

The Mwanubi gold–molybdenum occurrence is situated in the Shinyanga-Mwadui granite-

greenstone belt within the Lake Victoria Goldfields (LVG) at the northern part of Archean Tanzania 

Craton [1]. High-grade quartz veins mined by local artisanal miners from discovery in 2007. Gold 

mineralization is hosted by deformed and altered medium-grained equigranular to porphyritic 

granodiorite at north-eastern margin of elliptical (8x3 km) granodiorite-syenogranite intrusion with 

swarm of aplite and leucogranite parallel dykes.  

Granodiorites are characterized by signs of melt flowing – primary banding and distinctly sloping 

gneissic expressed in the orientation of mafic minerals. Sometimes gneissic banding (Dip.az 190-210 ∟ 

20-30˚) is confined to the primary banding, which may not be available at any of the minerals 

(hornblende, rarely - biotite, microcline). The overall composition of the typical granodiorite without 

metasomatic alteration is hornblende (10-15%), biotite (5-20%), quartz (15-20%), plagioclase (50-60%) 

and microcline (5-10%), titanite (2-3%), orthite, zircon, apatite. The secondary minerals are always 

sericite, calcite, epidote, zoisite. The observed asymmetric structure with a gentle dipping to the 

southwest, suggests the shape of intrusion as harpolith. 

Reconnaissance drilling and trenching within artisanal mining site and Au-Cu-Mo-Bi soil 

anomaly defined a few types of gold mineralization: 

Disseminated low-grade gold-molybdenum mineralization occurs to the K-alteration zones and 

porphyritic lithologies of granodiorite. Gold (780-950 ‰) in association with pyrite, arsenopyrite and 

chalcopyrite is localized at the boundary of grains of colored minerals and within large phenocrystals of 

strongly altered plagioclase. Gold grains size is usually below 0.1 mm. 

Low-grade stockwork zone is composed of variously oriented stringers and thin veinlets ranging 

from 0.5 to 15 cm with gold grades from 0.1 to 0.8 g/t. Gold grains (800-900 ‰) in association with 

chalcopyrite, pyrite and molybdenite occur in veins and stringers composed mainly by quartz, rarely 

carbonate and mafic minerals. The primary fluid inclusions in quartz are two-phase gas-liquid, with 

homogenization at temperature range 290-410˚C and salinity of more than 20 wt. % NaCl eq. 

High-grade sheeted veinlets and veins up to 30-50 cm width, are composed mainly of quartz and 

carbonate, rarely actinolite, albite, epidote and chlorite, steeply dipping to N and S and controlled by 

shear-zone (striking E-NE 70-80˚). Pyrite, molybdenite, rarely chalcopyrite and native gold occur in 

deformed and altered granodiorite filling by quartz breccia. Gold (920-980 ‰) are presented by  

dodecahedral shape meta-crystals ranging in size from 0.1 up to 2-3 mm. Primary inclusions in quartz are 

two-phase gas-liquid with homogenization at temperature range 130-260˚C and salinity less than 20 wt. 

%  NaCl eq. 

The granodiorite-hosted Au-Mo mineralization of the Mwanubi occurrence shows some signs, 

which are typical for relatively new Archean porphyry-type, described at the Messegay gold deposit in 

the Abitibi Greenstone Belt by M.Jebrak [2]. Archean intrusions at Tanzanian Craton can host a range of 

styles of alteration and mineralization, including Nyabirama and Buzwagi gold deposits, shows excellent 

potential for discovery industrial-size deposits. 
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The most of large titanium and titanium-zirconium placer deposits of Ukraine (Ukrainian Shield, 

Voronezh anticline) were formed in the early-middle Miocene of Neogene in the beginning of the last major 

(neotectonic) stage of tectonic Earth’s activity. We have studied in detail the features of the structure and 

formation of these deposits. The paleogeomorphological and paleotectonical investigation has been 

conducted and significant restructuring of ancient orohydrographic and structural-tectonic plans in the 

early-middle Miocene have established (Fig. 1). This was caused by activation of large and smaller fault-

block structures, which are characterized by differentiation, amplitudes and frequent inversions 

movements. The favorable conditions for the local crust formation and erosion of the previously formed 

kaolin mantle of weathering have been created. It is known that the developed kaolin mantle of weathering 

is a necessary stage in placer titanium deposits formation. 

  

Fig.1 - Paleogeomorphological map of Motrona-Annyvske deposit (Novopetrivska suite, early-middle 

Miocene)[1] 

Legend: 1 – denudation paleorelief of the most raised areas; 2 – denudation-accumulative paleorelief according to 

raised areas; 3 – denudation-accumulative and accumulative paleorelief; 4 – submarine rising; 5 – paleovalleys, and 

places interceptions paleo-river systems; 6 – flooded by sea (limnetic-sea?) transgression areas; 7 – boundary between 

Lykhivska and Vilnohirska dynamical basins geomorphosystems; 8 – directions of clastic material dislocation; 9 – 

areas heightened concentration titanium minerals. 
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Motrona-Annyvske placer deposit is located within the Middle Dnieper block of the Ukrainian 

Shield. This block is located between the expanding depressions - the Dnieper-Donets in the north and the 

Black Sea in the south and experiences a tangential compression. It provokes small tectonic lock, causing 

distortion and surface asymmetry, and forms the uniqueness of its geomorphosystem. The 

geomorphosystem’s structure during the MZ-CZ defines its elements - a historical and dynamical basin 

morphosystems [2]. These morphosystems have flooded in the sea’s transgressions advancing from 

depressions. There are three evolutional-dynamycal areas: inherited negative forms, internal basin, 

interbasin rearrangements. In the MZ-CZ epoch the historical and dynamical basin morphosystems of 

Dniper block were very dynamic (mutual capture their areas, instability paleowatershed, and their "dips"). 

Motrona-Annyvske deposit is located in the area of inter-basin rearrangements within the 

Vyl'nohyrska historical and dynamical basin morphosystem. There was a dense valley’s network in the 

early Miocene before sea transgression. An isolated bay has been formed in the result of penetration in 

dipping blocks by water flooded the paleorelief. The productive body was formed in the layered sand 

deposits of Poltava series. The coastline of the basin held high in near watershed part to the west, south and 

south-east from the body. There could be exhibited bedrocks and mantle of weathering including placer 

minerals. The main body formed in the water basin, in a constantly (and periodically) existing islands and 

submarine banks. The rhythmic character of accumulation is revealed taking into account analysis of 

material composition (heavy mineral fraction, minerals content), bedding of placer body. In some forms of 

the ancient relief amount of the rhythms varied from 1-2 to 16. Identifying causal relationships allows us 

to offer a system model of Motrona-Annyvske titanium-zirconium deposit, where tectogenesis, 

morpholithogenesis and mineralization are interacting. 
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In total 109 platinum-group minerals (PGM) have been known by 2002 [1]. PGM recognized by 

the Commission on New Minerals, Nomenclature and Classification (CNMNC) of the International Min-

eralogical Association (IMA), known by 2002, are listed alphabetically, summarizing their physical and 

chemical properties, their occurrence and localities in [1]. Since then, according to our best knowledge, 

22 new PGM, predominantly Pd-bearing minerals, were described and approved by CNMNC IMA. 

Among them we have studied the following synthetic analogues: pašavaite, zaccariniite, jacutingaite, 

lukkulaisvaaraite, kojonenite and norilskite. In most cases the small size of natural grains of PGM, their 

intergrowths with other PGM, mostly embedded in sulphides prevented the extraction and isolation in an 

amount sufficient for subsequent crystallographic and mineralogical investigations. Therefore these inves-

tigations were performed on synthetic material. There is still a wide range of unnamed or unidentified 

PGE-bearing minerals and phases, e.g. [2]. The main reason for the lack of insufficient identification of 

PGM is their mode of occurrence, as minute inclusions that prevent relevant XRD-based structural study. 

The silica-glass tube method, using high-purity elements as starting material, was used for the 

synthesis of Pd3Pb2Te2 (pašavaite), Pt2HgSe3 (jacutingaite), RhNiAs (zaccariniite), Pd14Ag2Te9 (lukku-

laisvaaraite), Pd7-xSnTe2 (kojonenite), and (Pd,Ag)7Pb4 (norilskite) and for other supplementary experi-

ments in selected systems. Experimental runs were (after melting and homogenization) heated from sev-

eral weeks to months at temperatures 300-600 °C. The run products were quenched by dropping the cap-

sule in cold water. Chemical identity, optical and physical properties confirmed the correspondence be-

tween natural and synthetic materials. Electron back-scattering diffraction (EBSD) study was applied to 

support the structural identity. This method was applied in the description of new minerals pašavaite, 

jacutingaite, lukkulaisvaaraite, kojonenite and norilskite. The Raman spectroscopy is also a supportive 

tool to prove the structural identity and was applied in the description of zaccariniite. The synthetic ana-

logues of pašavaite, jacutingaite, kojonenite and lukkulaisvaaraite were also experimentally studied with-

in the corresponding ternary systems, in terms of thermal stability, stable assemblages and geological 

implications. 

 

Fig.1 – Electron back-scattering diffraction image of natural pašavaite, (right) the Kikuchi bands are indexed 

 

Pašavaite (Pd3Pb2Te2) is orthorombic, space group Pmmn, with a 8.599 Å, b 5.938 Å and c 6.317 

Å[3]. It melts at 500°C. The EBSD patterns (Kikuchi patterns) obtained from the natural material match 

the patterns generated from the structure of synthetic Pd3Pb2Te2 (Fig. 1). At 400 °C, pašavaite forms a 

stable assemblage with kotulskite (Pd(Pb,Te))ss solid-solution of  a compositional range from 25 to 30 

at.% Pb, and altaite (PbTe) [4]. Pašavaite was found in massive Ni-Cu ore from the Talnakh deposit in the 
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Noril`sk district, embedded in polarite in association with Au-Ag phases, unknown Pd-Pb-Bi-Te phases 

and sperrylite.  

Jacutingaite (Pt2HgSe3) is trigonal, space group P-3m1, with unit cell parameters a 7.3477 Å and 

c 5.2955 Å [5]. At 400°C, jacutingaite forms stable assemblages with Pt selenides sudovikovite (PtSe2) 

and luberoite (Pt5Se4), with tiemannite (HgSe) and Hg2Pt and Hg4Pt phases [6]. Such associations can be 

expected to occur in nature. Jacutingaite was discovered at the Caue iron-ore deposit in Itabira district, 

Minais Gerais, Brazil. 

 

Fig.2 – Backscattered electron images illustrating the assemblages of: (a) jacutingaite (jac) + sudovikovite 

(sud) at 400°C (b) lukkulaisvaaraite + telargpalite (tlg) + hessite at 350°C. 

Lukkulaisvaaraite (Pd14Ag2Te9) is tetragonal, space group I4/m, with unit-cell parameters a 

8.9599(6) and c 11.822(1) Å [7]. Lukkulaisvaaraite, at 350°C, coexists with kotulskite and sopcheite, 

hessite and sopcheite, telargpalite and hessite. Lukkulaisvaaraite, in association of telagpalite or 

kotulskite, has also been observed in nature. The mineral was described from the Lukkulaisvaara intru-

sion in northern Russian Karelia. Lukkulaisvaaraite also forms stable associations with the phase Pd3Te2 

and kotulskite, and with Pd3Te2 and telluropalladinite. It also coexists with a new phase, Pd7.5–xAg0.5+xTe3 

and telargpalite, and with the phase Pd7.5–xAg0.5+xTe3 and telluropalladinite [8]. These associations can be 

expected to occur in nature.  
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Kosovo is a very important knot in the Balkan geology. In its territory are developed various 

sedimentary, magmatic and metamorphic formations and its mineral potential is not fully recognized yet. 

Kosovo has one of the biggest lignite deposits in Europe and very significant metallic deposits containing 

nickel, zinc, lead and iron [1]. The Gllavica deposit was formed in specific conditions of laterite crust 

deposition of ultramafic rock. In the Gllavica nickel deposit 5 zones are distinguished (Fig.1). From the top 

to the bottom: red clay zone (A), opal zone (B), nontronite zone (C), serpentinite zone (D), peridotite fresh 

zone (E). Zonation has been distinguished due to changing chemical components. [2]. 

 

Fig.1 – Zonation of nickel deposit in Gllavica [2] 

Preliminary characterization of primary ore mineralization has been done by taking samples from 

the deepest available place in the open pit mine (Zone C and D). 

Methods used to recognize mineralization are reflected light microscope and energy-dispersive X-

ray spectroscopy (EDX). Ore minerals are small in size and most of them are disseminated in serpentinites. 

A significant number of cracks and veins occurs in presented samples, some of them are filled by secondary 

sulphides. Pentlandite and chromite are the major ore minerals, awaruite, native Cu, millerite, covellite are 

present as an intergrowths and inclusions in main ore minerals (Fig.2-5). 
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Fig.4. - Pentlandite in the reflected light microscope            Fig.5. -  Chromite (BSE) 
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Fig.2. – Avaruite (+1) with Pentlandite (+2) (BSE) Fig.3. – Native Cu (+2), Pentlandite (+1) (BSE) 
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For the last five decades, a wealth of geological and geophysical data has been collected 

and numerous studies have been done for understanding the crustal architecture of the passive 

margins. However, uncertainties about the location of continent-ocean boundary and the struc-

ture of continental oceanic crust transition still persist. The conjugate passive margins along In-

dian Ocean are less surveyed mostly due to geographical or political constraints. One of the aims 

of this study is to revisit the architecture of the passive margins in Indian Ocean by analyzing 

them in conjugate pairs. Information about potential field data, published seismic profiles, heat 

flow data and, when available, borehole data has been gathered and reconstructed for time of 

break-up for each pair of conjugate margins. Here we present preliminary reconstructions of 

gridded data and discuss the architecture of continent-ocean transition zone as imaged by various 

data. 
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The field Yuzik is located in the northern part of the gold-bearing of Saralinskiy district, on the 

eastern slope of Kuznetsky Alatau. The administrative area is included in the Ordzhonikidze district of 

the Khakassia Republic [1]. Deposits rastayskoy (Vrs), ust-anzasskoy (Є1um), ust-kundatskoy (Є1uk), 

usinsk (Є1us), poltava (Є1-2pl), berikul (Є2br) suites, bazyrsk-ashpanskoy series (D1ba) (bazyrskaya 

(D1bz), bereshskaya (D1br) and ashpana (D1aš) thickness) and palatninsk-kopevskoy group formations 

(D1pk) teaching-exist in the geological structure of the site Yusik and are part of the Kuznetsky Alatau 

and Minusinsk SFZ.  

Intrusive formations are represented in the area of medium-grained leucocratic granites and dikes 

of the basic structure, which are formed in a number of complexes: malodudetsky monzogabbro-

monzodioritovy (µδЄ3k1), karnayulsky granosyenite-melanogranitovy (εγЄ3kr), goryachegorsky alkaline 

gabbroid (ΕνD1g), karadatsky alkaline sienit-granosienitovy (ΕξD1kd). 

Yuziksky area is located at the junction of two different ages structural complexes - caledonian 

and hercynian. In the compliance of dance with this, in the square there are two structural levels: the 

lower geosynclinal (V- Є2) and upper - rift (D1). The deposits of the lower structural stage make 

brachyanticline Yuzik located in the south-eastern part of the Martygansky anticlinorium. The deposits of 

the lower structural stage intruded intrusivs Є3 [2]. 

The sediments of the upper structural stage compose elongated Sargainsky graben and North 

Minusinsk depression. Also sediments intruded by intrusions D1. Sargainsky graben stretches in north-

south direction with a width of 10 km and is represented by volcanics palatninsko-kopevskoy group 

formations (D1pk) [2]. 

Deposits North Minusinsk depression presented alkaline basaltic complex and associated 

sedimentary rocks bazyrsk-ashpanskoy series in the northeast of the study area. 

The main tensile structure ore field Yuzik is Glavstan-Yuziksky fault submeridional [3] 

restricting Sargainsky graben to the west and extending along the border early Devonian volcanic rocks 

and carbonate deposits of vend. Rift is represented by several subparallel branches, controlling uneven 

dike (Є3 and D1), body breccias, veins quartz and hydrothermally rocks (oquartzevannye, 

ankeritizirovannye, limonitizirovannye and graphitized) forming powerful metasomatic zones with ore 

bodies [4]. 

On ore field Yuzik known gold deposits "Elovoe" and "Yusik", copper "Copper Yusik", wolfram 

"Tungsten", molybden "Perevalnoe", "Nichkuryupskoe", nonmetallic - phosphorite, accompanying 

element which is celebrated uran [2]. 

Field Yuzik full of gold mining ore bodies. The largest in the study area - the deposit "Elovoe", 

located in the southern part of the ore field. Field Plot area 29.1 km2 [2]. The geological and structurally 

deposit area is confined to volcanic formations Sargainskiy graben (D1) in the west contact [4] and the 

carbonate deposits of brachyanticline Yuzik (V) [2]. 

Mineralogical and petrographic studies revealed the basis of 35 samples from three wells and 10 

thin sections. For the purpose to show the variety and mineral content of the rocks involved in the 

geological structure of the area some samples were selected. According to the results of petrographic data 

revealed the following: volcanics of basic and intermediate composition (metadolerity and 

metaandesites), metasomatic rocks, calcareous breccias with effusive filler, marbled limestone, breccia 

effusive with chlorite–carbonate cement, tufoalevrolity metasomatic and calcareous sandstones 

participate in the geological structure of the deposit "Elovoe". Cracks are also observed in separation of 

carbonaceous matter, orpiment, realgar. 

Samples are of endogenous (hydrothermal–metasomatic) and exogenous (oxidation zone) origin. 

Hydrothermal–metasomatic mineralization are associated with change of host rocks: potassium 

metasomatism, albitization, silicification, propylitization, listvenitization, beresitization [1]. Primary and 

secondary sulphide oxidized ores in mineralogical composition are distinguished. The metasomatic 
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oxidation zone as a result of supergene processes are turned into clay–like rock, composed of hydromica 

50 – 60 %, 30 – 35 % quartz, limonite 5 – 10 %, jarosite, kaolinite and are the products of the zone of 

quartz–hydromica supergene leaching. Hub gold are pyrite, carbonaceous matter. Gold finely disperses to 

0.2 mm in the ore [2]. 

The ore bodies are referred to as endogenous (hydrothermal-metasomatic) type gold-arsenic-

sulfide formation of its ash and the mineral-carbonate type shallow depths (Carlin type). 

Research data, to a large extent, have added knowledge of the geological structure of the ore field 

Yusik. 
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The Arctic Ocean is an area of rapidly rising scientific and geopolitical interest. Despite the in-

creasing number of studies, the nature and evolution of some submarine highs in the Arctic Basin have so 

far remained quite unclear. From the other side, magnetic properties study of rocks carried out from the 

region can shed the light on the issue mentioned above. Moreover, magnetic characteristics of rocks are 

assumed to be figured out from characteristics of the minerals composing them [1].  

In 2012, comprehensive geological and geophysical studies were conducted during the "Arctic-

2012" expedition, including seismic survey and geological seabed sampling using a dredge, a telegrabber, 

hydrostatic pipes, and a subsea drilling within the Mendeleev Rise [2]. 

 

Fig.1 – Map of sampling locations based on IBCAO 3.0 grid [3] 

Magnetic susceptibility temperature dependence has been measured on 23 samples of rock bottom 

material, obtained during the expedition, in interval of -200 to 700 °С (KT). The samples are prevailed 

with igneous rocks with metamorphic and sedimentary minority. A low temperature magnetization exper-

iment has been conducted for a few of samples. All measurements were performed at the Center for Geo-

Environmental Research and Modeling (GEOMODEL) and the Center for Diagnostics of Functional Ma-

terials for Medicine, Pharmacology and Nanoelectronics of Research park of St. Petersburg State Univer-

sity. Curie temperature was determined with method described by Gromme et al. [4].  
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During KT heating, most of the samples has revealed a drop after reaching ca. 580 °С on magnetic sus-

ceptibility curves, which should signify the presence of magnetite. Anyway, also the second phase can be 

traced leading to the presence of titanomagnetite with a relatively high titanium constituent. 

To conclude, the rock bottom material studied has shown mainly the similar composition trends for 

the same rock types on the KT curves. Samples represented by dolerites and basalts might have formed 

during the same igneous event. 
Authors would like to thank Andrey A. Kosterov for assistance through the experimental work. We thank al-

so Sergey P. Shokalskiy and Leonid R. for their help with samples. 
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Paleomagnetic poles for the Late Neoproterozoic – Early Cambrian time for magmatic complexes 

of the Siberian craton framing are rare [1] which is due to the paucity of objects suitable for study. 

Among such targets for research can be rocks of the Zimoveyninsky Massif minor intrusive bodies, which 

are located in the north-west of the accretionary South-Yenisei Ridge structure (southwestern Siberian 

craton’s framing). 

The Zimoveyninsky massif is a minor tectonic unit (14×3 km), which elongates in the north-

north-western direction is located within the limits of the Priyenisei fault zone. This is an association of 

gabbroic and adakitic rocks emplaced in intrusive bodies 2-3 to 100 meters thick, along steeply dipping 

faults in a complex of highly metamorphosed rocks (epidote-amphibolitic, amphibolitic and granulitic 

orthogneisses with garnet). These igneous rocks do not carry traces of strain [2]. The small intrusive 

bodies were formed 576 – 546 Ma (SHRIMP II U/Pb data from zircons) in an active continental margin 

geodynamic environment [3]. 

Paleomagnetic studies were conducted for a collection of oriented core samples of the laboratory 

of Geodynamics and Paleomagnetism of IPGG SB RAS, which included 33 samples of gabbroic rocks (3 

sites), 21 adakites samples (2 sites) and 23 samples from host orthogneisses (2 sites). Analysis was 

carried out on modern equipment following standard procedures described in numerous publications, for 

example [4]. For estimation of the rocks suitability for paleomagnetic research we conducted a study of 

scalar magnetic values: ratios of magnetic susceptibility and median destruction field to natural 

remanence magnetization (NRM). Determinations of NRM components were assisted by alternating field 

and thermal demagnetization using a 2G Enterprises cryogenic magnetometer (USA) and a magnetically 

shielded MMTO-80 furnace (Czech Republic). All samples underwent a full cycle of stepwise 

demagnetization to 20 – 140 mTl and 360 – 600°С respectively. The study of mineral phases carrying 

paleomagnetic information was carried out using mineralogical and petromagnetic methods. Аlong with 

using the thermal-magnetic method involving a MKFI-1 kappameter (Czech Republic) equipped with a 

heating device we used optical microscopy and a Tescan MIRA3 LMU scanning electron microscope 

(Czech Republic) in the Laboratory of Isotope Analytical Methods of IGM SB RAS. 

The studied gabbros are macro-crystalline igneous rocks, consisting of calcic plagioclase and 

diopside (in equal proportions of 40-45 vol. %) and to a lesser extent of orthopyroxene (to 10 vol. %). 

Chloritized amphibole was identified around the pyroxene grains. There are single grains of accessories 

and ore minerals (apatite, zircon, sphene, rutile, chromespinelide, ilmenite, chalcopyrite and cuprite). 

Adakites are quartz-plagioclase rocks with subordinate amounts of amphibole (edenite, pargasite and Mg-

hornblende) and biotite (up to 15 vol. %) and single grains of accessories and ore minerals (apatite, 

monazite, zircon, rutile, ilmenite, pyrite, chalcopyrite, cuprite and barite). Determined magnetic minerals 

include: magnetite (probably post magmatic, forming the rims around grains of chromespinelides in 

gabbroic rocks), goethite and hematite associating with sulfides both in the gabbro as well as in the 

adakites. In the hosting orthogneisses relatively coarse-grained magnetite (to 5 mm) forms inclusions in 

rock-forming mafic minerals particularly in diopside and andesine. The presence of these magnetic 

minerals (magnetite and hematite) is confirmed by thermal magnetic parameters reflecting the decrease in 

the magnetic susceptibility of rocks when heated to the Curie point in the area of: 670°C for adakites; 

580-650°C for gabbroids, 580°C for orthogneisses. 

The values of scalar magnitudes of magnetic parameters such as the magnetic susceptibility 

(2·10 -5 – 2·10 -3 SI units) and NRM (10-1 – 5·102 mА/m) increase from adakitic to gabbroic rocks and 

orthogneisses. The magnitude of the median destruction field confirms the presence of high-coercivity 

(single domain or pseudo single domain) grains of magnetic minerals in the gabbroids and plagiogranites 

(30 – 60 mT), and low-coercivity (multidomain) grains in orthogneisses (<20 mT). Gabbroids and 
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adakites have more than one component of magnetization. Their spectra are essentially overlapping and 

the characteristic direction for these rocks has been found using the method of converging 

remagnetization circles. The same direction is set in the host rocks which have a single magnetization 

component. The determined direction of the characteristic magnetization components for all sites of all 

studied rocks has a south-south-east declination (Ds=169.8°) and a gently sloping negative inclination (Is 

= -12.5°). The coordinates of the paleomagnetic pole calculated from the direction are: Plat= -39.0°; 

Plong=106.1°. Its position is relatively close to the Late Neoproterozoic and Early Cambrian interpolated 

interval of the APWP for Siberia [5]. 

Existing ideas about the paleotectonic position of the Siberian craton in the Late Neoproterozoic - 

Early Cambrian in relation to the structures of its surroundings, as well as other continental blocks are 

currently very uncertain. This is because despite the large number of known paleomagnetic poles there 

are significant difficulties in establishing an APWP interval for Siberia and for this time. The 600–500 

Ma paleomagnetic poles are forming two independent groups: Madagascar [5] and Australian [6]. The 

IITPW hypothesis [7] is one of the explanations for the coexistence of the two pole groups. However, 

other interpretations are not excluded. The paleomagnetic poles for the Zimoveyninsky Massif small 

intrusions are located between these two groups and may reflect the formation of the complex within the 

Siberian Yenisei active margin. 
The work was supported by the Ministry of Education and Science of Russian Federation (project no 

5.515.2014K). 
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The main aim of this work is to reconstruct the Paleozoic tectonic evolution of East-European 

platform (Baltica) using by paleomagnetism of the Devonian Kola Alkaline magmatic province. Up to 

now we have studied 100 dolerite and alkaline dykes from different parts of the Kola Peninsula: in the 

Ivanovka Bay area (1), south part of the Khibina massif (2), the Voche-Lambina area (3) and the 

Kandalaksha Bay (4) (Fig.1). Some of these dykes have been dated and their precise isotopic ages (Ar/Ar, 

Sm-Nd, Rb-Sr) lie in the range of 390-360 Ma [1]. The age of other sampled for paleomagnetic studies 

dykes can be considered as Devonian due to similarity of their paleomagnetic, geochemical and 

petrological characteristics to the dated ones. Majority of the dykes showed good paleomagnetic record. 

Almost all dykes yielded (a) a low-temperature component that is aligned along the present-day field and 

is likely of viscous origin; (b) well defined dual-polarity intermediate-temperature component with steep 

eastward directions that accounts for a main part of the NRM and often decays to the origin on orthogonal 

plots; and (c) a dual-polarity high-temperature component with shallow inclinations and ENE/WSW 

declinations of presumed primary origin. The presence of the primary high-temperature component makes 

us possible to calculate preliminary Baltica’s paleomagnetic pole for the Middle-Late Devonian, to 

determine the paleogeography of Baltica in the Devonian time and to find its position within the global 

paleotectonic and geodynamic reconstructions. 

 

Fig.1 – The sketch map of studied objects 
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Besides obtaining of Baltica’s paleomagnetic pole for the Middle-Late Devonian, there was held 

an experiment for evaluation of stability of paleomagnetic signal depending on the depth of sampling 

(weathering degree). This experiment concerned the comparison of paleomagnetic characteristic and rock 

magnetic properties of samples from different parts of the same drill core. Mostly samples show that the 

depth of sampling doesn’t influence appreciably on conservation of the signal. But in some samples the 

direction of NRM is moving from present-day to the Devonian in dependence with depth. The reason of 

this difference might be low-temperature oxidation of titanomagnetite into titanomaghemite. So, the 

presence of less magnetically-stable titanomaghemite causes the majority of present-day component of 

viscous origin. Experiment results should give practical recommendation for sampling. 
The work was supported by the Russian Foundation of Basic Research (project no. 15-35-20599). 
 

References: 
1. Veselovskiy R.V., Arzamastsev A.A., Demina L.I. et al. (2013): Paleomagnetism, Geochronology, and 

Magnetic Mineralogy of Devonian Dikes from the Kola Alkaline Province (NE Fennoscandian 

Shield)//Izvestiya, Physics of the Solid Earth, V. 49. №4. P. 526–547. 

238

Geodynamics and tectonics



LATE PRECEMBRIAN-EARLY ORDOVICIAN EVOLUTION OF KURAI 

ACCRETIONARY-COLLISION ZONE (SOUTH-EAST PART OF  

GORNY ALTAI) 

Kulikova Anna V., Buslov Michail M. 

Sobolev Institute of Geology and Mineralogy, SB RAS, Novosibirsk, Russia 

Novosibirsk State University, Novosibirsk, Russia 

Ak_Cool@mail.ru 

Gorny Altai, geodynamics, accretion, collision, ophiolite, metamorphic rocks  

Kurai zone is located in the north-east of Gorny Altai and is a patent example of Altai-Sayan Fold 

Belt accretionary-collision zone. Currently, within the Gorny Altai geodynamic complexes formed on the 

active margin of the Siberian continent are allocated: 1) Kuznetsk–Altai island arc with tholeiite-boninite 

and calc-alkaline series of rocks; 2) Kurai and Katun accretionary wedges which consist of various frag-

ments of oceanic crust (ophiolites and seamounts), serpentinite mélange with HP-rocks and turbidites; 3) 

Anuy-Chuya fore-arc basin. 

The Kurai accretionary wedge is composed of the tectonic sheets of the Baratal seamount includ-

ing oceanic sediments and basaltic units and seamount rocks, Chagan-Uzun oceanic ophiolites, and ser-

pentinitic melange with sheets and minor blocks of eclogite, garnet amphibolite and barroisite-actinolite 

schists. The barroisite-actinolite schists often occur within the accretionary prism as separate lenses. All 

the above-noted sheets and blocks are associated with the late Ediacarian - early Cambrian olistostrome 

[1]. In the Middle-Late Paleozoic, the accretionary prism was folded. Its structural elements dip in the 

direction opposite to the late Paleozoic nappe-sheeted structure of the Kurai range, i.e., to the SW. 

Chagan - Uzun ophiolite massif is located near Chagan - Uzun village, the Chuya River left bank, 

and represents a lower structural unit of Kurai accretion-collision zone. It consists of a series of tectonic 

sheets. The upper Chagan-Uzun massif sheet is made up of ultrabasics with serpentinitic melange in its 

lower horizon. The sheets of serpentinitic melange up to 100 m thick contain inclusions of massive ser-

pentinites, eclogite, garnet amphibolites and minor greenschists. The largest bodies are composed of gar-

net amphibolites containing eclogite relics [2-4].  

Ar–Ar dating of amphiboles in the Chagan-Uzun eclogite indicates two age 627–636 Ma and 

586-573 Ma [3, 5]. The Ar–Ar plateau ages of 627–636 Ma (late Cryogenian – early Ediacaran) and 586-

573 Ma represent a more reliable age for two stages of metamorphism. U-Pb zircon age of eclogite of 

619±13 Ma like older Ar-Ar amphibole age represent protolite age [6] The phengite Ar–Ar  plateau ages 

of 569-565 Ma and 593±3.5 Ma (Ediacaran) from sheared eclogites indicate the retrograde metamor-

phism of the exsgumation stage [2, 7]. The younger Ar-Ar amphibole age of eclogite most likely as well 

represent exsgumation stage.  

The Chagan-Uzun ophiolite massive underlies Baratal seamount volcanogenic-sedimentary rocks 

and metaolistostromes. The Pb-Pb limestone age of Baratal seamount upper part is 570–598 Ma (Edia-

caran) [5, 8]. Sheared surfaces of the Baratal seamount are made of garnet-mica and mica schists. Ar-Ar 

mica age is 585±6 Ma (new data). 

Baratal seamount, ophiolite, serpentinitic mélange with inclusion of HP-rocks blocks and olisto-

stromes are tectonic sheets structure. It is stratigraphically overlied by Anuya-Chuya fore-arc basin sedi-

ments. 

Data mentioned above provide more details about previously proposed model [1-3] of Kuznetsk-

Altai island arc formation during Ediacaran-early Ordovician. It is proposed that appearance of collision 

processes within subduction zone leads to formation of accretion wedge with ophiolite, HP-rocks and 

Baratal seamount volcanogenic-sedimentary rocks.  
The work was supported by the Russian Foundation of Basic Research (project № 16-35-00109 mol_a) 
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Typical Wilson cycle starts by continental rifting, that is followed by ocean opening and 

spreading, later replaced by oceanic subduction and terminated by continental collision. This concept 

predicts that key processes for the final architecture of the continental crust happen during the passive 

margin formation and during its tectono-metamorphic overprint in a subduction-collision stage. The only 

place, where the interplay of these two contrasting processes can be observed on the surface, is the 

orogenic upper plate (corresponding to not subducted passive margin), here represented by the western 

margin of the Teplá-Barrandian domain in the Bohemian Massif. 

However, successful deciphering of such a polyphase tectono-metamorphic record requires a 

multidisciplinary approach. We applied methods of metamorphic petrology, P–T modeling, U-Pb LASS 

monazite geochronology and structural geology, resulting in recognition of three tectono-metamorphic 

events. The oldest event M1 is LP–HT regional metamorphism with a geothermal gradient between 30 – 

50 °C/km, peak temperatures up to 650 °C and Cambro-Ordovician age (c. 485 Ma). M1 event was 

followed by M2-D2, characterized by Barrovian sequence of minerals from biotite to kyanite and a 

geothermal gradient 20 – 25 °C/km. D2-M2 is associated with a vertical fabric S2 and was dated as 

Devonian (c. 375 Ma). Finally, the vertical fabric S2 was overprinted by D3-M3 event, forming 

sillimanite- to chlorite- bearing gently inclined fabric S3 of the same Devonian age. 

The high geothermal gradient of the M1 event is explained by an extensional, rift-related tectonic 

setting. Additionally, restoration of the deep architecture and polarity of the extended domain before the 

Devonian tectonism together with the supracrustal sedimentary and magmatic record led us to propose a 

model of Ordovician hyper-extended passive continental margin formation. On the other hand, the 

Devonian episode is interpreted as horizontal shortening of the passive margin at the beginning of the 

Variscan convergence, continuously followed by detachment accommodated exhumation of lower-crustal 

rocks. The timing of the presented model fits the evolution of the southern Rheic ocean, from passive 

margin formation to early phases of the Variscan orogeny. 
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New extensive ignimbrite field was allocated (Fig. 1.), their relationship with Karymshina 

caldera, the only known Russia supervolcano [1], was proved. Earlier ignimbrites associated with 

Karymshina caldera were known only within this structure. Karymshina caldera was allocated after 

dismemberment of "Karymshinsky complex" of rocks – thick layer of mostly tuffs and ignimbrites, which 

geologists distinguished earlier in this territory. Study of cross-sections in the field [1], dating of rocks 

with Ar-Ar method [2, 3] allowed to divide "Karymshinsky complex" into few assises [4]. It was found 

that tuffs and ignimbrites associated with Karymshina caldera ("Karymshinsky" ignimbrites) are of 

Eopleistocene age (1.5-1.78 million years). Tuffs and ignimbrites, exposed at the sides of the caldera 

("Sychugansky" ignimbrites – named after the mountain where most complete cross-section of these 

rocks is outcropped), are of more ancient age – 3.5-4 million years old [5]. 

Microscopic tuffs and ignimbrites of Karymshina caldera are rocks rich of plagioclase, quartz, 

biotite phenocrysts, constituting 45-50% of the rock volume. Plagioclase prevails; there are individual 

grains and fragments of mono-mineral attachments. Phenocrysts are melted, resorbed, contain melt 

inclusions. Biotite (0.3-0.5 mm) forms lamellar grains and thin sometimes curved and split-off laths. The 

bulk of the rock is represented by brown devitrified glass, with preserved outlines of ash particles. Pocks 

composition is rhyolites (70-72% SiO2). Partly rocks are sintered so much that they have a lava-like 

shape. 

In 2007-2012 (at the first stage of works) ignimbrites associated with Karymshina caldera were 

identified only within the caldera, which they have filled many years ago. Their thickness is more than 

1000 m and it is a minimal value since we didn’t find ignimbrites underlying sediments inside the caldera. 

We also didn’t find associated ignimbrites outside the caldera before 2012, although we examined all the 

surrounding areas. Numerous pre-caldera volcanoes located on the perimeter of the caldera were 

identified and studied [6]. 

In 2012, while working in the middle reaches of the Bannaya River, 15 km to the west of the 

Karymshina caldera borders "Karymshinsky" ignimbrites were first discovered outside the caldera. After 

that the work focused on the mapping of the ignimbrites thickness was conducted. It was found that they 

occupy vast areas in the Bannaya river basin, and in the basins of neighboring Saraynaya, Khalzan and 

Ushagan rivers. 

In 2013-2015 "Karymshinsky" ignimbrites were found at a distance of 35-45 km from the edge of 

the Karymshina caldera. As a result, it became clear that we are dealing with deposits of a giant 

pyroclastic flow that has spread to the west and north-west of the caldera across a paleovalley. Their 

thickness along the flow gradually decreases from 500-600 to 200 m or less as the distance from the 

eruption center increases. The field is located away from the caldera and previous researchers did not 

associate them and did not consider the field as a homogeneous, regularly arranged formation. We also 

clarified understanding of volume and distribution area of ignimbrites associated with Karymshina 

caldera. The flow area is 298.2 km2 and volume is 84.4 km3. 

The above data on the identified pyroclastic flow ignimbrites volume, apparently, give an idea 

only on a small part of deposits (ignimbrites coverings around the caldera), which were formed during the 

caldera-forming eruptions in the region. Probably, the explored flow is not the only one, and new areas 

are occupied by deposits of other pyroclastic flows, which spread in other directions from the Karymshina 

caldera boundaries, will be found in the future. 
This work was carried out within the projects of the Far Eastern Branch, Russian Academy of Sciences 

(project no. 15-I-2-031), and was supported by the Russian Science Foundation (project no. 16-17-10035). 
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Fig.1 – A summary map showing the boundary of Karymshina caldera, its internal structure and a large 

pyroclastic flow associated with the caldera: (1) boundary of the Karymshina caldera and the deposits that 

fill it (only shown in cross-section); (2) resurgent uplift; (3) rhyolite extrusions and associated lava flows: (a) 

on map, (b) in cross-section; (4) areas of detected lacustrine deposits (tuff sandstone and tuff aleurolite); (5) 

pyroclastic flow; (6) pre-caldera volcanoes; (7) small volcanic structures composed of basaltic lavas (a) and 

ore veins (b) located at edges of resurgent uplift; (8) thermal hot springs: 1 – Bol'she-Bannaya, 2 – 

Karymchina, 3 – Karymshina, 4 – Verkhne-Paratunskie, 5 – Apachinskie; (9) – point sampling.  
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Igneous rocks are significant element of the structure of Kachinskoe raising of the Crimean 

Mountains and tectonic evolution of the region. Geochronological study of magmatic complexes of 

Mountain Crimea is insignificant. Dating of magmatic bodies was made only by argon method: K/Ar [1-6] 

and 40Ar /39Ar [7, 8]. A detailed geological and geochemical study in the basin of the middle reaches of the 

river Bodrak (north-eastern part of the Kachinskoe raising) allowed the authors to clarify the structural 

position of magmatic formations and to determine the sequence of their formation, based on the results of 

isotope U-Pb SIMS-SHRIMP dating of zircon. Petrochemical identification studied magmatic bodies 

allowed us to assign them to specific areas of geodynamic conditions. A large amount of petrographic 

studies allowed establishing the type and nature of the hydrothermal-metasomatic formations, manifested 

in the volume of magmatic complexes and their enclosing frame [9-11]. This set of studies, including 

sampling magmatic bodies to carry out high-resolution geochronology research was carried out in the 

territory for the first time [11, 12]. 

10 magmatic bodies with a specific geological and structural position regarding the country rocks 

of different ages have become objects of study. Among them there are two rather large intrusions of gabbro-

dolerite - Pervomayskiy and Dzhidairskiy and sill-like body and covers with the basic compositions. U-Pb 

- dating of zircons extracted from the samples was carried out on secondary ion microprobe SHRIMP - II 

in Isotopic Research Center of A.P. Karpinsky Russian Geological Research Institute VSEGEI (St. 

Petersburg) by Sergeev Sergey. Measurements of U-Pb isotopic ratios in the SHRIMP-II were carried out 

according to traditional methods adopted in IRC [13-16]. The results of U-Pb - dating of zircons from all 

samples are shown in the diagram (Fig.1). 

 

Fig.1 – Distribution of zircons from tests of 10 magmatic bodies by age 

Thus obtained concordant U-Pb - age gabbro-dolerites of Pervomayskiy rod - 174.2 ± 1.2 Ma and 

gabbro-dolerites intrusion of Dzhidairskiy - 169.7 ± 1.5 Ma. These isotopic data are benchmarks for 

magmatism of Middle Jurassic (Aalen-Bajocian) of the Crimean Mountains territory. Isotopic ages of 

porphyry leucocratic basalts defined is 136.2 ± 2.3 Ma and 144.2 ± 2.0 Ma respectively.  Crystallization 

age of dolerite sill is 125 ± 4 Ma. In turn, these are reference points for the dating stage of the Early 

Cretaceous magmatism. 
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Of great interest are the U-Pb dating of zircons, selected from the diorite-porphyries which occur 

as xenoliths(?) in lithoclastic tuffs of basic composition, which are traditionally attributed to the Bajocian 

volcanogenic complexes [17]. Some zircons of diorite-porphyry have a distinct magmatic nature with the 

concordant age of 530 ± 5 Ma. For zircons of olivine basalts (4 samples) also obtained Paleozoic ages of 

crystallization. For these isotopic labels we need an objective interpretation. 

Petrochemical charts placed rocks of the Early Cretaceous magmatic complex to island arc tholeiites 

and to mid-ocean ridges basalts; Middle Jurassic rocks occupied calc-alkaline and island arc basalts zones. 

The rocks of Paleozoic age have varied material composition. Among them there are picrites of oceanic 

islands, as well as alkaline basalts and island arcs trachybasalts of active continental margins. 
Investigations were carried out with the support of St. Petersburg State University, Project № 3.38.137.2014. 

The authors would like to thank S.A. Sergeev and S.V. Kashin. 
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The basement of Volgo-Ural anteclise was not opened by any wells. It was studied only by 

geophysical methods. Data of recent years showed that there are two types of basement: Archean – 

Proterozoic and Riphean. Old consolidated crust is widespread on western part of the territory. To the 

East there are blocks with consolidated crust of timanian age (570-550 Ma). 

In the North- East of the East-European Platform existence of the Timanian orogene is not in 

doubt. But extention of Timanides to the South was debatable until recently due to insufficient data. 

The presence of Timanian orogene on Bashkirian anticlinorium was demonstrated by 

V.N. Puchkov [1] with foreign colleagues [2]. They proved that there was orogeny in Neoproterozoic Era 

there. 

V.A. Bush [3] writes that interpretation of aeromagnetic and aero gravity surveys conducted in 

the last decade allowed to locate Riphean-Early Paleozoic basement in the territory of the Scythian plate, 

which is situated to the south from the region. 

Thus, there are evidences of Timanian orogene to the north and to the south from the territory. 

But this area between researches of V.N. Puchkov [1, 2] and V.A. Bush [3] remained unexplored. Recent 

studies [4, 5], in which the author participated, showed that there is also timanian consolidated crust. 

During studying of seismic profiles three different types of Riphean deposits with different 

patterns were divided: with random reflections, with folded sporadic reflections and with extended 

subhorizontal reflections. They were correlated, respectively: 

• complex with chaotic reflections - with Timanian complex; 

• with folded sporadic reflections - with folded sedimentary cover complex, that were 

affected by deformations of Timanides; 

• with extended subhorizontal reflections - with underplate complex. 

Furthermore, there is a large angular unconformity between Riphean deposits and overlying 

Paleozoic sediments, indicating a large restructuring. Also on some seismic profiles wedge-like structure 

of Vendian deposits can be clearly seen. This structure is typical for foredeeps. 

Also it should be noted that in the area of destribution of Timanian basement and folded complex 

sedimentary cover begin to accumulate from the Ordovician fragmentary and from the Devonian 

everywhere, while westward the sedimentary cover accumulated from the Riphean. It can be observed on 

seismic profiles. This means that the sedimentary cover of the Epitimanian platform began to form from 

the Ordovician. It is common for the ancient part of the East European platform and for zone of the 

Timanides. 

Thus, there was Timanian orogeny in the South-East of the Volgo-Ural anteclise at the boundary 

between the Early Vendian and the Late Vendian. Interpretation of seismic profiles helped to trace the 

front of Timanian orogeny along the eastern edge of the platform (Fig.1). Also on seismic profiles folded 

sedimentary cover complex was discovered. It goes parallel to Riphean basement and was affected by 

deformations of Timanides. 
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Fig.1 – The tectonic scheme of the south-east of the Volga-Ural anteclise: 1 – Ural fold system, 2 – block with 

Timanian consolidation, 3 – Riphean folded sedimentary cover complex, 4 – Riphean underplate complex, 5 – 

the boundary between Russia and Kazakhstan, 6 – rivers 
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The active tectonics of Iran results from the northward Arabia–Eurasia convergence at the longi-

tude of Bahrain [1]. At the southwestern and southern boundaries of the Arabia-Eurasia collision zone, 

the convergence is taken up by the continental collision in the Zagros Mountains, and the active subduc-

tion of Makran, respectively. Further north, the northward motion not absorbed by the Makran subduction 

is expressed as the N-trending right lateral shear between central Iran and Eurasia at a rate of 16 mm/yr 

[2, 3].Central Iran is one of the most important and complicated structural zones in Iran and is a sugges-

tive example of geological areas that underwent long-lived tectonic deformation, being its present-day 

position and structural configuration the result of different geodynamic events [4]. The study area is lo-

cated in the northern part of Central Iran in Tabas block and bordered by Kalmard fault in the west and 

Nayband fault in the east. 

Kalmard fault is one of the major basement faults in Central Iran which separates the Tabas block 

to the west from Posht-e Badam block to the east of different evolutional history [5]. Occurrence of many 

earthquakes along this fault show current activities of the fault during twentieth century. Nakhlab fault is 

10 km long and directed to NE-SW in southern part of the Kalmard fault. Based on interpretation of 

Landsat satellite images, dextral strike-slip component and displacement of sediments and streams chan-

nels was recognized. The most important action of Nkhlab fault and its parallel branches is 1 to 3 km dis-

placement of the Late Jurassic limestone in Bisheh syncline in direction of SW-NE, bending syncline to 

the north and creation of ruptures in limbs which due to bending stress. Also broken segments are rotated 

(Fig. 1 A). 

Phenomena such as displacement and excavation of the river and sediments have emerged in 

many points of the Tabas area. Morphotectonic studies in the studied region indicate that tectonics has a 

direct effect on occurrence and evolution of the regional morphology; and the consistency between the 

structural pattern and mountains, flats, rivers, and complexity of the areas around the faults, indicate the 

direct role of tectonic motions (Table. 1; Fig. 1 B,C,D & E). 

Table 1 – Measurement information of displaced river 

Series Displacement of rivers Component 

1 200m dextral 

2 35 dextral 

3 70 dextral 

4 24 dextral 

5 110 dextral 
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Fig.1 – Location of the studied area and active fault patterns (A) and dextral offset of stream along the faults 

(B, C, D, E) 
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Iran and the surrounding areas present a mosaic of continental blocks separated from each other 

by complex fold-and-thrust belts within the Alpine– Himalayan orogenic system [1]. The Central Iranian 

Microcontinent (CIM) [2] is one of the major structural zones of Iran which is located in the central part 

of the Iran, and between the convergent Arabian and Eurasian plates. The CIM is bounded by the Do-

runeh fault system to the north, the Nehbandan fault zone to the east, and the Dehshir fault to the west and 

southwest [3]. Internally, the CIM is composed of the smaller Lut, Tabas, Posht-e-Badam and Yazd 

blocks, all of which are separated by linear to curvilinear N–S right-lateral strike-slip faults [3-7]. The Lut 

Block is located between the Nehbandan Fault to the east and Nayband Fault to the west. The Tabas 

Block is surrounded by the Nayband Fault to the east and the Kalmard and Kuhbanan Faults to the west. 

The Posht-e-Badam Block is surrounded by the Kalmard and Kuhbanan Faults to the east and the Rafsan-

jan and Posht-e-Badam Faults to the west. The Yazd Block is located between the Posht-e-Badam and 

Rafsanjan Faults to the east, the Doruneh Fault to the north and the Dehshir and Shahr-e Babak Faults to 

the west and southwest [8]. The main aim of this study is to analyze the faults in the CIM by using aero-

magnetic data, in order to identify basement faults, which are responsible for divided the area to the sepa-

rate blocks (Fig. 1 A). 

The qualitative interpretation of aeromagnetic survey data illustrates directly the geological in-

formation by looking at the map without any calculations and offers an excellent opportunity to map the 

structure and lithology of the subsurface [9]. The aeromagnetic survey data used in this study is from a 

total field aeromagnetic survey conducted in 1977 by collaboration between Aero Service Company and 

the Geological Survey of Iran. These data were digitized, with a flight height of 500-600 m and a nominal 

flight line spacing of 7500 m that plotted and interpolated grid points using Geosoft program (Oasis Mon-

taj, Version 6.4.2); based on which a total aeromagnetic map was prepared. Layendyk and Gunn (1997) 

have been expressed evidences for identification of the faults on the aeromagnetic images. Evidences are 

included: 1- The distance between the corresponding magnetic units. 2- Abruption of the magnetic units. 

3- Placement of the strong magnetic next to the weak position. 

To determine the magnetic structures of the area, the regional aeromagnetic data have processed 

and the situation of basement faults on magnetic basement was identified and confirmed. Figure 1 shows 

the mapped faults of the CIM. The three major trends obtained from the interpretation are (Fig. 1 B): 

(1) The ENE-WSW trend is indicated by Doruneh fault system and some other minor lineaments.  

(2) The NW-SE trends are indicated by Dehshir, Shahr-e Babak, Rafsanjan and Kuhbanan faults 

and other minor trends as shown on the map. 

(3) The NNE-SSW trends are represented by Nehbandan, Nayband, Kalmard Posht-e-Badam. 

Some mentioned factors show function of faults in magnetic basement in the study area. Locating 

strong magnetic units near weak units linearly is coincident to place of the Doruneh and Shahr-e Babak 

faults. Along the Dehshir, Kuhbanan, Nayband and Posht-e-Badam faults, separation and linear elonga-

tion of strong magnetic units near weak units are happened. Also, Rafsanjan and Nehbandan faults is co-

incident on the strong magnetic units which have been separated linearly. 
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Fig.1 – A: Main sedimentary-structural zones of Central Iranian Microcontinent (CIM) (modified from 

Aghanabati, 2004). Major faults discussed in the text are shown. B: Total magnetic intensity map of the study 

area and the effect of main faults on the basement. 
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The zagros fold-thrust belt situated in the west-south west of Iran and extends laterally to Iraq and 

Turkey the belt results from the alpine orogenic events in the alpine himalaya mountain range [1]. This 

orogenic belt consists of four NW-SE trending parallel zones: (1) Urumieh-Dokhtar Magmatic 

Assemblage (UDMA); (2) Sanandaj–Sirjan Zone (SSZ); (3) High Zagros; and (4) Zagros Simply Folded 

Belt (ZSFB). The Zagros Simply Folded Belt (ZSFB) is limited to the SW by the Mountain Front Fault 

(MFF) a master segmented blind thrust with striking structural, topographic and seismotectonic 

characteristics [2-4]. The Simply Folded Belt divides into different geological provinces include the 

Dezful Embayment, Lurestan and Fars regions. These provinces had their own deformation histories, 

sedimentation and structural framework should be considered individually as they display different fold 

and thrust geometries [5, 6]. 

The study area is bounded between East longitude 52 o 50' to 53 o 10' and North latitude 29 o 45' to 

29 o 55.' The study area is located in the ‘Fars province. (SW Fold Simple Zagros) comprises folds with a 

northwest to southeast trend. This region included faults with combined reverse and strike–slip 

movements. The fault/folds systems in the Fars province within the sedimentary cover generally detach 

on the Hormuz salt. This sedimentary cover played a significant role in the cover-basement decoupling. 

The thickness of the sedimentary cover estimated about 1–2 km in the Fars [7]. In this paper, we aim to 

decipher polyphase deformation and paleostress history of Zagros Simply Folded Belt (ZSFB), in the 

interior Fars based on brittle tectonic studies and systematic stress inversion of fault slip data and joints 

obtained from the ZSFB. However, this paper focuses on the Cenozoic history of convergence in the 

ZSFB in terms of stress reorientation. (Fig.1) 

 

Fig.1 – Geological map of the study area 

To analyze the stress in the area, fault planes, the associated slickenside and joints are measured. 

Numerous shear data are determined from historical locations in the study area and categorized into 26 

252

Geodynamics and tectonics



fault plane sites. According to the inversion method (proposed by J. Angelier [8]) which includes 

determination of the mean stress tensor orientation and sense of slip on numerous faults and joints. Faults 

and joints data are classified based the principal stress axes and corresponding compressional and 

extensional directions are calculated (with the use of tectonicsFp software). 

Based on the derived results from the diagrams, it is suggested 3 stress directions NE-SW, N-S 

and NW-SE compressional stress directions, which is obvious in study area. Fault slip analysis reveals 

two successive late Cenozoic regional compressional trends, NE-SW then N020. The latter is in good 

agreement with the present-day stress. The significance of the NE-SW compression is discussed 

alternatively in terms of stress deviations or block rotations in relation to the strike-slip fault system. 
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Orogeny is a complex geological process, including deformation, magmatism, metamorphism and 

sedimentation in syntectonic basins. Orogeny is driven by convergent interaction of lithospheric plates 

containing continental blocks. Orogenic zones are usually formed at the margins of the continental 

blocks, as a result of accretion events or ocean closure during the continental collision. Orogenic events 

lead to the formation of certain volumes of juvenile continental crust. Such an orogeny is called primary, 

regardless of the specific nature or type of collision or accretion. From the other hand, orogeny develop-

ing in the continental interior, where continental crust already was formed in the primary orogenic event, 

is called secondary. Mountain belts such as Pamir, Tien Shan, Junggar Alatau and Altay are modern ex-

amples of this process. It is believed, that this latter type of orogeny is related with far-field propagation 

of deformation away from the collisional zones at the continental margins. This secondary orogeny is also 

often labelled as intercontinental orogeny. The term “deuteroorogeny” was used for this process in Rus-

sian literature. Unfortunately, it did not receive international recognition. 

The Central Asian Orogenic Belt (CAOB), the largest orogen in the world, extends between sev-

eral ancient cratons, through the interior of Eurasia. The history of its construction includes numerous 

collisional events, so the geological structure of different regions of the CAOB can provide examples of 

different relationship between primary and secondary orogenic stages. 

The Late Cenozoic structure of the Tian Shan is an example of the evolution of an epihercynian 

plate into an active intercontinental orogeny. This process is especially clear at the margins of interconti-

nental basins, such as Fergana, where Paleozoic basement and Meso-Cenozoic sedimentary cover are un-

dergoing thick-skinned thrust tectonics. Some slices of Meso-Cenozoic cover are involved in the thrust-

nappe structure of the modern orogen. In the far future, these relics will be evidence of intercontinental 

orogeny, which will have a much younger age than the Paleozoic igneous and volcanic rocks, building up 

the modern mountain ranges of Tien Shan. Combining the study of geology of intermountain basins and 

low-temperature thermochronology of the basement rocks, is revealed several stages of this orogeny since 

the late Oligocene until now. 

The Tunka range of the East Sayan Mountains and the eastern part of the Russian Altai Moun-

tains are examples of a Late Paleozoic intracontinental orogeny emerging in the folded zones, that were 

formed during an older, Early Paleozoic accretion-collision orogeny. The level of the eroded section of 

the Late Paleozoic orogen there, is much deeper than in the Cenozoic Central Asian orogen, as it allows 

to see not only the nappe structures, but also the metamorphic and igneous bodies, which were formed at 

the secondary orogenic stage. Metamorphic complexes are mainly represented by low-grade metamorphic 

rocks, like mica schists, and were dated by the Ar/Ar method. Intrusions are represented by dikes and 

small bodies, which are located mainly near reactivated faults. Sediments of intermountain basins are 

very rarely preserved. At the Tunka range, Permian coarse-grained sediments of intermountain basins are 

involved in the Late Paleozoic nappe structure. 

The Kolyvan-Tomsk folded zone, near Novosibirsk city is an example of a combination of struc-

tures related to Late Paleozoic collision and Early Mesozoic intercontinental orogenic events. In this area 

Late Paleozoic and Early Mesozoic forelands are well preserved. The first one is the middle Carbonifer-

ous-Permian Gorlovo basin, the second is the lower–middle Jurassic Doronin basin. Both of them include 

very thick units of clastic rocks, which comprise numerous coal layers. However the structure of these 

basins is significantly different. Gorlovo basin is an isoclinal syncline, cross-cut by thrusts, which are 

very narrow and arcuate-shaped, according to their plan vergence, while Doronin basin is a wide asym-

metric half-graben, with weakly deformed sediments. 

An important problem in the study of orogenic processes is the role and structural evolution of the 

ancient crustal blocks, which were individual microcontinents in previous oceans. Their deformations can 

also be considered in terms of relationship between the ancient structures and the late orogeny. The struc-
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tural evolution of Precambrian massifs embedded in areas affected by Early Paleozoic collisional oroge-

ny, can be studied at the Kokchetav and Ulutau microcontinents in Kazakhstan and the Tuva-Mongolian 

microcontinent in Tuva for example. Continental crust of the Kokchetav massif, was formed in the mid-

dle–late Proterozoic. During the early Paleozoic orogeny it experienced Cambrian continental subduction 

and UHP-metamorphism, shearing and low-grade metamorphism in the early Ordovician and extensive 

development of granite magmatism in the Late Ordovician. These processes have led to significant re-

structuring of the biggest part of the ancient continental crust at the Kokchetav massif. 

These examples show that in addition to the main accretion-collisional orogeny in the structure of 

the folded zones of the CAOB, evidence of several subsequent intercontinental orogeny events can also 

be identified. Intracontinental orogeny develops much later, than the most prominent geological elements 

of these folded zones. Suprasubduction magmatic belts, ophiolites, accretion complexes and collisional 

granite batholiths are formed either in the oceanic stage, or during the primary collision orogeny. There-

fore, the subsequent intracontinental orogeny events can remain undetected during a regional geology 

study. The premise for the detection of collisional and intercontinental orogenic events of different age 

are extensive geochronology studies, especially with medium- to low-temperature thermochronology 

methods, such as Ar/Ar, and FT dating, as well as a thorough study of the structure, stratigraphy, sedi-

mentology and detrital chronology of the associated sedimentary basins, either adjacent to the orogens, or 

included as a relics in the orogeny structure. Coordinated studies of sedimentary basins and orogenic 

zones provide the possibility of revealing the entire sequence of orogenic events in the region. 
The work was supported by the Russian Foundation of Basic Research (projects no16-35-00010). 
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The Charysh-Terekta-Ulagan-Sayan suture zone is an important tectonic boundary separating the 

Gorny Altai and Altai-Mongolian terranes in the northwestern Central Asian Orogenic Belt (CAOB). 

Whether the metamorphic complexes along the suture zone represent Precambrian micro-continental 

slivers and when did these two terranes amalgamate are central for our understanding of the crustal 

growth rate and accretionary orogenesis in the CAOB. Detailed geochemical and detrital zircon U-Pb-Hf 

isotopic studies were conducted on the meta-sedimentary rocks from the Ulagan and Teletsk Complexes 

along the suture zone. The results indicate that the protoliths of these rocks were mainly composed of 

immature sediments with depositional ages of ca. 470-420 Ma. Combining with the previously published 

data, we suggest that Precambrian micro-continental slivers may not exist in the suture zone and even the 

whole Russian Altai.   

The meta-sedimentary rocks from the Ulagan Complex yield Al2O3/TiO2, Th/Sc, Zr/Sc, La/Sc, 

Co/Th and Ti/Zr ratios between those of common intermediate and felsic volcanic rocks, implying that 

these kinds of igneous rocks possibly served as dominant sources. Our data suggest that the sediments 

were probably deposited in a continental arc-related setting. Detrital zircons from this complex consist of 

a major population of ca. 620-468 Ma, a subordinate one of ca. 931-671 Ma and rare grains of ca. 2899-

1109 Ma. This age spectrum is compatible with the magmatic records of the western Mongolia, where 

multiple subduction-accretion events occurred during the Neoproterozoic to early Paleozoic. Accordingly, 

we propose that the Ulagan Complex possibly represents part of a subduction-accretion complex built 

upon an active continental margin of the western Mongolia in the early Paleozoic. The remarkable 

similarities in source nature, provenance and depositional setting to those early Paleozoic meta-

sedimentary rocks from the northern Altai-Mongolian terrane imply that the Ulagan Complex was 

possibly fragmented from this terrane. 

The meta-sedimentary rocks from the Teletsk Complex show similar detrital zircon populations 

but contain higher proportions of mafic components and have younger whole-rock two-stage Nd model 

ages (TDM2 = 1.28-1.12 Ga). Geochemical modeling shows that these meta-sedimentary rocks possibly 

consisted of ca. 30-40 % sediments from the Gorny Altai terrane and ca. 60-70% from the source of the 

Ulagan Complex (i.e., part of the northern Altai-Mongolian terrane). This implies that the Gorny Altai 

and Altai-Mongolian terranes possibly amalgamated prior to the early Devonian, instead of middle 

Devonian to early Carboniferous as previously thought. Thus, the widespread Devonian to early 

Carboniferous magmatism within these two terranes was possibly generated in the same tectonic 

environment. 
This study is financially supported by the Major Research Project of the Ministry of Science and 

Technology of China (2014CB44801 and 2014CB448000), Hong Kong Research Grant Council (HKU705311P and 

HKU704712P) and National Science Foundation of China (41273048). 
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The aim of this new project is to assess the interplay of structural, depositional and diagenetic 

processes on platform margin architecture, to improve reservoir quality prediction within Carboniferous 

carbonate platforms. Such platforms are the main reservoir in giant oil and gas fields of the Precaspian 

Basin, but facies architecture, syndepositional fracturing and diagenetic overprint can contribute to com-

plex, heterogeneous and multiscale pore networks[1]. In northern England, Mississippian (uppermost 

Visean, Asbian-Brigantian) flat-topped carbonate platforms formed during reactivation of pre-existing 

structural lineaments as normal faults[2]. This study is focused on the Derbyshire Platform, northern Eng-

land, and the North Wales Platform. These relatively small, but accessible, outcrops provide the opportunity 

to describe the platform margin and thereby the influence of normal fault growth on facies distribution, 

platform growth and diagenesis. 

Preliminary field mapping and geophysical imaging defines a complex array of facies.  The margin 

is dominated by microbial build-ups (metres to tens of metres in diameter), with well-defined core- and 

flank facies, and skeletal and oolitic grainstone shoals. Behind this margin, platform interior Asbian lime-

stones comprise stacked, upward-shallowing crinoidal packstone-grainstone facies, capped by exposure 

surfaces.  At the end of the Asbian, a well formed and correlatable palaeosol indicates that the platform top 

was exposed, potentially by footwall rotation.  Overlying, Brigantian, strata are dominated by brachiopod-

rich packstones with abundant chert, reflecting a change in water turbidity prior to platform demise. 

Throughout the Visean, the platform slope is characterised by reworked of lithified platform margin sedi-

ment within metre-scale slumped and channelized bodies. 

This talk will present results from initial fieldwork, providing quantitative data as to the shape, size 

and distribution of depositional and structural geobodies.  A preliminary assessment of the influence of 

faulting on platform margin architecture and facies distribution will be presented, and the reservoir potential 

of the platform margin assessed. 
The work was supported by Tullow, Woodside and Wintershall. 
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Neoproterozoic sedimentary rocks are common along southern margin of the Siberian Craton. In 

the Biryusa Region the sediments of this age are presented by rocks of Karagas and Oselok Group. Sedi-

mentary rocks of Oselok Group with erosion contact occur on the Karagas Group and have no contact with 

rocks of the Siberian Craton basement. The Oselok Group includes three rock formations: Marnya, Uda 

and Aisa. According to modern views, accumulation of the Oselok Group sediments occurred within ex-

tensive marginal-continental shelf [1, 2, 3]. The Vendian age of Oselok Group was determined from inter-

regional stratigraphic correlations [4]. Studies of detrital zircons sampled from the Uda formation sediments 

[2] as well as from the Aisa formation rocks [3] confirmed the Vendian age of the Oselok Group accumu-

lations. 

All three formations of Oselok Group were sampled for petrographic and geochemical studies. In 

addition, the sampling from sandstones of upper and lower parts of the Uda Formation was carrying out for 

detrital zircons study. 

Deposits of Marnya Formation are presented by quartz sandstones and gritstones which are petro-

graphically similar. Rocks of Marnya Formation are composed of poorly sorted subrounded and unrounded 

fragments. Quartz and feldspar predominate in mineral composition of sandstones and gritstones. Rock 

fragments are presented by granitoids and quartzites. Deuteric alterations are expressed by pelitization of 

feldspars with formation of argillo-hydromicaceous aggregate (illite-sericite), as well as a comb-shaped of 

the feldspar clastic grains by authigenic potassic feldspar. It is everywhere noted the biotite chloritization, 

a weak cataclasm and formation of hydrous ferric oxides.  

Rocks of lower part of the Uda Formation are presented by quartz sandstones and gritstones com-

posed of poorly sorted subrounded and unrounded fragments. Quartz and feldspars predominate in mineral 

composition. Deuteric alterations are expressed by pelitization of feldspars with formation of argillo-mica-

ceous aggregate, it is also noted a weak cataclasm and formation of hydrous ferric oxides. 

Upper part of the Uda Formation is composed of quartz and polymictic siltsandstones formed by 

fragments of varying degrees of roundness, poor and moderate sort. Quartz and feldspar predominate in 

mineral composition. Rock fragments are presented by granitoids and quartzites. 

Deposits of Aisa Formation are presented by polymictic siltsandstones composed of clastic product 

of varying degrees of roundness and sorting. Quartz and feldspars prevail in the rock composition. Rock 

fragments are presented by granitoids, quarzites, argillite, and effusions of matrix. 

The Marnya Formation rocks are characterized by high K concentration (K2O = 2.37 – 3.68 wt %) 

with low Na content (Na2O = 0.04 – 0.12 wt %) in so doing the K2O/Na2O ratio changes from 27 to 45. 

Similar contents of K2O (from 0.86 to 2.0 wt %) and Na2O (from 0.04 to 0.14 wt %) show the rocks of 

lower part of the Uda Formation; the K2O/Na2O ratio varies from 10 to 33. The rocks of the Uda Formation 

upper part as well as the Aisa Formation deposits are characterized by concentrations of K2O (from 0.78 to 

2.53 wt %) and Na2O (from 0.44 to 1.66 wt %), K2O/Na2O ratio in these rocks does not exceed 1-2. Similar 

geochemical characteristics of Oselkovaya Group sediments together with deuteric alterations which occur 

in rocks of Marnya Formation and lower subformation of the Uda Formation as well as taking into account 

the point’s location of the studied rocks compositions in the diagram A-CN-K [5] suggest that deposits of 

Marnya Formation and lower part of the Uda Formation have been exposed to hydrothermal alteration and 

metasomatism. Rocks of the Oselok Group all three formations are characterized by fractional distribution 

spectra of REE (Lan/Ybn = 4.7-19.8) and enrichment in light lanthanides (Lan/Smn = 2.2-6.0) relative to 

heavy ones (Gdn/Ybn = 0.9-2.3). The Marnya Formation rocks are characterized by poorly pronounced Eu 

anomaly (Eu/Eu*=0.6-0.9) on REE spectra or positive Eu anomaly (Eu/Eu*=0.4-0.7) that suggests the hy-

drothermal-metasomatic transformations of these sediments [6]. The rocks of Uda and Aisa Formations 

show a well pronounced negative Eu anomaly (Eu/Eu*=0.4-0.7) testifying the disintegration of predomi-

nantly acid magmatic rocks in the source area. 
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Quartz sandstones were sampled from the upper and lower parts of the Uda Formation for studying 

of the detrital zircons age. Isotopic studies were carried out using the LA-ICP-MS method at the University 

of Geosciences (Beijing, China). Concordant values were obtained for 41 grains of detrital zircons picked 

out from quartz sandstones of lower subformation of the Uda Formation (sample №1110). The age of the 

most ancient zircon is 3447 Ma, the youngest – 1741 Ma, ages of other zircons are characterized by the 

following peaks (Ma): 1876, 2100, 2711, 2770, 2970. Concordant values were obtained for 88 grains of 

detrital zircons picked out from quartz sandstones of the Uda Formation upper part (sample №1142). Zir-

cons in the values of the age were distributed into two groups: Archean-Paleoproterozoic and Neoprotero-

zoic groups. The range of values for age in Archean-Paleoproterozoic group is 1732 – 3179 Ma with major 

peaks (Ma): 1882, 1935, 2005, 2411, 2782, 2570. The value of zircons age in Neoproterozoic group varies 

from 611 to 1060 Ma with major peaks (Ma): 655, 780 and 938. 

Archean-Paleoproterozoic age values for detrital zircons obtained from the lower and upper parts 

of the Uda Formation are consistent with age of the Siberian Сraton basement rocks and consequently, the 

basement of Siberian Сraton could deliver a detritus to the sedimentation basin of the Uda Formation. The 

Neoproterozoic zircons abundance in sediments of the Uda Formation upper part suggests an additional 

source of the detritus removal. Microcontinents and island arcs existed within the Paleoasian Ocean and 

accessioned to south margin of the Siberian Сraton at a temporary turn of 610-550 Ma   can be probable 

sources [7]. 

Thus, the results of research suggest: 

1. Accumulation of sediments of the Marnya Formation and lower part of the Uda Formation oc-

curred within spacious marginal-continental shelf is mainly due to the rock disintegration of the Siberian 

Сraton basement. 

2. Accumulation of sediments of the Uda Formation upper part apparently occurred within the 

foreland basin with arrival of detritus both from the Siberian Сraton and accessioned to it in the Vend the 

Neoproterozoic formations of the Central Asian Orogenic Belt [3, 7, 8]. 

3. Petrographic and lithogeochemical features of studied sediments of the Oselok Group together 

with the results of the detrital zircons studies the results of the detrital zircons studies suggest that hydro-

thermal and metasomatic transformations experienced by sediments of the Marnya Formation and lower 

part of the Uda Formation may be associated with the Vendian accretion-collision events. 

This work was supported by RSF (grant № 16-17-10180). 
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Krkonoše Piedmont Basin (KPB) represents a part of extensional/transtensional basin system 

formed within the Bohemian Massif in early post-Variscan period. Basin fill comprise up to 1800 m [1] 

thick succession of siliciclastic deposits and volcanics of the Pennyslvanian‒Lower Triassic age. 

 

Fig.1 – Location of the Krkonoše Piedmont Basin in the Czech Republic. Detail is focused on western and 

central part of the basin with maximum areal extent of Vrchlabí Fm. Explanations: 1) Important cit-

ies/municipalities; 2) Outcrops of Vrchlabí Fm. including Rudník Mb. 

This study is focused to Lower Permian Vrchlabí Formation of significant thickness (up to 530 m 

[1]) and diverse facies development, showing lateral transition from fluvial-alluvial deposits in the S into 

lacustrine in the N. Previous research [2, 3, 4] raised inferences on subsidence driven by accelerated tec-

tonic activity, effect of climatic oscillations on weathering & supply and subsequent intense changes of 

accommodation/sediment supply ratio (A/S ratio) sensu [5]. However, the scope of past works was re-

strained to either climatic changes recorded in lacustrine Rudník Member [2, 4] or Stará Paka and Čistá 

sandstones, interpreted as a fluvial feeder system of Rudník Lake [3]. Current research aims to correlation 

of both depositional systems in order to uncover interplay between creation and reduction of accomoda-

tion space through base-level changes and variations in sediment supply. Furthermore, acquisition of new 

sedimentological and gamaspectrometry data was necessary for revisiting recent depositional model and 

for understanding the A/S ratio changes [2]. 

This study combines investigation of facies and architectures in outcrops with genetic-

stratigraphic correlation of well-logs and outcrops. Two large basin-scale correlation cross-sections along 

(SSW-NNE) and oblique to progradation direction, and several minor local-scale sections has been con-

structed. Depositional conditions in outcrop scale are approximated to large-scale depositional trends as 

revealed by well-log correlations using cores and field spectral gamma-ray curves. In outcrop, three prin-

cipal facies assemblages attributed to lacustrine, fluvial-alluvial and transitional (deltaic) conditions has 

been described. 

Fluvial deposits consist of arkosic sandstones to conglomerates interpreted as multi-storey chan-

nel fills and transverse bars deposited by braided rivers of relatively low sinuosity. Successive channel 

fills are arranged into 3 architectural units of different weight/thickness ratio and presence/absence of 

overbank deposits. The latter are divided into parallel- to ripple- or cross-laminated finer, relatively poor-
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ly poorly sorted  argillaceous sandstones interpreted as crevasse splay deposits proximal to parent fluvial 

channels and reddish massive mudstones of floodplain. Isolated small-scale sandstone bodies interpreted 

as distributary channels are present within the floodplain. Transition of alluvial to lacustrine strandplain 

deposits cannot be documented because of limited extend and thickness of studied outcrops. However, 

alteration of grayish parallel- to ripple-laminated sandstones up to X0 cm thick and mudstones, is regard-

ed here as “transitional”. Heterolithic facies represent bottomsets of lacustrine microdelta/mouth bars de-

posited by interplay of traction currents and reccurent gravity currents triggered by seasonal floods sup-

plying turbid suspension from fluvial feeder system to open lake. Presence  of relatively large-scale 

hummocky-cross sets (up to X0 cm broad) indicate reworking of bottomsets during occasional extreme 

storm events and thus their deposition in lower shoreface settings. Facies interpreted as distal lacustrine 

comprise laminated varicolored mudstones and dark-gray to black shales or with intercalations of car-

bonates, interpreted as distal suboxic to anoxic deposits with evidence of seasonal rhytmic bedding [4]. 

The latter, called Rudník Mb., outcrops in the N of the study area, indicating increasing bathymetry to-

wards main depocenter along the northern basin margin. At the northern margin, bodies of poorly sorted 

conglomeratic sandstones comprising pebbles of local origin (Lánov Mb.), interpreted as braided fans (or 

possibly fan deltas) occur in contact with Rudník Mb. deposits. This imply, in contrast to the S, steeper 

topographic gradient given by syndepositional activity of marginal Škodějov fault, and erosion of uplifted 

Krkonoše-Jizera Crystalline Complex (source area). 

Combination of field data with and wireline-logs allows us to define 4 basic subsurface facies, re-

flecting rock properties (clay content, grain size) and spatial arrangement of individual lithofacies. Fun-

nel-shaped pattern reflects characteristic fining-upward trend of fluvial deposits. Distal lacustrine depos-

its, on the other hand, exhibit generally bow-like pattern with a number of small-scale cycles within; ex-

treme GR-values correspond here to levels of black shales/carbonates with elevated uranium content 

bound on organic matter. Coarse-grained bodies at the northern margin are not present in well-logs, but 

based on outcrop gamma-ray trends, serrated pattern similar to their counterparts in underlying Semily 

Fm. is inferred. 

This research shed new light on arrangement of depositional system of Vrchlabí Fm. in time and 

space. In central part of the study area, facies on transition between fluvial and lacustrine deposits are in-

terpreted here as deposits of lacustrine deltas/mouth bars. Intrabasinal swelling taking place during depo-

sition of Upper Vrchlabí Fm. is deduced from remarkably immature composition of alluvial counterparts 

of the Čistá Sandstones. Clastic bodies at the northern margin of the basin are interpreted as braided fans; 

both coarse-grained proximal and fine-grained distal deposits has been identified. Correlation of well- and 

outcrop gamma-ray logs has revealed complex lateral relationship between fluvial channels and their 

stratigraphically equivalent overbank deposits. Correlation to more remote lacustrine deposits is, howev-

er, still uncertain and would require more data. 
This research was supported by the Czech Science Foundation (GAČR) grant No. 16-11500S. RN Acknowl-

edges support from Czech. Geol. Survey internal project No. 323000. V. Goliáš (Charles Univ. in Prague) is 

thanked for providing device for field gammaspectrometry. V. Prouza (Czech Geol. Survey) is acknowledged for 
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Age determination problem for Precambrian rocks of Yenisei Ridge is the point of heated discus-

sions. Various authors locate them in various stratigraphic order. Study of Precambrian sedimentary com-

plexes with modern isotopic research methodic make it possible to identify more precisely about the age 

interval of sedimentation. Sedimentary complexes of late Precambrian of Yenisei Ridge are divided into 

Sukhoi Pit, Tungusik, Shirokino and Vorogovka Groups which overlay with unconformity early Protero-

zoic rocks from the basement of Siberian platform. On the modern stages of research geologists treat the 

nature of these structures in various ways. One group of scientists consider part of sediments from these 

Groups as lower Ediacaran structures and consider them as molasses composed of products from the wash-

out of Neoproterozoic orogen of Yenisei Ridge [1] formed on the western border of Siberian platform after 

the end of accretion – collision events. Others think that rocks of these Groups were formed as the result of 

destruction of ancient basmenet of Siberian platform [2, 3]. Received in the range of these researches data 

from U-Pb detrital zircon dating from sandstones of Pogoryui Formation, Sukhoi Pit Group and Chistya-

kovka and Moshakovka formations, Taseeva Group from South-East part of Yenisei Ridge (area of Irki-

neevo River) allow to identify main stages of tectonic-igneous activity in the range of source areas as well 

as solve the question about the source of clastic material – Siberian platform or late Precambrian orogen on 

its border. Also study of Precambrian sedimentary complexes with modern isotopic research methodic al-

low, in some cases, to judge more precisely about the age interval of sedimentation. 

U-Pb isotopic dating of zircon grains have been made by authors of this article with laser ablation 

methodic on mass spectrometer of high resolution with ionization in inductively connected plasma Nu In-

struments ICP-MS, connected with the system Resonetics RESOlution M-50-HR Excimer Laser Ablation 

System in analytical centre of Department of earth sciences, University of Hong Kong (China) with me-

thodic described in [4]. As the external standard for U-Pb dating zircons 91500 and GJ were used between 

each set of 10-12 measurements. Measured values were further handled with programs “ICPMSDataCal” 

and “Isoplot/Ex v.3.41”. During the interpretation only concordant values (more then 95% concordance) 

were used. Morphology and inner structure of zircon grains were studied in transmitted and reflected light. 

CL-images were made in order to study the inner structure and zoning of zircons on microscope LEO 

1430VP with attachment of Detector Centaurus (IGM SB RAS, Novosibirsk). 

For dating of detrital zircon grains quartz-feldspar medium-grained sandstones from Neoprotero-

zoic Pogoryui Formation, Sukhoi Pit Group, collected on the shore sections of Angara River opposite to 

Balturin Island (58°32'38,9'' N 96°24'37,6'' E) were picked. Concordant values (more then 95% concord-

ance) were used from 56 samples for interpretation. Detrital zircons here have pale Archean – Paleoprote-

rozoic age in the range from 1670 to 3320 Ma. Histogram of age distribution contain three main age spikes: 

1.8-1.9 Ma, 2.7 Ma and 2.82-2.86 Ma. Such age distributions are typical for Siberian platform rocks [5]. 

We cannot limit the upper age interval of sedimentation for Pogoryui Formation with this methodic. Thus, 

Zr-dating results show that Pogoryui Formation, Sukhoi Pit Group terrigenous rocks were accumulated as 

the result of washout of sediments from the basement of Siberian platform. 

Sandstones from Chistyakovka Formation in the range of Lower Terya River (58°42'03,9''N 

96°38'42,5''E) from right inflow of Irkineevo River and Moshakovka Formation in the upper reaches of the 

Aka River (58°36'58,3''N 96°11'55,3''E) have been studied from Taseev Group section. Zr age distributions 

for them is one-type: huge population of ages from upper Cryogenian (600-890 Ma), and some grains have 

Proterozoic datings (1660-1950 Ma). The youngest generation of clastic zircon grains studied from rocks 

of Moshakovka and Chistyakovka formations have age around 603-605 Ma. Thus these sandstones were 

accumulated after 600 Ma in Ediacaran because they are overlain by early Cambrian sediments from 

Klimovo Formation. Within the range of source areas during the accumulation of sandstones from lower 
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part of Taseev Group – Chistyakovka Formation there are two types of tectonic-igneous activity in Neo-

proterozoic in the range of 640-670 Ma. and 730-750 Ma. During the accumulation of terrigenous rocks 

from the upper part of Taseev Group – Moshakovka Formation older Neoproterozoic source area stop act-

ing and, among the main sources of inflow material, rocks with the age 650-670 Ma prevail with small 

influence of Paleoproterozoic sources. 

Listed isotopic-geochemical data are consistent with the researches of sedimentary complexes from 

Yenisei Ridge. Sedimentation interval for rocks from Taseev Formation is limited to 600 Ma before Cam-

brian and, thus, it formed on Ediacaran. Source areas during the accumulation of terrigenous rocks from 

Sukhoi Pit and Taseev formations were Siberian platform basement rocks and Neoproterozoic igneous 

complexes within its structure. 
The work was supported by the Russian Foundation of Basic Research 16-35-00081. 
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The placers of Volyn titanium–bearing district belong to the alluvial genetic type and spatially 

coincide with paleovalleys of all ages, mostly Paleogene-Neogene age. Their geochemical characteristics 

are stipulated by the peculiarities of hydrodynamics in the valleys. 

G. Momdzhy [1] proposed to distinguish 3 groups between minerals: resistant, intermediate and 

unstable to chemical weathering processes. The source for the placer’s materials was the waste mantle on 

gabbro, which bodies are located nearby. The removal of titanium is limited in the mantle formation, mainly 

due to the destruction of iron-magnesium silicates. A line of mobility for the waste mantle on ore troktolites 

of the Korosten pluton is as follows (mobility decreases from left to right): Na, K> Ca> P> Mg> Fe> Mn> 

Si> Ti> Al. Ilmenite in the waste mantle undergo limited changes as a result of which there is a partial 

oxidation and removal of iron and titanium accumulation. The ilmenite content in the waste mantle that 

developed on ore gabbroides reaches 500kg / m3. Ilmenite has quite large (up to 3 mm) grains [2]. Accord-

ing to the relative stability, it can accumulate in placers. Zircon, apatite and some other minerals are also 

accumulating in the deposits but in a less scale. 

Later titanium minerals accumulated within separate parts of paleovalleys. The highest concentra-

tions of ilmenite often confined to a floodplain facies and in places of the tributaries confluence. Ilmenite 

concentrated in kaolinized fine sand or sand diverse-grained facies. 

Depending on the conditions of accumulation the degree of ilmenite variability in the deposits. Is 

different: more ilmenite confined to places where the thickness of the mantle of weathering  is growing. As 

well as within the ancient lake-like basins (southern part of Zlobychi deposit and in Trostyanytsya placer 

deposits), the bottoms of valleys and at the confluence of tributaries to paleovalleys. Sometimes ilmenite is 

found on the slopes of paleovalleys, due to the formation of terraced alluvial deposits. Anomalous values 

of ilmenite variability often is observed in the north-west connection of tectonic structures within Volyn 

titanium–bearing district, as it is observed within Zlobytsky placer deposits [3]. 

Elevated values of siderite have been marked in some placers of Volyn titanium–bearing district. 

It complicates the deposits exploitation. Elevated concentrations of this mineral are known within the Tros-

tyanytsky placer, which is located within the ancient extended part of paleovalley. The siderite concentra-

tions are known within the central part of the Zlobytsky placer where they are located in depressions of 

paleovalleys corresponding to the structural fault zones that are the zones of increased fracturing, in which 

laid paleovalley [4]. Similar patterns are typical for other placers deposits - Poromivsky, Valky-Hatskivsky, 

Selyschansky and others. 
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Aktau-Mointy Precambrian sialic block is situated in the western part of central Kazakhstan. In its 

Neoproterozoic history one can separate several sedimentation periods interrupted by huge volcanic 

events. So on the border between meso- and neoproterozoic sedimentation took place of significantly 

clay-sandy deposits with the abundance of quatrzites in the upper parts. All these rocks form kiiksk group 

(aykarlinsk and aktaussk formations), overlain with unconformity by rhyodacites, rhyolites, tuffas and 

volcanogenous sedimentary rocks with acid composition of altinsigansk and urkendeusk formations as 

well as granites of usundjalsk complex singenetic with them. U-Pb (ID-TIMS) geochronologic researches 

of accessory zircons from vulcanites and granites allow to identify that accumulation took place in neo-

protezoic in the interval of 925-917 ma [1]. Neoproterozoic granites and vulcanites are one of the young-

est Precambrian igneous complexes and fixate the end of formation of Precambrian continental crust from 

Aktau-Montinsk block. In their petro-geochemical features these vulcanite sang granites are similar to 

granites of A type – this evidence about the intraplate sedimentation environments. Isotopic Sm-Nd data 

for volcanogenios rock and granites (TNd(DM) = 1.9-1.7 GA,  ɛNd(T) = - 1.9...- 3.5) evidence about Paleo-

proterozoic age of their crustal source [1]. 

Isotopic-geochemical study of terrigenous rocks from Kiik Group represented by metamorphosed 

sandstones and green slates allows reconstruction of their sedimentation environments. On the basis of 

spectrographic studies and Herron [2] classification diagram terrigenous sediments from Aykarlin and 

Aktaus formations can be separated into 4 groups: wackes, arkoses and in dependent amounts litites and 

subarkoses. It is important to note that all sandstones have significant potassium specific. 

Using the MINLITH [3] program on the basis of gross chemical composition normative quantita-

tive assessments of mineral composition were made for all the studied sedimentary rocks. Comparisons of 

these assessments allow identifying separate groups of sediments varying significantly in mineral con-

tents due to the difference in source areas composition and facial features. Inside the Aykarlin Formation 

three groups were separated: wackes, arkoses and subarkoses. Sediments of these groups contain around 

15-25% of feldspars. Wackes contain more than 30% of illite and 14% of chlorite. Subarkoses are formed 

generally by quartz (more than 70%). Arkoses contain around 50% of quartz, 19% illite and 8% chlorite. 

Sediments of Aktaus Formation can be separated into two groups: quartz sandstones and arkoses with 

both groups containing high amounts of quartz and feldspars (30-35%).  

For reconstructions of source areas triple diagrams of Taylor, McLennan [4] and Bhatia [5] were 

used. Terrigenous rocks from these formations were formed by recycling of older sedimentary sediments 

formed, in their turn, during the destruction of granite rocks. Sandstone horizons with Zr contents up to 

2200 ppm and Th contents up to 240 ppm found in the section of Aykarlin Formation evidence about 

multiple recycling of sedimentary clastic material of granite composition and high mechanical age of 

these terrigenous rocks. 

Geodynamical reconstruction of source areas types on the basis of Roser and Korsch diagram [6] 

shows that for subarkoses from Aykarlin Formation clastic material was supported by the destruction of 

intercontinental crystalline rocks while for wacks and arkoses main sources of sedimentation material 

were rocks of passive continental margin. Sm-Nd isotopic dating data also show that basement of Aktau-

Mointy continental block has been destroyed. Sandstones from lower part of Kiik Group represented by 

the sediments of Aykarlin Formation are characterized by TNd(DM) = 2.2-1.8 GA and ɛNd(T) -8..-14. This 

evidence about the investment of Paleoproterozoic source area. 

So terrigenous sediments of Aykarlin Formation were accumulated in the range of continental 

block and formed in the result of recycling of terrigenous rocks formed by the destruction of granite com-

position rocks with the age no younger then Paleoproterozoic. This evidence about the existence during 

the long period of geologic time in the range of ancient continental block of stabile passive tectonic 

schedule on the border between mezzo- and Neoproterozoic. 
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The work is performed on the basis of the material collected on the geological survey of educational 

practices in the middle reaches of the Belbek river, Bakhchisaray district, Republic of Crimea. Purpose - 

definition of lithologic zones of the formation of the Cretaceous strata of the basin of the river Belbek in 

accordance with universally idealized profile M. Irwin (1965). Profile of Irvine includes 4 areas: K – area 

with fresh water and sediments transported unidirectional flow; Z is the zone with abnormal salinity and 

sediments that are moved by reciprocating flow; the Y – zone with high fluid flow and rainfall, the roaming 

unrest flow; the X – zone with normal salinity and particles, precipitating in the resulting near-bottom 

currents and gravity flows. For studies used samples of 25 and 35 petrographic thin sections. 

In the basin of river Belbek among Cretaceous deposits allocated 9 auxiliary stratigraphic units:  

1. Thickness polimictic conglomerates (Belbek thickness [1], lower Berriasian).  

2. Carbonate rock strata, including a pack of calcareous sandstones (Suite Bechku [1], middle 

Berriasian) and a pack of oncolytic limestones (Kuchkinskaya Suite [1], upper Berriasian). 

3. The thickness of quartz conglomerates (Arbatskaya thickness [1], upper Berriasian). Polimictic 

conglomerates were formed in coastal environments (zone K), calcareous sandstones were formed in beach 

environments (zone Y) and oncolytic limestones were formed in a bar setting where the fluid flow was so 

high, and the depth sufficient for penetration of sunlight necessary for the life of cyanobacteria composing 

oncolite limestone (zone Y). Quartz conglomerates were formed due to the demolition of terrigenous 

material in the coastal environment (zone K). Sediments of the upper Valanginian and lower Hauterive 

missing. 
4. The clay stratum (Golubinskaya thickness [2], the upper hoteru). As a result of gravitational 

processes clay particles were deposited from suspensions and accumulated in a deep marine conditions 

(zone X). Precipitation of barreme, Aptian, lower and middle Albian are missing. 

5. Marl stratum (Benderskaya Suite [2], lower Turonian). Thickness is represented by glauconitic 

sandstones and grey marls, and nachfolgende strata accumulated in a deep marine conditions (zone X). 

6. Porcelain thickness (prohladnensky Suite [2], the upper Turonian – cognac) occurs with a break 

in the deposits of the marl series. 7. Clay-marl strata (Kudrinskaya Suite [2], Santonian – lower Campanian, 

Buchkovska Suite[2], upper Campanian). 

8. Sandy-marl strata (Staroselsky Suite [2], Maastricht). The alternation of marls by white 

"porcelain-like" limestone is a binomial cycle, the boundaries of which highlighted various passages of 

trace fossils [3], and clay-marl is thicker than the depth reaches the limit (zone X). Sand-marl is thicker 

there is a change of clay deposits to sandy, as evidenced by the appearance in the context of arenaceous 

limestones and changes in the morphology of trace fossils (the transition from zone X into zone Y). 

9. The calcareous strata (Belokamensky Suite [2], this) occurs with a break for sediments of sandy-

marl strata. Deposits of calcareous strata contain mlancolie limestone and grains of glauconite, indicating 

a sudden change in depth and represent shallow marine conditions with abnormal salinity (zone Z). Study 

of the samples, petrographic thin sections, as well as familiarity with the stratigraphic studies helped to 

reconstruct paleogeographic conditions of the landfill. In the end, a model was produced in the form of a 

line of sea level fluctuations. 
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Recently interest in the dynamics of the natural conditions of the White Sea coast significantly in-

creased. It happened due to a number of unsolved and topical issues: the role of isostatic and tectonic 

movements in the actual formation of the relief; relief-value, chronology and spread of the last glaciation; 

reconstruction of sea level fluctuations during the Holocene and its forecast [1, 2]. 

The purpose of the work is the reconstruction of the history of changes of paleogeographic condi-

tions of the inner part of the Kandalaksha Bay and the northwestern coast of the White Sea using diatom 

analysis. To achieve this goal an analysis of geological and geomorphological structure of materials of the 

Kandalaksha Bay and diatom analysis dated by the radiocarbon method column (height above sea level - 

9 m) lake-marsh deposits of the Maloe Yeremeevskoe Lake located on Velikyi Island (at the 9 m above 

the sea level) were made and reconstructed depositional conditions in the inner part of the Kandalaksha 

Bay and on the North West coast of the White Sea during the Holocene (from the literature). 

The characteristic feature of postglacial vertical movements in the study area - their block differ-

entiation. On the basis of diatom analysis and radiocarbon dating of lake and marsh sediments the rates of 

uplift of the Kindo Peninsula were estimated [3]. The Kindo Pensula is separated from i. Velikyi by Ve-

likaya Salma graben. Information of the rate of vertical tectonic movements on both sides of the graben 

are insufficient and are of great interest. Maloe Yeremeyevskoye Lake is located in the western part of the 

Velikyi Island in the basement rocks depression. 

Based on the changes of species composition of diatom assemblages and abundances of diatom 

valves 5 diatom zones (DZ) have been defined in the core sediment sections (Table 1). 

Table 1 – DZ of the lake-marsh sediments of the lake Maloe Yeremeyevskoye 

DZ 
Sediments and features of dia-

tom assemblages 
Paleoenvironments 

Environmental 

period 

V 

Brown sapropel: relatively low 

concentration of diatoms, predom-

inance of freshwater lacustrine 

species 

Lake 
Subatlantic -

modern stage 

IV 

Gray sapropel: gradual reduction 

of the concentration of the valves 

of diatoms 

Stage meromictic reservoir 
end of Sub-

boreal 

III 

Gray sapropel: the maximum con-

centration of diatoms in the col-

umn 

Development of small, well-warmed 

pond 

Atlantic- Sub-

boreal 

II 

Gray sapropel: rich diatom associ-

ations represented by typical 

coastal marine species and 15% of 

the species - algae fouling 

Decrease in water depth of the bay, 

separation from the sea, water exchange 

due to tides. 

Atlantic 

I 

Sandy sapropel: a relatively low 

concentration of diatoms and the 

presence of marine species 
Shallow-water open bay 

End of Boreal - 

early Atlantic 
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In the light of the foregoing we can draw the following conclusions: 

1. Beginning of the peat formation on the island estimated as interval 1895 - 1949 (according to 

radiocarbon dating). The absence of a peat in the core shows the duration of accumulation sediments, 

which have not got material for dating. Consequently, part of the island was in quiet tectonic conditions, 

so in the column all the transitional areas are allocated as well. Also, the lack of peat could be connected 

with more active hydrodynamic regime of the sea that existed here before the end of subboreal time. 

2. The rate of uplift of the block from the end of subboreal is about 2.3-2.6 mm/year, significantly 

less than the rates of uplift on the opposite side of the graben, on the Kindo peninsula. 

3. Over the past 3000 years the relief of the coastline greatly changed: instead of the archipelago 

of small rocky islands formed land block with a bizarre coastline and a large number of bays, gradually 

turns into a lagoon and meromictic lake due to the land rise (Fig.1). 

 

Fig. 1 – The coastline by the end of subboreal time (left) and now (used digital map, compiled by 

T.J. Repkina based on measurements A.V. Makarov data) 

4. Features of development of the North-West coast of the White Sea and the sedimentation con-

ditions in the Holocene are related to postglacial uplift, climate change, sea-level fluctuations (particularly 

in coastal areas), and mosaic caused by them (rapid change in space) hydrodynamic conditions. 
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Previously it was shown that an express evaluation of mineral composition can be got out of 

mathematical methods, based on chemical composition without carrying out an expensive and long-term 

X-ray diffraction analysis [1, 2]. The algorithms based on the simplex method and solid solution models 

[3] were used to determine the mineral composition of the Selenga-Buguldeika saddle sediments and Lake 

Hovsgol sediments, that revealed dramatic climatic changes in the Pliocene, characterized by changing 

glacial and interglacial periods. An important speciality of Lake Hovsgol sediments is the presence of 

terrigene and authigenic carbonate minerals which are reliable indicators of fluctuations in the lake level. 

Therefore, a comparison of sedimentary sections of Lake Baikal and Lake Hovsgol is the main object of 

our research. 

Reference data are based on the drilling results of the two largest lakes of the Baikal Rift Zone - 

Lake Baikal and Lake Hovsgol in international projects «Baikal-Hovsgol Drilling Projects» [4, 5]. Base 

data for the calculation of the deposit mineral composition are their chemical compositions, pre-counted in 

terrigenous component (biogenic silica and so elements as Ti, Mn, S, which are isomorphic impurities in 

the minerals are removed). The results of calculation of the sediment mineral composition of the station 24 

(Lake Baikal) and from the well HDG-01-01 (Lake Hovsgol) are compared with the data of X-ray analysis 

[6]. In the model of calculating of Lake Hovsgol sediments mineral composition carbonates are represented 

by calcite, Mg-calcite, dolomite, high-calcium dolomite and monohydrocalcite. 

The contrast changes of mineral composition conform to the lithologic border of 240 cm. There 

paleoclimate records indicate the beginning of warming (13.75 ths. years), followed by a period of short-

term cooling (12.4 ths. years). In the Holocene, the border of which is marked by the radiocarbon method 

at the depth of 150 cm, the climate was mainly warm. This deposit interval is characterized by a high 

content of clay minerals, illite and illite-smectite. Climate changes, previously defined by the results of 

studies of biogenic silica and pollen in the sediments of the well 24, are clearly revealed by a “clastic” 

coefficient - a ratio of the amount of minerals which indicate warm climate - illite and illite-smectite - to 

the amount of minerals which indicate cold climate - muscovite and chlorite. In the calculation of a “clastic” 

coefficient only layered silicates are used, because their behaviors in the sediment formation process are 

similar. This allows to smooth the mineral composition changes of the sediments which are not related to 

climatic fluctuations. Comparison of coefficients of angularity, calculated on the model mineral 

composition with SiO2bio content, showed that the “clastic” coefficient detects to high precision climate 

changes fixed by biogenic silica and pollen. 

All major climate changes recorded in Pleistocene and Holocene sediments correspond strictly to 

the coefficients of angularity, therefore, this coefficient can be used as an independent criterion for 

identifying glacial and interglacial changes (Fig.1). 

A small number of samples from the section of Lake Hovsgol sediments analyzed by XRF method 

does not allow to make a high-resolution paleoclimate record of Pleistocene and Holocene changes in the 

region. The consistency of mineral phase distribution is presented in Figure 2. Carbonates are everywhere, 

but it is dolomite in the Holocene sediments, and it is low-magnesia calcite in the glacial period. Despite 

some differences between the model mineral composition and the X-ray analysis data [6], the changes of 

coefficients of angularity in the section represented in Fig.2, reflects the general trend of global warming. 
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Fig.1 – Comparison of consistency of 

coefficient changes of mineral stability and 

SiO2bio content in Baikal sediments and 

global paleoclimate model 

Fig.2 – Vertical concentration depth profile of the “clastic” 

coefficient and mineral components in the Pleistocene and 

Holocene sediments of Lake Hovsgol, HSG-01-01 station, 

the content in weight percent: 1 - diatom ooze; 2 - thin-bed 

transition layer; 3 - carbonate aleurite clay 

The mineral composition of Baikal and Hovsgol Lakes sediments is significantly different, but the 

trend of increasing of clay minerals number in the transition from cold to warm climate persists. The number 

increases to 60 % in the warm season, while the proportion of chlorite and muscovite in sediments 

decreases. This is precisely why the “clastic” coefficient is more sensitive and allows to trace changes of 

the weathering conditions in catchment basins, in spite of the mineral composition differences of the bottom 

sediments of Lake Baikal and Lake Hovsgol. 
The work was supported by the Russian Foundation of Basic Research (projects No. 16-35-00266) and 

Irkutsk State University (Individual Research Grant No. 091-15-226). 
 

References: 
1. Oshchepkova A.V., Bychinskiy V.A., Luk’yantseva E.A. (2014): Application of the solid solution model for the 

description of the mineral composition of lake Baikal bottom settings // XVIII International Scientific 

Symposium in Honour of Academician M. A. Usov. IOP Conf. Series: Earth and Environmental Science. 

012002. doi:10.1088/1755-1315/21/1/012002. 

2. Kuzmin M.I., Bychinskiy V.A., Kerber E.V., et al. (2014): The chemical composition of sediments of Lake 

Baikal deep-water wells as the basis for the reconstruction of paleoclimate and environmental changes // Geology 

and Geophysics. V. 55(1). P. 3-22. 

3. Oshchepkova A.V., Kuzmin M.I., Bychinskiy V.A., et al. (2015): Solid solution models for the calculation of 

the mineral composition of Lake Baikal bottom: a new approach to the paleoclimate reconstructions // Doklady 

RAN. V. 461(4). P. 1-4. 

4. Hovsgol Drilling Project Group: Abzaeva A.A., Bezrukova E., Bychinsky V., et al. (2007): Structure of bottom 

sediments in Lake Hovsgol: geological and climate controls // Russian Geology and Geophysics. V. 48. P. 863-

885. 

5. “Baikal-drilling” Project Members (2001): Baikal deep water drilling - the main results // Russian Geology and 

Geophysics. V. 42(1-2). P. 8-35. 

6. Solotchina E. P. (2009): Structural typomorphism of clay minerals in sedimentary sections and crusts of 

weathering. Novosibirsk: "Geo". 234 p. 

273

Geomorphology and neotectonics



THE RELIEF FORMATION OF THE YOUNG PLATFORM COVER 

ABOVE FAULTS IN BASEMENT: STUDYING WITH THE HELP OF 

ANALOG MODELING 

Mishakina Alexandra¹, Korbutyak Anna¹, Korpach Stepan¹, Frolova Natalia¹, Kambarova 

Maria²  

¹ Lomonosov Moscow State University, Moscow, Russia  

korbutyakan@mail.ru 

² Dubna International University for Nature, Society and Man, Dubna, Russia  

mari.kambarova@mail.ru 

Analog modeling, petrolium-bearing swells, structural parageneses, fault in basement  

It has long been known that many swell-like structures often associated with oil and gas deposits. 

As these structures are an integral part of any platform. In this regard, the swells are increasingly attract-

ing the attention of researchers. 

On the mechanism of formation of shallow linear elevations, length of several tens of kilometers, 

it expressed many different opinions. Sometimes they are linked to the formation of fold-thrust structures 

(if they are near the fold belts), and with the rise of the underlying basement blocks [1], but this is not 

always proven. There is a view that the swells are formed in a horizontal compression [2, 3], but why 

such a compression is performed locally, and is manifested in the large distance from the fold belts, is not 

specified. Others say that the swells in areas with established shear tectonics are axial shortening folds, 

which are formed perpendicularly to the axis of maximum compression in the shear zone [4].  

There is also the assumption that the formation of the swells associated with elevations between 

Riedel shears, which arise in a case due to the horizontal movement on a major fault in the basement [5, 

6] (fig. 1).  

 

 

Fig.1 – Formation of uplifts (gray) between two Riedel shears [5] 

We have studied the formation mechanism swell-likes uplifts cover over faults in the basement in 

a simple shear. For this in the laboratory tectonophysics and  geotectonics MSU conducted more than 30 

experiments. Experiments were carried out in a special unit, which is a table with installed mobile work-

top. "The basement" were two boards laid on the table and slid relative to each other, "cover" - coarse 

sand: dry, wet, and with the admixture of grease. 

In each experiment varied from only one parameter: a cover with width increments of 1.5 

centimeters (3; 4.5; 6 cm) and the composition (the water was changed by adding sand or grease). 

All experiments were performed with a rate of about 3 cm / hour (1.3 Hz). The experiments were 

done photos from several angles: top continuous shooting every 1.5 - 2 minutes and sides of. Was carried 

out processing the PIV that allows two photos at the same point and calculate the vector and velocity 

(px/frame) move. Also after some experiments with a laser rangefinder volumetric image surface in the 

program have been constructed Surfer. 

Analysis of the results showed that the lifted block of the fault in the basement are always 

formed, and, in the beginning, is formed by an extended swell over the entire length (fig. 2a), which over 

time is divided into separate lifted blocks limited Riedel shears (fig. 2b & 2c). Also, experiments have 
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shown that swell-like structures may have various shapes and dimensions, which depend on the cover. 

The dry coarse sand formed small lifted blocks and fuzzy outlines shears. In the wet sand form the correct 

shape swells approximately equal distances from each other. In the sand with grease shears clear outlines, 

but their shape and size can vary greatly. In some experiments, developed small shears in the middle of 

the swells. 

One of the important conclusions is that the height of the lifted blocks is not dependent on the 

power of the cover (since its a certain value). The same is said A.S. Cheremnikh [7] the results of experi-

ments similar to clay. 

 

Fig.2 – The development of structure (experience 36). Right - the photo experience, left - the image produced 

after processing the photos using the PIV method 

The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00575). 
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Many relief forms of the platform territories are related to the modern plate tectonics. The speed of 

the movements amounts to millimeters per year for the plains and a few centimeters per year in orogenic 

areas. Analysis of the maps of the modern vertical Earth surface movements has shown that nonseismic 

craton areas move 5-10 mm per year. These maps have been constructed according to the re-leveling of 

large areas at intervals of ten years [1-3]. 

Besides the modern plate tectonics, relief morphostructure is also being influenced by modern ge-

odynamical processes that have become a field of study in the second half of XX century. An analysis of 

local anomalies in fault zones conducted in [4] suggests that the speed there reaches 5–10 cm per year 

which is marginally higher compared to the speed of tectonic movements of large blocks within craton and 

orogenic areas. 

The main factors influencing changes in modern structure of the Earth surface are climatic and 

exogenous processes that are structurally connected. It’s widely accepted that tectonics is secondary in the 

modern processes of relief formation as it is apparent on the geologic time scale. According to [5, 3, 6], 

natural tectonic processes mainly have influence on the regional level with their speed being millimeters 

per year which can’t possibly have a significant impact on the process of transformation of the modern 

relief. At the same time the existence of nonzonal development of geomorphogenesis that is not compliant 

with climatic zonality, means that neotectonic factors can’t explain transit processes passing from one ge-

ographical area to another and the amplification of the denudation component. [7] 

Detailed systematic studies of modern geodynamical processes implemented on field testing sites 

located both in seismic and nonseismic regions has allowed to establish new data about the current geody-

namical state of subsoil [4, 8]. Furthermore high-gradient movements that are order of magnitude larger 

than the regional ones are connected with the land subsidence within the fault zones rather than with vertical 

shifts of the fault zone’s edges. 

Uncovered time frame and characteristics of active areas of vertical crustal movement manifesta-

tion allow for a change of paradigm of the local processes of relief changes of the Earth’s surface [9, 10, 

11, 12] and makes it possible to identify two types of processes: phenomenon connected to reallocation of 

surface water flows; activation of landslides, karst processes, mudflow, thermokarst, thermal erosion, swell-

ing mounds, aufeis, alases, etc., leading to faster relief changes. 

There through the new factor of manifestation of modern geodynamical processes within the fault 

zones makes it possible to establish new mechanisms determining the dynamics of local geospatial level 

from a new geomorphological point of view, as well as to establish the relation and the rhythmic of dan-

gerous geological processes. 
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The South Baikal region is located within two main tectonic elements of the Baikal rift zone (the 

officers) and the Sayan-Baikal folded area, and includes a branch of the Tunka basins, Northern and North-

Eastern macroslope of Khamar-Daban, South-Eastern part of East Sayan (Tunka goltsy, the southern tip of 

the Oka plateau, Munku-Sardyk). According to published data [1,2,3, etc.], the formation and development 

of neotectonic structure of the area studies determine the three energy-carrier element of the deep structure 

of the Earth. They, in turn, affect the formation of components of geosystems and their relationships. 

These items include: 

1. Powerful actinolite – igneous body that has been formed by the heating of the lithosphere, its 

thermal expansion, which caused its isostatic movement. 

This determined the formation of the Mongol-Siberian revived orogenic belt and the maximum 

elevation within the East Sayan megaencyclopedia. With the edge of actinolite same as the Northern mac-

roslope of Eastern Sayan, resulting in the most here, the mountains drop steeply towards the lake. 

2. Light blocks of the earth's crust, saturated granitoid intrusions of experiencing a long term uplift 

in the form of arched uplifts. One of these blocks is dedicated Okinsky plateau located at an altitude of over 

2000 m and surrounded by mountainous massifs. Since Miocene time (20-2.5 million years ago) has been 

intensively leaked volcanic activity, which ended at the beginning of the Holocene (10 thousand years ago). 

Evidences of this are the covers of basalt, cones of volcanoes, and lava domes. A specific combination of 

structural and geodynamic factors defines the plateau as a unique geographic feature in the newest structure 

of mountain areas of Eurasia. 

3. The vertical channel of the mantle, which is the special element of new tectonic structures of 

Inner Asia.  

Under its influence in the South Baikal region recorded the largest heat anomaly among known 

thermal maxima outside areas of active volcanism. In the South Baikal region, the values of heat flow (HF) 

were 4 times higher than in neighboring regions of the Siberian platform [4]. The value of HF is on average 

(10.5-11.3)•10-6 j/(cm²•s), while for the Siberian platform it is equal to 4.4•10-6 j/(cm²•s). In the Tunka basin 

heat flow is on average 5.4-7.5 10-6 j/(cm²•s). In addition, the overall increased thermal background in the 

major areas of young faults within the rift basins observed anomalous areas that are associated with addi-

tional removal of deep heat. The highest values of heat flow within the study area are found in Tunkinskaya 

valley (districts of Arshan, Tunka p., floodplain and terraces of the Irkut river), along Pradzynskiego fault, 

on the straight portions of the large river valleys and in the foothills Chr. Khamar-Daban ( rivers  the Snow, 

the Khara-Murin, the Utulik, the Zun-Murin). All these areas are associated primarily with regional faults 

and major deposits of hot mineral waters. 

The impact of energy transportation elements of the deep structure of the Earth led to the formation 

in the area of varied and contrasting topography. This glacial erosion of the mountain with a vertical parti-

tion from 600 to 1200 m, characterized groteskovy Alpine-type relief with altitudes of up to 3284 m (Tunka 

goltsy); mid-mountain gentle North-Western spurs of the Western part of the ridge. Khamar-Daban, flat-

tened surface of Neogene-Quaternary basalt covers (Khamar-Daban); a hollow area (Tunka system of ba-

sins). 

The development of Alpine-type relief forms was one of the reasons for the formation of young 

golovich, subalpine, deciduous forest geosystems. 

The combination of mountain and hollow areas affects lithologic-geomorphological conditions and 

the differentiation of climatic indices. The average annual temperature ranges from -0.4 to -7.7° C, the 

highest values are recorded in coastal parts of the territory (from 0.4 to-1̊ C). The warmest point within the 

branches of the Tunka basins is Arshan, with an average annual value of air temperature of -1.5̊ C, which 

is two and more times above, than in Mondy (-3 ̊C), Tunka (is -3.5 ̊C), Karyne (-3.8 ̊C) [5]. Rainfall distri-

bution is extremely uneven. Least the number noted in the Tunka basin: from 360 mm in the Central part 
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(Mondy) to 550 mm at the foot of the Tunka bald mountains (Arshan); the highest on the windward slopes 

of the Khamar-Daban - from 520 (Kultuk, Slyudyanka) to 1450 mm (snow, Khamar-Daban) during the 

year [6]. 

The differentiation of geosystems of the study area reflects the features of formation of their com-

ponents, what is happening in terms of the specific impact of endogenous energy sources. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-05-00902) 
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The purpose of this study is reconstruction of dynamics of the White Sea coasts during Holocene, 

and here results of investigation for one of key areas, bays Konuchova and Letnyaya Zolotitsa on north-

west coast of Onega peninsula, White Sea, are presented. 

The White Sea is a typical sea on a passive continental margin, thus it is worthwhile to investigate 

factors and mechanisms of sea-level changes, reveal contribution of climatic and tectonic factors to these 

processes here. Furthermore, the White Sea region is located at the border between Russian plate and 

Baltic shield, last one, as is well known, was the center of a glaciation several times during Pleistocene. 

As a result, a glacioeustatic effect on general neotectonics could be established here. 

A large amount of data has been collected during more than 100-year period of investigation of 

White Sea coasts Quaternary history. However, many questions remain not resolved up to now: 

chronology and characteristics of sea-level fluctuations, reasons of these fluctuations – contribution of 

climatic, tectonic (including post-glacial) factors and others. The accuracy of available reconstructions is 

limited due to lack of age datings of coastal landforms (beach ridges, marine terraces) [1]. Summarizing, 

unification and systematization of available data are necessary for further studies [2]. As a part of work 

adjustment and augmentation of geospatial data base of White Sea marine terrace dating [3] are being 

conducted. 

Our reconstructions are based on results of geomorphic interpretation of satellite imageries 

(Landsat 8, high-resolution imageries by Bing Maps, panchromatic KH-4B CORONA), field works, 

radiocarbon dating and microfaunistic analysis, creation and analysis of DEM, geomorphic, 

paleogeographic and geodynamic maps for key areas of White Sea.  

Geomorphic (chrono-morpho-genetic) digital map for key area Konuchovo – Letnyaya Zolotitsa 

was created. Landforms with marine, glacial, fluvial genesis were distinguished. Among marine 

landforms present-day shore and three levels of marine terraces at elevations of 3-5m, 6-8m and 10-15m 

above sea level were identified. By comparison with published data [4, 5] we suppose that marine terraces 

were formed during Holocene transgression: terraces at altitudes of 10-15 m and 6-8 m – in the Middle 

Holocene, 3-5 m – in the Late Holocene. At the present-day shore accumulative processes predominate. 

Flat swamped landscapes are observed at heights above 15m amid moraine ridges. They might have 

glacio-lacustrine or glacial with soft marine rework genesis. 

Radiocarbon analysis of collected at 2013-2015 years expeditions samples will allow define age 

of coastal landforms more accurately. 

Further it is planned to create similar schemes for another key areas of White Sea coasts (Tersky, 

Lyamitsky, Zimny coasts). 
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Nowadays a need for strategic planning in environmental management became more and more 

obvious. Managing without taking into account various features of the environment and influence on it of 

human activity becomes inadmissible as involves irreversible consequences which often are adverse, first 

of all, for economy. To avoid it, one has to apply various ways of definition of an optimum way and 

scales of land-use, depending on its type and features of the surrounding environment. Carrying out a 

geomorphological assessment of arable land allows to choose most optimum conditions of land-use and 

to minimize damage from anthropogenic-induced and natural processes. Geomorphological safety in this 

case is understood as the condition of natural and economic systems (in this case arable fields and 

adjacent infrastructure) reflecting economic efficiency of their functioning from geomorphological point 

of view [1, 2]. 

The purpose of this assessment is the comparison and ranging of terrains according to the degree 

of usefulness of conditions of managing. The other purpose of the complex assessment of 

geomorphological safety is the identification of areas where the maximum economic profit can be got 

with the minimum ecological damage to environment and also sites where agricultural land-use can be 

followed with extremely high geomorphological risks. Carrying out such a complex assessment is very 

actual within the territories where features of a relief are between basic conditions of environment or even 

become limiting (or most significant) factors for land-use. For areas with heterogeneous 

geomorphological structure the assessment of geomorphological safety of farmland gives valuable data, 

for example, for planning of structure of crops or strategic planning of future economic development. 

The most efficient way to transmit information about the territory is a complex index, allowing, 

in particular, to rank the regions between them, to compare, to evaluate the risks at least on a qualitative 

level. In addition, the inner structure of the complex index can optionally be the subject of analysis. In the 

second half of the twentieth century methods of comprehensive evaluation has been widely developed in 

the framework of qualimetry and are currently actively used in geographical Sciences. They allow to 

express properties, defined by a complex variety of factors and conditions. Studies, based on complex 

approach and indexes, were carried out in Moscow State University and Institute of Geography, Russian 

Academy of Sciences [3-6]. 

The assessment of geomorphological safety of any site is always targeted, multi-scale and 

consists of five main stages. The first stage includes the selection of relevant indicators of the properties 

of the terrain, for example - morphometric. The lack of information about the geography and intensity of 

geomorphological processes may be filled by the consideration of the conditions of development of these 

processes, for example, seismic activity, vegetation cover, annual precipitation and so on. Depending on 

the scope of the assessment, a set of indicators will be different. In addition to the quantitative indicators, 

qualitative indicators cad also be considered, for example, predominant form of slopes. At the next stage 

one has to determine the possible range of variation of each indicator within the study area, perform the 

ranking and conversion to a grade scale. Different indicators vary by their influence on the development 

of the relief and, ultimately, on the efficiency of environmental management. So it is necessary to use 

correction indexes for them, which can be also called weights. These coefficients are determined by 

expert assessment of the significance of each indicator according to the Delphi method. It is important to 

assess these weights for different types of land-use separately. An important step is the choice of the 

territorial unit of assessment. The environment consists of the social-geomorphological systems of a 

different rank. At the root of their hierarchy is the hierarchy of the irregularities of the earth's surface – 

from morphostructural zones and genetic complexes to separate landforms and geomorphological 

elements. The territorial boundaries of units depend on the scale of the assessment. The final stage 

includes the calculation of complex index of geomorphological safety for each territorial unit (according 
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to formula 1), a logarithmic scaling of the values and, if necessary, the separation of ranges of their 

change. The result of such complex assessment of geomorphological safety is a map that displays areas 

differing in the degree of efficiency of this or that type of land-use depending on the geomorphological 

properties of the terrain. 

 

Complex index of  

geomorphological      =  
k1A1+⋯+ knAn 

NA
+

m1B1+⋯+mnBn

NB
+

n1C1+⋯+nnCn

NC
+ ⋯  (1) 

Safety  

(calculated for each 

elementary territorial unit) 

 

where:  

А1, А2, etc.; В1, В2, etc.; C1, C2, etc.– scores for each indicator,  

k1, k2, etc.; m1, m2, etc.; n1, n2, etc.– correction indexes (weights) for each indicator,  

NA, NВ, NC – number of relevant indicators in each group of features. 
k1A1+⋯+ knAn 

NA
 – Topography features 

m1B1+⋯+mnBn

NB
+

n1C1+⋯+nnCn

NC
+ ⋯ - Environmental features 

m1B1+⋯+mnBn

NB
  - Geological 

n1C1+⋯+nnCn

NC
 – Climatic 

 

The procedure of complex assessment of geomorphological safety of farmland using complex 

indicator was approved in the southern part of the Moscow region [7]. As the result of an assessment of 

geomorphological safety of agricultural grounds of this region, data which allowed to optimize land-use 

according to the geomorphological characteristics of terrain were obtained. This data also allowed to 

prevent or minimize adverse consequences of agricultural land-use within this territory, including 

dangerous geomorphological processes – soil and gully erosion, wind erosion. 

Comprehensive environmental assessment of agricultural land allows to consider not only the 

geomorphological features of the territory, which are undoubtedly between the main characteristics, but 

also others, such as soil, hydrology, etc. This assessment allows to develop the most suitable plan of 

environmental management. This approach makes it possible to maximize economic benefits while 

minimizing environmental damage to the environment, which is very important at the present level of 

human development and a rapidly growing population of our planet. Preliminary geomorphological 

mapping of the degree of geomorphological safety of the terrain is necessary in the case of strategic 

decision-making about the change of types land-use within a particular area or while changing types of 

cultivated crops. 
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The Lake Baikal basin with its 8-km sedimentary sequence spanning the palaeoclimatic history 

over the past 25–30 Ma provides a superb opportunity to study the changes of the environment and 

climate of the continental interior Asia. Unique, extremely long lacustrine sedimentary records from deep 

water have been obtained in terms of the International Lake Baikal Drilling Project. The 200 m (BDP-96) 

and 600 m (BDP-98) drill cores from the Academician Ridge are of particular interest for reconstruction 

of the climate in the Pliocene and Pleistocene [1]. The ridge is separated from the shore by deep-water 

basins that restricts sedimentation to the accumulation of sediments settling from the water column only 

without any admixture of coarse terrigenous material. 

Studies of Lake Baikal drill cores allowed reconstructing past climatic and environmental 

changes in Baikal region starting from the Miocene. Alternating warm and cold periods have been 

identified using the bioindicators such as biogenic silica, pollen and diatom taxa variability along with 

diatom frustules abundance. Abiogenous indicators such as mixed-layered aluminosilicates bear the 

important information concerning the physicochemical weathering conditions in the catchment. X-ray 

phase showed that illite/smectite ratio is an effective indicator for palaeoclimatic reconstructions [2]. A 

great length of the core impedes a detailed mineralogical analysis of the entire sedimentary sequence. 

However, via mathematical modeling we can calculate possible mineral composition of sediments with 

high resolution based only on the data of their chemical composition. 

We calculated the mineral composition of sediments from BDP-98 drill core by the method of 

physicochemical modeling via the software “Selector” [3]. Samples were taken throughout the whole core 

with average sampling intervals as 5–10 cm. The primary data for the model are the chemical 

composition of bottom sediments obtained by X-ray fluorescence analysis. Sixty the most probable 

mineral phases were included into the model. Figure 1 shows the distribution of realized mineral phased 

throughout the core. Calculations of mineral composition of sediments of BDP-98 drill core has 

demonstrated that during warm periods only clayey materials like illite/smectite, are accumulated, 

whereas amounts of quartz, chlorites and feldspars are dependent on amounts of illite/smectite. 

The sediments from the lowermost interval (480–600 m) were deposited close the Barguzin river 

palaeodelta at about 6-8 Ma and contain layers of coarse-grained fraction. The climate of that Baikal 

region during Miocene is assumed to be warm and mild. Sedimentation rate for this period is estimated by 

different authors as up to 30 cm/kyr [4] and thus, it is difficult to estimate the contribution of the climate 

during sedimentation due to a great amount of the terrigenous material transported to the lacustrine 

sediment. Thus, the calculated data primarily indicate that the changes in the sedimentation conditions 

and the mineral composition cannot be regarded as a reliable indicator for the given interval. 

The sediments from the interval 300–480 m contain the coarse-grained fraction and the 

sedimentation rate is still high (15 cm/ka) [4]. The time span of this interval (6.6–5 Ma) is marked by 

higher temperature as compared with the previous and subsequent stages.  

The previous studies indicated that at about 5 Ma BP (corresponding to 270 m core depth) the 

palaeobasin acquired the shape similar to the recent one [1]. The climate of this time span was warm. 

High-resolution records of clay minerals and geochemical data from Lake Baikal sediments 

reveal a particular intensification of physical weathering in the lake’s catchment during the cold episode 

at 2.8–2.5 Ma BP. This episode is characterized by the glaciation at its maximum and intense tectonic 

activity particularly at 2.65 Ma BP that is evident from high content of sand in sediments indicating  
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Fig.1 – Distribution of mineral components in sediments of BDP-98 drill core, which were accumulated in 

different climatic and environmental conditions 

tectonic impulses. In regard to Lake Baikal sediments glaciation is traced here from the depth of 110 m 

and down core by the presence of lacustrine-ice clay with contribution from ice-rafted debris [1]. 

The mineral composition of Lake Baikal sediments can be reconstructed by different 

mathematical modeling methods. The aim of these reconstructions is to reveal continuous regional 

climatic history along with climatic features of certain periods of particular interest. 

The method of physicochemical modeling for defining the mineral composition was tested on 

Lake Baikal sediments which were thoroughly studied from many aspects. Thus, it can be regarded as 

reliable. 
The work was supported by the Russian Foundation for Basic Research (project No. 16-35-00266) and 

Irkutsk State University, Geological faculty (Individual Research Grant No. 111-16-301). 
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Modern aeolian processes and landforms are widespread in the Vilyui river basin of Central Ya-

kutia. Typically aeolian landforms consist of sandy dune complexes, almost devoid of vegetation which 

locals call tukulans. In the study area (low part of the Vilyui river basin) there are more than 133 of the 

unstable sand complexes, four of them have an area of over 48 km2 [1]. 

The first studies in 1960 considered the tukulans as complex parabolic dunes of the highest order 

which have a composite geomorphological structure [2]. The tukulans can be divided into three levels of 

hierarchical ranks. The first level tukulans (meso-relief) consist of chains of dunes. The second level 

tukulans (micro-relief) are formed with individual dunes, deflation basins, deflation corridors, interdune 

lows. The lowest level (the third) of aeolian organization (nana-relief) appears in hummocks, aeolian-

biogenous hillocks, microduns, "clay mushrooms", wind aeolian ripples of different shape and size. 

The tukulans of the Vilyui river basin are usually of the oval shape and lie from north-west to 

south-east. The frontal benches height of dune complexes reaches up to 20 meters above the surrounding 

landscape. The marginal parts of dune complexes consist of the chains of parabolic dunes and interdune 

depressions [2]. 

In the field studies of 2014-2015 and satellite image interpretation of several key tukulans in the 

Vilyui river basin we found the dunes of longitudinal and cross types along with parabolic dunes. 

Elementary dunes are different on morphology: crescent-shaped, javelin-shaped or annular-

shaped. Their length usually reaches 100-150 meters. Some of them have 200-250 meters length. The av-

erage height of elementary dunes varies from 3 to 6 meters. Sometimes their height reaches 8-12 meters, 

seldom up to 20 meters. 

The windward slopes of active parabolic dunes are usually gentle (2-4°). The vegetation cover is 

completely absent or light curtain type. Curtains are habited with tree species: Pinus sylvestris L., Betula 

pubescens Ehrh., B. cojanderi Sukacz., B. exlis Sukacz., Pinus sylvestris L., et al. Heavely oppressed sin-

gle trees often become a dwarf shapes or transform into the shrub biomorph. 

The downwind slopes of active dunes are steeper (25-30°). Sometimes they are fixed partially 

with single hummocks of Artemisia karavaevii Jurtz., Thymus sergievskajae Karav., Koeleria glauca 

(Spreng.) DC., Rumex graminifolius Lamp. The sand-grass hummocks are of roundish or ellipsoidal form. 

Their height is from 10 to 60 centimeters, diameter varies from 5 to 45 centimeters. 

The sand hillocks are the special aeolian-biogenic landforms that reach up to 3-4 meters of height 

and 7-8 meters in diameter. They originate from interaction of aeolian and vegetative processes. Some 

shrub species catch moving sand particles and accumulate them. Due to this process plant grow the lateral 

roots and branches, which fix the growing hillocks that additionally increase sand accumulation. 

The wind ripple is the most dynamic short-lived nano-landforms. They can be observed on all the 

elements of a higher hierarchical level. 

The deflation basins are alternating with dunes. They are round or elongated shape and practically 

devoid of soil and vegetation cover. The deflation basins vary from 150 to 300 meters in width, their 

depth varies from 2 to 6 meters. The wind-ripples are also observed on the surface of deflation hollows. 

Different structural elements such as specific cracks 3-7 cm in width filled with bleached quartz sand, the 

round-shaped "clay mushrooms" of 23-25 cm height and 27-30 cm in diameter, can be often observed 

here. The "clay mushrooms" originate from deflation of buried soil's horizons. Their "hats" are formed 

from residues of organo-mineral loamy-sand paleo-soil horizons and are more dense, the "legs" are resi-

dues of the illuvial horizon, consisting of the medium-grain sand. 

We found the small gravel, sand-iron-manganese micro-concretions, pedo-tubes and sometimes 

fulgurites and prehistoric stone artefacts during the field observation on the surface of deflation basins. 

The inner structure of active dunes has been studied in the pits and natural outcrops. Preliminary 

results allow to conclude, that the modern active tukulans, as a rule, consist of cross-layered quartz sands 
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and sandy loams with numerous horizons of paleo-soils, vertically buried trees, occasionally include len-

ticular sediments of peat up to 1,5-2 meters. 

The radiocarbon dates of the examined key sections show that the rates of aeolian processes had 

significantly varied in the region during the last 35-40 thousand years [3]. The most wide development 

they reached in the end of Late Pleistocene during the Global Thermal Minimum (20-18 kyr BP). During 

the Holocene climatic optimum the activity of aeolian processes decreased and soils and vegetation cover 

have fixed the surfaces of dunes. During the Medieval cooling (Little Ice Age) aeolian processes in the 

region have intensified again. Radiocarbon dates of buried soil horizons and trees indicate that the age of 

active modern dunes does not exceed 500-600 years in the Vilyui river basin [3]. 

However, the insufficiency of data about aeolian processes and landforms of the Vilyui river ba-

sin (Central Yakutia) complicates the solution of such problems as protection of autoroads, forest areas 

and farmlands from tukulans invasion. 

The detailed study of peculiarities and regularities of the Vilyui river basin tukulans could pro-

vide more accurate data on climatic conditions and their influence on the origin and development of aeo-

lian processes, landforms and landscapes. 
The work supported by the grant of the Head of the Republic of Sakha (Yakutia) for young scientists, pro-

fessionals and students in 2016 and the Russian Foundation of Basis Research of the Republic of Sakha (Yakutia) 
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Geological formations, often described as “mud volcanoes” have a wide distribution over the 

world. The most number of mud volcanoes locates within the oil-gas provinces and makes 2500. The area 

of mud volcanoes wide development covers the Alpine-Himalayan, Pacific and Asian mobile belts. 

The mud volcanoes itself represent the geological phenomenon accompanied by the rise of clayey 

masses including rock fragments and mainly hydrocarbon gases and their outburst via conduits. 

According to the latest information [1] in Azerbaijan and the adjacent water area of the Caspian 

Sea the mud volcanoes occupy the area of 60 thousand km2. The mud volcanoes in Azerbaijan are 

characterized by the great variety in intensity and type of eruption, crater shapes, relative height, gryphon-

salse activity, etc. The total number reaches 350+, 156 of them are offshore volcanoes. Also, it is 

necessary to say that according to the new ranking in Azerbaijan they define actually the mud volcanoes 

and the mud volcanic manifestations [2]. 

The region of study covers Shamakhi-Gobustan region, namely Gobustan which is subdivided 

into three zones: North Gobustan zone (NGZ), Central Gobustan zone (CGZ) and South Gobustan zone 

(SGZ). There are 9 mud volcanoes and 12 mud volcanic manifestations in NGZ; CGZ includes 28 mud 

volcanoes and 1 manifestation; SGZ has 43 mud volcanoes and 2 mud volcanic manifestations. 

The objects had been selected to compare and study the aspects of spatial distribution of the mud 

volcanoes in Gobustan region. When selecting the attention had been paid to existence of data and 

information describing, for example, number and years of eruptions, absolute and relative heights, gas-

mud-water manifestations, oil films and oil seepages, gas flaming during the eruption, etc. It is necessary 

to mention that not all selected objects have the complete data set due to some reasons (lack of 

information, insufficient study, distance barriers, etc.). 

In NGZ the relative height data were available only for two objects: the mud volcanoes 

Gizmeydan and Damirchi. For CGZ these volcanoes were Shikhzarli and Pirekashkul. In comparison with 

them the objects in SGZ had more complete data regarding the relative height values. 

The lowest heights belong to volcanoes in NGZ – 20 m. The gradual increase of values is 

observed in CGZ. Here the relative height values starts from 55 m (Pirekashkul) up to 150 m (Shikhzarli). 

In SGZ the lowest value belongs to Bakhar mud volcano (26 m) while Dashmardan mud volcano has the 

maximal value (390 m). In its turn, the basic concentration of relative heights with values 200 m and 

more falls to volcanoes located in the southern and south-western parts of SGZ [1, 2]. 

Eruption data for NGZ volcanoes were presented only for two objects - Gizmeydan and 

Damirchi. In CGZ eruption data was available for 7 volcanoes whilst in SGZ the number of volcanoes 

was 24. The eruptions are described for the historical period 1810-2014. 

In NGZ Gizmeydan and Damirchi mud volcanoes erupted 2 and 3 times accordingly. In CGZ the 

number of eruptions increases gradually. At the same time Sheytanud mud volcano has 1 eruption, and 

the average number is 2-4. In this context Shikhzarli mud volcano can be considered as a champion. It 

erupted 22 times for the historical period.   

SGZ is characterized by relatively "even" distribution of eruption events over the region. Here 

practically all volcanoes erupted 1 time at least (Davalidag North, Suleymanakhtarma). The average 

number of eruptions is 4-5 with peaks falling to the mud volcanoes Toragay and Ayazakhtarma. They 

erupted 10 and 11 times accordingly. Totally, 6 eruptions in NGZ, 40 – in CGZ and 121 – in SGZ took 

place for the historic period in the studied objects [1, 3]. 

Some of the mentioned eruptions were accompanied by the gas flaming at different years. From 

one hand, the distribution of such volcanoes over the region is not even; from another hand it has some 

definite trend. 

So, no gas flaming had been recorded in the historic period during the eruptions of the mud 

volcanoes in NGZ (Gizmeydan and Damirchi). From six volcanoes erupted in CGZ the gas flaming had 
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been recorded only in three ones, located relatively close (Kichik Maraza, Shikhzarli, Sheytanud). In 

comparison with two above-mentioned zones, SGZ is the most intensive as in eruption and gas flaming. 

In the historic period the eruption had taken place in 24 objects, 13 of them were accompanied by gas 

flaming from period to period. 

The presence of microforms (salses, gryphons, mud hills and lakes) on mud volcanoes 

discharging the fluids (gas, mud, water, sometimes with oil films) as well as oil seepages is one of the 

significant features describing the volcanic edifices. The number of microforms on volcano can varies 

(due to object's state and activity) but generally it is enough to consider about their distribution over the 

territory. So, NGZ has the most number of microforms – up to 170 and 300 for Gizmeydan and Damirchi 

mud volcanoes accordingly. Among the objects in CGZ and SGZ the following volcanoes has the most 

numbers, i.e. Kichik Maraza (140), Prekashkul (260) and Nardaranakhtarma (200), Galendarakhtarma 

(350) microforms accordingly. The number of microforms in all the rest volcanoes is up to 100. 

The discharge of gas, mud, water and oil films on surfaces are common for all volcanoes in NGZ 

and CGZ – Gizmeydan, Damirchi and Kichik Maraza, Pirekashkul accordingly. In SGZ the discharges of 

these fluids are more widely distributed in a varying degree in such volcanoes as Galendarakhtarma, 

Nardaranakhtarma, Dashgil, Bakhar, Ayranteken, Dashmardan, Dilyangaz, Suleymanakhtarma, Cheildag 

group, Solakhay, Beyuk Kanizadag. Oil seepages are completely absent in NGZ volcanoes; in CGZ they 

present only in Pirekashkul volcano; in SGZ oil seepage is observed in Nardaranakhtarma, 

Suleymanakhtarma, Cheildag group and Solakhay volcanoes. Besides the volcanoes of Cheildag group 

these seepages form the kir covers. 

Thus, in spite of some gaps in statistic data, one can say that general trend in mud volcanoes 

distribution over Gobustan region is from north to south. It expresses in relative height values, number of 

eruptions for the historic period of observations, types and intensity of fluids discharge. From this 

viewpoint the South Gobustan zone can be considered as the most studied and active in all aspects, whilst 

the volcanoes in North- and Central Gobustan zones are generally weakly expressed. 
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Petra World Heritage Site in Jordan is famous for its nabatean tombs carved in sandstone massif. 

For more than 2000 years these monuments are subjected to weathering and erosion, which makes it a 

great area for studying these processes. According to recent investigation gravity-induced stress is an 

important factor controlling rate of weathering and thus the final shape of sandstone form [1].  

The purpose of this study is to evaluate an effect of gravity-induced stress on a rate of salt 

weathering because salt crystallization induced weathering is probably the most significant type of decay 

of carved surfaces in Petra [2]. Laboratory salt weathering experiments were conducted on cubes of Umm 

Ishrin sandstone from Petra subjected to variable levels of load simulating gravity-induced stress. These 

experiments demonstrated the inverse relationship between stress magnitude and decay rate. To visualize 

the recession of monument surfaces and to simulate weathering and decay of Petra monuments an 

erosional model of small scale tomb was prepared. Locked sand from locality Střeleč quarry in Czech 

republic was chosen as a material for the erosional model because its suitable properties (negligible 

cohesivity, high internal friction angle). Resulting shapes of model were strikingly similar to shapes of 

weathered tomb in Petra.  Numerical modeling of stress field confirms the physical modeling results.  

This novel approach to investigate weathering clearly demonstrates that increased stress decreases 

the decay rate of Petra monuments. To properly delineate the endangered zones of monuments, the 

potential damage caused by weathering agents should be combined with stress modeling and verified by 

documentation of real damage. 
The research was funded by Grant Agency of Charles University (no. 386815). 
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The reconstruction of the formation history of Gorny Altai relief is directly linked to geo-

chronology of Late Pleistocene and Holocene deposits and landforms. The erosional terraces of Katun and 

Chuya river valleys carved in the Middle Pleistocene Ina’s and the Upper Pleistocene Saldjar’s sedimentary 

sequences represent a particular interest to geological and geomorphological studies in the region [1]. The 

main age determination method for the Upper Pleistocene and Holocene sediments is radiocarbon dating 

within its age range resolution. But organic material required for dating is rarely preserved in the sections 

of the mountain river valleys. Therefore, absolute dates essential for the age reconstruction of 

geomorphological surfaces and their binding to the geochronological scale are still insufficient in the South-

Eastern Altai valleys. So the search for new sections of terraces suitable for radiocarbon dating, still remains 

one of the most actual problems. New radiocarbon dates obtained by cover deposits of Chuya and Katun 

river terraces and its tributaries are presented in this paper (Table 1). 

The thin humus interlayers show time of the floodplain drying and the new stage of the river cut-

in. The time of the Big Yaloman and Small Yaloman terraces areas formation much older than identical by 

height terraces of the Katun and Chui rivers. Therefore, cutting rate of the main rivers valleys is higher than 

that of the tributaries. 

Table 1 – Radiocarbon dates 

Sample 

ID/age BP  

Latitude/ 

Longitude 

Altitude 

(m asl) 

Sampling 

depth (m) 

Sampling location and 

genesis 
Section photo 

SOAN-9487 

8650±190 

N 50º35/16//, 

E 86º30/57// 
715 0,65–0,75 

The left coast of Katun river 

valley, 2.3 km upstream from 

the mouth of the Big Ilgumen 

tributary. The soil in the loess 

like loam on the surface of 45-

50 meter high terrace. 

 

SOAN-9323 

9625±100 

N 50º30/34//, 

E 86º30/25// 
770 4,54-4,58 

The left bank of the Big 

Yaloman river 4.5 km above 

its confluence with the Katun 

river. The soil interlayer within 

the sandy loam floodplain 

sediments of 12-meter terraces, 

buried under colluvial-deluvial 

fan. 
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SOAN-9489 

7555±135 

N 50º27/24//, 

E 86º33/30// 
800 1,21-1,28 

The left bank of the Little 

Yaloman river 6 km above its 

confluence with the Katun 

river, the Arbaloy stream 

mouth. The soil interlayer 

within proluvial-deluvial 

deposits cover the alluvial 

gravels.  
 

SOAN-9325 

2535±80 

N 50º27/49//, 

E 86º38/04// 
716 1,42-1,45 

The left coast of Katun river 

valley, 400 m downstream 

from the mouth of the Ina 

tributary. The soil interlayer 

within the sandy loam 

floodplain sediments of 15-

meter terraces. 

 

SOAN-9485 

3555±105, 

SOAN-9486 

4210±115 

N 50º23/36//, 

E 86º40/ 34// 
727 2,7-2,8 

The left bank of the Chuya 

river 200 m above its 

confluence with the Katun 

river, right side of the bridge 

over the Chuya. The 10-11 

meter high terrace, buried 

under slope deposits. The soil 

layer with the bones of big 

mammals 
 

SOAN-9326 

775±45 

N 50º08/32//, 

E 88º18/36// 
1717 0,7-0,8 

The left coast of Chuya river 

valley, 1 km upstream from the 

mouth of the Kuehtanar 

stream. The soil interlayer 

within the sandy loam 

floodplain sediments of 1,5-

meter accumulative terraces  

 
 

Average values of erosional incision in the valleys of the Big Yaloman and Small Yaloman rivers 

is 0,7-0,8 mm/year, in the lower Chuya river near the Kuehtanar stream mouth - 1,25-1,7 mm/year, and in 

the mouth of Chuya - 3-3,5 mm/year. In the Katun river valley near the mouth of the Ina tributary cutting 

rate is twice higher - 6-7 mm/year. 

As the buried soil in the 45-50-meter terrace near the mouth of the Big Ilgumen river was formed 

on the subaerial deposits, the formation of the step is determined by a wide age range - from 9000 and more 

years ago. If the terrace area was formed 9000-10000 years ago, the river cutting rate at the site was 5-5,5 

mm/year. When ages of the same terrace - 13000-16000 years, cutting rate will be like at the site at the 

mouth of Chuya river - 3-3.5 mm/year. Thus, the radiocarbon dates allow to estimate the intensity of 

erosional cutting of rivers in Holocene on different sites, which in future may be verified with new absolute 

dating of terrace areas and deposits, composing it. 
The work was supported by the Russian Foundation of Basic Research (projects no14-05-31501, №16-05-

00371а). 
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Late Pleistocene loess-paleosol sediments are widespread on the south-east of West Siberia and is 

an archive of continental paleoclimate records of the last 130000 year for studied area. The loess-paleosol 

sequence (LPS) of West Siberia is correlated with main climate records [1, 2], its stratigraphic units re-

sponse to stages of marine oxygen isotope curve [3].  

Structure of the Late Pleistocene LPS in south of West Siberia shows periodicity of conditions of 

soil formation and loess accumulation associated with changes in humidity and temperature. According to 

the stratigraphic scale [1, 2] it consists of three loess layers (Bagan-Eltsovska (MIS2) and Tulino loess 

(MIS4)) - and two pedocomplexes (Iskitim (MIS3) and Berdsk (MIS5)). 

This study includes sections of Late Pleistocene LPS of Ob’ Loess Plateau (Barnaul and Novosi-

birsk Ob regions) and Cis-Altai Plain (Fig.1). The most thick and stratigraphy complete sections located on 

the Ob loess plateau, an integrated approach was applied for their study. Complex of methods includes 

detailed grain-size distribution, bulk chemical composition, sand quartz grain morphoscopy and calculation 

of average loess accumulation rates. 

The correlation of studied sections shows that depth of occurrence of almost each stratigraphic 

layer and its thickness are in direct relation with the distance of section from supposed source material area 

(Barabinsk lowland). Thus, in prevailing wind direction from Novosibirsk Ob region to Barnaul Ob region 

and then to Altai foothill the thickness of layers and the depth of occurrence are raised. Also, the content 

of coarse-silt fraction in grain-size distribution is increased by sections in the same direction. It is supposed 

to depend on section location relative to source material area.  

Grain-size data show a prevalence of coarse-silt fraction in loess sediments [4, 5, 6]. Fine sand, 

coarse silt and clay are the most indicative fractions in the grain-size distribution for loess deposits for 

studied area. The distribution of coarse-silt fraction, fine sand and the median grain size rises from the 

Tulino loess (MIS-4) to the Bagan one (MIS-2). It is the evidence of intensification of environmental ac-

tivity during the Late Pleistocene (from MIS-4 to MIS-2). The wind strength expressed by U-ratio also 

confirms the intensification of environmental dynamics to the Last Glacial.  

The results of bulk chemical analysis [4] revealed that paleoenvironment became more arid to the 

end of the Late Pleistocene and during the Bagan loess accumulation period there were the driest condi-

tions. Since the source of the material of three loess layers are the same, it is supposed that in south of 

West Siberia the general trend of aridization and cooling was not constant - short-term periods of insignif-

icant humidification of climate can be marked in the distribution of main oxides.  

Sand quartz grain morphoscopy revealed that studied layers were formed by eolian processes [4, 

6]. It is confirmed by all-round micropitted texture of grain surface, sufficiently high coefficient of round-

ness and degree of surface dullness. In sections of Priobie Loess Plateau in direction to Cis-Altai Plain the 

wind treatment on grain surface is more developed. It can also be linked with location of section relative 

to source material area and, so, with more prolonged handling of quartz grains in the air stream. Also 

cryogenic processes took part in their formation:  there are typical conchoidal fractures on surface of the 

majority of grain. Such fractures were formed as a result of desquamation. The maximal amount of such 

grains is observed in the Bagan loess (MIS-2) and minimal – in the Tulino loess (MIS-4). It is associated 

with frequency of seasonal freezing during that time. It can be evidence that in the 2nd half of Sartan Gla-

ciation on the south of West Siberia were the coldest and driest conditions that was favorable for wide 

development of eolian activity. The presence of cryogenic processes is also confirmed by annular distri-

bution of mineral part in micromorphological structure of loess [4, ]. These facts prove that these Late 

Pleistocene loess layers were formed in conditions of periglacial environment (cryo-arid deserts). 
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Fig. 1. Location of studied sections. 

 

Loess accumulation rates were calculated for studied section of Priobie Ob’ Plateau and Cis-Altai 

Plain. The data obtained show an increase of rates during the Late Pleistocene from MIS-4 to MIS-2. The 

intensification of environmental conditions is also confirmed by results of grain-size analysis and sand 

quartz grain morphoscopy.  

So, the study revealed three loess-soil stages in the Late Pleistocene LPS. The reported results 

provide evidence of mostly eolian loess deposition in cold dry deserts subject to cryogenic effects. The 

interval between the Tulino (MIS-4) and Bagan (MIS-2) loess deposition events was characterized by in-

creasing dynamic activity of the environment. The climate in southern West Siberia became progressively 

dryer and colder from 130 to 10 ka BP. However, that was not a continuous trend, as there were well 

pronounced moderately wet brief interventions in each stage. The loess sedimentation rate accelerated 

through the Late Pleistocene. In the second half of the Sartan Glacial, the climate in the area was apparently 

the driest and the coldest, being favorable for eolian processes. 

Suggested complex of methods which should be used in study of Late Pleistocene loesses allowed 

to obtain reliable data about paleographic conditions of loess accumulation periods. Such approach is sup-

posed to reduce the possibility of error in applying one-method approach.  
The work was supported by the Russian Foundation of Basic Research (project no16-05-00371). 
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Geomorphic indices are useful tools in the evaluation of active tectonics because they can provide 

rapid insight concerning specific areas within a region which is undergoing adjustment to relatively rapid 

and even slow rates of active tectonics [1]. Morphometry (or quantitative geomorphological analysis) is 

the quantitative analysis of the geometric properties of the landforms [2]. Recently scientists used 

earthquake cataloge and geodetic measurements for evaluating active tectonics. But the time span for 

these data doesn’t cover the whole cycle of deformation. To overcome these difficulties in the study of 

neotectonics, morphotectonic analysis of landforms is useful because they recorded history of 

deformation in about one million years. 

During its long history mankind had to put up with many natural disaster. The occurrence of 

destructive earthquake resulted in heavy casualties, economic losses and destruction of cultural and 

historical sites. Iran is one of the high seismic active countries in the world. The occurrence of big and 

destructive earthquake in this country resulted in the destruction of buildings and economic institutions, 

cultural and historical sites. The major damage of Arg-e Bam one of the UNESCO’s world heritage sites 

in Iran. This is destructed in December 26, 2003 by Bam earthquake. During the history, many of Iranian 

archeological sites are destroyed or damaged by geological hazards the attention of government officials 

and experts. Many of these sites placed in Fars province. One of the most important sites is Naghsh-E 

Rostam. 

The study area is bounded between East longitude 52 o 30' to 52 o 60' and North latitude 30 o to 30o 

10'. This is situated in 70 Km northeast of Shiraz. On the other hand, this site is located in Hossein 

Anticline (Zagros orogenic belt, one of the active tectonic regions in the world). This area included faults 

with combined reverse and strike–slip movements. 

In this research in order to study active structures, morphotectonic analysis using geomorphic 

indices of mountain fronts and related fluvial systems such as mountain front sinuosity index (Smf), 

drainage basin shape (Bs), valley floor width – height ratio (Vf) and Basin Elongation Ratio Index (Re) 

(Table1). These indices have been measured with digital elevation model (DEM) with the use of GIS 

environment. In order to partition the cannels in to similar channel order “set”, the catchment channels 

were ordered, using a hierarchical numbering system. 

Table 1 – Morphotectonic Indices 

 

High Bs values=elongated basins, i.e. high tectonic 

activity; 

low Bs values=circular basins, i.e. low tectonic activity 

Drainage Basin Shape 

Index[1][3] 

 

Increase HI = less tectonic activity Elongation Ratio 

Index[4] 

Ls

Lmf
Smf  

Smf=1·0 – most tectonic activity, Smf> 1·0 – less 

tectonic activity 
Mountain front Sinuosity 

Index[1][3][4][5] 

   EEEE

V
V
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fw

f 


2 
The index reflects differences between broad-floored 

canyons with relatively high values of Vf, and V-shaped 

canyons with relatively low Vf values 

Valley floor width height 

Ratio[1][4] 
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Results indicate that Gram Abad fault zone which is in south of study area has a higher level of 

activity Naghsh-E Rostam and located close to this fault. In order to prevent serious damage to these 

historical sites evaluation of the seismic risk in the study area plays an important role in mitigation of 

earthquake damages. 
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River basin sediments are redistributed in a catchment area and enter fluvial network using differ-

ent ways. Sediment redistribution character and dynamics depend on a number of natural and anthropo-

genic factors including a combination of geomorphological processes, morphometric features of the ba-

sin, structure of the fluvial network, conditions of water flow itself, etc. Exogenic geomorphological pro-

cesses connect sediment sources with fluvial system. Monitoring of these processes allows better under-

standing of sediment origin and redistribution. 

The main purpose of this work is to study the functioning of a key river basin as a system. There 

are three main mechanisms of the sediments origin: 1) weathering - in situ material preparation; 2) sedi-

ment formation during denudation process; 3) sediment disintegration during transport (crushing by water 

flow or other geomorphological agents). Exogenic processes deliver sediments to fluvial system. Physi-

cal-geographical characteristics, including climate, geological structure, morphology of the catchment 

area, are considered as conditions and factors of the functioning of the river basin. 

As the research area the catchment of Tsanyk river was selected. It is a typical piedmont river ba-

sin of North-Western Caucasus, located within the Big Sochi. This area is characterized by special natural 

factors favourable for the development of exogenic geomorphic processes including catastrophic ones.  

Those factors include mountainous relief, high topography range, dominance of steep slopes. The area is 

a part of high seismicity zone. Geological structure of the region is dominated by flysch. It is a subtropi-

cal region with high temperatures and precipitation (up to 2000 mm per year), most heavy rains and 

storms happen during winter season. Anthropogenic impact on river basin is small, so exogenous pro-

cesses are not affected [1]. 

Monitoring of exogenic processes is important method of studying river basin functioning. Dur-

ing regular fieldworks in 2013-2015 we renewed and founded some new monitoring stations to study 

weathering, creep, rill and gully erosion, channel processes, suffosion and landslides. 

Estimates of the rates of weathering are based on the method, which Professor G. S. Ananyev de-

scribed and tested in the 1970-1980-ies. Selected samples of bedrock weighed and photographed in the 

lab, they were wrapped in kapron bags permeable to the air, water and temperature fluctuation, but not 

allowing the material to leak out. Next weighting was implemented in a year. All our samples were re-

duced. The average reductions have been 8.5% for mudstone, 2.2% for siltstone and 14.8% for sandstone 

[2]. 

The slow downslope mass movement of the material (creep) is studied by using steady tacks 

hammered into bedrock and moving pins located inside the weathering mantle as the reference points. 

The results allow to tell about the depth differences and the rates of mass movement. The monitoring sta-

tion was founded by the other scientific group in 1977 [3]. The rates of mass movement estimated for pe-

riods of different duration (1977-1980; 1980-1986; 1980-2005) are comparable. It confirms the method 

reliability. The average rate of pins removal in the upper part of the slope is 2.18 mm/year and 2.09 

mm/year in the lower part. 

To study the dynamics of suffosion processes we monitor the system of open forms caused by lo-

cal soil collapses into the underground tunnels. We repeatedly measure sizes of all the open forms and 

then compare with meteorological data, which allows conclusions about the process dynamic and precipi-

tation control (Fig.1). 
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The distribution of landslides in the 

selected key area was researched by creating 

the morphometric maps, doing field morpho-

logical descriptions. 

The rates of fluvial processes in river 

valley and gully erosion are estimated using 

method of pins and by annually repeated 

tacheometric surveying and high-precision 

LIDAR scanning [4]. The composition of 

sediments is studied using a detailed litholog-

ical and morphometric descriptions.  

Also we have analyzed the geologi-

cal-geomorphological structure, morphology 

and morphometry of the Tsanyk basin, meas-

ured the hydrological characteristics, and es-

timated spatial spreading of various exogenous geomorphological processes that form and redistribute 

material in the catchment and transport it in the bottom of the valley. The main result of our work by now 

was the creation of a conceptual model of the river basin functioning (Fig.2). The work is still ongoing 

and our next level will be filling this model with quantitative data. 

 

Fig.2 – Conceptual model of the subtropical piedmont river basin functioning 

The work was supported by the Russian Foundation of Basic Research (projects no.16-35-00592, 16-05-

00815 А). 
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The Intergovernmental Panel on Climate Change [1] has highlighted a response of ice sheets to 

climate change as the largest uncertainty in sea level rise predictions. Understanding how ice sheets be-

haved in the past can improve predictions of future changes. Global warming appreciably affect the 

Greenland Ice Sheet (GIS), second largest ice sheet in the world, resulting in its accelerated melting, 

change in dynamics, and, eventually, contribution to sea level rise [e.g., 2, 3]. An important player in the 

stability of the GIS might be the advection of relatively warm Atlantic waters with the West Greenland 

Current (WGC), bringing heat to the glacier tongues filling some of the West Greenland fjords [4]. 

The West Greenland Current transports water masses from the southern tip of Greenland north-

ward. These waters are a mixture of relatively warm and saline Atlantic waters (Irminger Current) and 

cold and fresh Arctic waters (East Greenland Current) [5]. Whereas the cold and rather low saline Arctic 

waters occupy the surface layer, the warmer and saltier Atlantic waters predominate below 150 m to 200 

m [6]. The West Greenland Current propagates northwards along the west Greenland coast where it fur-

ther mixes with cold arctic waters from the Canadian Arctic Archipelago [7]. The resulting waters finally 

drift southwards along the Canadian margin to the Labrador Sea forming Labrador Current. 

The dynamics of the interaction between the relatively warm Atlantic waters and the GIS are 

largely controlled by the strength of advection of these waters [8]. This can be traced by high-resolution 

paleoceanographic archives which provide sediment proxy-records reflecting the development of ocean 

conditions in the past. Respective archives can be found on the West Greenland shelf where since its de-

glaciation hemipelagic sediments accumulated at suited sites which are mainly located within shelf 

troughs [9]. 

Previous analysis of these mainly Holocene sediment records has revealed some regional peculi-

arities. Moller et al. [10] showed that the Southwest Greenland region was exceptional in terms of Holo-

cene climatic trends usually observed in the Northern Hemisphere. In their model reconstruction of GIS 

history Funder et al. [11 and references therein] assumed that the Holocene Thermal Maximum (HTM) 

lasted until 3.2 ka BP in the West Greenland. For instance, Kaplan et al. [12] and Kaufman et al. [13] in-

ferred that the Neoglacial cooling started at 3.5-3.0 ka BP, based on terrestrial evidence (in comparison to 

7-6 ka BP in other northern regions). Marine studies in Disko Bugt, central part of the West Greenland, 

also evidenced the prolonged HTM encompassing a colder period from 4.0 to 3.8 ka BP [9, 14]. In con-

trast, Lloyd et al. [15] assumed the gradual cooling in West Greenland from 5.0 ka BP but with small ab-

rupt warm interval from 3.9 to 3.5 ka BP. The strong warm WGC-water inflow was also documented in 

the Ameralik fjord sediments in period between 4.4 and 3.2 ka BP, nearby the project study area [10, 16]. 

Regardless, there are some regional particularities in lasting of the HTM, and also in the onset of the Ne-

oglacial cooling which have to be solved.  

The Neoglacial cooling time from 3.5-3.2 ka to present is very variable and includes some periods 

with observed cooling/ freshening and weakening of the WGC [e.g., 9, 15, 16, 17]. Two relatively warm 

periods and two cooling episodes were identified during the Neoglacial cooling: ‘Roman Warm Period’ 

(2.7-1.6 ka BP) and ‘Mediaval Warm Period’ (1.2-0.8 ka BP), and ‘Dark Ages’ (1.6-1.2 ka BP) and ‘Lit-

tle Ice Age’ (after 0.8 ka BP) respectively [9, 16]. Records of this time period also demonstrated some 

regional variability. 

For instance, Seidenkrantz et al. [16] indicated a link between a cold north-west Europe climate 

and an increased inflow of warm subsurface Atlantic water into the Labrador Sea. During North Atlantic 

Neoglacial cooling episodes, there was increased subsurface advection of Atlantic water (Irminger Cur-

rent component) by the WGC. In contrast, the Irminger component of the WGC was low during the North 

Atlantic warming intervals of the past 3000 years. Studies from Disko Bugt provided detailed information 

of multicentennial-scale WGC variability of the West Greenland [e.g., 9, 15, 17] and identified a long 

term Neoglacial cooling of the bottom waters (WGC). 
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New data from the SW Greenland shelf, close to the source of the Atlantic waters are needed to 

provide new insights into the dynamic of the paleocirculation and, in their impact on the behavior of the 

GIS during the mid- to late-Holocene. A better understanding of the links between cryosphere, ocean cir-

culation and atmosphere is needed for long-term climate predictions and for the improvement of models 

of the GIS dynamic in the future. 

 

References: 
1. IPCC: Climate Change 2007: The physical Science Basis, Contribution of Working Group I to the Fourth As-

sessment Report of the Intergovernmental Panel on Climate Change, edited by: Solomon, S., Qin, D., Man-

ning, M., Chen, Z., Marquis, M., Averyt, K. B., Tignor, M., and Miller, H.L., Cambridge University Press, 

Cambridge, UK, and New York, NY, USA, 996 p. 

2. Velicogna I., Wahr J. (2006): Acceleration of Greenland ice mass loss in spring 2004. Nature 443, pp. 329-

331. 

3. Kjær K.H. et al. (2012): Aerial Photographs Reveal Late–20th-Century Dynamic Ice Loss in Northwestern 

Greenland. Science 337, pp. 569-573. 

4. Andresen, C.S. et al. (2011): Interaction between subsurface ocean waters and calving of the Jakobshavn Isbræ 

during the late Holocene. The Holocene 21, pp. 211–224. 

5. Myers P.G., et al. (2007): Irminger Water variability in the West Greenland Current, Geophysical Research 

Letters 34, L17601, doi:10.1029/2007GL030419. 

6. Seidenkrantz M.S. et al. (2012): Early Holocene large-scale meltwater discharge from Greenland documented 

by foraminifera and sediment parameters. Palaeogeography, Palaeoclimatology, Palaeoecology, 

doi:10.1016/j.palaeo.2012.04.006. 

7. Knutz P.C. et al. (2011): Multiple-stage deglacial retreat of the southern Greenland Ice Sheet linked with 

Irminger Current warm water transport. Paleoceanography 26, PA3204, doi:10.1029/2010PA002053. 

8. Straneo F., Heimbach P. (2013): North Atlantic warming and the retreat of Greenland's outlet glaciers. Nature 

504, pp. 36–43. 

9. Perner K., et al. (2012): Holocene palaeoceanographic evolution off West Greenland. The Holocene 23, pp. 

374–387. 

10. Møller H.S. et al. (2006): Late-Holocene environment and climatic changes in Ameralik Fhjord, southwest 

Greenland: evidence from the sedimentary record. The Holocene 16, pp. 685-95. 

11. Funder S. et al. (2011): The Greenland Ice Sheet during the past 300,000 years: A review. In: Ehlers, J., Gib-

bard, P.L. and Hughes, P.D. (eds) Development in Quaternary Science 15. Amsterdam: Elsevier, pp. 699-713. 

12. Kaplan M.R. et al. (2002): Holocene environmental variability in southern Greenland inferred from lake sedi-

ments. Quaternary Research 58, pp. 149-59. 

13. Kaufman D.S. et al. (2004): Holocene thermal maximum in the western Arctic (0-180°W). Quaternary Science 

Reviews 23, pp. 529-60. 

14. Moros M. et al. (2006): Mid- to late-Holocene hydrological and climatic variability in Disko Bugt, central 

West Greenland. The Holocene 16, pp. 357-367. 

15. Lloyd J.M. et al. (2007): Foraminiferal reconstruction of mid- to late-Holocene ocean circulation and climate 

variability in Disko Bugt, West Greenland. The Holocene 17, pp. 1079-1091. 

16. Seidenkrantz et al. (2007): Hydrography and climate of the last 4400 years in a SW Greenland fjord – Implica-

tion for Labrador Sea paleoceanography. The Holocene 17, pp. 387-401. 

17. Perner, K. et al. (2011): Centennial scale benthic foraminiferal record of late Holocene oceanographic variabil-

ity in Disko Bugt, West Greenland. Quaternary Science Reviews 30, pp. 2815-2826. 

300

Paleontology and paleoclimatology



THE RESPONSE OF FORAMINIFERAL ASSOCIATIONS TO SEA-

LEVEL CHANGES OVER THE OXFORDIAN OF THE MAKAR’ YEV 

SECTION (MOSCOW DEPRESSION, EAST EUROPEAN PLATFORM) 

Colpaert Clémentine 

Novosibirsk State University, Novosibirsk, Russia 

Foraminifera, Oxfordian, East European Platform, Paleoecology  

It is currently well known that the Upper Jurassic of the East European Platform is characterized 

by strong variations of the sea-level [1] controlling sedimentation and benthic associations [2]. The 

Makar’yev Section displays a perfect model to understand the effect of sea-level changes on foraminifera 

associations. The Makar’yev Section is located in the Moscow Depression at 80 km toward the west of 

the town of Makar’yev. The section ranges from the uppermost Callovian to the Lower Kimmeridgian. 

Oxfordian associations are especially abundant and diverse and have made the object of many 

investigations [3, 4]. The present contribution is an ecological analysis of the evolution of Oxfordian 

foraminifera associations after sea-level changes and associated physical-chemical variations of the sea 

bottom water [5]. 

The high biodiversity of the foraminiferal associations and the great abundance of Epistomina 

suggest that the environment mainly belonged to the outer part of the middle sublittoral zone. 

A regressive event is recorded from the second phase of the Early Oxfordian to the beginning of 

the Middle Oxfordian associated with a sharp decrease in temperature from 11 to 5˚C [6]. Foraminiferal 

associations are strongly affected as suggested by the lower biodiversity and the environment was 

especially unstable, preventing the appearance of new taxa. The high development of epifaunal organisms 

suggests oligotrophic conditions, under which trophic resources are a limiting factor in the epifaunal and 

deeper infaunal habitats. 

The second phase of the Middle Oxfordian is characterized by a continuous transgressive event 

associated with an increase in temperature from 5 to 12˚C [6]. Biodiversity sharply increases and is 

characterized by the appearance of new planktonic forms (Globuligerina). Epifaunal forms still dominate 

the benthic assemblages, and an increase in phytoplanktonic productivity with the extended oxygen-

minimum zone [7] results from the sea-level rise and higher temperature. Periodic, high organic carbon 

fluxes and moderate conditions affect the foraminiferal composition of the sea bottom and favour 

epifaunal organisms. 

The latest Oxfordian to the earliest Kimmeridgian is characterized by the microbenthic crisis [5]. 

This crisis may be due to an increase sedimentation rate during the transition from the maximum flooding 

surface of the Middle Oxfordian and the second-order regressive event recorded at the beginning of the 

Late Oxfordian [2]. During the microbenthic community crisis, the increased sedimentation rate produces 

an input of organic matter, increasing productivity. Infaunal foraminifera are consequently not restricted 

by food availability because the organic matter is not totally consumed on the surface of the sea bottom. 

An associated sharp decrease of oxygen explains the increased abundance of opportunistic taxa. 
The work was supported by the Russian Science Foundation (project no 14-37-00030). 
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Paleoecological and paleoenvironmental interpretations of the Late Pleistocene of Central Asia 

are important. With this research, you can restore the living conditions and migration of ancient humans. 

Also it is necessary for understanding and forecasting of climate and environmental changes in the 

medium and long term, including in the framework of the problems of desertification and arid areas. One 

of the additional approaches to decipher the ancient habitat of animals and humans is the analysis of 

stable isotopes of carbon and nitrogen in the collagen of the buried bone material [1, 2, 3]. 

Isolation of bone collagen was extracted by the modified Longin, s method [4], which included 

the following procedures: demineralization in 0.5 M HCl solution, purification of lipids and humic acids 

in 0.125 M NaOH solution for 20 hours and dissolution of the residue in dilute hydrochloric acid when 

heated to 100 ° C. By centrifugation separated light fraction (purified collagen), which is then evaporated 

to dryness [2, 5]. Carbon and nitrogen stable isotope ratios were measured on a mass spectrometer 

Finnigan 253 (GIN RAS). Samples were analyzed with the international (USGS 40, IAEA-N-1) and 

INTRA standards (MCA-7, MCA-8). The standard deviation was (1σ) ± 0.2 ‰ for carbon and nitrogen 

measurements. Stable-isotope compositions are reported using the δ notation, and are referenced to 

Vienna Pee Dee Belemnite and air for carbon and nitrogen, respectively. To assess the degree of 

conservation of fossil bone collagen ratio C/N was used which should be in the range from 2.9 to 3.6 [6]. 

Modern bone material is selected in the basins of rivers Jida, Uda and Irkut - a teeth Bos taurus 

(cattle), Equus caballus (horse) and Ovis aries (sheep home). The values δ13С on average was about -

22.5 ‰ which confirms meadow steppe and forest-steppe habitation. However, their diet consisted mostly 

of plant-type C3 [7]. Range δ15N values in cattle (5.5-8.5 ‰), horse (4.1-7.1 ‰) and sheep (5.2-8.5 ‰) 

points to the diversity of their diet (the presence or absence in the diet of shrubs ), and the conditions of 

grazing difference (degree of wetting and overgrazing) [2]. 

Fossil material is provided by Museum of BSC SB RAS archaeological complexes Khotyk and 

Kamenka, located in Uda River basin, in the central part of the Western Transbaikalia. Osteological 

description and analysis of the bone remains was found in the works of L.V. Lbova and colleagues [8, 9] 

and A.M. Klementeva [10]. On the C-N isotopic composition of the studied tooth and bone fragments 

Equus sp. (Horse), Coelodonta antiquitatis (woolly rhinoceros), Ovis ammon (argali) and Procapra 

gutturosa (gazelle) from the fourth (from the age of 70000 ± 13000 BP to 63000 ± 9500 BP [9]), the third 

(32120 ± 340 and 29310 ± 370 BP) [11] and the second (28770 ± 245 and 26222 ± 550 BP) [11] levels 

Khotyk archaeological complex and in the archaeological parking Kamenka "A" complex (35845 ± 695 

and 31060 ± 530 BP) [12]. For the Late Pleistocene deposits of Transbaikalia we used the system of 

climate-stratigraphic units recommended by MSC [13]: Suvinsky horizon (corresponds to Kazantsevsky 

horizon of the middle Siberia), Tompinsky (corresponds to Murukta period), Stepanovski (corresponds to 

Karginsky interstadial) Oshurkovsky (corresponds to Sartanian glaciation). 

For fauna tompinsky cryochron (the 4th level of the archaeological complex Khotyk) and 

Stepanovsky thermochron (3rd and 2nd levels of the complex and archaeological complex Khotyk and 

Kamenka) have high values δ13C (average -20.0 ‰), than for modern herbivores (about -22.5 ‰) of 

Western Transbaikalia. The difference suggests that dry steppes and semi-deserts vegetation (with δ13C 

about -25 ‰) dominated in the diet of the Late Pleistocene animals. Modern examples of them are 

Mongolian and Inner Mongolian steppes, where the plant communities are characterized by close isotopic 

composition [14]. 

The minimum values are obtained for δ15N collagen of bone remains of woolly rhinos 4‰ of the 

level 4 of the complex Khotyk and 5.1 ‰ of the complex Kamenka. For fossil horses and argali values 

are δ15N up 5.4-7.3 ‰ and 5.9-6.4 ‰, respectively. The maximum values were recorded for δ15N 
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gazelle of Stepanovsky thermochron (levels 2 and 3 of the complex and the complex Khotyk and 

Kamenka A) from 7.3 ‰ to 8 ‰. The diet of rhinos, apparently consisted of scrub vegetation and they 

prefer relatively wet grazing space may flood. Feeding horses and argali was close, which suggests their 

common pastures. In the food of gazelles dominated herbaceous vegetation, and gazelles lived in 

conditions of water scarcity - in the most arid and semi-desert landscapes. 

In general the isotopic composition of bones representatives Tompinsky fauna (4 level Khotyk) 

contain more lightweight nitrogen isotope than the fauna specimens Stepanovsky horizon (3, 2 levels, 

Khotyk and a set of "A", Kamenka), which implies a less dry climate during the cold snap. 

Thus, the isotopic composition of carbon in zooarcheological material shows that the Late 

Pleistocene climate of Western Transbaikalia was semiarid. These isotopic compositions of nitrogen 

suggest that shrub vegetation phytocenosis presented in greater numbers during tompinsky cooling in the 

steppe than in the era of the subsequent warming, i.e. in Stepanovsky time the climate was drier. In 

addition, each of the megafauna species had a distinctive. It indicates the ecological segregation 

ungulates. 
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The question of the mass extinctions causes is always of great interest and the interest of the larger 

the closer to the present time has been of this extinction. In this connection the study of the late Pleistocene 

fauna, as the closest to the present is actual. Because it will allow to understand how the ecosystems have 

evolved and how they can be saved. Currently, there are two main versions of the causes of Late Pleistocene 

extinction: the climatic factors and the anthropogenic factors. Both of hypotheses have supporters and 

opponents. The following is a discussion of human impact on the mammoth fauna extinction of the from 

the territory of Minusinsk depression. 

The research of the causes of Minusinsk depression mammoth fauna extinction, have not been 

conducted yet. This is due to a small amount of information on the subject. The most of the radiocarbon 

dating of localities in the region were made for coal and wood. The direct dating of fossils mammals re-

mains are much smaller and much of it is received by a mixture of bone remains without the exact species 

identification [1]. From the material which has the species definition the main array of radiocarbon dates 

are made on the mammoth and reindeer bones (ib.). 

The available data is not enough to talk about the time of the extinction of certain species of mam-

moth fauna in the region. The youngest radiocarbon dating of Mammuthus primigenius remains was made 

on Konzhul site, their age is 11 980±155 (SOAN-4953) [2]. Many radiocarbon dating done on the Rangifer 

tarandus bones, but this species is lives in the Kuznetsky Alatau and the Western Sayan at present [3, 4]. 

In other species the all dating are either Karga or early Sartanian age [1].  

Likely to the large (M. primigenius, C. antiquitatis, P. spelaea, C. spelaea) and highly specialized 

(V. lagopus, V. corsac, S. tatarica, P. gutturosa, O. moschatus) species of mammoth fauna did not survive 

after Pleistocene and Holocene border in the territory of Minusinsk depression, because their remains are 

not found in Holocene localities. Wild horses (Equus sp.) and large Bovidae (Bison out Bos) is extinct in 

the Holocene, because their remains are in the Holocene layers of some caves and sites [5, 6]. In addition 

at many rock paintings of Holocene age has pictures of wild horses and large bulls [7].  

To assess the impact of Paleolithic man hunting activities the author analyzed the ratio of large 

mammals bone remains in Paleolithic sites. The several categories of “frequency hunting of Paleolithic 

man” were identified depending on number remains at sites: often - more than 40% of total bone remains; 

temperately - 5-40%; rarely - is less than 5%; don’t hunting - they are completely absent in the sites or 

represented by isolated bones (Fig 1.). 

In the Yenisei River basin is known many Paleolithic man sites. The main food resource for the 

Paleolithic hunters was reindeer (its remains up to 98% of faunal remains) and hare (to 59%). Much less 

the Paleolithic people was hunted to horses (up 24.2%), argali sheep (up 15%), bison (up 21.5%) and red 

deer (up 19.6%). The smallest percentage of prey of hunters in the Yenisei Paleolithic is falls on saiga (up 

2.3%), and mammoth (up 6.2% only one site, in other sites is smaller of 1%) [8]. The woolly rhinoceros 

and giant deer remains are not found at the ancient man sites. The exceptions are the Irba-2 site, where the 

horn of a giant deer was found [9] and several sites in the Derbina Gulf is containing a small amount of 

rhino bones [10]. At the same time, in the natural taphocoenosis the rhinos bones are not a rarity (ib.). 

Thus the factual material does not confirm the possibility of "overhunting" of mammoth fauna in 

the Minusinsk depression. Because most of the basic hunting species are living in the region are still [11], 

whereas the animals that paleolithic man was hunted occasionally (mammoth, saiga, bison) or not carried 

out at all (woolly rhinoceros, giant deer) is no longer living in the region. 

The possible cause of the mammoth fauna extinction in Minusinsk depression includes the changes 

in the landscape in the neighboring regions [12]. Reduction of the steep landscapes outside of the basin 

caused disruption of migration routes of the major representatives of the mammoth fauna. Steppe plant 

communities that have survived in the basin at present, were not able to maintain the stability of the mam-

moth fauna, which could have led to the extinction. At the same time, the stability of steppe ecosystems in 
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the region contributed to the preservation of the micro-mammals, as well as the later extinction of some 

large mammals (marmot, tolai-hare, wild horse).  

 

Fig.1 – The relative frequency of Paleolithic man hunting of large mammals and the estimated time of their 

extinction in the Minusinsk depression 
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This paper demonstrates the first results of the research of the Jurassic calcareous nannofossil 

biostratigraphy of the Southern Ukraine. The Jurassic deposits have quite wide circulation in the Crimea 

and the Preddobrudzhsky foredeep, on the Crimean continental slope of the Black Sea. 

My collection consist of more than 2000 samples of the Jurassic rocks from 60 boreholes and 40 

sections. The samples were prepared for microscopic study of microfossils by the standard technique of 

Deflandre and Fert. Nannoplankton was studied in time slices using an immersion lens with 90x 

magnification under an MBI-6 optical polarization microscope in ordinary and polarized light at a 

magnification of 1500x. Photographs were taken using a digital camera under an optical microscope in 

polarized light at a magnification of 2000x. 

The systematic classification by J.R. Young and P.R. Bown [1] was used in the present work. 

This paper represents the first detail systematic studies of nannoplanctonic associations from the 

Late Triassic deposits of the Crimea and Prisivashye. The nannoplanktonic associations of the Toarcian, 

Bajocian, Bathonian, Callovian, Oxfordian, Kimmeridgian stages have been identified for the first time in 

the sediments of the Crimea and the Preddobrudzhsky foredeep. 

In this paper [2], we show a quantitative analysis of Early Toarcian calcareous nannofossils of the 

argillites from the Eski-Ordinskay suite in the Central part of the Mountain Crimea. The Lower Toarcian 

is an intriguing period because it is corresponded to the Oceanic Anoxic Event. Many scientists from 

around the world are engaged in an explanation of this phenomenon. This work is financed by the 

International organization UNESCO. 

The deposits of the upper stages of the Jurassic system have the greatest length in the Crimea. 

Calcareous nannofossils have been investigated from samples collected from sediments of some sections 

located in the Eastern Crimea (of the Tonas River Basin, on the Saint Ilya's cape and near the village 

Yuznoe) [3]. Two nannoplankton zones have been identified: Helenea chiastia Zone (NJK) with its 

subzones NJKa, NJKc and Nannoconus steinmanni Zone (NK-1) (according with nannofossil biozonation 

to T. Bralower, 1989) [1, 3]. It was proved, that the stratigraphic break is presented on the interval of the 

Upper Tithonian - Berriassian sediments. The scientists trying to define a correlatable datum to fix the 

Jurassic-Cretaceous boundary. They must to concentrate on Tethys and its margins, because Tethys 

constitutes most of the J/K boundary world, and the area most studied. For this time the problem of the 

correlation for the sediments of the Jurassic-Cretaceous boundary is not solved. 

Two Stratigraphic Scales with zonal and secondary nannofossil events had been correlated to the 

ammonite zones of the Preddobrudzhsky foredeep [4] and Crimea [5]. At the first time 7 stratums with 

calcareous nannofossils and 7 standard nannoplanktonic zones have been established for the Southern 

Ukraine: NJ9/Watznaueria britannica, NJ12/Ansulasphaera helvetica, NJ13/Stephanolithion bigotii 

bigotii, NJ14/Stephanolithion bigotii maximum, NJ20/Conusphaera mexicana, NJK/Helenea chiastia, 

NK-1/Nannoconus steinmannii. The taxonomic composition of the nannoplankton assemblage from 

Preddobrudzhsky foredeep permits a reliable determination of Late Bajocian, Late Bajocian – Early 

Bathonian, Callovian, Early and Middle Oxfordian and Late Oxfordian – Early Kimmeridgian sediments. 

The nannoplankton assemblages correspond to standard zones, permitting a correlation between the 

sections of the foredeep and the coeval sediments of the adjacent regions. 

The age was refined for the sediments of the continental slope of the Black Sea with the help of 

the calcareous nannoplankton [6]. 

The atlas (Fig. 1) of dominant 93 species was achieved by using light and scanning microscopes. 

The present study proves that it is worthwhile to study calcareous nannoplankton in the 

stratification of the Jurassic sediments for the Southern Ukraine. 
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Fig.1 – Calcareous nannoplankton from the Jurassic sediments of the Southern Nicols x(90º), x1575. The 

scale of the photographs was violated during the operation of the Photoshop software. 

1. Crepidolithus crassus (Deflandre) Noel; 2. Biscutum grande Bown; 3. Biscutum novum (Goy) Bown; 4. 

Parhabdolithus liasicus Deflandre distinctus Bown; 5. Mitrolithus lenticularis Bown; 6. Mitrolithus elegans 

Deflandre; 7. Mitrolithus jansae (Wiegand) Bown; 8. Similiscutum orbiculus de Kaenel and Bergen; 9. 

Stephanolithion atmetos Cooper; 10. Stephanolithion bigotii Deflandre bigotii; 11. Stephanolithion bigotii Deflandre 

maximum; 12. Stephanolithion hexum Rood and Barnard; 13. Ansulasphaera helvetica Grun and Zweili; 14. 

Discorhabdus striatus Moshkovitz and Ehrlich; 15. Podorhabdus grassei Noel; 16. Axopodorhabdus cylindratus 

(Noel) Wind and Wise; 17. Conusphaera mexicana Trejo Mexicana; 18. Conusphaera mexicana Trejo minor Bown 

and Cooper; 19. Polycostella beckmanii Thierstein; 20. Zeugrhabdotus embergeri (Noel) Perch-Nielsen; 21. 

Nannoconus globulus (Bronnimann) minor Bralower and Thierstein; 22. Nannoconus globulus (Bronnimann) 

globulus Bralower and Thierstein; 23. Cruciellipsis cuvillieri (Manivit) Thierstein; 24. Manivitella pemmatoidea 

(Deflandre). 
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Biohermal sediments of the Late Frasnian are located in the right side of the Ostantsovy Creek 

(left tributary of the Malaya Usa River). Structurally, the area belongs to the Bielsko-Eletskaya structural 

formational belt at the western slope of the Polar Urals within the Irgizlinsko-Karsky sub-belt of the 

Vorkuta-Korotaihinskoy district [1]. Despite the fact that this area was studied by many researchers, in-

formation about the biohermal Late Devonian sediments of the Malaya Usa River is absent. The authors 

carried out this detailed work in 2013. 

The biohermal sediments of the Late Frasnian are represented by carbonate rocks with primary 

structure and texture virtually indistinguishable. Limestones are mainly gray, massive, bituminous, 

coarse-grained. There are relics of debris texture. There are small amplitude faults with numerous calcite 

veins.  

These sediments contain conodonts and stromatoporoids. The lower part of the sequence contains 

layers having numerous stromatoporoids. The following taxa are determined here: tubular stromato-

poroids – Amphipora sp. and Stellopora sp. and massive stromatoporoids of family Actinostromatidae 

(E.V. Antropova definition). 

Conodonts were found only in the middle of section and generally consist of species of Palmat-

olepis. Here the following taxa are determined: Palmatolepis linguiformis Müller, Palmatolepis rhenana 

nasuta Müller, Palmatolepis rhenana rhenana Bischoff, Palmatolepis gigas extensa Ziegler et Sandberg, 

Palmatolepis gigas gigas Müller et Youngquist, Palmatolepis ederi Ziegler et Sandberg, Icriodus alter-

natus alternatus Branson et Mehl, Polygnathus evidens Klapper et Lane, Polygnathus lodinensis Pölsler, 

Polygnathus aspelundi Savage et Funai and others. In addition, there are tubular and reservoir stromato-

poroids. Late Frasnian age of these sediments is determined on the basis of conodonts (linguiformis Zone 

of the standard conodont scale [2]). 

Transgressive shift of the linguiformis phase is observed, as evidenced by the prevalence of Pal-

matolepis biofacies and possibly the appearance of fused (reservoir) stromatoporoids forms characteristic 

for deeper environment (up to the upper part of the slope). At this level transgression acme is fixed, which 

matched with the global event Upper Kellwasser. 

Thus, based on conodonts, the studied sediments are exclusively of the Late Fransnian age and 

the most prominent transgression of linguiformis phase, perhaps, is compared with the global Upper 

Kellwasser Event. 

The authors thank E.V. Antropova (Institut of Geology Komi SC UB RAS) for determining stro-

matoporoids. 
The work was supported by the Russian Foundation of Basic Research (projects no16-35-00049). 

 

References: 
1. State geological map of the Russian Federation. Scale 1:1000000 (third generation). Ural series - Page Q-41 

(Vorkuta). Explanatory note. SPb .: Publishing House of St. Petersburg kartfabriki all, 2005. P. 335. 

2. Ziegler W., Sandberg C.A. (1990): The Late Devonian Standard Conodont Zonation // Courier Forschungs 

institute Senkenberg, V. 121. P. 115. 

309

Paleontology and paleoclimatology



BIOSTRATIGRAPHIC RESEARCH OF MAASTRICHTIAN SEDIMENTS 

IN THE SAMARA REGION 

Vyazovkina Anastasia¹, Vyazovkina Ekaterina² 

Samara State Technical University, Samara, Russia 

¹ vz-anastasia@mail.ru 

² kate_vyazovkina@mail.ru 

Maastrichtian sediments, microfauna, foraminifera, biostratigraphiс research  

Mesozoic sediments in the Samara region are the most common on the right bank of the Volga 

River in the Volga upland. The Volga Upland is mostly formed by Meso-Cenozoic sediments including 

Maastricht sediments represented with white writing chalk stone with beds of chalky marl and lying under 

Paleogene formations [1]. Tectonically operation area falls within the Stavropolskaya drawdown of the 

Melekesskaya depression. Stratigraphically Cretaceous rock mass  partitions based on macrofauna-

ammonites and belemnites. Recently, the stratification of these sediments is conducted by microfauna 

foraminifera complex.  

Stratigraphically Cretaceous rock mass are partitioned based on macrofauna (ammonites and bel-

emnites). Recently, the stratification of these sediments is conducted by microfauna foraminifera com-

plex. Sampling material for microfauna research were taken in the course of field work near Ivashevka 

and Novoselki villages in Syzran area. Foraminifera, molluscas, echinoderms, ostracod were found out as 

a result of research (figure). The most significant findings are foraminifera.  

200 copies of foraminifera were selected in the course of work. The representatives of the follow-

ing kinds are predefined: Recurvoidella sewellensis (Olsson) parvus (Belousova), Cribrostomoides trini-

talensis Cushman et Jarvis subsp. sibiricus Podobina, Cribrostomoides cretaceous Cushman et Goudkoff 

subsp. exploratus Podobina, Recurvoides memorandus (Podobina), Gaudryinа rеtusa (Сushman), No-

dosaria lepidula (Schwag), Astacolus elatus (Podobina), Lenticulina tatariensis (Mjatliuk), Gyroidinoides 

turgidus (Hagenow), Cibicides gankinoensis (Neckaja), Stensiöina gracilis (Marsson) subsp. Stellaria 

(Vassilenko), Pyramidina curvisuturata (Brotzen).  

Zone fossil complex is represented by the following kinds: Orbignyna sacheri (Reuss) is used in 

foraminifera complex of Campan, Lower and Upper Maastrichtian; Spiroplectammina suturalis (Kalinin) 

is used in foraminifera complex of Campan, Lower and Upper Maastrichtian; Cibicidoies voltzianus 

(Orbigny) is used in foraminifera complex from Brotzenella praeacuta to Brotzenella complanata zones; 

Bolivina incrassata crassa (Vass) is used in foraminifera complex from Hanzawaia ekblomi to Brotzenel-

la complanata zones [2]. 

The mapping schema of the Maastrichtian faunal zones was created as a result of the literary 

sources analysis, zone fossils were identified and it was found that the studied foraminifera complex is 

typical for the Maastrichtian. The finding Cibicides voltzianus (Orbigny) allows to restrict faunal zones 

from Brotzenella praeacuta to Brotzenella complanata. Litologically we can come to preliminary conclu-

sion that the sediments belong to the Radishevskaya set and faunal zone Brotzenella praeacuta (Upper 

Maastricht). Collected samples were embed 1-2 m lower than Paleogene gaizes. 

The issue of detailed stratification of sediments of the Samara region is now open. We hope Mi-

crofauna analysis will help with this problem. 
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Fig.1 – Studied microfauna complex: 

1-Mollusca, Chlamys sp.; 2- Echinodermata, Echinoidea sp.; 3 - Ostracoda, Cytherellida sp.; 4-23–foraminifera: 4- 

Recurvoidella sewellensis (Olsson) parvus (Belousova); 5 - Cribrostomoides trinitalensis Cushman et Jarvis subsp. 

sibiricus Podobina; 6 - Cribrostomoides cretaceus Cushman et Goudkoff subsp. exploratus Podobina; 7 - Recurvoid-

es memorandus (Podobina); 8 - Gaudryinа rеtusa (Сushman); 9, 10 – Nodosaria sp.; 11, 12 – Flabellina sp.; 13 - 

Nodosaria lepidula (Schwag); 14 - Astacolus elatus (Podobina); 15 - Lenticulina tatariensis (Mjatliuk); 16 - Gy-

roidinoides turgidus (Hagenow); 17- Cibicides gankinoensis (Neckaja); 18 - Stensiöina gracilis (Marsson) subsp. 

Stellaria (Vassilenko); 19 - Pyramidina curvisuturata (Brotzen); 20 -Orbignyna sacheri (Reuss); 21 - Spiroplectam-

mina suturalis (Kalinin); 22 - Cibicidoies voltzianus (Orbigny); 23 - Bolivina incrassata crassa (Vass). 
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High-resolution bottom sediment record from the Lake Bolshie Toroki provides valuable 

information about the Holocene vegetation and climate changes in the southern part of West Siberia. 

Overall dynamics of Holocene environments in this region is still controversial. Lake Bolshie Toroki (55˚ 

23.61´ N, 80˚ 37.12´ E.) situated on the Baraba Plain in the forest-steppe zone with annual precipitation of 

450 mm. Water of the lake is low-mineralized. The lake sediments described in the 1.8-m long core 

include four distinct layers: macrophytic gyttja (0–75 cm), peaty gyttia (75-122 cm), peat (122–142 cm), 

and peaty clay (142–160 cm). The substratum is clay (160–180 cm). The age of the lake sediments is 8 

kyrs. Earlier we used lithologycal (Fig.1) and palynologycal methods as well as radiocarbon dating to 

reconstruct vegetation, climate and lake level dynamics [1]. 

Methods. In this study we present 

two methodological approaches which are 

new for lake records of Southwestern Siberia. 

The first method is the δ 13С analysis of 

pollen samples. Pollen samples preparation 

include chemical treatment with hydrochloric 

acid in order to remove inorganic carbonates, 

hydrofluoric acid to remove silicate 

complexes and alkali to remove soil humic 

acids. As a result the residue of pollen 

samples predominantly consist of 

palynomorph particles with size from 7 to 

200 μm.  Palynomorphs include: pollen, 

spores, algae, aquatic macrophyts, 

zooplankton remains. During palynological 

investigation under the microscope all 

definable objects were counted in order to 

calculate concentrations of all kinds of 

palynomorphs. The biggest concentrations 

have pollen and plant derived debris. We 

hypothesize that such approach could give the 

opportunity to infer direct isotopic signal 

from terrestrial plants and interpret it in terms 

of climate. These palynomorph concentrates 

were used to measure the stable carbon 

isotope ratio in Centre of Cenozoic 

Geochronology, Siberian Branch of the 

Russian Academy of Sciences (Novosibirsk), 

using the mass spectrometer DELTA V 

Advantage (Thermo Finnigan) coupled with a 

Flash EA 2000 HT elemental analyzer. Each sample was measured in duplicate with an analytical error 

for δ13C of ±0.2‰. In total 36 samples from different depth were measured (Fig.1). 

The second method is transfer function. In order to develop a pollen-based inference model for 

quantitative climate reconstruction we used a reference pollen data set from a large area of northern Asia 

 

Fig.1 – δ 13С of palynomorphs concentrate, mean July 

temperature reconstruction, sediment composition of core 

from lake Bolshie Toroki 
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that included 350 modern surface pollen spectra with four climatic parameters for each site (precipitation 

level, mean T July and mean T January, mean annual T). Using the statistical methods (DCA, CCA, WA-

PLS etc.) the quantitative transfer functions were developed, the most correlating parameter was mean 

temperature of July[1] (Fig.1). 

Results. Classic pollen analysis of totally 84 samples enhanced by biomization method in order 

to reconstruct the vegetation types show a clear zonation indicating gradual vegetation changes during 

last 8 kyr. Mean July temperatures also show the periods of warm and cool climate summarized in Table 

1. Stable carbon isotope ratios from palynomorph concentrate also show the dynamic in the studied 

period (Fig.1). δ13C values vary from -30.46‰ to -21.17‰ with a mean of -26.18‰. It should be noticed 

that such values are typical for terrestrial C3 plant (between -32‰ and -20‰) [2]. It means that we indeed 

obtained the clear vegetation signal. Interpretation of isotopic data is complicated by the lack of available 

literatures about the δ13C of pollen assemblages and palynomorph concentrate [3]. The tendency showed 

for wood is not appropriate for palynomorph concentrate; it declares positive correlation of insolation 

(warm) and higher δ13C values [4]. In our results we see the opposite correlation (- 0.38) with temperature 

and the warmest period gives the lowest ratios (Table 1). 

Table 1 – Vegetation cover, climate, and average δ 13С values of palynological samples  

from different periods 

Period, cal kyr BP Vegetation cover Climate Average δ 13С 

8 – 7.2 Pine forest Cool -27.28 

7.2 – 5 Open steppe landscape Warm (possibly dry) -28.67 

5 – 3.8 Retreat of the steppe Cooling -27.06 

3.8 – 1.6 Forest–steppe Cool -22.59 

0 – 1.6 Modern forest–steppe Modern climate -24.92 

 

We assume that in the forest-steppe zone of Southwestern Siberia the limiting growth factor 

might be amount of precipitation then it may prevail in the process of fractionation through regulation of 

stomata respiration [5]. According to our data the most warm and dry period (about 6 kyl BP) shows the 

most low δ13C values while cold and wet periods (3.8 – 1.6 kyl BP ) the highest ones. 

However more isotopic studies of pollen records needed to make the reasonable interpretations. 
The work was supported by the Russian Foundation of Basic Research (projects no16-35-00369). 
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The Eocene carbonate rocks are the prolific hydrocarbon reservoirs in Pakistan. The Eocene 

Chorgali Formation consists of limestone, dolomite, marl, gypsum and shale. The petrographic studies of 

the Chorgali Formation disclosed that the original texture and composition are affected by micritization, 

dolomitization, microfractures, stylolitization, dissolution, neomorphism and cementation. The vertical 

distribution of the facies shows cyclicity that affects reservoir characteristics. There are two types of 

compaction i.e. mechanical and chemical compaction. The mechanical compaction is evident by brittle 

discontinuity such as broken allochems and algal laminations which are very less or negligible. The 

stylolitization (chemical compaction) is very frequent including smooth and sutured stylolites. The 

micritization is not common. The carbonates of the Chorgali Formation have also experienced selective 

dolomitization. The petrographic studies together with alizarin red staining technique, Scanning Electron 

Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDX) revealed the presence of 

dolomitization. The cements include calcite, iron minerals and very less quartz. The fractures are filled 

with calcite and quartz. There is iron-minerals cementation along the stylolites, fractures and also around 

the portions where there is neomorphism. The observed cement morphology includes drusy, blocky and 

granular calcite. Two noteworthy neomorphic processes took place i.e. calcitization and aggrading 

neomorphism. The dissolution caused open spaces in shells of foraminifera and ostracods (Fig. 1). 

The Chorgali Formation has been modified in four main diagenetic settings i.e. marine phreatic, 

mixed marine-meteoric, burial and meteoric. The micritizaiton occurred in marine phreatic conditions. 

The dolomitization existed in the marine-meteoric mixing environment [1]. The dissolution, 

neomorphism and cementation took place in the meteoric phreatic conditions. The mechanical and 

chemical compaction likely to occurred in burial diagenetic environment. The carbonates of the Chorgali 

Formation are considered to have experienced shallow and deep burial due to the mechanical compaction 

(grain to grain suture contact) but it is almost negligible while the chemical compaction (stylolites) is 

frequent and is likely to be the utmost diagenetic process of burial environment. Similarly, some of the 

fractures seem to be diagenetic in origin; however, it is difficult to interpret whether this episode of 

fracturing can be because of aerial exposure, burial of sediments and or tectonic activity (Fig. 1). 

The carbonates may gain or lose porosity during diagenesis. There is usually decrease in porosity 

with increasing depth of burial but later diagenetic processes such as dissolution and fracture can restore 

higher porosities [2]. In the context of affecting reservoir quality, these diagenetic processes have been 

categorized into two groups such as diagenetic processes enhancing reservoir quality and diagenetic 

processes decreasing reservoir quality. The diagenetic processes enhancing reservoir quality includes 

dissolution, dolomitization and fracture. The diagenetic processes reducing reservoir quality are 

cementation, compaction, micritization and neomorphism. The dissolution adds to the porosity of 

carbonates by removing material forming various types of porosities like vuggy and moldic porosity. The 

microfractures also increases porosity. The dolomitization results in intercrystalline porosity enhancing 

the reservoir quality due to increase of porosity by 13 % [3]. In contrary, cementation reduces reservoir 

quality, how-ever, it is good that cementation is less. The stylolite formation completely destroys porosity 

and eliminates permeability in dolomites while on microstructural scale; it enhances horizontal 

permeability [4]. 
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Fig.1 – Sketch showing different diagenetic features with their respective diagenetic environments 

The mechanical compaction results in packed rock pattern negatively affecting the reservoir quality. The 

micritization can reduce permeability as the micrite can fill the pore throats [5]. The aragonite to calcite 

transformation (neo-morphism) results in an increase in total rock volume of 8 % and ultimately porosity 

decreases by 8 % [7]. 
The authors greatly acknowledge the facilities and finances provided by the National Centre of Excellence 

in Geology, University of Peshawar, Peshawar-Pakistan. 
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In the West Siberian sedimentary basin western part Bazhenovo Horizon includes Lower Tutlejm 

Subformation which substitutes to the westward by Lower Mulym’ya and then Upper Danilovskoe 

Subformation [1, 2]. The Lower Tutlejm Subformation (Early Volgian-Berriassian age) is composed of 

black dense bituminous mudstones with the organic carbon high concentration. There are marlstones 

layers in the Subformation upper part [1]. The Lower Tutlejm Subformation thickness is 25-30 m (Fig.1) 

on the Kamennoe and Pal’yanovskoye fields. It rises westward and southward to 40-45 m on the Potanay, 

Talinskoye, Em-Egovskoye, South Talinskoye and other fields (Fig.1). 

There are high values on the resistivity gradient log in the Lower Tutlejm Subformation – to 250 

Om/m and higher. Resistivity curves have high amplitude, the log have 2-3 scale record. Spontaneous-

potential curve have low amplitude, usual for clay levels. The Lower Tutlejm Subformation radioactivity 

is changeable: on the Pal’yanovskoe field the highest values change from 50 to 70 mcR/h. The maximum 

radioactivity about 85 mcR/h established on the north of the Em-Egovskoye field. Southward on the 

Kashatskoye, East-Sheburskoye, Shugurskoye and Sogomskoye districts the radioactivity decreases to 

40-45 mcR/h. The Lower Tutlejm Subformation boundaries with upper and lower deposits is marked with 

decision based on radioactivity decreasing, caliper log curve amplitude changing and resistivity curve 

decreasing values to 8-11 Om/m. 

The Lower Mulym’ya Subformation (Volgian age) have thickness near 50 m and composed of 

grey to black mudstones with weakly saturated bituminous layers (Fig.1). Resistivity curves in the Lower 

Mulym’ya Subformation have low amplitude, values is near 10 Om/m. Maximum peaks are conform to 

rare bituminous layers in clay and mudstones. There are phosphate concretions, sporadic green earth 

grains in the Lower Mulym’ya Subformation bottom [1]. It conformed to spike on induction curve. The 

radioactivity of this Subformation is lower than the Lower Tutlejm Subformation. Maximum values are 

25-35 mcR/h. The Lower Mulym’ya Subformation boundaries with upper and lower deposits are marked 

by radioactivity values decreasing and amplitude changes on induction and caliper log curves. 

The Trehozernaya Series was distinguish in the Lower Mulym’ya Subformation bottom in the 

Shaim megauplift south part. The Series is composed of bibbley-rocks, gravelstones, sandstones and clay 

siltites (in the top) [1] and have thickness 1-3 meters. The maximum thickness, 8-12 meters, established 

in the Mortym’ya field northern part. It distinguished that the Trehozernaya Series have more widely 

distribution then it considered earlier. It drilled on the Semividovskoye and Tolumskoye fields too. 

The Upper Danilovskoe Subformation (Early Volgian-Berriassian age) is composed of clay 

mudstones with bituminous layers and carbonate concretions [2]. It thickness is variable and changed 

from 70 to 120 m (Fig. 1). Resistivity curves have low amplitude, average values are less than 3-5 Om/m. 

Values near 10-12 Om/m are conformed rear bituminous layers in the sequence. The Upper Danilovskoe 

Subformation radioactivity decrease from 20 to 10 mcR/h on the Tal’nikovoye, Poytur and Ust-Iusskoye 

districts. 

There is commercial oil production from the Bazhenovo Horizon on the Salym oil field that is 

located near the study area. Based on well log data it considered that the Lower Tutlejm Subfrmation 

would be more promising than the Lower Mulym’ya subormation. Oil presence of the deposits 

established in 1975-1980 on the Em-Egovskoye and Pal’yanovskoye fields and it confirmed by the 

present-day lithological, geochemical and geophysical complex results. Because of this investigation, the 

boundary between Tutlejm and Mulym’ya Formation areas was proposed. This boundary would divide 

areas with different oil content. 
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Fig.1 – Thickness map of the Bazhenovo Horizon deposits: 1 – Bazhenov horizon isopachytes; 2 – facies 

district’s boundaries [2]; 3 – Shaim megauplift contour; 4 – boundaries of the Tutlejm, Mulym’ya and Danilovskoe 

Formations areas; 5 – deep wells. 

References: 
1. Braduchan Yu.V., Gurary F.G., Zaharov V.A. (1986): The Bazhenov horizon of the West Siberia (stratigraphy, 

paleogeography, ecosystem, oil content). Novosibirsk, Nauka. 216 p. 

2. The decision of the 6-th Stratigraphic Interdepartmental meeting about consideration and accepting refined 

stratigraphic charts of the West Siberian Mesozoic deposits. Novosibirsk, SNIIGGIMS, 2004, 114 pages, 3 

supplements on 31 sheets. 

318

Petroleum geosciences



SUPPLEMENTARY EXPLORATION OF STAROOSKOLSKY DEPOSITS 

IN SOUTH ROMASHKINO AREA OF ROMASHKINO FIELD 

Gazizullin Lenar¹, Kashapova Jamilya² 

PAO Tatneft, NGDU Leninogorskneft, Leninogorsk, Russia 

¹ dabbe@yandex.ru 

² aillyar@mail.ru 

Supplementary exploration, Vorobievsky horizon, Romashkino oilfield, Hydrocarbon trap, Structural map, 

Convergence method, Sidetracking, Shallow-marine sediments, Oil reserves  

During the Givetian time period marine transgression spreads almost to the entire territory of 

Tatarstan. In the southern and southeastern direction, with distance increase from the ancient uplift, sea 

basin depth increased regularly. Contemporary South-Tatar arch area was located within the boundaries of 

sustainable marine sedimentation and accumulated sediments were predominantly shallow-marine. 

Oil-bearing area of the lower Eifelian-Ardatovsky complex has a limited distribution within the 

dome portion and the southeastern slope of the South-Tatar arch. The number of deposits here is small. 

Placement of traps associated with local uplifts and lithology of formation collectors. 

Taking into consideration the high level of research work in Tatarstan during exploration attention 

should be focused on hydrocarbon traps which are small in area and amplitude. 

In NGDU Leninogorskneft deposits are identified by constructing maps of D4 horizons using 

convergence method. 

 

Fig. 1 – Fragment of structural map on the sole benchmark "average limestone", built by the convergence 

method 
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Wells 1860B, 1860V were drilled with a recess onto the horizon Vorobyevsky - D4 by accessing 

the D4 "a" reservoir. Inflow of crude oil is 12.6 t/day and water cut is 8% in well No1860B, inflow of crude 

oil is 7 t/day and water cut is 57% in well No1860V. In 2010, there was drilled well 1860D on the formation 

D4 "a" with oil flow of 8.1 t/day, water cut of 6%. In 2012 there was performed sidetracking through 

deepening wells shoe on well No 9311. Layer D4 "а" was perforated. Oil flow is 7.6 t/day, water cut is 

11%. 

Works are continuing at the site, there was signed a protocol of geological and technical meeting 

on deepening well No 9251B of South Romashkino area onto Vorobievsky horizon. As a result it was 

decided to deepen the planned well 9251B of South Romashkino area to the absolute mark -1545 m on the 

Vorobyevsky horizon with the opening reservoir D4 "a". 

We discovered a perspective structure on the horizon D4 which is situated to the west of mentioned 

wells. It was discovered by tectonic analogies method. 

This structure is confined to structural trap type with lithological variability associated with 

sandstone rock formations of shallow-marine sediments. 

Traps with lithological variability of rocks are usually associated with terrigenous deposits of 

Devonian and Carboniferous formation which occurred in conditions of sedimentation regime changes. 

Lithological traps confined to sand and clay formations, commonly found in alluvial- deltaic and shallow 

marine formations. Lithological substitution zones, depending on the genesis, are characterized by 

considerable diversity in terms of a winding configuration and strip, lenticular and hose formed bedding. 

Reservoir formation D4 of Vorobyevsky layers at Romashkino field is controlled by structural - 

lithological traps. Such traps are researched poorly because they are not clearly determined in structural 

terms. And the existing method of prospecting and exploration provides the inception of an exploratory 

well on the top of a clearly determined structural height in its central part. 

After analyzing the fund of the area, we propose to perform sidetracking through well shoe on well 

No 1863 and sidetracking with displacement of well bottom into the perspective contour deposits of horizon 

D4 on wells No 9305, 1953А, 1864A. We propose to drill new kickoffs onto the underlying horizon from 

existing trunks of previously drilled wells. According to data it was calculated that expected hole-making 

amounts to 81, 274, 355, 143 meters. 

These wells served their purpose, so we recommend performing intervention operations that would 

return them to the operating fund in the case of oil flow.  Expected oil production from them will be 9303 

t in a year. 

We made operational calculation of the reserves, according to which the initial reserves of oil on 

the site are: 327 000 t, of these initial recoverable reserves: 131 000 t. 

Next we calculated cost-effectiveness on the proposed activities. 

After calculating the cost-effectiveness of the proposed activities, including the calculation of basic 

indicators such as NPV, Profitability index of discounted costs and payback period it was revealed that 

these measures are cost effective. 

To enter into the active development of the identified oil and gas area of Vorobievsky horizon it’s 

possible to recommend the following types of geological and technical measures:  

•sidetracking at the horizon D4 while developing recoverable Pashiysky horizon  

•applying the sidetracking technology of the horizon D4 at wells with damaged production casing, as well 

as with emergency downhole involves following along the main trunk with shutdown and overlap of the 

emergency part of borehole. 
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Currently, shale oil exploration is a prospective line of petroleum industry development in the 

Republic of Tatarstan. Rocks of Mendymsky and Semiluksky formations are the promising deposits for 

shale oil occurrence. Semiluksky-Mendymsky deposits form a sheet along the Urals Fold System from 

the Pechora Sea to the Caspian Depression (across Bashkortostan and Tatarstan) [1]. 

We considered two sites in the West-Leninogorsky area of the Romashkino Field - in its northern 

and western parts. 

In the Site 1, geophysical data was examined, and 10 wells were selected out of 50, where radio-

active logging was performed in the considered interval of Semiluksky-Mendymsky Fm; and we have 

identified the reservoir units in the studied horizons. Thereupon, depth maps over Mendymsky and Semi-

luksky horizons were created. There is the evidence of Mendymsky Fm oil content - in core taken from 

the well 12445A, where fractured bituminous limestone is observed in the interval 1550-1570 m. Authors 

built W-E and S-N cross-sections. 

In the Site 2, geophysical data was examined, and 13 wells were selected out of 63, where radio-

active logging was performed in the considered interval of Semiluksky-Mendymsky Fm; and we have 

identified the reservoir units in the studied horizons. Thereupon, depth maps over Mendymsky and Semi-

luksky horizons were created. Before the data were loaded to the Map Manager program, maps were non-

informative and gave a poor indication of the rocks geometry. In the study area, there is the evidence of 

Semiluksky-Mendymsky Fm oil content: formation testing was carried out in the wells 6057 and 6125 

using formation tester set - oil was obtained; flow tester SNIG survey was performed in the wells 6125 

and 12504 - the studied formations were considered producible; mud logging was carried out in the well 

6122 - bituminous carbonate rocks were identified in the interval 1505-1604 m. NMR data are also avail-

able in the well 6058A, where the well log data interpretation is necessary. We created one W-E cross-

section and three S-N cross-sections running through the wells 6194, 6125, 4728. 

For greater certainty in oil saturation in these sites prior to well interventions, it is necessary to 

perform a set of well logging including: carbon/oxygen logging, NGL. 

Following the mentioned geophysical studies and confirmation of oil presence in these sites, we 

recommend horizontal sidetrack kickoff and fracturing: in the well 12445A in the Mendymsky horizon 

(Site 1), where at the moment oil content is confirmed by the core from the well; in the well 6058 (one of 

pressure-observation wells) in the Mendymsky horizon (Site 2), sidetrack should be run towards the well 

6056, where formation test confirmed oil content; in the well 4728 (one of pressure-observation wells) in 

the Semiluksky horizon (Site 2), sidetrack should be run towards the well 6125, where formation test con-

firmed oil content. 

These wells had performed their functions, so we recommend interventions to be performed 

there; in the case of oil inflow obtained this will allow getting them back to the producing wells stock. 

The expected annual oil recovery for these wells is 8 370.3 tons. 

We carried out the current reserves estimate, according to which the initial commercial in-place 

reserves of oil in the Site 1 make 268 400 tons, including 53 700 tons of initial oil in place. The initial 

commercial in-place reserves of oil in the Site 2 make 530 100 tons, including 106 000 tons of initial oil 

in place. 

Next, we calculated an economic efficiency of the recommended measures. Total Net Present 

Value is RUB 172.5 mln, Profitability Index exceeds 1.45, Payback Period less than 2.6 years. 

Additional exploration of potentially productive horizons over the yet drilled well stock allows 

obtaining incremental reserves with no need for costly drilling of exploratory wells. New oil deposits can 
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be discovered by means of geological and geophysical materials re-examination and E&P works plan-

ning. 
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Hydrothermal dolomite reservoirs (HTD reservoirs) are a major hydrocarbon producer and target 

of active exploration worldwide. Fault and fracture networks exert an important control on fluid flow and 

distribution of diagenetically altered bodies such as dolomites [1, 2], which due to their dissimilar 

mechanical properties with respect to limestone are characterized by different fracture intensity [3]. 

This study focuses on selectively dolomitized Cenozoic limestones in the footwall of a major rift-

related fault in the Suez Rift (Egypt). The Hammam Faraun Fault is characterized by 5 km displacement 

and controls the present coastline of Gulf Suez. The studied Lower Thebes Fm. is mostly composed of 

slope packstone and remobilized units represented by matrix-supported conglomerate and grainstone. In 

the offshore, the same units comprise hydrocarbon reservoirs. Fault-controlled dolomitization occurred in 

two main phases and resulted in facies-selective stratabound dolomitization extending up to 2.5 km from 

the fault plane and massive dolomitization of the damage zone of the fault. The first phase of 

dolomitization occurred during the rift initiation whereas the second phase dolomites formed during the 

rift climax stage. 

Petrographic and petrophysical data from different lithofacies pertaining to the Lower Thebes Fm. 

and their dolomitized equivalents have been analyzed in order to link the fracture distribution with the 

mechanical properties of the studied rocks. Overall, dolomitization enhances the number of fractures 

within the studied carbonate lithologies. Effect of dolomitization on enhancing of fracture frequency in 

carbonate rock is higher in the host rock, where stratabound dolomites occur. The latter are characterized 

by lower porosity and smaller pore size, than massive dolomites whose porosity is more similar to the one 

of limestone. Moreover, in the massive dolomites the influence of precursor limestone lithologies on 

fracture frequency is more evident than in the stratabound dolomites. 

The results of this work might improve our knowledge about the distribution of hydrothermal 

dolomites in rift systems and impact of dolomitization on petrophysical properties of the reservoir rock. 

Therefore, it can help to improve predicting the fluid flow and porosity-permeability distribution in 

limestone-dolomite reservoirs. 

This work was supported by Department of Earth Science (University of Bergen), Hammam 

Faraun Dolomites project (HFF-DOL), hosted at the University of Manchester (project sponsors Statoil, 

Total, BG Group and Saudi Aramco) and VISTA postdoctoral project of Korneva I. “Interaction of 

structure, sedimentary architecture and mechanical stratigraphy in the diagenetic alteration of rift-related 

carbonates”. 
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The object of the study is Chkalovskoye field. It is located in the Aleksandrovsky district of 

Tomsk region. The territory of the study belongs to the local structure of the same name that is located in 

the junction zone of Aleksandrovsky anticline, Ust-Tymskaya depression and Srednevasyugansky 

megalithic bank. According to oil-and-gas zoning, Chkalovskoye field is confined to the south-east of 

West Siberian oil-and-gas province of Vasyuganskaya oil-and gas bearing area [1]. 

The thematic justification of the study constitutes concretization of structural geometry of main 

geoseismic horizons, hydrocarbon traps and faults of Chkalovskoye field. The novelty of the study 

involves identification of a new prospective target in horizon U1 of Vasyuganskaya suite and layer M1 of 

Paleozoic deposits on the basis of the integration of a seismic survey, deep drilling and well logging. 

We develop a seismic model, evaluate oil-and-gas content, specify deposit outline and realize the 

forecast of hydrocarbon traps of horizon U1 of Vasyuganskaya suite and layer M1 of Paleozoic deposits. 

We also restore the history of tectonic development according to different stages of maturing of the 

territory. 

A study area contains a high concentration of hydrocarbons in deposits of horizon U1 [2]. That is 

why the research of changes of geology aspects of Jurassic structural level is very significantly. We carry 

out analysis of changes of Bazhenovskaya suite to define general regularities of maturing of oil-and-gas 

promising area. 

In Figure 1 it is visible that Chkalovskoye local elevation has formed as a single closure in 

Neocomian. During its development Chkalovskaya structure has been closed with minor changes. 

According to the well logging, we realize detailed correlation of Jurassic and Paleozoic deposits 

and construct correlation circuits. We also build forecast maps of location of oil-and-gas promising 

objects on the basis of structural maps of reservoirs’ upper boundaries and results of well testing. The 

analysis of these maps revealed that hydrocarbon deposits of the study area are controlled by structural 

phenomenon. Lithology pinchout appear in the west of the study area. 
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Fig.1 – Paleorelief of Bazhenovskaya suite while shaping: a) Koshayskaya unit; b) Kuznetsovskaya suite;  

c) Talitskaya suite; d) recent relief of Bazhenovskaya suite  
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Tectonic development of the West Siberian Plate in Mesozoic-Cenozoic era is largely determined 

the conditions for formation of sedimentary complexes and platform structures that control oil and gas 

fields. 

Paleotectonic analysis indicates stable submersion of the northern part of Western Siberia during 

the Mesozoic period. At the same time periods of intense submersion, accompanied by basin filling and 

terrain flattening, were alternated with relative uplift and stabilization phases [1]. 

To estimate the influence of inversion (alternating-sign) tectonic movements on the oil and gas 

presence, a scheme of tectonic dislocation of Mesozoic sediments was developed. 

To do this, isopach maps of Jurassic (A-B), Neocomian (B-M), Aptian (M’-M), Albian-

Cenomanian (M’-T) and above-Cenomanian (T-C) sediments were renormalized within a range from -1 

to +1. Where the first number corresponds to the dive sites of depressions and the second to the rise sites 

of positive structures. Then converted maps were summed and divided by the quantity of sums. 

All these reforms resulted in the scheme shown in the Figure 1, which characterizes a total 

(cumulative) direction of the tectonic movements within the Jurassic-Cretaceous period of tectonic 

development of the northern part of the West Siberian Plain. 

In this case the maximum positive values of the integral parameter corresponds to the territories 

where mainly uplift processes dominated, and the minimum – to the territories with the priority of dive 

processes.  

The values of the parameter close to zero (-0.1 to 0.1) correspond to the territories of the 

inversion development with frequent changes of signs of tectonic movements during sedimentary basin 

development. These areas in particular were characterized by the maximum degree of tectonic dislocation 

in the Mesozoic (Jurassic-Cretaceous) period of territory development. 

Along the area they represent a system of linear zones oriented in the north-west and north-east 

directions, conforming with the direction of the structures of the Triassic rift system. 

The regional characteristic feature of oil and gas presence in the northern part of West Siberian 

Plate (as per the scheme) is assignment of the majority of positive anticlinal structures, controlling the 

hydrocarbon deposits, to the maximum dislocation zones formed as a result of alternating tectonic 

movements. 

The oil and gas controlling role of the tectonic dislocation factor consisted in the fact that the 

frequently changing ascending and descending tectonic movements promoted: 

1) intensification of primary hydrocarbon migration process caused by change of the pressure 

gradient [2]; 

2) fragmentation and destruction of sedimentary rocks integrity and formation of macro- and 

micro fractures, being the preferred sites for fluids migration and accumulation; 

3) formation of new structural forms, and therefore a new hydrocarbon traps. 

In this connection, the parameter of tectonic dislocation of the Jurassic-Cretaceous sedimentary 

cover can be considered as one of the predicted signs when searching zones of oil and gas accumulation 

in the northern part of the West Siberian oil and gas province. 
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Fig.1 – The map of tectonic dislocation in the northern part of the West Siberian oil and gas province 
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The object of the research is Cretaceous deposits of Ubileynoe and Yamsoveiskoe uplifts. The 

area of studies is located in Yamalo-Nenets Autonomous Okrug, and according to geological oil and gas 

zoning relates to Gubkinsky district of Nadym-Pur Oil and Gas Province. The major petroleum reserves 

and deposits are concentrated in Apt-Alb-Cenomanian complex covered by regional clay cap rock. 

Currently the giant oil and gas fields such as Urengoy, Medvejie, Yamsoveiskoe and Ubileynoe 

are discovered in the region under study. Further detailed exploration of such territories implies the 

discovery of new companion fields. Considering the well-developed infrastructure of the region, even 

new small discovered deposits can be quickly and profitably put in production. The research was carried 

out with using the most up-to-date geological and geophysical data, which allows completing pre-existing 

structural construction. 

The research objective is to develop the criteria for predicting the geological feature and 

petroleum potential of Apt-Alb-Cenomanian deposits within the investigated region. 

Based on the integrated interpretation of the seismographic observation 2D time paleosections, 

structural maps of the marker reflectors and maps of the seismic complexes’ thicknesses there were built. 

On the basis of the constructions obtained there were distinguished the main tectonic stages of the 

structure formation at Mesozoic and Cenozoic. Paleostructure analysis showed that at the moment of the 

Bazhenov formation generation (reflector B) there were no positive structures of the present-day 

topography at the top of the pre-Jurassic basement topography (reflector A). It means that Ubileynoe and 

Yamsoveiskoe uplifts do not belong to erosion tectonic basement offsets. The generation of the uplifts 

generally took place during Turon-Maastrichtian and Cenozoic age. In accordance to geophysical well 

logging and deep drilling the detailed identifying and tracking work of potentially permeable beds of the 

Apt-Alb-Cenomanian deposits was conducted, as well as the bank of stratigraphic picks was composed. 

Summing up the research results the author both derived the seismo-geological structural model of the 

Ubileynoe and Yamsoveiskoe uplifts and constructed petroleum potential forecast map. 
The work has been accomplished with the support of the Trofimuk Institute of Petroleum Geology and 

Geophysics of the Siberian Branch of the RAS. 
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Angara-Lena step is thought to be one of the most perspective gas-bearing region in East Siberia. 

Uniqueness of this region lies in fact that ancient Vendian terrigenous deposits at the base of sedimentary 

cover have commercial gas reserves. Its economic significance is provided by high volume of С2-С4 hy-

drocarbons and helium (0,29 %), that have great value for modern chemical industry and equipment de-

velopment. 

The most part of gas resources is concentrated in Parphenovo sandstone horizon. The discovery 

of Kovykta gas field in 1987 led to activization of hydrocarbon exploration within Angara-Lena region. 

As the result, later Levoberezhnoe, Angara-Lena, Chikan, and other fields have been discovered. Due to 

long history of Kovikta field exploration its main reservoir quality criteria were used to define reservoir 

properties at other territories. However, the results of such prognosation were not satisfying because of 

significant variations of lithological, paleofacial, and other features [1, 2]. According to this conclusion, 

the main goal of the presented research was to develop complex analysis of all data (including 2D CDP 

seismic, well-log, and reservoir data) for evaluation of reservoir criteria for each producing horizon. 

The main producing sandstone bodies at Kovykta field are thought to be formed in deltaic deposi-

tional system with various influence of tidal processes [1]. Entire sandstone section is traditionally divid-

ed into two members – lower P2 and upper P1, which may be distinguished from core and well-log data. 

P2 member is characterized by higher porosity and lower sonic wave-travelling time then P1 member. The 

gas pool is located within P2 member, and P1 member is producing only in К-30 and K-31 wells at the 

south-eastern part of the field area. At the western part of studied territory there are only a number of 

wells where sand layers with similar acoustic features were distinguished. This wells are located at north-

ern part of Angara-Lena field and also at Chora area. It is interesting to note that Parfenovo horizon 

thicknesses at these areas are up to 60-68 m. Within Bokhan and Bazal producing horizons the variations 

of sandstone acoustic features are not so significant. 

The entire upper part of Vendian terrigenous formation is expressed at seismic section as interfer-

ence composite wave М, mainly contributed by reflections generated on Parphenovo horizon top and bot-

tom as it observed on Kovykta field area (fig.1). Effective defining of Parphenovo reservoir properties is 

due to dramatically high seismic P-wave velocities in P2 member compared with overlying (P1 member) 

and underlying deposits. In earlier publications [3, 4] it was shown that at this area the averaged capacity 

(porosity Kpor or composition of «porosity-effective thickness» Hef*Kpor) values of P2 member have strong 

relationship with averaged sonic wave-travelling time. 

The improved approach to understand the relationship between layer properties and seismic am-

plitudes is seismic reflection modeling. In presented study 1-D and 2-D seismic synthetics were devel-

oped on the basis of sonic log and vertical seismic profiling data. Within the area of Angara-Lena and 

Levoberezhnoe fields velocity variations between sandstones and overlying (or underlying) deposits al-

most disappear. It was concluded that some increase of seismic amplitude and time thickness of compo-

site wave M is due to thin layers (up to 10-12 meters) of sandstones characterized by relatively lower P-

wave velocities compared with underlying and overlying deposits. It is demonstrated on fig. 1, that with 

the increase of thickness and seismic velocity of such layers additional seismic reflections appeared on 

the section. Detailed analysis of seismic data helped to conclude that this pattern was mainly observed at 

central and northern parts of Angara-Lena field where point-bar and deltaic facies dominated. At the 

western part of the studied area, where channel and flood-plane facies are abandoned, such seismic pat-

terns were not observed. 

Within Bokhan and Bazalny producing horizons differences between seismic velocities in sand-

stone and mudstone (or siltstone-mudstone interstratification) range from 600 m/sec and to 500 m/sec 

respectively. Such variations have no significant expression in seismic amplitudes, especially for Bazalny 
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Fig.1 – Modeling of seismic wave field patterns of Parphenovo sandstone horizon. A) acoustic 2D section 

(from sonic log), B) synthetic seismic section. The wells are arranged in order of sandstones thickness increas-

ing. The main seismic reflections are signed as M (horizon top) and Mp (horizon bottom). Rock types: 1 – 

carbonate, 2 – predominantly sandy, 3 – silty and clayey.  

horizon. The reason is that Ro wave energy is mainly contributed by «terrigenous-igneous» velocity in-

crease (from 4800-5000 to 6000-6800 m/sec) at the Vendian terrigenous complex bottom. 

As a result, Parphenovo sandstones capacity is supposed to be better prognosed by seismic ampli-

tudes at Kovykta area [5]. For the territory of Levoberezhnoe and Angara-Lena fields it is more accurate 

to use the complex parameter Н*Кpor (composition of total thickness and averaged porosity) that is char-

acterized by strong relationship with composition of time thickness dTo(M-Mp) and total seismic ampli-

tude Amp(M-Mp). 

For Bokhan sandstone horizon recognized relationship between sonic wave-travelling time and 

composition of «porosity-effective thickness» is also strong as it is observed at Kovykta field. However, 

the results of well tests within this area was not satisfying. Bokhan and Bazalny horizons at present day 

are poorly explored with seismic and petrophysical methods. Thus, seismic-based prognosation criteria 

should be used carefully in complex with results of paleofacial reconstructions. It is necessary to take into 

consideration tectonical criteria as well because most of producing wells are located within southern part 

of studied area where terrigenous horizons lie at relatively higher absolute depths. 
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Current problems of petroleum geology are subject to widespread proceeding towards 

development of oil- and gas fields with complex geological structure. Study of complex structure 

reservoirs in conditions of sediment accumulation, specific to Krasnoleninsk arch, makes it necessary to 

study and represent the details of geomorphological structure of different types of traps sufficiently and 

accurately, and simultaneously to create a generalized, primary geological model. Recently, an increasing 

attention has been paid to the regularities related to the genesis and placing of oil and gas deposits which 

used to be not of a major interest for oil and gas companies [1]. 

A large part of the hydrocarbon reserves, for example, in the territory of Krasnoleninsk arch of 

Khanty-Mansi Autonomous Area - Ugra, is concentrated in complex reservoirs of Jurassic bodies and 

pre-Jurassic basement rocks. A derivation of the "dry" or low-rate wells closed to high-producing ones, 

early water breakthrough during the using of reservoir pressure maintenance system, and many others are 

the main problems. 

These deposits are related to crystalline sedimentary and metamorphic rocks, on the one hand, 

and with magmatic and effusive rocks, or with weathering layer, on the other hand. Despite the high 

prospectivity and potential, this interval of geological column is still poorly studied, particularly in 

Western Siberia. There are still debates on a number of geological aspects related to the oil source, its 

migration and accumulation into deposits, to the nature of factors and processes typical to deep depths [2-

4]. 

It is the project site Pz, associated with pre-Jurassic sediments (weathering mantle and Paleozoic 

sediments), which is of interest in terms of selection of methods of research and mapping of its potentially 

productive areas, in terms of creating a non-trivial approach to reservoir modeling and to estimation of its 

reserves, as well as of methods of development. 

The problem of the digital geological model making, as the basis for the object elaboration 

planning at this stage of geological and geophysical exploration degree, is the lack of aprioristic 

information about the distribution of fractured intervals and the absence of a reliable method of mapping. 

Geological modeling and fracture simulation were carried out with help of Petrel software 

package. Data on exploration and upstream wells were taken into account for the construction of 

structural surfaces of the object, consisting of residual soils (RS) and actually PZ sediments. The 

isochrones of reflector were used in the simulation. The structural framework of the RS+PZ object was 

built with a grid cell dimension of 50×50 m [4]. The layer splitting of the RS object was performed 

parallel to a roof, whereas the PZ object was splitted up in parallel with a horizontal surface. A cube of 

lithology takes the following values: 0 - non-reservoir; 1 - reservoir of porous and porous-fractured types. 

The rescaling data was distributed on the grid by means of Sequential Indicator Simulation method. 

Petrophysical modeling Tool, taking into account the well data and variograms, was used for the 

distribution of porosity and oil saturation. A cube of permeability of reservoirs was built using the 

dependence derived from the core sample. 

Taking into account the rock permeability associated with the pre-Jurassic complex fracturing, it 

was proposed to assume conventionally the value of the permeability equal to 6.9 mD, according to the 

mean value obtained as a result of hydrodynamic studies of the wells. 

A cube of oil saturation was also built by Petrophysical modeling method, where well data at a 

rate of oil saturation and variograms was used as the input data.  

At this stage of the study development, an attempt to calculate the fracturing with use of the 

object modeling elements, based on the results of interpretation of the attribute analysis materials of 3D 

seismic and FMI research, was made. 
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Fig.1 – Conceptual model of the fractured intervals distribution for the Pz object modeling 
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It is vital in the oil industry to get information about physicochemical properties and component 

composition of oil as early as possible. Nuclear Magnetic Resonance (NMR) relaxometry allows one to 

carry out preliminary express analysis of oil-containing fluids. There are several methods of estimating 

fluid’s viscosity basing on the NMR data [1-3], but no one is fully accepted. As for oil composition 

analysis, there is a little material about NMR composition predictions in the literature [4]. That is why 

this work is devoted to NMR relaxometry potential for oil rheological properties evaluation and 

component composition determination  

NMR magnetization decays were registered for oil samples of different viscosity on the NMR 

relaxometer 2 MHz. Transverse relaxation spectra (or T2 spectra) were obtained as a result of inverse 

problem solving. There are characteristic T2 distributions (Fig.1 a) for oil samples of different viscosity 

(1.6 and 110 cP, respectively). It is clear from the spectra that less viscous oil has longer T2 relaxation 

times and oil that is more viscous has shorter relaxation times. Figure 1 b illustrates correlation between 

viscosity and T2 geometric mean. The graph has double logarithmic scale, thus an index of T2 power-law 

dependence on viscosity can be found from the slope.  

 

Fig.1 – a) T2 distribution of oil samples of different viscosity (red – 1.6 cP, blue – 110 cP); b) Correlation 

between viscosity coefficient and T2 geometric value for 7 oil samples 

We used discrete T2 spectra for the composition analysis. There is discrete spectrum of the 1.6 cP 

oil sample in Fig. 2. Basing on chromatography data, we determined characteristic T2 intervals for 

different organic compounds. It should be noted that asphaltenes’ and resins’ protons are usually 

considered to have relaxation times in microsecond range, but we suppose that determined millisecond 

intervals can relate to alkane chains’ protons in large asphaltene and resin molecules. 
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Fig.2 – Discrete T2 spectrum of 1.6 cP oil sample; correlation between NMR and chromatography data 

We have also compared chromatography and NMR data for 110 cP oil sample. It is seen that 

intervals do not coincide for oil samples of different viscosity. Cutoffs are dependent on geometric T2 

value and viscosity respectively. 

 

Fig.3 – Discrete T2 spectrum of 110 cP oil sample; correlation between NMR and chromatography data 

Thus, NMR relaxometry allows one to make preliminary estimates of oil rheological properties 

and component composition, what is confirmed by good correlation with chromatography data. Now our 

aim is to collect more data, check the relevance of our approach and create a data base of NMR properties 

of West and East Siberian oil samples. 
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Nowadays the geochemical methods of search and exploration of oil deposits convince their 

efficiency proof. Keeping this trend up can be possible only with continuous improvements while 

geological conditions of oil-search objects become to be increasingly complicated. One of the actual 

problems of oil-search geochemistry is feasibility of oil-search marks. 

Last century research carried out in 1970-80th shows that high content of hydrocarbons gases 

(HCG), used as the deferment marks during geochemical search does not always indicate the oil-bearing 

properties of tested structures [1-2]. For the determination of epigenetic properties of HCG additional 

criteria are required. Isotopic method is the most reliable for the determination of HCG genesis. The fact 

of hydrocarbons generation in the present sediments can be determined according to the correlation of the 

HCG and organic carbon content.  One of the marks of their epigenetic properties is also the ratio of 

saturated and unsaturated HCG in a sample. However, these methods of the hydrocarbons genesis 

determination have some disadvantages. High cost of isotopic method does not give an opportunity to use 

it overall. Correlation of organic carbon and HCG content can indicate that HCG are of sediment genesis, 

but it cannot estimate the quantity of HCG which have been generated by organic matter of low 

sediments. Information content of ratio of saturated and non-saturated HCG as epigenetic mark is a 

debating point. In this view the actual direction in solution of the oil-search problems is expansion of the 

assessed hydrocarbons range and interpretation of their allocation based on the processes migration study 

for oil-bearing forecast.  

One of the reliable oil-search mark is toluene and benzene concentration. Information content of 

these marks was noted in process experimental-methodical research which was performed by RSRINGG 

[2]. L. Tzorkin, E. Stadnik, I. Starobinetz, V. Vishemirskiy and others researched the questions about 

information content of aromatic hydrocarbons. These hydrocarbons contain appreciable amounts in oils 

and in brine water of oilfield and it has high migration ability due to well solubility in water and increased 

volatility and they are resistant to biochemical oxidation and practically do not generate in present 

sediment. Geochemical criterion of migration condition hydrocarbons was offered due to concentration 

ratio of benzene and toluene B/T [3]. 

The aim of this research is to find out which hydrocarbons can be used for oil-search forecast. For 

this purposes statistical investigation of results of analysis ground samples for the content of 

hydrocarbons of gasoline fraction which consists in comparing of ratio benzene and toluene with others 

hydrocarbons. 

On the territory of research, three general types of landscape were identified: pine forest, mixed 

forest, and swamp. The average concentration of saturated hydrocarbons represented for different types of 

landscape in Figure 1. The highest concentration of HC has been determined in sands of pine forest and 

silt marshes. The loam of mixed forest can be characterized by the lowest concentration of alkane. The 

different of average content of HC decreases accordingly with the increase of molecular weight. It 

assumed that increase of the alkanes concentration in swamp due to the present generation of alkanes in 

wet environment of sediments which rich in organic matter. The increase HC content in sands with low 

content of organic matter is due to their high porosity and permeability. Consequently, the migrating HC 

easily penetrate through the thick sand and concentrate in subsoil. Accumulation of HC in loam renders 

difficult because of low porosity and permeability. High sorption capacity of loam (compared to sand and 

sandy loam) does not play part at consideration level of HC content, i.e. permeability of ground is the 

most significant here. 
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Fig.1 – The average content HC in different landscape conditions 

The content of toluene in subsurface sediments is determined its migration from oil-saturated 

reservoirs. It is indirectly confirmed by distribution of toluene concentrations in sands, sandy loam and 

loam of forest’s landscape (Fig. 2). The content of toluene increases with increase of ground’s porosity. 

Hydrocarbons which have distribution like toluene are identified due to methods of statistic analysis. 

Figure 2 shows that aromatic and naphthenic hydrocarbons as well as n-alkane С6-С10 refer to those 

compounds. The distribution of HCG in forest’s grounds is also similar the toluene distribution. Arene 

hydrocarbons, naphthenes, alkanesand come olephines with the closest molecular weight (С6-С8) have 

higher correlation coefficients (>0,4). 

 

Fig.2 – The average content HC in different types of forests subsoil’s deposits 

In conclusion, the HCG content in subsurface sediments is determined by their migration from 

oil-saturated sediments and generation in present sediments in the presence of favorable conditions. 

The content of arene HC, in particular benzene and toluene, is caused by their migration from oil-

saturated reservoirs. Arene and naphthenic HC of gasoil fraction as well as n-alkanes C6-C10 have similar 

character of distribution. It can be supposed that the above HC also there is deep genesis and transport in 

subsurface sediments from oil deposits. 
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The problem of environmental safety of areas surrounding to tailings, and the finding of similar 

man-made objects in permafrost regions due to global warming [1] determine a relevance of the research 

presented in the study. The Ursk tailings has been formed more than 80 years in Kemerovo region (the 

village Ursk) and stores cyanide wastes of pyritic complex primary ores (wastes I) and ore from the Au-

bearing weathering profile (wastes II) as 2 piles. The waste I consist of barite and pyrite mainly; waste II – 

Fe(III) compound, barite, quartz, alumosilicates etc. The contents of discussed elements are (g/t): Cu 290 

и 100, Zn 286 и 160, Cd 1.36 и 0.37, Hg 75 и 36, Pb 2867 и 2000 in waste I and II accordingly. The wastes 

remain unfixed and are exposed to rainfall and floods, being thus shed to a natural swampy peat ravine. 

Natural stream, draining piles, turning into acid mine drainage (AMD; рН = 1.9, TDS ≤ 4.8 g/L, SO4
2- 3600 

ppm; Cd 0.018 mg/L, Zn 11 mg/L, Fe 780 mg/L, Cu 2.5 mg/L, Pb 0.11 mg/L, Al >26 mg/L, Hg 0.011 

mg/L, As 0.63 mg/L) transporting wastes for desperation train [2]. 

An experiment to assess the leaching capability of Fe, Al, Cu, Zn, Pb, Cd, As, Hg from wastes I 

and II in case of subzero temperatures was carried out in the lab. The essence of the experiment – the 

gradual freezing of wastes, followed by pressing of pore waters using a manual hydraulic press (150 g/cm3). 

Then pH and Eh (portable analyzer Anion 7051) were measured in each type of solution. A water 

percolation using ashless filter paper (Blue ribbon) and acidation of waters by HNO3 are following 

procedures. Pressed samples were mixed with 160 ml of distilled water for subsequent freezing. First frost 

was carried out for 3 days, the second – 70 days, the third – 9 days. Aqueous migrate (solid sample : diH2O 

= 1:20; 24 hours) was prepared from original not pressed matter to determine of influence of freezing on 

the leaching of elements. The element composition of water samples after each step was obtained by AAS 

(photometer Solar M6); anions were determined by ion chromatography (883 BasicICPlus). 

The initial pore water from wastes I refer to waters transition into brine (TDS 39 g/L), strongly 

acidic (pH 1.52 and Eh 550 mV), Fe-Al-sulfate type; from wastes II – saline waters (TDS 9.6 g/L), strongly 

acidic (pH 2.35 and Eh 576 mV) Ca-Fe-Al-sulphate type. The AMD TDS and Eh are higher then in original 

pore waters from both types of wastes while pH is in-between position. Pore solutions from both types of 

wastes are strongly acidic in all experimental stages and increases with each freezing stage – from 1.52 to 

2.16 (wastes I) and from 2.35 to 2.65 (wastes II). Eh of waters from both type of wastes behaves variably 

– it increases after I and II frost and reduces after III frost. Mineralization pore fluid is reduced after each 

stage of freezing – 7 to 39 g/L (wastes I) and from 9 to 5 g/L (wastes II). 

It is established that elements discussed in work are in different ways (Fig. 1). In the first group 

(Cu, Zn, Fe, Cd and Al) the maximum concentrations are in original pore solutions gradually decreasing 

with each freezing. At that elements dominate in the solutions from wastes I compared with them of waste 

II. Decreases of Cu, Zn and Al concentrations in the waters of both waste types are in average 4-6 times 

while freezing. The contents of Fe and Cd are reduced by 8-10 times in pore waters of waste II; 5 and 26 

times – in pore waters of waste I, accordingly. Second group – Hg, Pb and As. Them concentrations in the 

pore waters including initial solutions distribute quite unevenly. The concentrations of these elements in 

the primary ore waste waters after the first frost are the highest compared with the original solution and 

waters of the subsequent stages of frost. Mercury content decreases after each stage of freezing with 0.006 

to 0.002 mg/L for case wastes II. Contents of Pb and As decrease after first freeze (from 0.24 to 0.1 mg/L 

Pb, from 0.33 to 0.01 mg/L As). Concentrations Pb and As increase after the second stage freeze (up to 

0.15 mg/L Pb, up to 0.016 mg/L As) and again reduce to the level corresponding to 1 experimental stage 

after third freeze. The concentrations of all discussed elements in the pore waters of wastes I higher than in 

AMD, but after 2 and 3 freeze the values of these metals are lower. Concentrations of Zn, Cd and Pb in the 

initial pore solution and in that after first freeze in the wastes II are higher than that in AMD, but after 2 

339

Geoecology and natural hazards



freeze concentration of these metals become less. The concentrations of Hg, Fe, Al, Cu and As in the wastes 

II solutions are not exceeded compared to AMD. 

 

Fig.1 – The concentration of metals in pore waters of wastes I and II, mg/L: PW-0 - the initial pore solution, 

PW-1 - after freezing 1, PW-2 - after freezing 2, PW-3 - after 3 freezing 

The TDS of water extracts of both types of wastes does not exceed 0.5 g/L. They are freshwater 

with relatively high contents of Ca (21 mg/L – wastes I, 114 mg/L – wastes II) and sulfates (232 mg/L – 

wastes I, 380 mg/L – wastes II) differing from original pore water. The pH and Eh values are 2.56 and 643 

mV for wastes I; 2.9 and 651 mV for wastes II. So water extracts are less acidic then original pore waters. 

Aqueous extracts of both type of wastes contain similar contents of Cd, As – 0.01 and 0.1 mg/L respectively, 

and Zn – 0.34-0.36 mg/L. Values Hg (0.011 mg/L), Fe (15 mg/L), Cu (0.4 mg/L), Al (7.7 mg/L) and Pb 

(0.62 mg/L) in the aqueous extract of wastes I are above than from wastes II (Hg 0.001 mg/L, Fe 0.43 mg/L, 

Cu 0.1 mg/L, Al 3.7 mg/L, Pb 0.1 mg/L). The contents of Hg, Cd, As water extract close to the pore 

solutions from wastes I, whereas Fe, Al, Cu, Zn, Pb is lower in water extract. Pore solutions of wastes II 

have bigger Hg, Fe, Al, Cu, and Zn compared to water extracts having close contents of Pb, Cd, As. The 

content of Fe, Al, Cu, Zn and As in water extracts of both types of wastes are lower then in AMD whereas 

concentrations of Hg, Pb, Cd are close between water extracts and AMD. 

The experiment results show that the leaching of metals from the wastes actively comes in the case 

subzero temperature (-20ºС). It is found that the content of Cu, Zn, Fe, Cd and Al is gradually reduced 

relative to the original pore solution to each freezing step. At this the concentration of elements in the 

primary ore waste solution higher than in the oxidation zone ore waste solutions, which are likely to be 

associated with pre-treatment of the latter. Concentrations of Hg, Pb and As in the pore waters including 

source, distributed quite unevenly. Water extraction, despite the fact that the acidic and may contribute to 

the leaching of the elements of matter, not how rich in both salinity and content elements than the pore 

water waste. After freezing pore water concentrations are increased with respect to the aqueous extract, 

which just indicates the presence of the leaching process at temperatures below freezing. 
The authors wish to thank M.A. Gustaytis and E.V. Lazareva for assistance in the expedition. This work was 

founded by the program FANO № VIII.72.2.3 (330-2014-0016) and RFBR № 15-05-05362. 
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The Dzhidinsky Tungsten-Molybdenum Combine (DVMK) has been conserved in 1997 after 

more than 60 years of operation. The tailings of the mine processing industry (about 40 million tons) are 

directly adjacent to the Zakamensk city and are a main source of pollution of environment by heavy 

metals and other toxic elements [1]. At the same time, the number of chemical elements can be used as 

the source of essential micronutrient for plant growth and development, particularly in conditions of 

element’s soil deficiency [2]. 

The certain problems can be solved by using wastes of tailings dam: at first, the problem of waste 

utilization, which are or have been accumulated; secondly, the maintaining the sufficient balance of 

biophilic elements in soil. 

Therefore, the vegetation-field studies were conducted by us. The wastes of tailings dam were 

used as a non-traditional fertilizers DVMK (Fig.1): redeposited in the delta of Modonkul river (OGOP1) 

and tailings of Barun-Naryn creek (OGOP2). In the microfield experience the plots area was 2.1 sq. m 

with 4-fold replication options. The vegetation-field experiments used pots with a capacity of 6 kg, 

replication options - 6-fold. Experienced cultures: in microfield - potato of Volzhanin sort; in a 

vegetation-field - pea of Sakharny sort, oats of Gerel sort. The experimental setup is provided in the study 

microfield experience OGOP1 on a background of mineral fertilizers with the organic fertilizers or 

without it (1. Fon 1 - NPK; 2. Fon 1 + OGOP; 3. Fon 2 - NPK + humus; 4. Fon OGOP2 +); in a 

vegetation-field experiments – the increasing doses of OGOP1 and OGOP2 with mineral fertilizers 

(1. Fon - NPK; 2. Fon + Mo / Zn0,5; 3. Fon + Mo / Zn1,0; 4. Fon + Mo / Zn5,0 ; 5. Fon + Mo / Zn10,0). 

For a basis of the choice of technogenic sand’s doses has been taken the concentration of molybdenum 

(OGOP1) and zinc (OGOP2) in it as the important trace elements for plants. 

 

Fig.1 – The scheme of the objects of research. Wastes from mining and processing production: 1 – the delta 

deposits of Modonkul river; 2 - tailings of waste processing sulfide-tungsten ores of Barun-Naryn creek 
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The studies found that the OGOP in direct action contributes to some height increasing of the 

tested cultures (Fig.2) and to productivity increasing (up to 1,04-1,28 times the control). The maximum of 

potato productivity is marked for sharing OGOP (at a dose of 4 t/ha) with humus (at a dose of 10 t/ha) on 

the background of mineral fertilizers (N90P60K90); oats and peas for green mass - using the OGOP in doses 

of 0.5-1.0 mg / vessel (in terms of Mo, Zn) on the background of mineral fertilizers (N60P40K60). 

 

Fig. 2 – The height of plants (cm) in microfield (MF) and vegetation-field (VF) tests 

The using of wastes of tailings dam as a fertilizer in the first year of inclusion into a soil leads to a 

slight increasing in its content of chemical elements (Zn, Cu, Co, Ni, Pb, Cr, W, Rb, Sr, As, and Mo), not 

exceeding the APC. In the commodity of the crop content of chemical elements according to 

embodiments of experiments is below the maximum permissible level. 
The studies were supported by Russian Found of Basic Research (RFBR), grant No. 15-45-

04123_r_siberia_а. 
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The appeal of international policy to sustainable development, its orientation to ensure the 

preservation of natural and cultural diversity have served as prerequisites to enhance the study, inventory 

and assessment of geosystems esthetic qualities and shift of accents in a traditional tourist services in the 

direction of ecotourism [1]. 

Now there are many techniques of aesthetic landscape evaluations, which are generally consisting 

in the structural analysis of its individual elements and components and define the total score. However, it 

is necessary to consider that landscapes are perceived by the human brain like complete structures that 

cannot be reduced to the simple sum of its parts. Understanding of this fundamental principle has led to the 

fact that in the first half of the 20th century a branch of science as a Gestalt (German gestalt - image form; 

Gestalten - configuration) was born. Its focus was the characteristic mental tendency to organize experience 

into a comprehensive whole [2]. The main focus was placed on the perceived object properties, not on the 

properties of its perceiving subject [3]. 

Landscape scene as composite system consists of multivalued elements [4]. It shows various 

properties depending on the set of elements, their position in a whole structure and formed relationships 

type. So, one elements by the similarity (form, size, color, direction of the movement, etc.) and proximity 

form background area, others are identified as a figure (dominant) by contrast. These features of visual 

perception lead to replacement of each composition element initial value and emergence of new properties 

of a whole, perception processes of whole are followed by a special psychological state – a catharsis [4]. 

The source of positive emotions of a person at perception is the establishment of statistical 

relationships between events (a joy of learning new features of the world), in particular orderliness 

establishment [5], which provides more perfect functioning of the person in environment. At the same time 

the moment of the first regularity recognition is the most important for the recipient, later in fact this positive 

emotion defines, emotionally colors whole perception process of this sequence (events) [5]. Observer 

begins to feel regularity from the third repeat if there is strict frequency of objects (events) in a scene; since 

the fourth and following repeats of this regularity becomes boring and generates negative observer emotion. 

If the strict regularity doesn't exist, observed in the nature, the first recognition of frequency is made only 

since the fourth or following repeats of objects (events) [5]. 

Based on the above, it is advisable to focus efforts to develop landscape aesthetic quality automatic 

evaluation method from the perspective of the relationship of elements in the whole structure. A number of 

regularities has been already revealed and studied in perception psychology and the art theory. On the basis 

of these principles computer programs for dynamic recognition of object imagery are created [6]. For 

mobile phones users complex systems of photos esthetic quality improvement are developed by correction 

of contents, composition and color triplets on the basis of feedback [7], etc. 

As a good example of a holistic perception can serve visual illusions, where the unique human 

ability to perceive the elements as they really are in the context of the whole and to see their transformation 

depending on the different kinds of relationships are demonstrated [4]. So, complete structure (system) is 

endowed with «supersense» [4] - a new quality of a higher organization level, depending on elements 

interrelation type. 

The aesthetic image of landscape structure of territory is realized in the form of complex landscape 

scenes, where each one is perceived as a gestalt. Figure (center of interest) standing out against background 

(dominant geosystems) appears as a beginning of visual information flow sequence. As a result, variety of 

contrasting relationships between landscape scene elements is formed. 

Figure 1 shows a panoramic view from the eastern shore of the Lake Hovsgol (near the village 

Hanh). The horizontal visual rows of landscape scene form the three plans. Viewpoint is located 15 meters 

from the water line. It determines the foreground structure represented by herbaceous vegetation and gravel 

longshore bar, that leads to colorful and contrast of the landscape scene. The second plan gives dynamic 

property to landscape scene by the wave ripples and reflection the mountain chain in the water. This 
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landscape scene is a classic technique in painting [8], where the foreground visual ranks, positioned 

horizontally, «push» it back; in the middle ground vertical reflections hold the viewer's attention; and the 

background is «put forward» a little drawing the attention of the observer a variety of landforms by oblique 

mountain range lines. 

 

Fig. 1 - View from the eastern shore of the Lake Hovsgol (near the village Hanh) 

This example illustrates the emergent effect – formation of a whole aesthetic imagery, which is 

maid be appreciated aesthetically by man. 

Today only a person is «receiver», who can assess the landscape scene aesthetic quality as a whole 

structure and a method to get it is questionnaire. 
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Owing to its important role in geological and anthropogenic processes, high volatility, natural at-

omization, sensitivity with respect to geodynamics, and other properties, mercury is a reliable indicator 

used for predicting and prospecting for mineral deposits in the course of geological mapping. It is also of 

significance for the characterization of anthropogenic pollution of environments. The Chukchi Sea and its 

areas adjacent to the Arctic Ocean, Sea of Okhotsk, and Sea of Japan, which differ in the mercury supply 

and its accumulation patterns, were selected for this study. The Chukchi Sea and adjacent areas of the 

Arctic- Ocean differ from other basins by their remoteness from industrial territories. No industrial zones 

are present in basins of rivers flowing into the Chukchi Sea. The Derugin Basin of the Sea of Okhotsk 

hosts many endogenic sources, which may supply mercury to bottom water and sediments. The Amur 

Bay of the Sea of Japan differs from other studied areas by the existence of local sources of anthropogen-

ic pollution: discharges of unclean wastewater, navigation activity, pollution of the coast in mass recrea-

tion zones. 

Samples of bottom sediments obtained during cruises of the R/V Professor Khromov in 2004; 

H/V Sever in 2006; marine tower Shuya in 2006; R/V Malakhit in 2004-2014; and from collections of the 

Pacific Institute of Oceanology sampled during cruises of the R/V Akademik Aleksandr Nesmeyanov in 

1993, Akademik M.A. Lavrentiev in 1996, 2002, 2009, and 2011, H/V Marshal Gelovani in 1999, and 

R/V Professor Khromov in 2002 were used for this investigation. The sediments were sampled by bottom 
grab, box-corer, multi corer, gravity, and hydrostatic corers. The content of mercury was measured in 

3200 samples of bottom sediments using an RA-915+ mercury analyzer with RP-91S and PIRO-915 py-

rolytic detachable devices. The lower detection limit was 0.5 ng/g. The analytical accuracy was 2–3%. 

For the analysis, standard mercury samples GSO 7183-95 and SPDS 1.2.3 were used. External control 

was performed annually in the laboratory of the producing company (the open jointstock company Lumex 

in St. Petersburg). 

The contents of mercury in the bottom sediments of the Chukchi Sea and the adjacent areas of the 

Arctic Ocean vary from 7 to 102 ppb. Their maximum and minimum values are confined to the deepwater 

areas of the Arctic Ocean and Bering Strait, respectively. The Hg concentrations in the bottom sediments 

of the Derugin Basin in the Sea of Okhotsk range from 6 to 702 ppb. Their minimum values in this area 

are characteristic of the bottom sediments on the eastern shelf of Sakhalin, while the maximum contents 

are documented in the “Barit Mountains” and “Obzhirov flare”. The distribution of the mercury concen-

trations through the core sections from these areas is irregular. In the sediments of the Sakhalin continen-

tal slope, the Hg contents never exceed their back ground values (approximately 50 ppb). The maximum 

Hg concentrations in the bottom sediments of the Amur Bay are determined by its anthropogenic influx 

with unclean wastewaters of Vladivostok. The distribution of mercury in the bottom sediments of the bay 

is irregular varying from 5 to1400 ppb. Its elevated contents are characteristic of sediments from the areas 

adjacent to Vladivostok, while relatively low Hg concentrations are recorded in the bottom sediments of 

southern Amur Bay (Table 1). 

In the marine sediments of the studied areas, mercury occurs in the sulfide form. The sole excep-

tion is core Ge99-29 taken in the Derugin Basin, where it is present in physically and chemically fixed 

forms in addition to the sulfide form. The mercury in the bottom sediments correlates with other chemical 

elements. 

In Amur Bay, the Hg distribution exhibits good correlation with that of heavy metals such as Cu 

and Pb. In the Chukchi Sea and adjacent areas of the Arctic Ocean, mercury correlates with Cu, Ni, V, 

and Mn. In sediments of the Derugin Basin, the Hg distribution demonstrates correlation with that of Mn, 

Zn, Ni, Cu, and Ba. The significant contribution of metals such as Cu and Pb to the pollution of the bot-

tom sediments with mercury is caused by the unclean wastewaters of Vladivostok. The influence of the 

bottom sediment lithology on the Hg concentrations is reflected in the confinement of its minimum con-

tents to the sand sediments. 
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The increase in the proportion of clayey material in the bottom sediments is accompanied by the 

growth of the Hg concentrations in them. The mud contains mercury with values two–six times exceeding 

its concentrations in the sandy sediments [1]. 

Table 1 – Statistical parameters of the mercury distribution in the bottom sediments of the studied areas 

Area 
Number 

of samples 
X Am min max 

Anomaly high 

concentrations; 

Units 

Measurement 

units 

Chukchi Sea and adjacent 

areas of the Arctic Ocean 
255 30 26 7 102 152 ppb 

Derugin Basin of the Sea 

of Okhotsk 
660 67 29 6 421 702 ppb 

Amur Bay of the Sea of 

Japan 
375 60 13 5 198 1400 ppb 

(X, Am, min, max) the statistical parameters: the average, median, minimum, and maximum values. The 

anomalously high concentrations were omitted from the calculations.  

 
The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00723). 
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The solution of various ecological problems connected with the analysis of possible consequences 

of the transportation of passive admixtures requires the investigation of the concentration fields formed 

under the influence of natural or technogenic sources. The process of formation of these fields and their 

dynamics can be studied by the methods of mathematical simulation. In this case, it is necessary to solve 

two correlated problems. The first problem is to construct or choose an optimal transport model for an 

admixture taking into account the nature of its behavior in the marine media. The second problem is to 

specify the required input parameters of the transport model with regard for the available data of 

measurements. As the input parameters, we take the coefficients of model equations, the velocity fields, 

and the initial data. 

In the solution of specific ecological problems, it is often necessary to monitor not the space 

structures of the fields of concentrations of the analyzed admixtures but the values of certain functionals 

in the investigated area. Thus, we can consider the mean or total concentrations of certain admixtures in 

the investigated area. These values of functionals can be found directly according to the values of 

concentration at the nodes of the computational grid. In this case, the values attained at end of the period 

of integration are determined as a result of the solution of the transport problem with known initial data 

and the functions of the sources of pollution. Thus, by setting different input data, we obtain a series of 

concentration fields for which we compute the required functional in the analyzed area. Among these 

calculations, we can choose the optimal version according to the condition that the functional should not 

exceed certain admissible values. On the other hand, the solution of problems of this sort can be 

simplified by using the so-called adjoint equations. In this case, the adjoint problem is solved only once 

and the values of a functional can be found for various initial fields. The extrema of the solutions of the 

adjoint problem indicate the areas in the region of integration whose influence on the values of the 

analyzed functional is maximum in the chosen time interval. 
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Hydrology, solid data, water resources 

Water is the most valuable resource in Central Asia and due to its uneven distribution and usage 

among the countries of the region it is also the main source of tension between upstream and downstream 

water users. Due to the rapidly shrinking glaciers in the Pamir, Tien-Shan and Alai mountains, the available 

water resources will, by 2030, be 30% lower than today while the water demand of the growing economies 

will increase by 30%. This will further aggravate the pressure on the water resources and increase the water 

deficit caused by an unsustainable water use and political agendas. These challenges can only be overcome 

by an integrated water resource management for the important transboundary river catchments. The basis 

for such an IWRM approach however needs to be a solid data base about the status quo of the water re-

sources. To that end the research presented here provides a detailed overview of the transboundary 

Zeravshan River (Tajikistan-Uzbekistan), the lifeline for more than 6 mln people. The Zeravshan River is 

well suited for this as it is not only one of the most important rivers in Central Asia but because the public 

availability of hydrological and ecological data is very limited. Furthermore the catchment is characterized 

by the same imbalances in the Water-Energy-Food-Nexus as most river systems in that region, which makes 

the Zeravshan a perfect model river for Central Asia as a whole. The findings presented here are based on 

field measurements, existing data from the national hydrometeorological services and an extensive litera-

ture analysis and cover the status quo of the meteorological and hydrological characteristics of the 

Zeravshan as well as the most important water quality parameters (pH, conductivity, nitrate, phosphate, 

arsenic, chromate, copper, zinc, fluoride, petroleum products, phenols and the aquatic invertebrate fauna).  

The hydrology of the Zeravshan is characterized by a high natural discharge dynamic in the moun-

tainous upper parts of the catchment and by sizeable anthropogenic water extractions in the lower parts of 

the catchment, where on average 60.6% of the available water is diverted for irrigation purposes in the 

Samarkand and Navoi provinces. The water quality is heavily affected by the unsustainable land use and 

inadequate/missing water purification techniques. The reduced discharge and the return flow of untreated 

agricultural drainage water lead to a critical pollution of the river in the lower parts of the catchment. Ad-

ditional sources of pollutants were identified in the upstream (the Anzob ore mining and processing com-

plex) and downstream (the Navoi special economic area) parts of the catchment. The impact of the different 

water uses on the availability and the quality of the water resources are discussed in detail and outlook for 

the expected development during the next decades is given. These results form the basis for future investi-

gations and for the conception of an IWRM plan for the Zeravshan River catchment. 
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The Ursk tailings located in Kemerovo region (Russia: 54°27'11.03" N, 85°24'09.76" E) has been 

mined for more than 80 years and stores cyanide wastes of pyritic and Au-complex primary ores (wastes 

I) and ore from the Au-bearing weathering profile (wastes II) of the Novo-Ursk deposit as 2 piles. The 

wastes remain unfixed and are exposed to rainfall and floods, being thus shed to a natural swampy peat 

ravine where peat has been in permanent interaction with AMD (рН = 1.9, TDS ≤ 4.8 g/L, SO4
2- 3600 

ppm) and wastes. The dispersion train with the highest Au and Ag concentrations [1] was sampled in the 

2014 fieldwork where soft material was collected with a hollow polypropylene tube plunged into sedi-

ments. Thus obtained core was cut longitudinally into halves in the laboratory; material of one half was 

pressed into aluminum trays to mould 20-30 cm long, 1.5 cm wide, and 0.5 cm thick slabs while the other 

half was cut into 3 cm long pieces. Elements were analyzed in the slabs by non-destructive high-

resolution (at 0.1 mm) continuous SR-XRF scanning [2] (Siberian Synchrotron and Terahertz Radiation 

Center of the Budker Institute of Nuclear Physics) using a VEPP-3 (Fig. 1, white line). The SR-XRF data 

were checked against the results of AAS of the other core half using Solar M6 spectrometer as well as Au 

and Ag. Hg was measured on a Lumex RA-915M analyzer. Elements of AMD were determined by ICP-

MS (Agilent 7500). SEM (Tescan MIRA3 LMU) was applied to profile matter (peat is in preference). 

The core section consists of peat interlayered with wastes from Au-bearing weathering profile 

(Fig. 1). The concentrations of K, Rb, Sr, Ti, Mn, Fe, Zr and Nb are much higher in wastes than in peat; 

K, Rb, Sr, Zr and Nb are distributed unevenly along the section (Fig. 1). The distribution of Ba (barite), 

which is hard to detect analytically, can be inferred from the pattern of Sr, which shows positive correla-

tion with Ba being an impurity in barite (0.7-1 wt. % Sr). Ti, Mn and Fe in wastes are distributed more 

uniformly than K, Rb, Sr, Zr, Nb, possibly, as a result of re-deposition in secondary phases, such as Fe 

and Mn hydroxides, jarosite group minerals, etc. Gravity sorting of minerals (pyrite, rutile, etc.) hardly 

can account for the uneven element patterns: otherwise the Sr and Fe patterns would have been similar. 

The contents of Ca and Y are likewise unevenly distributed, both in wastes and in peat (Fig. 1). The dis-

persion train material contains little Ca, in feldspar from the wastes and in secondary gypsum; the latter 

provides sporadic local Ca peaks. The Y contents are similar in wastes and peat, with local peaks. Cu and 

Pb vary strongly along the section (Fig. 1). Cu in wastes is generally quite low though peaks locally to 0.3 

wt.% near the core top, but the origin of these peaks remains unknown; slight Cu enrichment is observed 

also in peat. The contents of Pb are higher in wastes than in peat and locally reach 0.5 %. Lead in wastes 

occurs mainly as anglesite, and some Pb is concentrated in jarosite group minerals. 

Peat has higher Zn, Se, Ag, Cd, Au and Hg enrichments than wastes (Fig. 1); Hg is high within 

visually detectable sites of plant detritus and peat layers. The concentrations of these elements are the 

highest in the middle part of the core: up to 3 % Zn, 0.1 % Se, 15 ppm Ag, 100 ppm Cd, and 0.6 % Hg. 

The distribution of Zn, Se, Ag and Hg is uniform within the enriched layer while Cd is higher in its lower 

part. High Zn, Hg, and Se in peat form secondary Zn and Hg sulfides (groups of sphalerite and metacin-

nabarite and Hg selenides), while Ag forms iodargirite (AgI). Besides Zn and S, they contain Fe, As, Pb, 

and Cd. Hg sulfides form very fine complex segregations with different amounts of Zn, Cu, Se, Ag, and I, 

or occur as globules, kidney-shaped particles, and sheaths on microbial cells. Se impurity is present in 

both Zn and Hg sulfides, but is higher in the latter. Fine Hg and Zn sulfides in peat often occur grown 

together. Hg selenides are represented by timannite, which occurs commonly as elongate hollow tubes of 

similar shapes and sizes. SR-XRF spectrometry fails to resolve Au in Hg-rich samples, but layer-by-layer 

analysis reveals Au reaching 8 and 10 ppm in thick peat layers. High and extremely high Au contents in 

peat are partly due to the presence of Au0 particles [1]. Note that Au is high not only in peat, where the 

formation of Zn, Se, and Hg secondary minerals is observed, but also in wastes shed from piles. 
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Fig. 1 – SR-XRF elements distribution: 1 – sandy; 2 – sandy-silty matter saturated by Fe(III) hydroxides; 3 – 

silt; 4 – silty matter saturated by Fe(III) hydroxides; 5 – impregnation of peat; 6 – peat; data of Au – AAS. 

Element contents in peat (samples of a peat mound and buried peat) from the dispersion train 

around the Ursk tailings are similar to those in AMD normalized to average abundances in the bulk upper 

continental crust (UCC) [3] (Fig. 2). The selected peat samples are representative of peat material at the 

Ursk site, with element contents about the average over the dispersion train [1]. The concentrations of Hg, 

Se, Au, Ag, and Cd, are much higher than the UCC values as a result of sorption on peat. Higher abun-

dances in peat are observed also for Cu and As, as well as for Y and REE. Although AMD and peat share 

similar chemistry, the concentration coefficients are markedly different for different elements. They are 

the highest (104-105) for Hg and high (103-104) for Au and Ag, being still higher if the estimates include 

samples with extremely high Au (155) and Ag (560 ppm) [1]. Thus, peat acts as a biogeochemical barrier 

where Zn, Se, Ag, Cd, Au and Hg precipitate in the form of sulfides and selenides, due to activity of sul-

fate-reducing bacteria; it also adsorbs Au and some amounts of Y and REE. 

 

Fig. 2. – UCC-normalized [3] contents of elements in peats and in AMD. 

Field and geochemical works were supported by grants FRBR # 15-05-05362, 15-35-21024, 14-05-00668. 

Mineralogical studies – Russian science Foundation # 15-17-10011. 
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All the organisms have contact with the environment. Existence requires constant metabolism in 

the body. Meals and water contribute the intake of chemical elements into the organism. The body 

consists of water on 60%, of organic materials on 34% and of inorganic on 6%. 

Nutrients which have content up to 0.01% by weight are referred to macroelements. Nutrients 

with total content of 0.01% are referred to micronutrients. 

Theories linking the development of many diseases with deficiency or excess of macro- and 

micronutrients are among the most modern scientific developments. Violation of mineral metabolism 

leads to the development of severe disease states [1]. 

The body receives all the nutrients from the environment, exactly from food and water. 

Considering socially caused migration of food and using the imported products from other 

biogeochemical areas by the population, determined by the components of the environment, forming a 

regional peculiarity of the population elemental background, is drinking water. The chemical composition 

of natural water is unique for a particular area, and mineral composition of drinking water can be a 

determining factor of the body microelement composition. Various trace elements may be present in 

natural waters (iodine, bromine, fluorine, selenium, strontium, molybdenum, cobalt and others). 

Microelements enter the body from the environment. As microelements are distributed unevenly in the 

crust, an excess or deficiency of water, soil and plants in certain areas is created. Chemical elements 

entering the human body with the water may constitute a substantial part of the daily diet [2, 3]. 

It was found that in some biogeochemical provinces there is an excess or lack of certain trace 

elements, a balanced mineral nutrition of the body is not provided, which leads to the emergence of 

diseases in the area. Diseases caused by an excess or deficiency of elements in a particular area called 

endemic diseases [1]. 

Geochemical endemic caused by the lack or excess of fluoride, lack of iodine, strontium and 

cobalt are the most studied. 

North-West Russia area refers to the biogeochemical province deficient in cobalt, copper, iodine, 

selenium, calcium, phosphorus, based on the map of the USSR biogeochemical zoning. Excess of 

strontium is recorded in some sub-regions. Biogeochemical characteristics of region involve the 

development of microelements for cobalt, copper, iodine, fluorine, selenium. Biogeochemical 

environment of European North is quite extreme for the population living there. The residents of the 

Arkhangelsk region are marked by a lack of Ca, Mg, P, I, F, Si, Fe, Se, Cо, Cu and others [4]. 

Geologically Arkhangelsk region is heterogeneous, and the content of some elements (Fe, I, Si, 

Mn, F, Sr) in biosphere of the region various territories can be deficit as well as an excessive. 

Biogeochemical heterogeneity of territory excludes the general approach during foresight of endemic and 

demands the differentiate approach in planning the preventive measures for troubleshooting the disorders 

of mineral metabolism [1]. 

Since 2011 Northern Dvina artesian basin has been studied in the Arkhangelsk region. Northern 

Dvina artesian basin occupies a central part in the Arkhangelsk region. Three major aquifer complex of 

Northern Dvina artesian basin are highlighted: Quaternary, Upper, Middle-verhnekamennougolny [5]. 

Quaternary aquifer complex 

Quaternary aquifer complex is widely developed in the North Dvina artesian basin. Groundwater 

nutrition is carried out by infiltration of rainfall and by infiltration of surface water. Unloading is carried 

out into a local drainage network, partly into the underlying systems. 

Under natural conditions the groundwater of quaternary VC are soft - moderately hard. The most 

characteristic variations among the standardized indicators are: the high content of iron - is possible in all 

areas of the region, manganese – in the southeast region. Among the indicators of the second components 

hazard class (highly dangerous) in the waters of the maximum permissible concentration of quaternary 
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aquifer complex is absent. As for the third class of danger (hazard), the exceed of the MPC in the 

groundwater of iron is observed. 

Upper aquifer complex 

Permian deposits stretch widely from the south to the north of the Arkhangelsk region. Nutrition 

of groundwater is carried out with the help of precipitation infiltration and overflow from the overlying 

aquifers. Unloading is carried out into the hydrographic network. 

Upper VC is one of the two most exploited units for drinking water supply in the Arkhangelsk 

region. The bulk of groundwater is mild - moderately hard, with neutral - slightly alkaline environment. 

Groundwater in its natural properties may include increased amounts of strontium, magnesium and iron. 

Among the indicators of the second components hazard class exceeds the rate of strontium in Velsk city 

of Vinogradovskyi district. Maximum permissible concentration of iron and magnesium exceeds among 

the chemical elements of the third Hazard Class. 

Mid - verhnekamennougolny aquifer complex 

Mid - verhnekamennougolny aquifer complex is distributed in the west of the Arkhangelsk region 

in the upper and middle flows of the Onega River, in the areas of Lacha and White lakes. It has a 

favorable infiltration of groundwater. It provides drinking water of good quality - hydrocarbonate 

magnesium-calcium with mineralization are dominated. Non-condition of natural properties groundwater 

is associated with increased iron content, organoleptic deviations and, rarely, increased stiffness [5]. 

Thus, drinking water is a permanent environmental factor that affects the elemental and mineral 

status of human metabolism, and may have biological loads and determine the health of the population. 
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Glass-ceramics are widely used for the immobilization of nuclear and hazardous wastes. Such ma-

terials are prepared by high-temperature sintering (up to 1200°C) of wastes that leads to effective immobi-

lization of hazardous elements by their structural incorporation into highly-stable mineral phases. Radioac-

tive and toxic elements are incorporated into zirconolite, monazite, apatite, zircon, ZrO2, Ca-uranates and 

other. Glass, which encapsulates these phases, is additional barrier to the weathering. Glass also can hold 

hazardous elements, but in lesser concentrations. One of the environmental problems is the difficulty of 

forecasting of long-term durability of such barrier materials. Traditionally the durability forecasts are based 

on the experimental results taken from simplified modeling systems and limited duration (maximal 10-20 

years) [1]. Hence the burning issue of the nowadays is the obtaining of information about real phase stability 

and alteration pathways during long-term geological processes. 

In the Goose Lake Coal Basin (Transbaikalia, Russia) numerous bodies of melted combustion met-

amorphic (CM) rocks (clinkers and paralavas) are resulted from annealing (T > 1000°C) of coal-bearing 

sediments by ancient coal fires. Unique trace elements enrichment (Zn, V, Ce, Y, La, Zr, Nd, Ba, U) of 

coal-bearing strata was inherited from the granites, alkaline granites and syenites surrounding the Goose 

Lake depression. Clinkers and paralavas of “granitic” composition contain numerous accessory phases (in-

cluding monazite, xenotime, zircon, baddeleyite) set in glass together with rock-forming minerals. Thus 

clinkers and paralavas from Goose Lake Basin can be considered as natural analogues of industrial glass-

ceramic materials. The 40Ar/39Ar-age of these CM rocks varies from 0.01-0.06 Ma to 1.8±0.4 Ma [2]. The 

investigation of these ancient rocks and their accessory mineralization allows us to estimate durability of 

natural glass-ceramic materials in long-term geological processes. 

In the Goose Lake depression CM rocks are relatively widespread in the eastern and southern shores 

of the lake Gusinoe. CM rocks predominantly form continuous layers of tens to hundreds of meters in coal-

bearing strata. They crop out in steep sides of deep gullies. The high-temperature CM rocks forms isometric 

bodies (chimney-like structures, ~30-60 m3) hosted by lower-temperature CM varieties. The chimney struc-

tures are composed of welded 5-30 cm clinker fragments, sometimes cemented with paralava, and form 

specific CM-breccias. In gullies rounded boulders (~30-50 сm3) of CM breccias often can be found. The 
40Ar/39Ar age of melted CM-rocks from chimney-like structures and separate boulders is in the range of 

0.01-0.06 Ma. 

Pebbles of clinkers and paralavas were found in Quaternary lake sediments within the dry south-

eastern termination of the lake. The pebbles are 3-15 cm in size (5-10 cm on average) and rounded. The 

primary bodies of CM rocks have not been found here and so they were fully eroded with high probability. 

Results of 40Ar/39Ar dating showed that the high-temperature CM rocks composing pebbles originated 

1.8±0.4 Ma ago and later were reheated in the Middle Pleistocene (0.6±0.2 Ma). 

Paralavas are glassy (20-40 vol.%) and moderately porous, heterogeneous, with < 10 µm to 50 µm 

grain sizes of minerals. Clinkers are finely porous or monolith, heterogeneous, with > 50 vol.% of high-

silica glass hosting fine mineral grains (≤ 10-20 µm). Both CM rock types are composed of newly-formed 

plagioclase, cordierite or sekaninaite, minor tridymite, Fe-spinels, mullite, ilmenite, cristobalite, and also 

contain detrital quartz. According to their morphological features accessory phases can be subdivided into 

two genetic groups. They are (1) newly-formed CM minerals – the armalcolite-pseudobrukite solid solu-

tions, rutile, monazites, xenotime, pyrrhotite, bornite, native iron, and barite; (2) fragments of primary mag-

matic crystals (zircon, monazites, xenotime and baddeleyite) inherited from the sedimentary protolith and 

preserved during CM alteration. It should be stressed, that clinkers and paralavas, including the oldest ones, 

do not show any evidence of chemical weathering. 

Clinkers and paralavas are geochemically different depending on primary lithological heterogene-

ity of the parent sediments. Melted CM rocks are commonly acid and intermediate, rarely they are basic 

(50.3-71.0 wt.% SiO2). They are aluminous (14.4-24.0 wt.% Al2O3), enriched in (wt.%) FeO+Fe2O3 (2.8-
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17.1), Na2O (up to 2.1) and K2O (1.6-3.9) and contain (in wt.%) 0.6-1.7 TiO2, up to 0.6 MnO, 0.8-2.9 MgO, 

0.7-5.5 CaO, and 0.1-1.1 P2O5. Both clinkers and paralavas are enriched in (in ppm): V (~105, up to 216), 

Zn (~113, up to 203), Sr (~370, up to 1350), Y (~26-37), Zr (~361, up to 584), Ba (~ 662, up to 1054), Nd 

(~50-64), La (~ 69), Ce (~136), ΣREE (~271, up to 380), and U up to 7.8. The rocks also contain (in ppm) 

up to 150 Cr, ~12-17 Th, ~11-15 Nb, ~32-40 Cu and Ga ~17-22. 

Glasses are highly enriched in BaO (~0.2 wt.%). Spinel-group minerals and ilmenite are main con-

centrators of V2O5 (0.2-2.9 wt.%). Besides Fe-spinels regularly contain Cr2O3 (0.1-2.4 wt.%) and ZnO (0.1-

1.7 wt.%). Concentrations of V and Cr in spinels and ilmenite are strongly correlated with bulk concentra-

tions of these elements in CM rocks. Zn-bearing spinel has been found only in rocks with bulk concentration 

of Zn > 100 ppm. 

Prismatic zircon (from 5х5 to 80х60 µm in size) is the most common accessory phase hosted by 

glass. Crystal fragments are often zoned and fractured, their outer contours are frequently corroded by melt. 

The mineral contain sporadic inclusions of U-Th-Ca-Sc-, Y-U-Th- and Th-P-Ca-Nd-U-Ce-bearing phases, 

as well as F-apatite (< 2x2 µm in size). Zircon itself contains HfO2 impurity (0.3-3.2 wt.%). 

Detrital monazites occur as round grains and their fragments (from 20х20 to 20х50 µm in size). 

They are commonly cavernous, fractured, and zoned. Newly-formed monazites form well shaped prismatic 

individuals (from 1x2 to 5x15 µm in size) set in glass. They are homogeneous and do not contain inclusions. 

Probably faceted monazites formed by contamination of detrital precursor by CM melts and later Ce[PO4] 

crystallization [3]. All monazites (with 26.6-32.4 wt.% of Ce2O3) are highly enriched in REE elements (in 

wt.%): 12.6-16.6 La2O3, 2.7-4.2 Pr2O3, 8.1-15.8 Nd2O3, up to 3.7 Sm2O3, and contain 0.7-11.2 ThO2, and 

sometimes 1.0-3.1 Gd2O3 and 0.7-2.0 Dy2O3. Some well-shaped crystals contain 5.9-8.6 wt.% Y2O3 and 

large rounded detrital grains contain up to 0.7 wt.% UO2. 

Xenotime (YPO4) is rare phase. Detrital xenotime is represented by single fragment of well-shaped 

prismatic crystal (~15x25 µm in size) forming intergrowth with detrital zircon and shows the melt corrosion 

markers. Newly-formed xenotime occurs as globule about 5 µm in diameter. Xenotimes contain (in wt.%) 

~41 Y2O3, 2.1-2.2 Gd2O3, 5.0-6.2 Dy2O3, 2.8-3.6 Er2O3, and 3.6-4.5 Yb2O3. 

Baddeleyite (ZrO2) occurs as scanty irregular crystal fragments up to 5x10 µm in size. They are 

overgrown by fine zircon rims (~1-2 µm) and contain TiO2 (1.1-2.4 wt.%) or HfO2 (up to 0.8 wt.%). 

Armalcolite-pseudobruckite ((Mg,Fe2+)Ti2O5) rarely occurs in studied rocks. It forms irregular 

equant grains or amoeba-like intergrowths with ilmenite (up to 20х10 µm in size) in glass. Mineral contain 

up to 6.5 wt.% Al2O3 and up to 2.1 wt.% V2O5. 

Rutile commonly forms subhedral and euhedral prismatic crystals, or rarely occurs as irregular 

grains up to 15х15 µm in size. Its micro-individuals are aggregated in glass, sometimes together with il-

menite. Rutile contains up to 1.6 wt.% FeO and rarely up to 0.7 wt.% V2O5 and 2.2 wt.% Nb2O5. 

Pyrrhotite and bornite (Cu5FeS4) globules (15-25 µm in diameter) were found in a few samples. 

Their main impurities are (in wt.%): 0.7-1.0 Co and 0.6-0.8 Ni in pyrrhotite and up to 0.4 Ag in bornite. 

Native iron was found in a single paralava sample. It forms globule (up to 10х10 µm in size) seg-

regations in glass. The mineral contain (in wt.%) ~0.4 P, 0.9-2.3 Co, up to 0.3 Cr and 1.1-1.2 Ni. 

Barite is rather rare phase. It fills small veinlets and pores (from 3x3 to 10x10 µm in diameter) and 

contain impurities of SrO (3.0-9.0 wt.%) and CaO (0.3-2.8 wt.%). 

The knowledge coming from natural analogue sites where rocks have been exposed to chemical 

weathering for thousand up to millions years is of exceptional value for long-term predictions for the re-

tention of toxic compounds. The duration of the weathering has been estimated directly in Goose Lake 

depression (between 0.01-0.06 Ma and 2.2 Ma [2]). The common occurrence of phase-concentrators of 

REE, Y, U, Th, Zn, and V, survived in natural CM rocks after prolonged exposition to weathering, proves 

that monazite, xenotime, spinels, rutile, ilmenite, armalcolite-pseudobruckite, and, naturally, zircon buried 

in glass matrix are long-term effective immobilizers of corresponding hazardous elements. 
The work was supported by grants 15-05-00760_a and 15-45-04444_r-siberia-a from the Russian Founda-

tion for Basic Research. 
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At present the persistent tendency of growing consumption leads to the disastrous state in the waste 

management sphere. Waste permanently forms in huge amounts everywhere. It is a final element in the 

consumption chain, ‘a resource – a product – waste’.  Despite the gradual development and popularization 

of the idea of repulping, waste landfilling (landfill depositing and waste storage) is the main way to treat 

waste. Consumer waste deposits are the main companion of all inhabited localities, metropolitan cities. In 

the last decades the amount of waste has been steadily growing as a result of increasing consumption. It is 

evident that waste landfilling is not the most suitable variant to solve the problem. At the same time existing 

recycling technologies are either too expensive or do not meet the environmental security requirements. 

For instance, ash waste is being formed during incineration. Their class of hazard is higher than the class 

of hazard of the waste before incineration.  Without doubt, there are powerful technologies which meet 

almost the whole list of ecological and economic requirements, but in most cases due to different reasons 

it is impossible to fulfil them [1]. The only acceptable variant in the long term outlook to treat waste is to 

recycle it. 

We will examine two definitions of waste for illustrative purposes. In the Federal Law 89, On 

production and consumption waste, there is the following definition: ‘Production and consumption waste 

is residuals of raw products, materials, intermediate products and other goods and products, formed during 

manufacturing and consumption processes, and goods (production) which lost their consumer attributes’ 

[2]. The European way to the definition of waste is represented in The Waste Framework Directive ‘waste 

is any substance or object which the holder discards or intends or is required to discard’[3]. Both definitions 

are of overall character and do not reflect precise information, concerning what can be classified as final 

waste and as recyclable materials. It is known that a huge amount of the waste that can serve as recyclable 

materials in different sectors of the national economy is sent to landfills. The unfolding situation is possible 

not only due to economic, logistic or technological reasons, but due to incomprehensive understanding of 

the borderline between the waste and the recyclable materials. The differences should primarily be en-

shrined in legislation. 

At present the natural resource user and the average consumer disclaim all liability for what he 

considers to be final waste. The natural resource user and the average consumer, having obtained waste 

profile sheet in the manner prescribed by law and in accordance with legislation in force, can send to deposit 

and recycle a wide range of waste, its recycling potential notwithstanding. It is still a pending issue which 

waste categories can be considered as recyclable materials and which categories can be considered as final 

waste. 

Three most widespread waste classifications are internationally used to solve practical problems, 

concerning waste treatment. 

The first classification is based on ecological footprint, i.e. the hazard ranks: 

 extremely high, 

 high, 

 average, 

 low, 

 extremely low. 

 

The second classification is based on a waste origin: 

 hard domestic waste, 

 construction waste, 

 industrial residue. 

 

355

Geoecology and natural hazards



The blank side of the latter classification is difficulty to define a waste treatment for each type, as 

the hazard ranks should be taken into consideration, consequently, an additional classification should be 

used, this, in turn, leads to problems and various readings. 

According to the third classification, waste is differentiated according to the state of matter; there 

is liquid, solid and gaseous waste. The downsides of this classification are identical to the disadvantages of 

the second one. 

It is necessary to develop an ultimately new classification, based on a recycling potential possibility 

of any waste type with due regard to hazard rank, to make a modern rational way to waste treatment work. 

The spheres where it is possible to use some or other conversion products are to be defined, depending on 

waste toxic level and efficiency of recycling technologies. It is necessary to exclude harmful influence on 

environment and humans. 

On the assumption that almost all waste types can be reprocessed in one or another way and recy-

cled, basing on existing list of all waste types (Federal Classificatory Catalogue of Wastes) [4], it is nec-

essary to evaluate a recycling potential possibility of every item and compose a classification code with 

recommendations for possible production and consumption waste repulping in different sectors of the na-

tional economy. 

This approach to classification is the most rational, as except reduction of landfill lands which have 

a huge anthropogenic impact on environment, recycling and involvement in manufacturing cycles of a great 

waste range help to save natural resources and develop scientific base. 
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The object of our study is the Olkhon island of the lake Baikal (53°11′36″ N.L. and 107°20′38″ 

E.L.), which is a natural area of preferential protection of federal significance, and it is a part of the 

Baikal National Park. In the present paper, the authors assessed ecological and geochemical state of the 

soil cover of the Olkhon areas exposed in the past to the agricultural impact [1-3]. Agricultural human 

activity is one of types of the human-caused impact. 

Table 1 – The values of the different analytical parameters for soils, mg/kg 

Element 
Average 

content / range 
Clark 

Region 

background 
TAC MAC 

F 
499 

407-573 
200 175 n.a. n.a. 

V 
171 

140-237 
100 112 n.a. 150 

Cr 
101 

85-140 
200 99 n.a. n.a. 

Mn 
1150 

930-1600 
850 1123 n.a. 1500 

Co 
19 

14-29 
8 17 n.a. n.a. 

Ni 
46 

35-76 
40 42 20-80 85 

Cu 
44 

33-65 
20 49 33-132 55 

Zn 
109 

77-155 
50 87 55-220 100 

Sr 
272 

228-335 
300 237 n.a. n.a. 

Pb 
17 

11-20 
10 10 32-130 30 

Hg 
0.019 

0.015-0.022 
0.01 0.02 n.a. 2.1 

As 
2.5 

1.4-3.2 
5 n.a. 2-10 2 

Ba 
712 

649-780 
500 n.a. n.a. n.a. 

Note: 'n.a.' means that the data are not available in bibliography. 

 

Study of grassland and steppe geosystems on the island was performed by key-site method for the 

first revealing indicator elements in the soil cover. Trace elements concerning to I-III classes of hazard 

were used as the indicators: As, Hg, Pb, Zn, F (high hazardous), Co, Ni, Cu, Cr (moderately hazardous), 

and Ba, V, Mn, Sr (low-hazard). The determination of Hg and As was carried out by atomic absorption 
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spectrometry (AAS), and other elements were detected by X-ray fluorescence (XRF) spectrometry [4, 5]. 

Table 1 presents the following values (in mg/kg) for soils: the average contents of the elements deter-

mined, the content ranges of the elements, the Clarks [6], the region backgrounds [7], the maximum al-

lowable concentration (MAC), and the tentative allowable concentration (TAC) [8]. 

The Table shows that the concentrations of F, V, Mn, Co, Cu, Zn, Ba, Hg are high relatively to 

the Clark, the Cr and As contents are less than the Clark, the Ni content is close to the Clark, and concen-

trations of F, V, Zn, Pb are higher than the region background. This is a geochemical feature of the stud-

ied soils of the Olhkon island, which were formed by magmatic and metamorphic rocks.  

The obtained analytical and geochemical data indicate that the studied territory can be attributed 

to a quite satisfactory and considered as a background in the process of the further ecological-

geochemical assessment of the former agricultural lands on the Olhkon island. 
The work was supported by the Federal Agency of Scientific Organization (FASO Russia) programms № 

VIII.78.2. (0346-2014-0009) and № VIII 72.2.3 (0330-2014-0016). This study was performed using equipment of the 

Center for Geodynamics and Geochronology (Irkutsk) and the Center for Multielement and isotopic studies (Novo-

sibirsk). 
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One of the actual problem facing humanity is a violation of chemical elements circulation and 

their natural balance due to the growth of industrial and other anthropogenic emissions into environment. 

In some cases this balance is already broken owing to increasing the concentration of different substances 

and elements in soil, in the hydrosphere and the atmosphere on a global scale. Natural biogeochemical 

cycles of many fundamental (in aspects of environment protection) substances and elements were studied 

insufficiently in detail. Steadily amplifying anthropogenic influence stimulates the intensive researches in 

the field of technogenic geochemistry, ecological geochemistry and biogeochemistry. In this connection, 

the requirements for purification of drainage waters increases, and economic and readily available 

materials are looked for every year. The adsorptive processes using natural mineral sorbents appear to be 

more applicable currently with a possibility of their use in the processes of water purification because of 

their low cost and high sorption volume. In real life, the interaction of natural waters with the host rocks 

and deposits of the water objects (which have been accumulated for long time) differs in their variability 

depending on the influence of various physical and chemical conditions. So, it is hard to model these 

processes. For high-quality experiments and correct interpretation of the obtained results it is necessary to 

use various methods of research and, whenever possible, to apply them in a complex. 

Moreover, excessive dispersion of toxic elements, heavy metals and other components takes place 

in a real condition for the further profitable industrial extraction of the useful components though the 

specific experimentally fulfilled and economically justified technology. In addition, it is a serious 

problem for the located nearby objects of environment. 

Several features of magnetic processing of water 

Ions presence, atoms or molecules without coupled electrons cause magnetic properties of 

substance, as known. At the same time, each electron is a magnet itself. The electron can be considered as 

the particle with a negative charge rotating round its nucleus. According to the classical theory of 

electromagnetism the rotation of any charge causes emergence of the magnetic moment. Moreover, the 

electron moves in the closed way around a nucleus and (in classical representations) has to be the same 

magnetic moment, as well as at course of electric current on the closed conductor. Magnetic properties of 

atom or ion are defined by set of both moments, i.e. own spin moment of an electron and orbital, arising 

due to the movement of an electron around a nucleus. Magnetic fields can be used for separation of the 

charged particles in the disperse systems. The basic of this separation are the Lorentz forces. This force 

effects on the charged particles moving through a magnetic field. The force increases linearly with the 

particle charge, the particle velocity, and the orthogonal vector component of the magnetic field strength. 

Positively and negatively charged particles and ions under the effect of Lorentz forces deviate to the 

opposite sides, during their moving besides particles at different rates are also sorted in the magnetic field 

according to their speed.  

The following features are: 

1. Magnetic processing demands obligatory water course at some speed through one or several 

magnetic fields. 

2. The effect of magnetization disappears after the end of the action of the magnetic field, after 

for hours or some days. 

3. The effect of processing depends on the induction of the magnetic field and the gradient, the 

speed of a stream, the structure of water system and time in the field.  

It is noted that there is no direct proportionality between the effect of processing and the size of 

the magnetic field intensity. The gradient of the magnetic field is of the important role. As a rule, values 

of the magnetic field induction lies within 0,2 — 1,0 T, and the gradient — 50,00 — 200,00 T/m [2]. The 

research conducted and the results obtained show that with growth the magnetic field intensity it impacts 
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on the condition of salt solution, hydration of ions and structuration of hydroxide. Processing of these 

structural changes is inherent part in all hydroxides with diamagnetic ions: their sorption capacity 

increases and the specific surface decreases. Differences are connected with specific features of 

hydroxides, with their crystal structure, geometrical form of particles, their volume packing, temperature 

of sedimentation of hydroxides, etc. [3]. 

Statement of experiment and result 

For sorption system treatment, several types of substances have been chosen i.e.: the metal 

shaving, zeolites, mosses and lichens processed by humates. Besides, theoretically known, that the water 

structure changes under the influence of the magnetic field. Parallel experiments with similar sorbents, 

but under the effect of magnets were performed. At the initial stage the experiment using several types of 

sorbents was made:  

 magnetized metal shaving of 0,1-0,5 cm the dimension, 

 zeolite of 0,1-0,25 cm, 

 complex sorbent included metal shaving and zeolite. 

The experiment deal with waste solution of the Ursky tailings dam proceeded through sorbents at 

natural speed in the column from top to the bottom. Height of the column is of 10 cm, the diameter is 0,6 

cm where the sorbent weighted 25gr. The ratio of the passed solution and the sorbent was 2:1. The 

obtained solutions passed through filter paper, and then they were sent to the ICP AES analysis. 

As a result, of the data obtained, the complex sorbent was the most effective. Concentration of 

some metals and nonmetals, such as: an arsenic, a titanium decreased at 10 and 8 times respectively; AL, 

Fe, Bi, Cu, Nd, P, S, Ti, Zn and Zr decreased in 2 and more times. Concentration of Ca, B, Li, Mn, Sr 

increased twice, Ba, Na, Ni and K in 10 times, So, Cr, Mg, Si, Sb - did not changes. 

 

References: 
1. Komarov V. S. (2013): Scientific bases of adsorbents synthesis. Belarus. Science. 181 p. 

2. Cotton G.B., Navratil J.D. (1999): Magnetic adsorption method for the treatment of metal contaminated 

aqueous waste // Materials of wm’99 conference.  

3. Zaidi N.S., Sohaili J., Muda K. (2014): Magnetic field application and its potential in water and wastewater 

treatment systems // Separation and Purification Reviews. V. 43. P. 206–240. 

360

Geoecology and natural hazards



MICROELEMENTAL COMPOSITION OF THE IRKUTSK’S LOESSLIKE 

SEDIMENTS UNDER TECHNOGENIC CONDITIONS 

Shtel'makh Svetlana, Karnauhova Galina Alexandrovna 

Institute of the Earth’s Crust, SB RAS, Irkutsk, Russia 

fotina78@gmail.com 

Technogenesis, lithosphere, sediments, loess loams, chemical element, toxic microelements, X-ray 

fluorescence analysis, microelements distribution dynamics  

The loess loams can change their microelemental composition under technogenic conditions. 

Thus, in the contact zone of land with the waters of the Irkutsk’s reservoir abrasion of the loess loams, 

forming the coastal shelf, and their redeposition within the coastal zone of the reservoir occur. As a result, 

certain changes are noted in microelemental composition of the loess loams which came into the type of 

bottom sediments. As an example microelements distribution dynamics is considered on the lateral profile 

of the area Novo-Razvodnoy. For that the profile is divided into blocks: 1 – the coastal shelf (the starting 

material submitted by loess loams); 2 – the dried part of the coastal shallow (it is formed by blurred and 

redeposited the loess loams during the high water level in the reservoir in autumn); 3 – the water edge; 4 

– the underwater part of the coastal shallow. 

The concentrations of different chemical elements (Ca, Ti, Mn, Fe, V, Cr, Co, Ni, Cu, Zn, Ga, As, 

Pb, Rb, Sr, Y, Zr, Nb, Ba, La, Ce, Nd, U, Th) are determined by X-ray fluorescence analysis method in 

the selected samples of the loess loams [1, 2]. The analysis of microelements concentrations shows some 

increase in Cr, V, Ni, Cu concentrations (within 15%) on the dried part of the shallow in contrast to their 

concentrations in original material represented by the loess loams. Near the water edge this increase 

disappears. Reduction in contents of Cr, Co and some increase in the concentration of V, Zn, Ni, Cu occur 

on the water edge. The sediments of the shallow underwater part are more saturated by chemical elements 

than on the dried part of shallow and on the water edge. On profile changes in the contents of Pb, Ga, Nb, 

Th, Y are not observed. 

Particular attention is given to the distribution of the toxic microelements (Co, Ni, Cu, Zn, Pb, 

As) in samples of loess loams (Table 1). 

Table 1 – The ranges of Co, Ni, Cu, Zn, Pb, As concentrations (ppm) in the selected samples of loess loams 

Co Ni Cu Zn Pb As 

14–22  62–75  30–39  66–77  18–20  8–12  

 

Despite the fact that the As concentrations take the last place in contrast to contents of Zn and Ni, 

the comparison of the obtained data on the As contents with the maximum permissible concentrations 

(MPC) shows the increase in the established values by 4 and 6 times, respectively [3]. 

Among oxides Fe2O3 (7,2–7,4%) is the leader. On profile maximum concentration of Fe2O3 is 

observed on the dried part of the shallow. The minimum concentration of Fe2O3 is noted on the water 

edge. Some increase in oxide concentration is observed on the underwater part of shallow. Higher 

contents of CaO (3,3 %), MnO, TiO2 are noted in the sediments of the shallow underwater part in contrast 

to the deposits of whole the shallow. 

Thus, changes in the composition of the lithosphere occur in a very short period of time 

depending on the type of this impact at technogenic action. 
The work was supported by the Russian Foundation of Basic Research (project № 14-05-00079). This study 

was performed using equipment of the Center for Geodynamics and Geochronology (Irkutsk). 
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Numerous research works reveal that the quality of drinking water is defined by its chemical 

composition. Moreover, quality of consumed drinking water has a significant impact on public health. 

One of the important public health value in water is its hardness. We can observe a process of limescaling 

at its high rate. As Ca2+ and CO3
2- are dominant components in freshwater, limescale is predominantly 

made of carbonates. In our opinion, these media could be useful in environmental studies. 

We collected and processed a database (> 700 samples) on chemical composition of drinking 

water limescale in several regions of Siberia, Urals and Kazakhstan that characterized by different natural 

and anthropogenic conditions. Analytical methods used include NAA, ICP-MS, XRD, SEM, fission 

radiography. 

Rationing of chemical elements average concentration in the limescale to that obtained from 

water of Lake Baikal taken as background value shows that each territory has its geochemical 

specialization (Table 1). 

Table 1 – Regional geochemical specialization of natural fresh water salt deposits 

(normalized to limescale from Lake Baikal water) 

Territory Geochemical series 

Baikal region 
Zn179,8 Ag11,1 Fe6,3 Ta5,0 U4.7 Co3.1 Cr=Sr2.6 Eu2.5 Ba=Lu1.5 Ca=Ce1.2 

Sb=Tb1.0 

Altai Republic Zn127.2 Fe5.5 Ag4.7 Eu3.1 Cr2.7 U2.4 Lu=Ta1.9 Tb1.5 As1.3 Ca=Sb1.1 

Tomsk Oblast Zn85.7 Ag12.7 Fe8.4 Eu3.8 Ta2.1 Ba1.8 Co1.7 Sm1.5 Cr1.2 Ca1.1 Sb1.0 

Pavlodar Oblast Zn91.2 U6.1 Ag5.7 Ta3.6 Fe2.3 Lu1.5 Eu1.3 Ba1.1 Ca=Tb1.0  

Note: in bold elements are common to all regions 

 

Thus, chemical elements common for all regions are Zn, Fe, Ag, which concentration coefficients 

(CC) range within wide limits. Moreover, Zn takes the leading role in all geochemical series. The 

interesting point is that the minimum (58) and maximum (916) CC values geographically are in the 

Baikal rift zone. The minimum CC observed in the Tunka Basin, located in the south-western flank, the 

maximum CC is in Barguzin basin from the east side of Baikal. 

The revealed geochemical specifics of the limescale correlate sufficiently with the geological 

structure and metallogeny of territories. The good example is the mountain-folded regions, such as Gorny 

Altai (CC>1 for Cr, As, Sb), Baikal region (6<CC<16 for U). These data correlate rather well with the 

geological data. Rifting processes in Baikal region manifest themselves also in element composition of 

the limescale. In such areas, CC had the highest values, moreover list of elements with CC>1 is 18 of 28 

studied especially rare earth and radioactive elements. 

Anthropogenic load also finds its reflection in chemical composition of the limescale, especially 

in the vicinity of industrial plants (e.g. nuclear reactors) or tailings (e.g. Dzhida W-Mo district, Novo-

Ursk Ag-Au deposit, Komsomolsk Au deposit). The limescale from influence zones of these objects are 

characterized with elevated concentrations of trace elements that are of no value, so they were removed in 

the tailings, and later due to wind and water erosion entered the drinking water supply facilities. 

High rates of chemical elements content in the limescale are in correlation with general and 

specific incidence. It means that we could use such correlations for water quality assessment and forecast 

of diseases. 
The work was partially supported by grant from Russian Science Foundation (project № 15-17-10011). 
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Wildfires are one of the main factors determining the ecological state of surface waters with 

catchment areas represented by large forest areas. In this regard, the study of fire impacts on the condition 

of rivers in Siberia and the Far East is particularly relevant. 

The Republic of Buryatia in general is a region having a complicated forest fire situation. About a 

thousand fires are annually fixed in its territory, and as a result, forest plantations expanding for scores of 

thousands of hectares are burnt. The maximums of both the number of cases of fires and areas burned are 

registered in the central forest-steppe field. A typical example is the territory of Zaigraevskiy district of 

Buryatia, where there is an unfavorable wildfire situation for many years. According to statistics, for 

more than 10 years the largest number of fires among the forestries of the republic annually fixed in the 

forestry of Zaigraevskiy [1]. The southern part of Zaigraevskiy district almost completely forms the 

catchment area of the river Bryanka, so any negative effects of forest fires in that territory will inevitably 

be reflected in the hydrochemical regime of the river. 

 

Fig.1 – The research area map 

Since 2013, we have been carrying out periodic sampling of water in the rivers of Zaigraevskiy 

district. The points of observation are distributed in such a way so as to maximize the probability of de-

tecting the influence of runoff from the pyrogenic damaged areas. The forest plots, most often exposed to 

fire, belong to the catchment areas of the rivers Bryanka, Chelutay and Ilka (Fig.1). Measuring the water 

flow characteristics of the Bryanka river is held at the gauging station in the settlement of Zaigraevo. The 

quantity of precipitation in the study area is measured at the meteorological station in the settlement of 

Novaya Kurba, located 25 km north-east of Zaigraevo. 

The results of observations show that in addition to hydro-meteorological factors, the formation 

of river runoff is largely influenced by the degree of pyrogenic damage of the catchment. Increasing the 
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water flow in the Bryanka river in the spring seasons of 2012 and 2015 is logically linked with a lot of 

fires in the catchment area at the previous years 2011 and 2014. 

This type of rivers is considered to have an inverse relationship between the content of major ions 

and the amount of water flow [2]. But in this case, we obtained the increase in total mineralization in the 

spring of 2015, despite the fact that the growth in water flow compared to the year of 2014 was observed. 

A marked increase of the river wa-

ter mineralization in all points of observa-

tion in the spring of 2015 in comparison 

with the spring of 2014 (Fig.2), is apparent-

ly associated with the accumulation of vari-

ous pollutants in the snow cover in the pre-

vious winter. The studies of snow on the 

pyrogenic damaged forest areas showed 

that in the first winter after the passage of 

large fires, the mineralization of snow cover 

significantly increases, resulting in rising of 

the chemical runoff from the affected area. 

More tense forest fire situation in the sum-

mer of 2014 led to an increased content of 

contaminants in the snow cover in the win-

ter of 2014-2015 compared with the winter 

2013-2014, which led to the increased 

chemical runoff in the spring of 2015. 

Changing the pH toward acidic reaction and 

the simultaneous increase in the concentration of hydrocarbonate-ion in river waters are also consistent 

with the results of the snow cover analysis in the first post-fire year. These changes are caused by inten-

sive decomposition of pyrogenically damaged organic matter forming the oxides and hydroxides of car-

bon [3]. 

Considering the micro component composition of the river water and taking into account varying 

intensity of wildfire seasons, it should be noted, that the content of trace elements in the water increases 

with the growing pyrogenic damage of the catchments. A steady increase in the number of fires observed 

during the last three years leads to the growth of the chemical runoff both in spring together with meltwa-

ters and in autumn as well. In the water samples selected in the spring of 2015, comparing with those of 

the spring of 2014, the concentration of 31 chemical elements among 55 determined ones was increased. 

Among them there is a number of biophilic trace elements such as K, V, Mn, Fe, Co, Mo, some heavy 

and radioactive metals such as Cd, Sn, Sb, Tl, Pb, Bi, Th, and others. Increasing the flow of microele-

ments in spring after the intensive wildfires season is associated with the high mineralization of snow 

cover and high desorption capacity of melt waters. 

Our results, as well as research materials carried out earlier in the Far East [4], show a significant 

hydrological and hydrochemical effect of wildfires. The condition of forests in the catchment areas of 

rivers largely determines the conditions and the nature of the river flow. In this regard, it is necessary to 

take into account water-regulating and water-protection functions of forests in the conception of wildfire 

protection. 
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The Karakan pine forest is one of several Near Ob pine forests, stretched along the Ob river val-

ley from foothills of Altai to the taiga zone south border, covering 99 000 hectares. Mesorelief of Karakan 

includes knolls with level differences up to several tens of meters. Presence of dunes and interdune de-

pressions determines diversity of ecotopes and corresponding plant associations. One particular case are 

interdune depressions with hygrophilous birch forests and lowland bogs. They are rich with rare plant 

species, many of which are included into the Red Data Book of Russian Federation and Regional Red 

Book. The Karakan also has complex geology, combining relatively homogenous fluvial terraces material 

with hard rocks of various age and genesis [1]. Several villages are situated in the vicinity of Karakan, 

and each summer and autumn season it attracts a lot of tourists and mushroomers. 

In May of 2006 on the territory of Karakan pine forest a fire occurred, originating from four sites 

practically at the same time, which indicates a premeditated arson. Air temperature was 26 – 28 degrees 

Celsius, with South-West wind, with 15 – 18 m/s flow velocity. Relief unevenness and a great number of 

wetlands influenced the fire behavior, which can be characterized as complex (mixed), combining ground 

fire and crown fire, at some sites a general fire. Several sites have burned out completely and revegetated. 

Each forest fire is accompanied with carry-over of a number of elements into the atmosphere, including 

supertoxicants and radionuclides, and also with element redistribution which influences elemental com-

position of vegetation and leads to atmospheric pollution [2]. 

The aim of this study is to estimate the influence of the fire on ecological state of the Karakan 

pine forest of Novosibirskaya Oblast. To do that, samples of soil were taken with a steel ring, a standard 

tool used in ecogeochemical sampling, from background (unburnt) areas and from areas burnt by ground 

fire and crown fire. Sample preparation was conducted according to the following pattern: drying up – 

quartering – grinding –– weighting, then atomic absorption analysis was carried out to identify chemical 

elements content, including: Pb, Cd, As, Mn, Zn, Co. Analytic work was carried out according to certified 

methods in the Analytic Center and the Laboratory of rare elements’ geochemistry and ecogeochemistry 

of IGM SB RAS. 

Element carry-over and redistribution during a fire leads to modification of soil physicochemical 

properties. The Data acquired in our research indicate that post-fire soil ash content has increased by 50 – 

70%. Background soil pH equal to 4.8 was increased to 5.7 by ground fire and to 5.6 by crown fire. 

Thereby, any fire reduces soil acidity, creating a more alkaline environment. Apart from other factors, 

ground fire and crown fire differ in temperature, 400 – 600 and 900 – 1200 degrees Celsius respectively. 

The fire under study lead to Mn, Zn, Cd, Pb and Co carry-over into the atmosphere. Arsenic con-

tent in post pyrogenic areas is higher than in background ones. Manganese and zinc are biophil elements, 

so vegetation burning leads to their atmospheric carry-over. Cadmium and lead are not biophil elements, 

but their boiling temperatures are below the fire temperature (Fig.1). Therefore, these elements are in-

volved in the emission of smoke during a fire. One part is transferred over long distances, the other settles 

on nearly located area. 

Mn, Zn, Cd, Pb and Co contents are below the MPC [3]. Arsenic contents are two times and three 

times higher than MPC in background and burnt areas respectively. The Data are given in Table 1. 
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Fig.1 – The content of elements in the soil. Green column - background area, blue column - ground 

fire, red column - crown fire. 

Table 1 - The content of elements in soils and MPC 

Elements Content, mg/kg MPC, mg/kg 

Mn 250 – 1200 1500 

Zn 38 – 57 100 

Cd 0,13 – 0,26 2,0 

As 4,6 – 6 2,0 

Pb 16 – 25 32 

Co 3,5 – 4,3 5,0 
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Rocks are inherently strong and stable to withstand loads. Rock mass bearing capacity governs by 

its discontinuities like folds, faults, bedding plane which could be assessed by various theories. 

Considering rock mass either isotropic or anisotropic medium. Despite having strong and stable behavior, 

a jointed rock mass under unconfined condition has very low bearing capacity [1]. An assessment of 

bearing capacity and deformational response of jointed rock masses is an essential requirement in the site 

selection, design and successful execution of Civil and Mining Engineering projects. Therefore it is 

becoming essential to have a precise estimate of ultimate bearing capacity of shallow foundations in 

jointed rocks and orientation of joints with respect to the loading direction [2]. For this purpose regarded 

a review of experimental, numerical, analytical and limit analysis methods on specimens of jointed block 

masses. Several geometries of the joint configurations were used in the study. The details of the study are 

following: 

1- Experimental Method: The experimental methods are aimed at understanding the strength behavior of 

jointed rocks below shallow foundations. Where the rock mass is in constrained conditions and dilatory is 

restricted [2]. Experiments have been conducted on specimens of a block jointed mass (Sand-lime and 

plaster Paris mixed brick) under uniaxial compressive conditions [2]. Several geometries of the joint 

configurations were used to obtain various modes of failure (types A, B, C, D, E, F and G) [3]. Joint 

orientations and interlocking conditions were varied [1-4]. To the type J bearing capacity of unconfined 

rock mass with continuous joints at slope edge analyzed by Euler’s method of buckling (vertical or 

inclined column) rationally [1]. 

2- Numerical Method: In this method regarding the capability of distinct element method (DEM) and 

distinct element software (UDEC) in modeling of discontinuous and blocky media on a rock mass 

containing single joint set (types E, F, H, K) under plane strain and transverse isotropic [3, 5]. 

3- Limit Analytic Method: In this method analyzed a series of jointed rock samples containing types H, I, 

K with various spacing and analyses using the distinct element code UDEC. The effect of joint spacing 

(SR), cohesion (ci/cj) and friction angle (φi/φj) on the bearing capacity of rock foundations in each of 

these failure modes is also investigated [6], the purpose of this method is to take advantage of the ability 

of the limit theorems to bracket the actual collapse load by computing both lower and upper bounds for 

the bearing capacity of strip footing [6-10]. 

4- Analytical Method: In this method, the effect of joint factor (Jf) on strength and tangent modulus of 

mass (type A, E, F) has been studied and the values have been correlated with those of intact rock [2-4]. 

Base on drive results: 

1-The types A, B, C and D: Specimens bearing capacity drop is minimum at β=30° (β= Inclination of 

joint w.r.t direction of loading) and maximum at β=90°. If the continuous joints are horizontal, the mass is 

expected to fail due to splitting. For sub-horizontal continuous joints (ϴ~10(ϴ= Inclination of joint with 

horizontal)), the failure mode will be sliding if interlocking is nil/low. If interlocking is medium, the 

failure mode will be shearing. For higher interlocking splitting can be expected to occur. If the continuous 

joints dip near 20, sliding will occur for nil/low interlocking. For medium level of interlocking shearing 

will occur. For very high interlocking, the mass will fail in splitting. If the continuous joints dip near 30, 

the mass will fail in shearing if interlocking is high or very high. Otherwise, it will fail due to sliding 

only. In general, if the continuous joints dip by an amount up to 30, the mode of failure will vary from 

sliding to splitting depending on combination of interlocking and orientation. For low interlocking, 

sliding may be assumed and for high interlocking, the mode may be assumed shifting towards shearing 

and then splitting. If the dip of the continuous joints is 35 to 65, sliding is the possible mode of failure 

irrespective of interlocking conditions of joints. If the dip of continuous joints is beyond 70, rotation can 

be expected to occur. The geometry of the blocks forming the mass will be an important factor. The 
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tendency to rotate will increase with increase of h=b > 1(width=height>1). If the continuous joints are 

exactly vertical, shearing will be the most probable mode of failure. 

2-Type E: Maximum settlement was observed for 45° and the minimum was for 0° and 90° case. 

3-Type F: With the increase in h (height), the base width of this zone increased and reached its maximum 

value for 0° and 90°. 

4- Type J: Average settlement of footing for joint angle (θ) = 0˚, 15˚, 30˚ (Buckling mode of failure) are 

less than the joint angle (θ) = 45˚, 60˚ (Combination of Sliding and buckling mode of failure) due to mode 

of failure. Similarly the magnitude of bearing capacity is more for joint angle (θ) = 0˚, 15˚, 30˚ (Buckling 

mode of failure) as compare to the joint angle (θ) = 45˚, 60˚ (Combination of Sliding and buckling 

failure). Therefore it could conclude that buckling resistance always greater than sliding resistance for 

continuous jointed rock. 

5-Type H, I, K: In the recent case, for SR < 30, increasing the SR results in decreasing the bearing 

capacity, but for SR > 30, the joint spacing does not significantly affect the bearing capacity and with 

increase (ci/cj) and (φi/φj) results in decreasing the bearing capacity.  
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Characterizing the permeability structure in groundwater exploration requires collection and inte-

gration of structural geological data, background geology and present-day stress field. A methodological 

combination of field based structural geology with lithological formation plays an important role in identi-

fying the groundwater geologic controls on permeable zones thus the overall flow pattern. 

The Turkana region is generally formed of largely metamorphic formation whose groundwater oc-

currence is mostly controlled by geological structures. Thus proper mapping of these structural controls has 

and would lead to discovery of huge reservoirs that can play an important role in regional water supply.  

Turkana County boreholes are largely drilled on geological structural controls mainly the fault 

zones. These happen to be same zones controlling the surface water flow. Thus most of the boreholes are 

dug near river lines. Equally recent discovery of the major aquifers in Turkana are basically on lithological 

formations.  

By using rock exposures studied by geological field mapping, and geological structures studied by 

both field mapping and remote sensing; Data from several places and later interpolations between observa-

tions have been made to acquire continuity of geological formations and structures,thus subsequent estima-

tion of groundwater potential.  

The analysis presents that Turkana County presents all types of the major lithologic formations 

ranging from the basement mostly of metamorphic nature; igneous rocks of both volcanic and plutonic 

nature and sedimentary rocks. It is important to note that with this kind of geology supported by geological 

structural controls; all nature of groundwater potential is presented. This ranges from high to moderate to 

low and even poor groundwater potential. It is fundamental to equally note that groundwater in the base-

ment system is highly depended and controlled by geologic structural occurrence and orientation. 
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By the current moment a lot of experimental and theoretical information concerning mechanisms 

and principles of settlement development in thawing soils of various composition and structures has been 

gained. Two main approaches for deformation features estimation have been specified: measuring (based 

on physical characteristics) and experimental (thawing and compression coefficients identification). 

Based on the first approach, about 15 dependences of thawing fine-grained soils settlement on physical 

properties have been obtained. Their summary is given in the report [1]. It is noted that it is almost im-

possible to educe the generalized empirical dependence of thaw settlements on physical properties due to 

the fact that thaw settlements are determined by many factors which cannot be quantitatively estimated. 

But the generalization of data for certain types of soils and territories allows to execute preliminary fore-

cast of settlement after thawing [2, 3]. But unfortunately these data are insufficient. For this reason, pre-

diction of thawing soils settlements is focused on experimental identification of deformation characteris-

tics. Field stamp tests in test pits are labor-consuming and expensive. That is why they cannot be applied 

during massive engineering and geological field explorations. Due to this fact, the most common tests are 

laboratory compression ones. The method of deformation characteristics determination in odometers 

providing one-dimensionals thawing suggested by N.A. Tsytovich [4]. The current work was focused on 

model study of heat flow impact on the samples thawing speed and laboratory compression tests with 

one- and three-dimensionals direction of these flows.  

Experimental researches of deformation characteristics were performed on the silty samples with 

disturbed structure taken from 3 m deep in the area of oil pipeline going from the deposit of Bol-

shekhedskaya depression (Taz peninsula). The samples were cylinder-shaped with the diameter of 70 mm 

and height of 35 mm. Three samples with equal moisture content and density were used with the given 

massive cryogenic structure.  

Studies were performed on two types of devices for one- and three-dimensionals thawing. Tests 

identifying deformation characteristics of thawing soils are performed in three stages: 

Stage I – consolidation of the frozen sample at freezing temperature with the load of 0.1 MPa. 

Stage II – thawing of the sample at the same load. 

Stage III – consolidation of the thawed sample with incrementally increasing load (0.05 MPa). In 

total, there were five load stages. 

According to the data obtained relative settlement dependence on time at each load stage was 

identified as well as relatively stabilized settlement dependence on pressure. Based on these dependencies 

thawing coefficient (A) (equal to relatively stabilized thaw settlement without load) and compression co-

efficient (m) (calculated as the slope ratio of the right line to the axis of abscissa) were determined/ 

We compared the deformation characteristics obtained by of different types of tests. It was found, 

that thawing coefficient more, when we used three-dimensionals thawing device, and compression coeffi-

cient, when we used one-dimensionals thawing device, but the coefficient of variation of deformation 

characteristics does not exceed 15%. Statistical processing averages and variances showed that they are 

equal. This allows to conclude that the equivalence of the two methods determine the deformation charac-

teristics. 

In addition to experimental studies, we have also held and mathematical modeling for Ter-

omground program [5, 6]. The experimental results and calculations of temperature were about equal and 

have shown that the full thaw occurs in 2.5-3 times faster than unilateral (fig.1). Settlement after thawing 

calculated used empirical formula proposed by M.F. Kiselev. 
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where: IP – plasticity index; WP – plastic limit; W – water content; ρw - density of water; ρs - den-

sity of soil particles; Kd - coefficient, which is calculated according to the equation 
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where: a, b, c - empirical coefficients, which depend on the pressure and type of soil 
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Fig.1 – Detail scheme of calculating temperature: a) one-dimensional, b) three-dimensional 

The calculation results showed that three-dimensionals settlement by 5-20% more than the one- 

dimensionals. This is due to the uneven distribution of stress in soil during thawing, on which depends the 

Kd parameter in the equation Kiselev. Frozen core, which formed at three-dimensionals thawing is the 

hub tension, because tension around the core exceeds at the wall in 3 times. Compaction of the sample in 

the center, as well as the redistribution of moisture conetnt (at the center is smaller than at the sides, 

which was experimentally recorded). Experimental settlement is 1.5-4 times higher than calculated. This 

is due to the fact that the formula has been derived based on experimental data. Besides, are not consid-

ered in the formula different physical and mechanical processes occurring during thawing. 

Thus, thawing conditions (one- and three-dimensionals) affect physical side of the consolidation 

process in terms of equivalent values given initial moisture. Increase speed of thawing and uneven load 

distribution three-dimensionals thawing leads to increased settlement. It is this difference in the behavior 

of soil thawing causes the difference in the deformation characteristics. The data of the statistical pro-

cessing of test results showed the possibility of using two method determining of deformation characteris-

tics in the laboratory. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00227). 
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Kunashir Island (Russia) - is the southernmost point of Russia and is one of the islands of the 

Greater Kurile chain. There are 4 active volcanoes on the island, including Golovnin volcano. It forms the 

caldera (about 541 meters high). It is characterized by cyclical, sometimes explosive volcanic activity with 

basalt-andesite-rhyolite composition products of eruptions. At present time the volcano shows constant 

solfataric activity, most of which is concentrated on the shores of Kipyaschee Lake [1]. Physics-chemical 

modeling was carried out with the help of a Selector PC [2]. 

Currently, the Selector PC is used with a modification of the interior point method (IPM-2) [3], that 

allows obtaining ultra-precise calculation results. 

The software package "Selector" implements the convex programming approach to establish the 

equilibrium physical and chemical composition of heterogeneous geological systems by minimizing the 

thermodynamic potentials. Also there are necessary thermodynamic data bases, as well as algorithms, 

working with most licensed operating systems, required for modeling. 

On the base of the chemical composition of water solutions, three groups according to their anionic 

composition were distinguished: sulfate, sulfite, bicarbonate and chloride-sulfate. In some samples the 

nitrate and fluoride anions were also detected. These data were the basis for models. 

In this case, the simulation modeled the discharge zone. There is a view area at a depth of a few 

meters from the ground and the chemical composition of the rocks composed it is close to andesite. 

For physics-chemical simulation model was used stepwise flow reactor with ideal mixing. It is a 

cascade of individual insulated tanks, each of which comprises an outer environment (host rock) and the 

internal environment (gas, solution, liquid hydrocarbon). Cascade was used in eight of these tanks. For the 

internal environment in all 8 tanks the andesite directly selected in Golovnin caldera in 2010-2011, jointly 

by IGM and IPGG SB RAS and FEB RAS IMGG, was used. As the external environment for each model 

we used the appropriate composition of the solution samples. For a more detailed presentation and 

description of the dynamics of the components of the temperature range was chosen from 200°C to 40°C 

in steps of 20-40°C. 

The operating principle of the above-described reactor cascade are flowing the laminar fluid 

continuous from one tank to another. After entering the first tank the fresh fluid begins to react with the 

host rock (andesite in this case). Due to this interaction, the mineral formation in the reactor can occur, the 

separation of the gas phase, the dissolution of existing phase (previously formed mineral andesite phases), 

etc. After the equilibration in the source tank at a predetermined temperature and pressure contact solution 

and gas moved into the next tank. Each tank is characterized by its own reservoir PT parameters. 

For two types of solutions with pH = 1.93 and 6.35, such models have been constructed with a 

pressure of 1 bar and 10 bar. 

The simulation results showed that the interaction between the andesite rocks and leaching solution 

resulted in lowering the acidity of the solution. The electrochemical potential increases. The percentage of 

phases in the system shows the almost complete absence of gas for P = 10 bar, due to the impossibility of 

the existence of condensation under these conditions, according to the phase diagram. For the normal 

pressure (1 bar) there is an accumulation of gas in the system up to T = 120-100°C. Below this temperature 

limit gas phase transition occurs in the solution and consequently is increase in the percentage of the 

solution relative to the gas tank. 

As the host rock contains a sufficient amount of free silica, it is the removal of the component 

followed by redeposition occurs intensively. The percentage of equilibrium minerals at a pressure of 1 bar 

shows a large number of quartz.  
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Fig.1 – Geography location of Golovnin volcano caldera. Lake Kipyaschee and Lake Goryachee are located 

near caldera 
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The Lena Delta is the largest arctic delta with an area of about 30,000 sq.km. It has numerous 

distributary channels which comprise, with channel bars, approximately 7,500 sq. km, or about a quarter 

of the delta area [1]. 

 

Fig.1 – Cryolithological section Bh 1c-14. Legend: 1- sand; 2- silt; 3- thread-like roots; 4- plant macro 

remnants; 5- fragment of branches and wood (woody detritus); 6- ice; 7- permafrost table; 8- ice cement; 9- 

thin & thick lense-like cryostructure. 

In contrast to the main river channel, the delta distributaries are very shallow as they spread over 

a large area. Shallow channels, with depths ranging to 2-2.5 m, freeze to the bottom in winter, promoting 

relatively deep-freezing beneath the channel bed. 

At present, there is scarce or no information about geocryological, hydrogeological and 

lithological conditions under channels in the Delta Lena. 
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In the spring 2014, we have studied sub-aqueous taliks under a mainstream channel in the Lena 

River Delta. The expedition carried out near Samoilovsky Island (based on the Arctic Research Station 

«Island Samoilovsky». 

Field studies on Bolshaya Tumatskaya Channel have shown that permafrost is widespread 

beneath its bed, underlying half, and frequently more of the channel. A perennial talik only develops 

under the relatively narrow fairwater. The temperature of bottom sediments between the fairwater and 

banks was as low as -12°C in April 2014. Apparently, permafrost exists under small channels over a wide 

area. Herewith, by our opinion, area occupied by permafrost exceeds areas of perennial taliks. Borehole 

profiles indicate that the upper 10 m of sediments have a very high content of organic material consisting 

largely of wood debris. 

Further works on the Project will carried out for the next 2-3 years using large drilling rigs. This 

permit understanding the genesis and dynamics of deep, and possibly through, subaqueous taliks under 

large channels in the Lena River Delta 
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Administratively, the study area is located in the Krasnoyarsk region of the Russian 

Federation, and in terms of tectonic zoning is confined to the northeastern part of the Bol’shaya 

Kheta megasyneclise, which is a large negative structure isolated in the West Siberian 

geosyneclise. 

The section of the sedimentary cover is represented by the Triassic, Jurassic, Cretaceous 

and Quaternary sedimentary rocks. According to the conducted hydrogeological stratification, 

two hydrogeological stages, differing in their hydrodynamic and hydrogeochemical 

characteristics, have been distinguished. The upper stage, characterized mainly by a free water 

cycle, is represented by Quaternary and Upper Cretaceous sediments of up to 550 m in thickness. 

All deposits are aquifer, and hydrodynamically the complex represents a single water-saturated 

stratum. Nevertheless, the study area is characterized by continuous permafrost rocks, which 

exclude the most part of the upper stage section from the free water exchange. 

Below clayey rocks of the Upper Cretaceous Dorozhkovskaya Formation occur, which 

are considered as a regional Turonian seal (up to 150 m thick) separating the permeable horizons 

of the upper and lower hydrogeological stages.  

Within the lower hydrogeological stage (from bottom to top), undifferentiated Triassic-

Paleozoic, Lower-Middle Jurassic, Upper Jurassic, Neocomian and Aptian-Albian-Cenomanian 

hydrogeological complexes have been distinguished. 

The main object of research is the Neocomian and Aptian-Albian-Cenomanian 

complexes. The greatest amount of information is obtained on the Neocomian oil-and-gas 

prospective hydrogeological complex. The Lower-Middle Jurassic, Upper Jurassic and Aptian-

Albian-Cenomanian complexes are much less studied. 

The results of geochemical analysis of 353 groundwater samples, including 245 samples from 

the Neocomian complex and 37 samples from the Neocomian - Aptian-Albian-Cenomanian 

complex, provided factual information (Table 1).  

Ground waters from fresh to brackish are common within their limits. Waters of chloride 

sodium type (by classification of Shchukarev S.A.) are dominating. Within the Aptian-Albian-

Cenomanian aquifer complex, ground waters with salinity from 2.4 to 17.0 g/L are developed. 

Total content of sodium and potassium varies from 0.8-5.9 g/L, chlorine content - 1.3-10.3 g/L, 

hydrogen-ion – 0.03-1.40 g/L. Sulfate content of water is no more than 53.1 g/L. Bromine 

content in waters is 4.8-76.5 mg/L, iodine – 1.8-13.1 mg/L, and boron – 1.2-60.0 mg/L. 

The total salinity of the Neocomian complex varies within the range 0.7-23.5 g/L. The 

total content of sodium and potassium ranges within 0.2-6.0 g/L, chlorine content – 0.2-13.3 g/L, 

sodium ion - from trace amounts to 1.3 mg/L and to 4 g/L. The sulfate ion is present in 

theamount of no more than 1.2 g /L. The water contains iodine – 0.6-95.2 mg/L, bromine – 0.5-

126.4 mg/L, and boron – 0.1-100.0 mg/L. Water-dissolved gas contains methane – 81.2-98%, 

heavy hydrocarbons to hexane inclusive – 0.1-3.4%, nitrogen – 0.7-17%. Carbon dioxide 

accounts for 3%. 

During diagenesis and catagenesis, significant changes in the chemical composition of 

buried waters, their mixing with thermodehydratational and elision waters occur in the "water-

rock-gas-organic matter" system, so it is very difficult to establish their initial genesis. One can 

try to determine their origin only in the zones of hindered water exchange through indirect signs 
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(genetic coefficients). As indicators reflecting the groundwater genesis, there have been assumed 

genetic factors, rNa/rCl (r − mole fraction) and Cl/Br, proposed by V.A. Sulin, which 

characterize the quantitative relationships between various components of water. 

Table 1 - The type groundwater composition of Bol’shaya kheta megasyneclise northeastern part 

Hydrogeological 

complex 

Total 

sample 

Salinity Na++K+ Cl- SO4
2- HCO3

- Ca2+ 

g/L mg/L 

Triassic-

Paleozoic 
4 

7.0-21.1

13.2
 

1.1-7.8

4.4
 

0.7-12.8

7.0
 

17.3-47.7

35.8
 

146.5-1311.9

471.3
 

4.8-352.7

208.8
 

Lower-Middle 

Jurassic 
50 

2.0-23.3

9.1
 

1.1-8.3

3.1
 

1.1-14.0

3.7
 

4.8-816.0

150.8
 

16.0-6102.0

1915.7
 

1.2-1147.4

135.4
 

Upper Jurassic 13 
2.6-23.0

9.6
 

2.1-5.7

3.4
 

1.6-15.0

5.3
 

6.7-90.9

26.2
 

54.9-3321.8

758.9
 

4.0-2404.8

236.9
 

Neocomian 245 
0.7-23.5

5.8
 

0.2-6.0

1.9
 

0.2-13.3

2.7
 

0.8-1186.4

90.1
 

1.3-3977.0

750.9
 

2.8-5290.6

192.3
 

Aptian-Albian-

Cenomanian 
37 

2.4-17.0

10.8
 

0.8-5.9

3.8
 

1.3-10.3

6.1
 

6.2-53.1

10.7
 

31.1-1440.0

509.6
 

38.0-1468.0

286.4
 

Upper Cretaceous 4 
0.2-3.6

2.3
 

0.02-1.2

0.8
 

0.02-1.8

1.1
 

12.4-42.0

23.0
 

79.3-549.1

258.3
 

23.8-106.2

51.3
 

 

The analysis of changes in total mineralization of different complexes showed that the 

main part of Bol’shaya Kheta megasyneclise is characterized by vertical hydrogeochemical 

zonality of the inversion type (Halmerpautinskaya, Suzunskaya and other areas). This type is 

manifested in decreasing of salinity and main macro- and microcomponents contents with the 

depth. There is a direct vertical zonality type in the individual areas (e.g. Lodochnaya, 

Gorchinskaya et al.).  

The lateral hydrogeochemical zonality in the neocomian complex has a complicated 

distribution. Zones with the anomalous low miniralisation (less than 4 g\L) are tracing the 

Bol’shaya Kheta megasyneclise contours and were identified in Halmerpautinskaya, South-

Soleninskaya and Winter areas. This anomaly can be connected with elision water cycle: the 

large depressions were the inner ground water recharge areas because of higher argillaceous 

sediments thickness. 

The anomalous high mineralisation zones (more than 7 g\L) confined to positive and 

middle tectonic structures were identified in Vankorskaya, Lodochnaya, Gorchinskaya areas. 

These structures were inner ground water unloading zones. Similar trends are retraced in other 

complexes.  

The analysis of changes in the basic genetic coefficients showed that in the studied area, 

the most widespread are ancient infiltrogenic waters or sedimentogene waters from desalinized 

basins which are characterized by the value of total salinity from 1.4 to 15 g/L, the values of 

Cl/Br ratio from 296 to 915, and rNa/rCl ratio from 0.88 to 3.56. They are observed in all the 

complexes in the Vankorskaya, Pelyatkinskaya, Suzunskaya and other areas. Metamorphosed 

sedimentogenic waters characterized by lower values of both coefficients and a higher salinity 

are much rarer. An example is the waters of the Aptian-Albian-Cenomanian complex in the 

Lodochnaya area and those of the Neocomian complex in the Khalmerpayutinskaya area. 

Furthermore, in the border zones of hydrocarbon pools, condensatogenic waters were 

identified, which formation occurred simultaneously with the filling of traps. This is confirmed 

by the presence of zones of reduced salinity (1.6-8 g/L) and high values of gas saturation (from 2 

to 115 m3/m3) of groundwaters. 
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Hydrogeological investigations in Western Siberia were being conducted over 60 years. Since the 

beginning of the study of the sedimentary basin the basic patterns of hydrogeological structure, 

stratification, hydrogeochemical zoning, geochemistry and genesis of the WSMB groundwater have been 

researched by Kartsev A.A., Zimin Y.G., Kontorovich A.E., Kruglikov N.M., Kurchikov A.R., 

Matusevich V.M., Stavitsky B.P, Shvartsev S.L., Novikov D.A. and others [1-5]. 

In spite of the studies carried out on the WSMB, the Yamal Peninsula is still poorly studied. 

Many fundamental problems such as the cause of the inversion of vertical hydrogeochemical zoning, 

anomalously high reservoir pressure (AHRP), cryogenic metamorphism and others had not been solved 

[2-4]. Moreover, at the present time the program for development of the Yamal petroleum fields is 

initiated. Thus, groundwaters of Bovanenkovsko-Nurminsky tilting megaswell oil-and-gas bearing 

deposits should be investigated. The study area covers Nurminski petroliferous region in Yamal 

petroleum region. There are 11 oil and gas fields situated there and approximately 100 wells are drilled in 

that area. The largest deposits of petroleum such as Bovanenkovskoye, Kharasaveiskoye, 

Kruzenshternskoye and other fields had been explored. 

The Yamal geological section includes two complexes that are different in composition and 

dislocation extent. These are Paleozoic basement formations and overlying Mesozoic-Cenozoic deposits 

of the platform cover. Petroleum had been discovered in Cretaceous and Jurassic deposits and in 

Paleozoic basement top. Three rank structures within limits of the Yamal had been revealed according to 

the recent tectonic zoning of the sedimentary cover. The Bovanenkovo-Nurminka tilting megaswell, 

North Gyda and Yarudeika megasalients are recognised [6]. 

Four hydrogeological complexes are highlighted (bottom-up) within the lower hydrogeological 

stage section based on the accepted hydrogeological stratification [7]: Paleozoic, Jurassic, Neocomian, 

and Aptian-Albian-Cenomanian. The above-mentioned complexes are isolated by the reliable seals from 

each other. Fractures and tectonic faults only in local sites are detected. 

Detailed analysis of hydrogeochemical materials showed that brackish and saline waters with 

salinity up to 23 g/lare distributed in the area of the Bovanenkovo-Nurminka tilting megaswell. Na-Cl, 

Na-HCO3-Cl, and Na-Cl-HCO3 waters are predominant. Typical analysis of the water types is given in 

Table 1. 

Table 1 – Typical analysis of the groundwater types in Bovanenkovo-Nurminka tilting megaswell 

Area, well 
Perforation 

interval, m 

Hydrogeological 

complex 

TDS, 

g/l 
Na+ Ca2+ Mg2+ SO4

2- Cl- HCO3
- I- Br- B- 

Type of 

groudwater 

Bovanenkovskaya, 

130 
2815 2860 Jurassic 16,1 5886 134 33 77 8369 1623 29,8 45,9 13,5 Na-Cl 

Arcticheskoye, 9 1975 1986 Neocomian 7,9 2566 77 14 16 2565 2610 6,0 12,4 1,3 Na-HCO3-Cl 

Bovanenkovskaya, 

69 
1911 1937 

Aptian-Albian-

Cenomanian 
8,8 3195 36 7 82 4043 4043 6,8 17,6 1,9 Na-Cl 

 

Complex geological conditions of the study area have affected the hydrogeological conditions 

and areal distribution of waters of different salinity, and their geochemical and genetic types (Table 1). 

Paleozoic complex. The groundwater composition and TDS is not investigated, because the 

basement deposits are not studied by wells for exploration drilling.  

Jurassic complex. Groundwater salinity increases from the south (9-10 g/l) and to the north (20-

23 g/l). Na-Cl waters are predominant. 

Neocomian complex. Groundwater salinity is quite variable. The most saline waters within the 

Kruzenshternskoye and Kharasaveiskoe fields are observed (up to 21 g/l). Groundwater salinity of 3 g/l in 
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the south part of the Nurminski petroliferous region within the Nurminskoye, Sredneyamalskoye and 

Arcticheskoye fields is marked. Na-Cl and Na-HCO3-Cl types of groundwaters are predominant. 

Aptian-Albian-Cenomanian complex. The most saline waters are located in the south and are 

confined to the Sredneyamalskoye Neytinskoe and Arcticheskoye fields (upward of 15 g/l). Groundwater 

salinity decreases to the north (up to 3 g/l) within the Vostochno-Bovanenkovskoye fields. Na-Cl waters 

are well represented; Na-Cl-HCO3 and Na-HCO3-Cl waters are represented to a lesser degree. 

Direct type of vertical hydrogeochemical section is identified by analysis of the available data. 

Salinity and salt-forming components increase with depth. The most saline waters (up to 23 g/l) are 

confined to Jurassic deposits according to the analysis of hydrogeochemical data. 

The main hydrodynamic feature of the study area is the development of anomalously high 

reservoir pressure (AHRP). The AHRPs indicate area of reliable seals and localized water exchange 

(elision regime). The AHRPs are widespread in the Jurassic aquifer systems. The normal and rather high 

reservoir pressure exists in the overlying Neocomian horizon (up to 2500 m). Anomaly index (Ka) is 

considered to be an indicator of the AHRPs. Ka is expressed as the ratio of the actual reservoir pressure to 

the hydrostatic pressure, including groundwater density in a given section (Fig.1). 

 

Fig.1 – The formation pressure (a) and Ka (b) versus depth of productive horizons. The zone characteristic of 

reservoir pressure versus the value of anomaly index: 1 – lowered (0,8-0,95); 2 – normal (0,95-1,05); 3 – 

rather high (1,05-1,15); 4 – anomalously high (upward of 1,15) 
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The search for sources of drinking water supply is the most common problem of large 

metropolitan areas, which caused by the lack of resources of these sources. In fact, this is related with the 

industrial and economic activities in urban space, when unavoidable direct contact with the water and the 

geological environment is not always properly considered and implemented. The city of Irkutsk 

exemplify this, regarded the largest city, which is one of the most water supported in comparison with 

other cities of the country. Centralized water supply of the city is based entirely on the surface of the 

reservoir source of the Irkutsk hydroelectric station. Fast and tight loosely controlled development of the 

coastal strip of the reservoir up to the water's edge, so worsened the sanitary situation that during the 

spring snowmelt and summer rains when water supply to the population must resort to hypochloritization. 

Increased vulnerability of a single open source of water supply in such a situation is quite obvious and 

requires the use of alternative and reserve sources of water supply from groundwater. 

The groundwater is an alternative to surface water; it has a natural immunity to reliable sources of 

pollution inherent in urbanized areas. For Irkutsk city the sources such of a kind as groundwater 

associated exclusively with species indigenous base. Experience of groundwater using in the city, 

especially in the peripheral area testifies of acceptable resource provision of decentralized water supply. 

Moreover, there are reserves in the city previously approved by the State Commission, the number of 

which is capable of providing modern and future needs in water. Currently, the part of groundwater use 

for population’s household water use is very low and less than 5% in average for Irkutsk. It is notable that 

among the explored reserves are three-quarters of unprotected geologically resources drawn from surface 

water bodies and watercourses. Moreover, in case of emergency there are no organized reserve intakes in 

the city. 

The search of the sources of underground and alternative reservoir centralized water supply for 

the city of Irkutsk began in the last century. In the course of exploration, two promising for detailed 

exploration area have been found - Ushakovsky and Irkutsk. Subsequently, they were explored and 

operating reserves approved by the State Reserves Committee and adopted by the balance. Freshwater 

groundwater areas are concentrated mainly in the zone of intensive water exchange; the power of which 

does not exceed a few hundred meters. For potable water supply Jurassic and Quaternary complexes, first 

from surface water-bearing layers were used, which are generally not protected or conventionally 

protected. The protection of quaternary complex and the quality of water give rise for reasonable 

questions, while the groundwater of bedrock base are not experience any noticeable anthropogenic impact 

nowadays. However, the adjacent hydrogeological units which contain the water with natural non-

qualities have an influence on customer value of the exploited aquifer. 

Ushakovskoe deposit is the most promising in order to supply the city; and for now it can be 

considered as an alternative to surface water intake from Irkutsk hydropower station, which reserves  are 

amounted to 20,000 m3/day in 1972, and according to the author's version are estimated at 32,000 m3/day. 

The deposit is characterized by two block-located hydraulically autonomous pressure-free-flow aquifers 

in undisturbed conditions. They are different in positions, distribution, supply, runoff, discharge, chemical 

composition and temperature. The part of the deposit reviled during the reserves calculations is related to 

two linear zones of high watery, oriented parallel to Ushakovka river valley: one is along the right bottom 

of the indigenous valley slope; the other is on the left-bank floodplain. Both areas have extensive supply 

and drain regions, ensure resource replenishment of operational stocks. Earlier discovered deposit 

remains unexplored. The delineated water intake parts are failing due to being unused for long-time 

period: the sanitary zones are built, the forming of ecological and hydrogeological conditions of the 

reserves are changed and etc. The main reason for changes in environmental conditions is considered to 

be the irrational use of land by local authorities. 

The ability of involvement of the aforementioned sources of groundwater in existing urban water 

supply is limited by several factors. Thus, 25-year balance term is expired for the estimated deposits with 

381

Hydrogeology and applied geology



approved reserves, which demands its timely revaluation. Within the boundaries of major changes the 

design of sanitary protection zones of water intakes occurred and as a result it is impossible to use the 

land for the former objective. Adopted in the calculation of operational stocks earlier schemes of 

groundwater intakes do not satisfy to modern technical standards and capabilities. These circumstances 

impose restrictions on the use of operational stocks: it must be pre-quantitative and qualitative 

confirmation. In addition, there is a wide variety of sources of groundwater pollution in the city. Current 

cumulative impact of such sources is limited by local ones, small areal dispersion and weak or no 

correlation with the main operational aquifer. In general, the potential of the natural protection may be 

exhausted with the increase of anthropogenic impact, and especially at the most vulnerable areas. In order 

to prevent negative changes it is necessary to detail the hydrogeological conditions of built-up and 

building-up areas; limit the site development and land development, establish the tight control over the 

areas, valuable in terms of water supply. 
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Yakutsk is the most populous city of the world, situated in the permafrost zone. The thickness of 

the active layer in Yakutsk is 1.6-2.0 m (and up to 2.5 m in places) for sandy-loam, and 1.5-1.7 m (up to 

2.0 m in places) for loam [1]. 

Saline frozen soils possess special geotechnical properties that define the low bearing capacity 

and instability to anthropogenic influence. Soil salinity is the result of salt transfer due to evaporation, the 

annual and long-term freezing and thawing of soil, and anthropogenic influences. In urban areas of 

Central Yakutia, high salinity is not limited to the active layer but it observed along the entire depth of 

foundations for buildings. 

Soil salinity in the urban area (as opposed to natural) has no areal distribution. Salinity of soils 

(depth 0.10-0.20m) varies in a wide range from non-saline (0.021%/100g) to highly saline (0.98%/100g), 

mainly in the old part of the town, where large lithogeochemical anomalies developed with salinization 

exceeding 1%/100g [2]. The chemical composition variable, salinity could be chloride, sulfate, and 

carbonate. The active layer (depth 1-3 m) characterized by predominant chloride-sulfate salinity with the 

ratio of anions SO4
2->Cl-> HCO3

-. Salinity also varies in a wide range from non-saline (0.017%/100g) to 

strongly saline (0.96%/100g). Near-surface permafrost (depth 4-6 m) soil salinity decreases. Bicarbonates 

and sulfates dominate the salt composition, but in the old urban areas, anomalies of heavily saline soils 

with concentrations of up to 1%/100g observed (Fig.1). 

 

Fig.1 – Borehole #12 in the old urban area of Yakutsk 
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The maximum concentration of salts and the greatest depth of penetration and distribution of 

saline soils noted in the old part of the city, where the duration of anthropogenic effect ranges from 150 - 

200 to 300 years, also having the majority (70%) of damaged buildings and structures [3]. The minimum 

soil salinity observed in relatively new areas of the city with the duration of anthropogenic impact less 

than 80 years. In urban area, the depth distribution of saline soils is usually about 6 am, however, a 

number of areas of saline rocks reach the depth of 9.0 - 10.0 m and 14.0 m. As a rule, these are the areas 

of existing or frozen taliks under lakes or oxbows. With the interpretation of aerial photographs of the old 

city area (1946), and comparisons with modern satellite images the location of fully or in partially buried 

lakes in the central part of the city was determined and their position on a modern map of the city was 

found. 

The freezing point of soils, saline chlorides and sulfates of magnesium, sodium and calcium 

comprises -2.5 °C at the depth of 2-5 m and -1.1 °C at the depth of 6 m. The transition of saline soils from 

the plastic-frozen to the frozen condition occurs at low temperatures. Therefore, saline frozen soils 

characterized by reduced strength and low values of shear resistance along the surface of the freezing 

with the foundation. They distinguished by increased corrosive effect on foundations. 

Salinization of soils causes direct and indirect damage to the urban economy, threatening the 

stability of structures, causing accidents and destruction of residential buildings, industrial sites and 

transportation routes, emergencies, and environmental problems. 
The work was supported by the Russian Foundation of Basic Research (projects № 15-45-05050). 
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In the last decade, the Primorye bottled water market has developed very fast. However, the range 

of bottled mineral waters and production volumes growing consistently, the quantity of falsifications of 

these products is growing that is primarily conditioned by high profitability of fabricated bottled mineral 

water production and sale business [1-3]. The problem of therapeutic mineral water and therapeutic-table 

mineral water verification exists because modern techniques of their assessment are mainly based on 

confirmation of consistency of their composition with their names in respect of values of general 

mineralization parameter, data on general chemical composition (cation and anion one), as well as on 

their content of specific components. The current mineral water quality assessment legislation (GOST 

13273-88 and others) having become outdated, it does not take into account technologies of this product 

type production, thus, allowing producers to often fabricate it.  

A detailed research of mineral waters of Primorye [4, 5] performed by the author has revealed 

that data on concentrations of rare-earth elements in them which are for the most part much higher than in 

fresh surface and ground waters can be used as a reliable criterion of assessment of a mineral water 

source of origin and bottling.  

Three samples of mineral waters well-known in Primorsky region were selected as an 

identification base. The first sample is the well-known Lastochka deposit which has been exploited since 

1910. Water was drawn from a dug well till 1923 and from drilled wells later [1]. Water of the Lastochka 

deposit is used for bottling only.  

The second deposit is the Gornovodnoe one. It started to be studied in the 1940s [1]. Commercial 

bottling of Gornovodny Istochnik water on the Gornovodnoe deposit was started in mid-1990s by Zolotoy 

Rodnik Co., Ltd. (Olga settlement). 

And the third sample is the Shmakovskoe deposit. The springs were discovered in the 1970s. Two 

plots are being used which supply a big health resort with carbonate mineral water [1]. 

We sampled water on the three deposits during operational season. We also bought bottled waters 

of these brands in retail outlets of Primorsky region. All of them (natural and bottled waters) were 

analyzed for content of rare-earth elements. The mineral waters were sampled for five years. At the place 

of sampling, water samples were filtrated through cellulose filters with pores 0.45 μm in size and poured 

into plastic test tubes. Samples intended for analyzing concentrations of REE were additionally preserved 

by adding nitric acid in them. 

Concentrations of REE in aqueous media were determined with the help of an Agilent 7500c 

inductively coupled mass spectrometer (Technologies, USA) in the analytical center of the Common Use 

Center (Primorsky Center of Local Element and Isotope Analysis) of Far East Geological Institute of FEB 

RAS (analyst E.V. Elovskiy). 

The contains data on concentrations of REE in mineral waters sampled directly from mineral 

water springs and in bottled mineral waters. An analysis of the obtained results has revealed that 

concentrations of REE in carbonate hydrocarbonate waters of the deposits in question ranges considerably 

between 0.60 and 25 μg/l. In bottled waters this parameter varies between 0.17 and 0.54 μg/l. Thus, the 

level of REE concentration in bottled waters is much lower than in natural ones. Low values of bottled 

waters are likely to result from pretreatment in the course of production which includes sedimentation, 

filtration and secondary carbonation or from possible dilution of mineral waters. 

The obtained results show that the study of peculiarities of REE distribution in aqueous media is a 

basis of a new technique of mineral water quality verification in retail trade. 

As each waterbody involved has a unique composition of REE the level and nature of which are 

determined only by peculiarities of geological formation of a deposit and physical and chemical processes 
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running in the course of interaction within the water-rock system, the profile of REE distribution is 

unique irrespective of other factors. 
The paper was prepared with support from the Ministry of Education and Science of the Russian 

Federation (within the framework of the scientific paper on Improvement of Constructive and Geoecological Safety, 

Energy Efficiency of Ships and Facilities on the Shelf of Far Eastern and Arctic Seas, research project 543.2014). 
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Research of wave characteristics of geodynamic (seismic and volcanic) process is carried out in 

the framework of the rotational model of geomedium movements developed in the works of A. Vikulin. 

The following data obtained as a result of the geological and geophysical studies indicate that such a 

rotation approach [1, 2] to the problems of geodynamics is possible. The Earth’s crust is a block-structure 

medium, the state of which depends on the inner motion potential [3] and intrinsic energy [4]. According 

to the mechanical concept, a motion with such properties [3-5] can be implemented only under the action 

of block motion intrinsic angular momentums, the interaction between which can be responsible for the 

entire Earth’s crust motion and its rheidity properties [2]. 

Study of regularities of planetary geodynamic process is carried out by the authors on the basis of 

database of earthquakes foci and volcanic eruptions [6], which includes information about the events of a 

wide energy range over long periods of time (4 000 and 12 000 years, respectively) that occurred within 

the entire globe. As energy characteristics we use magnitude M for earthquakes and explosivity index W 

for eruptions. The database contains more than 11 thousand earthquakes and about 7000 eruptions. 

Database format allows us to explore the features of the distributions of seismic and volcanic activity 

within a single view. 

The wave nature of the geodynamic process is indicated, first of all, by its periodicity (cyclicity). 

Study of features of time distribution of seismic and volcanic events was carried out by the methods of 

spectral, spectral-correlation analysis of time series and the method of “quasi-phase plane” [7] developed 

by the authors. Study showed the existence of common for seismic and volcanic processes main period T0 

≈ 250 ± 30 years, and even periods multiples of it: T2 ≈ 2T0 ≈ 500 ± 50, T4 ≈ 4T0 ≈ 1000 ± 100 and T8 ≈ 

8T0 ≈ 2000 ± 200 years. The value of the main period has been confirmed by independent methods that 

indicates its reliability. Parity of periods refers to the fact that active zones of the planet collectively form 

the closed system. According to the authors, the existence of periods common for both processes allows 

us to consider seismic and volcanic processes as components of a uniform wave geodynamic process. 

To study the features of the spatio-temporal distribution of earthquakes foci and volcanic 

eruptions, authors created an original method [8] that allows to study the migration of seismic and 

volcanic activity within different regions of the Earth. The method is based on the random walk model 

and is automatized in data-processing system developed by the authors [9]. 

As part of this direction of research the existence of relationships between the velocities of 

migration of earthquakes foci and volcanic eruptions (V) and their energy characteristics (M, W) was 

established (1):  

  M ≈ (7.6  ±  1.0)LgV;      M ≈  (6.7  ±  0.5 )LgV;     M ≈ (-4.6  ± 0.2 )LgV   (1 a, b, c)  

 W ≈ (-3.1  ±  0.6)LgV;     W ≈  (-3.9 ±  1.0)LgV;      W ≈ (-0.8  ±  0.2)LgV (1 d, e, f) 

It allowed the authors to assume the wave nature of migration. Slopes of the curve defining the 

relationship between the migration velocities of seismic and volcanic activity (p-value) and their energy 

were found to be "sensitive" to the tectonic setting in the zone. P-values for "seismic" dependencies of the 

Pacific Ocean and the Alpine-Himalayan belt (compression zones) are positive; p-values for "seismic" 

dependency of Mid-Atlantic Ridge and all the "volcanic" dependencies (stretching zones) are negative 

[10].  

Analysis of values of parameter p showed that it is a persistent vector, which can be regarded as 

an analogue of the angular momentum of geodynamic process, related to rotational movements of crustal 

blocks within the geodynamic active zones of the planet and near them. 

According to the rotational model the motion of block chain and geodynamic properties of 

geomedium can be described with sine-Gordon equation [2]:  
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and one of its solutions in the form of a solitary wave – soliton (θ(ξ–vη)): 
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where v – velocity of solitary deformation (rotary) wave, Ω – Earth's angular velocity, ρ, G – geomedium 

density and shear modulus, R0 – block radius, c0 – limit velocity of geodynamic process. 

It is known that solitons are determined as solitary waves which interact elastically just like 

particles do, i.e. after interaction they are not destroyed, and continue to move, maintaining their structure 

unchanged. 

This solution (2) in physically understandable way depends on the modulus of momentum p
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Direction (sign) of the momentum corresponds to the geodynamic conditions in the zones: 

compression (positive) and stretching (negative). This makes it possible within the framework of physical 

concepts to model the migration of seismic and volcanic activity as the wave-particle process with the 

properties of short- and long-range actions. 
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The modern development of electrical logging of oil and gas wells requires the use of effective 

high-performance mathematical simulation programs. Applying numerical solutions of electrodynamics 

problems in full mathematical statements is difficult because of their high resource intensity. It imposes 

restriction on their ubiquitous application for processing and interpreting large amounts of practical data. 

In the context of high-tech geophysical exploration, it is necessary to develop new fast algorithms and 

programs, as well as to apply equipment for high-performance computations [1, 2]. 

In recent years, graphics processors (GPU) have been widely used to improve the performance of 

numerical solutions of geophysical problems. The use of GPU, designed for fast graphics data processing, 

demonstrates considerable speedup in well logging problems [3, 4]. This is facilitated by the CUDA 

(Compute Unified Device Architecture) technology that uses block-net representation of computing 

threads for parallel execution [1]. The development environment CUDA Toolkit, which includes the 

C/C++ compiler NVCC, as well as libraries for more efficient usage of computing GPU-cores and 

acceleration of code writing, enables using the CUDA technology. 

The work is dedicated to 2D numerical simulation of electric logging data, with the use of high-

performance computing on GPU. The numerical simulation is reduced to solving Poisson's equation. By 

applying the finite element method, the numerical solution of the direct problem is reduced to a system of 

simultaneous linear algebraic equations with a sparse matrix of large dimension. To solve simultaneous 

equations, we use the widely known direct and iterative methods, in particular the Cholesky 

decomposition [5]. 

To solve simultaneous equations in the CUDA Toolkit we use the cuSOLVER library, which 

allows finding a solution by means of factorization. This library is based on the cuSPARSE library, where 

the factorization and solver procedures are separated. It provides more flexibility for optimizing a code, 

for example, in the case of a single factorization and multiple use of decomposition later on. The 

cuSPARSE library, in turn, is based on the cuBLAS library, which enables one to flexibly develop 

solvers, taking into account the peculiarities of the simultaneous equations under consideration. There are 

a number of other libraries not included in the CUDA Toolkit, but characterized by high performance 

owing to the use of the cuBLAS, for example, the SuiteSparce. The paper examines the dependence of the 

speed of solving a system of simultaneous equations on its order (Fig.1), and the occupancy rate by their 

non-zero matrix elements. 

The CUDA Toolkit also includes the Visual Profiler making possible to analyze the graphics card 

load in detail at any time, and to investigate the bottlenecks of the developed program. With the aid of the 

Visual Profiler, we have analyzed the time expenditures of the main processes when solving the 

simultaneous equations under study (Fig.2). In addition, we have estimated the computation time on GPU 

(NVIDIA GeForce Titan) and CPU (Intel Core i7-3820). 

Thus, we have implemented a parallel algorithm for the numerical solution of 2D electric logging 

problem on graphics processors, based on the finite element method. The performance estimates testify 

that parallel computing on CUDA graphics processors provides 5-10 times computation speedup 

compared to sequential ones. 
The work was supported by grant BP. 
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Fig.1 – Computing time on the GPU (NVIDIA GeForce Titan) and the CPU (Intel Core i7-3820) depending 

on the number of non-zero elements of the matrix 

 

Fig.2 – The time expenditures of the main processes when solving the simultaneous equations 
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There has recently been great interest in the cryogel made from polyvinyl alcohol (PVA). Cryogel 

allows improving existing materials and creating new ones, it is completely safe, both for human beings 

and for the soil [1]. Under the conditions of the Far North, cryogels might be used to strengthen building 

structures in order to prevent destruction. There is a question of monitoring cryogel distribution in the 

treated environment. To do this, one needs to know petrophysical properties of cryogel and composites 

with soil on its basis. 

Pure cryogels and ground composites, contracted by them has studied. Sand used for construction 

in the Yamal-Nenets Autonomous District has used and three cryogels of different composition. The first 

cryogel consists of 10% PVA solution; the second gel is 10% PVA and boric acid; third cryogel is 10% 

PVA and sodium salt of boric acid. Sand and cryogel has mixed, then using RLC E7-8 resistivity measuring 

instrument has measured dependence of resistivity on temperature at a frequency of 1 kHz and NMR 

measurements has made using relaxometry "MST-05" at the frequency of 2.2 MHz [2]. 

Earlier, laboratory NMR studies of three cryogels at room temperature showed that cryogels №1, 

2 have very similar transverse relaxation times (about 1000 ms), while cryogel №3 has the smallest 

transverse relaxation time (about 750 ms). During freezing, cryogels №1, 2 also have analogous transverse 

relaxation times, and cryogel №3 is characterized by long transverse relaxation times, which is probably 

related to the change of its internal structure in time and under the influence of temperature (Fig.1). 

 

Fig.1 – Spectra of the relaxation times when freezing cryogels №1 (a), №2 (b) and №3 (c) 

It is apparent from the spectra that the relaxation times of cryogel №1 begin to decrease at the 

temperature of +4˚C; further reduce of the temperature does not lead to a shift of spectrum to the minimum 

temperature -8˚C at which the gel freezes totally. The relaxation times of cryogel №2 begin to decrease at 

the temperature of +5˚C, with a gradual shift to short relaxation times up to the minimum temperature. The 

relaxation times of cryogel №3 decrease as early as at the temperature of +8˚C and continue shifting to the 

left with the following fall of temperature. Thus, cryogel №2 is the most resistant to temperature drop. 

Fig.2 shows the spectra of the relaxation times when defrosting the cryogels. 
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Fig.2 – Spectra of the relaxation times when defrosting cryogels №1 (a), №2 (b) and №3 (c) 

It is clear that the relaxation times gradually increase with the rise of temperature. However, all the 

cryogels have approximately the same relaxation times, i.e. they behave alike during defrosting. 

According to the measurement results of the resistivity, it can be seen that with decreasing temperature, 

resistivity of ground composites increases, reaching a maximum value at a temperature of -8 to -10˚C 

(Fig.3). Then, the resistivity decreases reaching stable values at temperature of -17˚С. When sample is 

defrosting, the resistivity increased until reaching temperature about 0˚C and then decreases to the initial 

value obtained at room temperature. 

 

Fig.3 – Dependence of resistivity of composite (left part) and cryogel №1 (right part) from temperature 

Obtained results have not been seen before in the published literature and the dependence of the 

resistivity from temperature of the ground composites contracted by cryogels differs from the similar 

dependence of pure cryogel. When freezing / defrosting cryogel observed resistivity hysteresis. At 

temperatures below -15˚C resistivity of ground composites stabilize and values differs from the resistivity 

at room temperature. These values are at times different from the resistivity of frozen sand at low 

temperatures that allows you to select resistivity as an identification tag. 
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Induction logging is one of the ways to explore a geologic cross-section penetrated by a wellbore. 

It is based on the possibility to distinguish different beds by measuring their electrical conductivity. The 

log sonde consists of a transmitting coil and two receivers. The EMF measured by the receivers depends 

on the current in the transmitter and that in the medium near the wellbore. This current distribution varies 

with the electrical conductivity. That is why one can estimate the electrical conductivity of the formation 

with the help of the EMF in the receivers. 

A two-dimensional axially symmetric model is considered in the work. An electromagnetic field 

source is an alternating-current coil with only one nonzero tangential coordinate. In an axially symmetric 

model this source generates only the tangential component of an electric field. 

In a cylindrical coordinate system, Maxwell’s equations in a conductive nonmagnetic medium are 

reduced to a differential equation for the tangential component of an anomalous electric field. The Dirichlet 

conditions are set on the boundaries of the considered area at a large distance from the source. The 

differential equation with such boundary conditions is approximated with second-order accuracy by a 

conservative scheme built using the finite-difference method on an irregular rectangular grid. 

The numerical solution is found with the use of the COCR method. As a result, we have developed 

forward modeling software. It allows estimating the tangential component of an electric field and the EMF 

in the receiving coils for different induction sondes and logging tools through the parameters of the earth 

model and source current. 
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Western Siberian Paleozoic deposits are the most poorly understood within the West Siberian oil 

and gas basin. At the same time, it is difficult to study because of the complex geological structure and 

hydrodynamic conditions. Commercial oil and gas content of these deposits has been proved in different 

Western Siberian regions. The oil, gas and condensate accumulations was discovered in the Paleozoic 

deposits of the regions southeast part including Archin and Urman fields [1, 2]. 

One of the essential types of research that allows obtaining information on the composition, 

structure, and saturation of complex reservoirs, is the well logging data. For a significant advance in the 

study of Paleozoic deposits an integrated approach to the interpretation of well logging data, the surface 

data, as well as the layers of the test results and laboratory studies of the core are required. A joint analysis 

of the complex extended logging gives an understanding of lithology, petrophysical, hydrodynamic and 

mechanical models of Paleozoic complex reservoirs. 

Petrophysical analysis is carried out by a joint analysis of the acoustic data interpretation, neutron 

and density logs, with the influence of the volume fraction of clay material and well profile [3, 4]. By means 

of identified methodical complex reservoir properties, including the intrusive and extrusive igneous 

differences are determined. Collector type is defined by the compression factor of the pore space and fluid 

saturation. To determine the saturation of electrical and electromagnetic data (1D and 2D inversion of the 

BKZ and VIKIZ, including joint), density, neutron logging and mud logging data and test beds are used 

[5]. 

As a result, the data obtained shed the light on lithological characteristics of rocks of Paleozoic 

sediments and crust of weathering (fig. 1). The petrophysical characteristics allow to distinguish different 

types of collectors in the studied sediments, namely the distribution in the section of porous, fractured and 

cavernous types, depending on the type of reservoir lithology and depth. In particular, it is shown that the 

concentration of fractured reservoirs in the carbonate section decreases with depth, increasing the share of 

the cavernous types. Through numerical inversion data of electrical and electromagnetic methods the 

saturation zone is revealed, and it is determined that the difference between the fragile, especially the mixed 

carbonate-terrigenous genesis, are not the collectors, and the discontinuity of the wellbore in their 

distribution area does not allow to establish increased reservoir properties. According to the mud logging 

data, collector was found where there was a fluid pushing formation by the mud filtrate and influx was not 

received. Collector saturation usually has a clear stratification. In the upper part of the section gas and 

condensate deposits are dominated, lower section of the well is replaced by the oil deposits, which are 

generally underlain by layers with highly mineralized water. 
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Fig.1 – Lithology and wireline logs of well 2, Urman field. 
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The measurements of the complex relative permittivity (CRP) ' "i  of water/oil emulsions 

are conducted to study the physical properties of the emulsions and to determine the water content in the 

emulsions using the dielectric sensors [1, 2]. Most of dielectric measurements were carried out at 

frequencies below 1 MHz, and within the limited concentration range [3, 4]. The recent progress of 

dielectric measurement allowed us to determine the CRP in a wide frequency band [5]. 

The emulsion was measured in a cell, which was a coaxial line section. At frequencies from 100 

MHz to 20 GHz the complex transmission coefficient of the cell was measured using vector network 

analyzer Rohde & Schwarz ZNB20. For measurements at frequencies of 0.3 to 100 MHz the measuring 

cell was included into the break of the central conductor of a coaxial line of a large cross section by the 

way that the body of the cell was the center conductor of this line. CRP was determined by measuring the 

complex transmission coefficient of the coaxial line of the large cross section. At frequencies below 10 

MHz the complex impedance of the cell was measured using Keysight E4990A Impedance Analyzer. The 

measured samples were kept at the temperature of 25° C in the climate camera ТН-МЕ-25 (Southern 

Corea). 

Water/oil (W/O) emulsion was prepared by blending diesel fuel, water and "domultal" emulsifier, 

with the aid of a mixer. The concentration of emulsifier was 2-3% from the diesel fuel phase. The 

concentration of NaCl saline water varied from 0 to 17 g/l. 

Fig. 1 shows the results of measurement and modeling of CRP and equivalent conductivity 

σe=ε0ωε" of a water /oil emulsion at a components ratio equal to 33/67. There are three dielectric 

relaxation bands that are found on the observed frequency dependence. The central band can be attributed 

to the polarization of the interphase W/O boundaries of drops. The high-frequency band can be explained 

by the orientation polarization of water molecules. The low-frequency band can be attributed to the 

electrode polarization, as a result of which there is a sharp increase in the real part of the CRP at 

frequencies below 30 kHz (see. Fig. 1a). 

When the salt concentration in the water phase increases the central relaxation band is shifted 

upward in frequency and the equivalent conductivity in a frequency range of 150 kHz to 6 MHz 

decreases. A similar behavior of CRP was observed by authors [6] while increasing of the rotational 

speed of emulsion mixing. These two phenomena may be attributed to the change in the state of 

agglomeration of dispersed particles. It has been recognized that crude oil emulsions are stabilized by 

rigid interfacial films on the surface of the dispersed water droplets that prevent the droplets from 

coalescing [7]. It can be assumed that increasing of the salt concentration in the water phase reduces the 

interfacial tension and favors the formation of small droplets. 

Also the CRP of the W/O emulsions with a water content of 10% and 20% were measured. 

The frequency dependence of emulsion CRP can be written as the sum of three dispersion terms, 

the first is the Debye formula, and the second and third are Cole-Cole formulas:  

 

 

 

 

Here, the fourth term describes the effect of the ionic conductivity σ; εS1 is static dielectric 

constant and ε∞ is the high frequency limit dielectric constant of the high-frequency dispersion band; ΔεS2, 

ΔεS3 are relaxation strength of the central and low-frequency dispersion bands, respectively; τ1, τ2 and τ2 

are relaxation times; α2, and α3 are coefficients of relaxation times distribution;  ω = 2πf, where f is 

frequency; ε0 = 8.854·10-12 F/m is dielectric permittivity of free space; i2 = –1; W is the volume water 

fraction. 

Cole-Cole model parameters that describe a central dispersion band depend on the water content 

in the emulsion and on the salt concentration in the water phase. When the water content rises the 
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relaxation strength ΔS2 and relaxation time τ2 increases, while increasing of the salt concentration, ΔS2 

and τ2 decreases. Parameters of the Debye formula for high-frequency band weakly depend on the water 

content and the salt concentration. 
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Fig.1 – (Symbols) Measured and (solid lines) modeling spectra of the complex dielectric permittivity obtained 

for 33/67 W/O emulsion at three different NaCl concentrations of C=0 g/l, C=4 g/l and C=17 g/l.  

(a) Real and (b) imaginary part of CRP; (c) Cole-Cole diagram; (d) equivalent conductivity 

The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00151). 
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Borehole electrical measurements, induction-galvanic excitation, signal transformation, spline 

interpolation, interpretation charts, electrophysical parameters 

The research aims at the development of algorithms for processing the logging tool signals 

generated by a circular magnetic current [1] mounted on a metallic stem, to characterize the 

electrophysical characteristics of a geologic section. The processing includes two approaches to signal 

transformation: based on spline interpolation [2] and interpretation charts [3]. As far as any starting model 

relies on transformants, a properly chosen strategy for transformation determines the efficiency of the 

further data inversion [4]. The developed and software-implemented algorithms for the transformation of 

the measured signals to the values of the apparent resistivity and electrical macroanisotropy coefficient 

are as follows: 

1. Transformation into the values of the apparent resistivity within the scope of a homogeneous 

medium model. Transformation to the apparent resistivity, taking into consideration the borehole 

parameters. The algorithm relies on 3D spline interpolation of the measured signals depending on the 

formation resistivity, as well as on the borehole radius and mud resistivity. 

2. Transformation to the values of the apparent resistivity and electrical macroanisotropy 

coefficient within a homogeneous transversely isotropic medium. The algorithm is based on 2D spline 

interpolation of the measurement signals that are the function of the horizontal formation resistivity and 

electrical macroanisotropy coefficient. 

It should be noted that the spline interpolation algorithms are characterized by a high precision 

(the interpolation error at the grid points does not exceed the order of magnitude of 10–4 %). We have 

carried out a comparative analysis of the spline interpolation results and those acquired via the 

conventional utilization of interpretation charts. The algorithms have been tested and verified for the 

cases of different sonde spacings and operation frequencies over a wide range of 2D geoelectric models 

typical of Western Siberia petroleum reservoirs, as a result of which we may conclude about their 

effectiveness. 
The work was supported by the Novosibirsk Region Government. 
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Control of the seismicity level in the major engineering facilities areas is necessary even on a 

subactive territories. For the implementation of seismic monitoring in the central region of Russia in 2004 

the permanent small aperture seismic antenna "Mikhnevo" (SASA) was established [1, 2]. Configuration 

SASA "Mikhnevo" represents three concentric circles. Solving the problem of signal detection and noise 

reduction using automatic detector, we need to analyze automatic bulletin for better understanding signal 

behavior [3]. SASA allows isolate very weak signals and thus significantly increases the number of de-

tectable events. Man-made seismic events from mineral deposits exploration are most common [4]. For 

illustration of effectiveness of automatic detection using program DETECT_CSS (invented by Dr. Kitov 

I.O.) we used SASA data from 2013 year. 

For signals with low signal-to-noise ratio even resolution of the antenna is insufficient to uniquely 

identify the source. Registration of weak seismic events (M<3.5) at regional distances allowed to collect 

representative statistics for plotting the frequency and consequently to estimate the main parameters of 

technological developments within the areas. Method matched filter with template waveforms, carefully 

selected from a ten-year archive of digital records SASA “Mikhnevo” [5], allows to create various geosta-

tistics algorithms assisting to relative identification of the quarry blasts (here named “signals”). Observing 

Fig. 1 number of “noisy” events amount close to a half of all automatically detected events. Majority of 

them are located at 10-30 Hz frequency band, and doubtless are provoked by mad-made activity. We 

found that mostly “signals” are located at 5-15 Hz frequency band. 

At fig. 2 we obtain a slightly apparent distinction between noise and signal bents. Thus more 

noise events confined to small signal-to-noise ratios. This corresponds to the signal theory and is subject-

ed to Gaussian law. After fig. 3 it is confirmed that noise events propagate at lower than signals veloci-

ties. But for better understanding the point of noise/signal distinction we need to set more criteria.   

 

  
     a)            b) 

Fig.2 – Noise and signal distribution histograms: (a) – all detected events; (b) - based on number of events for 

specified frequency bands 
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Fig.2 – Noise and signal distribution based on number of events with maximum detected signal-to-noise ratio 

 

Fig.3 – Noise and signal distribution based on number of events detected with specified wavefront velocity 

The work was supported by the Russian Foundation of Basic Research (projects no 14-05-00743). 
 

References: 
1. Sanina I.A., Volosov S.G., Chernykh O.A., Riznechenko O.Ju. (2009): Small aperture seismic antenna "Mi-

khnevo": new opportunities to study seismicity of the East European platform // DAN, V. 428, №. 4, P. 536-

541. 

2. Sanina I.A., Kishkina S.B. (2014): Complex geophysical monitoring of geodynamic as the basis for security 

monitoring // Science and safety, №. 1 (13), P. 14-21. 

3. Plenkers K., Ritter J.R.R., Schindler M. (2013): Low signal-to-noise event detection based on waveform stack-

ing and cross-correlation: application to a stimulation experiment // J. Seismology, V. 17. 1. Springer Nether-

lands, DOI 10.1007/s10950-012-9284-9. P. 27-49. 

4. Kulikov V.I., Sanina I.A., Goncharov I.A. et al. (2008): Peculiarities of propagation of seismic waves from 

quarry blasts on the Russian Platform // Local and global impacts on the geospheres, P. 89-97.  

401

Geophysical researching



5. Kitov I.O., Sanina I.A., Nepeina K.S., Konstantinovskaya N.L. The method using a matched filter on a small 

aperture seismic antenna “Mikhnevo” // Seismic instruments. 2014. T. 50. №. 3. P. 5-18. 

402

Geophysical researching



MAGNETOMETRIC SURVEYS IN THE AREA OF NIZHNE-

KOSHELEVSKY GEOTHERMAL DEPOSIT (SOUTHERN 

KAMCHATKA) 

Nuzhdaev Ivan¹, Feofilaktov Sergey² 

Institute of Volcanology and Seismology, FEB RAS, Petropavlovsk-Kamchatsky, Russia 

¹ ivandf@kscnet.ru 

² Serg415@kscnet.ru 

Geothermal deposit, magnetic surveys, map, anomalies 

Nizhne-Koshelevsky Geothermal deposit is situated in the south of Kamchatka peninsula on the 

slope of active volcano Koshelevo. During the period of survey in 1970-80th drilling of the wells in the 

area of Nizhne-Koshelevsky thermoanomaly was carried out, the zone of superheated (dry) steam 

extending to depth more than 1.5 km was outlined. The vapor-dominating geothermal field by electric 

power ≥ 90 MW is established [1]. Expected geothermal resources of all Koshelevsky volcanic massif 

make ≥ 300 МWhe [2] that is commensurable with the largest geothermal fields of the world, such as 

Kamodzhang (200 МWhe), Daradzhat (260 МWhe), Vayong Vindy (227 МWhe) [3]. But there are still a 

number of unsolved problems: about a deep structure and borders of the field, a source and transfer of 

heat, about the physical nature of geological structures. It has formed the basis for carrying out additional 

geophysical surveys on the area of the field, including magnetometric survey.  

On object of research magnetic survey was carried out in two stages. On the first in 2010-2011 

magnetometric researches were conducted in the central part of the field by the magnetometers MMP-203 

[4]. At the second stage in March, 2015 areal magnetometric survey was carried out on an irregular 

network with use of modern magnetometers on Overkhauzer's effect of GSM-19W v7.0 that has 

increased the accuracy of survey and productivity of works. One device was used as magnetovariation 

station, with an interval between measurements 20 sec that has allowed characterizing daily changes of a 

magnetic field in details. The second device carried out ordinary measurements. For increase in 

productivity of works the operator on skis was towed behind a snowmobile with an average speed of 5-10 

km/h. 15500 ordinary measurements of a magnetic field in the territory of 13 sq.km have been executed. 

On the studied area three negative anomalies extended in the width direction ΔTа are marked out: 

Northern, Central and Southern (Fig.1). 

 

Fig.1 – The map of magnetic field anomalies in the area of Nizhne-Koshelevsky vapour-dominated 

geothermal deposit 
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Formation of the Southern anomaly is connected with the sublatitudinal tectonic zone which is 

traced by the valley of Prjamoy brook [4]. The negative magnetic anomaly interfaced to this zone is 

interpreted by desalination from measures of ferromagnetic minerals in the course of paleohidrothermal 

activity: here according to drilling propylite and secondary quartz rocks in a wide interval of depths are 

determined [5] The central anomaly extends in the field of dumping of modern vapor thermal springs 

where there is an active argillization of measures and souring of magnetic fractions. At the same time the 

sizes of anomaly exceeds the area of the temperature field limited to an isotherm of 20 °C that testifies in 

favor of a wide extension of argillizated measures outside visible borders of Nizhne-Koshelevsky thermo-

anomaly. The northern area of negative values ΔTа spatially gravitates to a zone of explosive tectonic 

dislocation and, perhaps, is connected with geothermal structure at a depth [4]. This area can be 

perspective for search of dry vapor or overheated hydroterms. The obtained data expand ideas of a 

structure of a zone of hyper genesis of modern high-temperature hydrothermal systems and vapor-

dominating geothermal deposits. 
This work has been carried out with a financial support from the Russian Foundation for Fundamental 

Research (Project 13-05-00007) and Far-Eastern Division of the Russian Academy of Science. 
 

References: 
1. Pisareva M.V. (1987): Zone of Natural Vapor of the Nizhne-Koshelevskoe Geothermal Deposit // J. Volcanol. 

Seismol. V. 2. P. 52–63. 

2. Sorokin A.P. (2001): Strategiya razvitiya toplivno-energeticheskogo potentsiala Dal’nevostochnogo 

ekonomicheskogo raiona do 2020 g. (The Strategy of Development for the Fuel and Energy Potential of the 

Far East Economic Region until 2020). Vladivostok, Dal’nauka. 194 p. (in Russian) 

3. Bertani R. (2015): Geothermal Power Generation in the World 2010–2015 Update Report // Proceedings 

World Geothermal Congress. Melbourne, Australia, 19–25 April 2015. 19 p. 

4. Nuzhdayev I.А., Feofilaktov S.О. (2013): Sovremennoye sostoyaniye izuchennosti stroyeniya… (Modern State 

of Exploration of Nizhne-Koshelevsky Geothermal Deposit (South Kamchatka) and Results of Magnetometer 

Survey) // Bulletin of Kamchatka Regional Association “Scientific Training Center”. Earth Sciences. № 2 (22). 

P. 231-241 (in Russian). 

5. Pozdeev A.I., and Nazhalova I.N. (2008): The Geology, Hydrodynamics, and the Oil and Gas Potential of the 

Kosheleva Stream–Water Field in Kamchatka // J. Volcanol. Seismol. V. 3, P. 32–45. 

404

Geophysical researching



METROLOGICAL SUPPORT OF ACOUSTIC INVESTIGATIONS OF 

UNCONSOLIDATED SEDIMENTS OF GAS HYDRATES 

Orlov Rostislav 

Novosibirsk State University, Novosibirsk, Russia 

Trofimuk Institute of Petroleum Geology and Geophysics, SB RAS, Novosibirsk, Russia 

orlov.rost@mail.ru 

Petrophysics, gas hydrates, acoustic investigations 

As a part of the project on the study of the acoustic properties of sediments, containing gas hydrates, 

research team of IPGG and IIC SB RAS created equipment complex. It allows creating sand samples, 

containing methane hydrates and measuring the speed of ultrasound waves under different P-T conditions. 

The measurement system is shown in Fig.1 [2]. 

 

Fig.1 – General view of the setup: 1 – temperature and pore pressure recorder (MIT-8), 2 – laptop, 3 – high-

pressure chamber, 4 – pressure gauges, 5 – pumping station, 6 – thermostat, 7 – ports for gas/liquid supply, 8 – 

ports for axial and side pressure, 9 – pulse generator, 10 – digital oscilloscope, 11 – acoustic channel switch 

To define the speeds, the measuring system [1], including piezoceramic source/receiver with an 

operating range of frequencies 0.4-0.7 MGts, is used. During the measurement, the sample is passed through 

a rectangular pulse. According to records at the receiving sensor arrival times of the waves on the first 

maximum are removed. The velocities of P- and S- waves are calculated according to the formula: V= L/(ts 

–td), where L- length of sample, ts – arrival time of ultrasound impulse in receiver,  td – delay time of 

impulse acoustic path «source - receiver» [3]. 
This work is devoted to the metrological control setup. For this purpose two series of experiments 

were performed: the repeated measurement standards of the collection with the known velocities of P- and 

S- waves and experiments with hydrate samples equally prepared, to assess the reproducibility of the 

results. 

Collection of standards consisted of plexiglas samples (10 pcs.) and aluminum (10 pcs.). Samples 

are cylinders with a diameter of 30 mm, and a height from 35 to 44 mm. Samples can be assumed to be 

homogeneous and isotropic. For each set of standards speed P- and S- waves were rated on the equipment 

"Geologika" commercial firm and repeatedly on the newly created installation. The measurement results 

are shown in Table 1. 

The comparison of the results showed that the accuracy of the velocity measurement tool on the 

new installation is 2-3%. 

To assess the quality of the whole plant, experiments were performed to measure the velocities of 

P- and S- waves in three identically prepared hydrate samples of sand. It is found that the results of 

experiments (velocity value) do not differ by more than 5-6%. 
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Completed test experiments demonstrated the suitability of the installation for the study of acoustic 

properties of samples containing gas hydrates. 

Table 1 – The results of measuring the velocity of acoustic reference samples (plexiglas, 

aluminum) on the installation of the company "Geologika" and IPGG. 

Properties Average velocity, « Geologika », m/sec 
Average velocity, IPGG, 

m/sec 

velocity P-wave, 

plexiglas 
2820 2930 

velocity S-wave, 

plexiglas 
1400 1470 

velocity P-wave, 

aluminum 
6400 6370 

velocity S-wave, 

aluminum 
3070 3010 

 
The work was supported by the RSF № 14-17-00511. 
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Complex relative permittivity, porosity, surface area 

The measurements of the complex relative permittivity (CRP) in a wide frequency range allow to 

study the interfacial polarization in clay rocks. Petrophysical properties (porosity, the amount of clay, 

specific surface area, etc.) have a strong influence on the frequency dispersion of the complex relative 

permittivity of breeds [1-5]. Also the significant influence has a salt content in saturated solutions. 

Therefore, the aim of this work is to study the dependence of the parameters of relaxation processes in 

clay rocks, fully saturated with fluids, on their physical characteristics. 

The samples were artificial sand-clay mixtures. For making mixtures we used river sand with a 

particles size of 200 to 400 microns and a specific surface area of 0.05 m2/g or spherical quartz granules 

with particle size of 45 up to 65 microns and a specific surface area of 0.08 m2/g and 4 types clay: 

bentonite (B1), Ca - bentonite (B2), Na - bentonite (B3) and kaolin (K). Specific surface area was 

measured by nitrogen adsorption. 19 samples were prepared with varying specific surface area of from 

5m2/g to 70 m2/g. Samples were saturated with deionized water or NaCl brine at a concentration of 4 g/l. 

The measurement method is described in [6]. 

Figure 1 gives the experimental frequency dependence of the real and imaginary parts of the CRP 

samples saturated with different fluids containing 70% by weight of clay. It is shown that in mixtures 

containing Na - bentonite (B3) (curves 3 and 4) the values of ε' and ε" at frequencies below 1 GHz 

increase faster than in samples containing kaolin clay (C) (curves 1 and 2). 
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Fig.1 – CRP frequency dependencies of mixtures. Curves 1 and 3 - saturated with deionized water; 2, 4 – 

saturated with brine 4 g/l. (a) Real and (b) imaginary parts of CRP 

Low increase of ε' и ε" for the sample with kaolin clay is due to the low specific surface of kaolin. 

This is due to the fact that at frequencies below 500 MHz the interfacial polarization occurs. Its influence 

is stronger the larger the specific surface area.  

It is also seen that the values of CRP of the mixtures saturated with brine are above the CRP 

values of the mixtures saturated with deionized water. Similar dependence was observed for all samples 

containing various types of clay. 

For the CRP dispersion modeling, we used the relaxation model of Cole-Cole [7]: 

 

                                                                        , 
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where ε∞ is high-frequency dielectric constant; εS is static dielectric constant; ω is the angular frequency; 

ε0 is permittivity of free space, τ is relaxation time; σ is ionic conductivity; i is imaginary unit; α is the 

coefficient of distribution of relaxation times, which can vary from 0 to 1. 

The constants of the Cole-Cole were chosen by minimizing the difference between the 

experimental and calculated data by the method of the least squares. The discrepancy between the 

simulation results with the experimental data were 7-15% for ε' and up to 20% for ε". 

Analysis of the model parameters has shown that the value of the relaxation time τ of the samples 

at full saturation in various fluids decreases with increasing specific surface area (see Fig.2a). This 

relationship is well described by an exponential dependence. 
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Fig.2 – The dependence of the relaxation time (a) and real part of the porosity of the CRP (b) to deionized 

water saturated samples (1) and saturated brine samples of 4 g/l (2) 

In the samples saturated with deionized water and brine, almost linear dependence of the real part 

of CRP ε' is observed at 1 GHz of the porosity P (see Fig.2b). The higher the porosity, the greater the 

water content in the sample, the higher value of ε'. 

A value of the effective conductivity at low frequencies increases with the amount of clay in the 

sample for each type of clay. In samples saturated with brine, the effective value of the specific 

conductivity is greater. 

The resulting dependence of the dielectric relaxation time on the specific surface area may allow 

to evaluate a surface area of rocks by measuring their dielectric characteristics in a state of saturation. 

Measurements of the real part of the CRP ε' at frequencies above 1 GHz can estimate porosity. 
The work was supported by the Russian Foundation of Basic Research (projects no 16-35-00393 mol_a) 
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The coast effect is one of the most difficult problems in interpretation of magnetotelluric fields in 

coastal areas. This effect is associated with contrast in the electrical conductivity between well conductive 

sea water and relatively resistive continent rocks. In the second part of the XX-th century many works of 

Russian and foreign scientists were devoted to this effect [1, 2, 3]. Their research were based on experi-

mental data got on coast of Australia, New Zealand, California, west Canada, South America, Japan and 

Russia. Due to such wide-raging investigations scientists succeeded in theoretical studying of coast effect 

in two-dimensional models. On Kamchatka this problem was studied within the limits of two-dimensional 

and numerical three-dimensional modeling [4, 5], because the sounding at the shore with difficult config-

uration of coastline had shown three-dimensional coast effect. It should be noted that the first models in 

the work [4] were simplified by authors. But [5] allowed distinguishing main features in curves of magne-

totelluric soundings (MTS) and magnetic “tipper”. This work revealed that magnetotelluric parameters 

were undergone to the influence of three-dimensional shore effect, which took place in western, central 

and eastern Kamchatka. The coast effect becomes apparent in diverse degree at different periods of varia-

tions according to coastal contour and remoteness from shore. So this effect has regional and local fea-

tures which require more serious studying. 

In limits of this research the coast effect was studied in test model, created on the base of the 

bathymetric chart. In the model the thickness of the sedimentary cover is 3 km, electrical resistivity of the 

water is 0.25 Om∙m, and electrical resistivity of the continent is 30 Om∙m. Deep geoelectrical cross-

sections of continent and ocean bottom were taken from the work [5] for regions with heat flow equaled 

60 mVt/m2 and age of sea and ocean bottom equaled 40 million years. Parameters of the cross-section for 

continent and ocean are given in table 1. The modeling was carried out by means of Mackie’s program [6] 

in the range of frequencies from 0.1 to 10000 seconds. Amplitude and phase curves were obtained in 10 

model points. These curves correspond to two orthogonal directions. They are XY and YX. The XY 

curves are called transverse ones and the YX curves are called longitudinal ones. Also there is a local-

normal curve in every point that reflects geoelectrical section undistorted by influence from sea of 

Okhotsk and Pacific Ocean. In order to study three-dimensional shore effect model curves were analyzed 

at eastern peninsulas, western coastline and at the central Kamchatka. These curves are shown in the fig-

ure 1. At the central Kamchatka curves behavior likes two-dimensional situation. The curves obtained 

near coastline shows three-dimensional situation. 

Table 1 – The parameters of “normal” geoelectrical model 

Continent Ocean 

Thickness, km Electrical resistivity, Om∙m Thickness, km Electrical resistivity, Om∙m 

Н1 = 65000 ρ1 = 1000 Н1 = 20000 ρ1 = 1000 

Н2 = 40000 ρ 2 = 500 Н2 = 20000 ρ 2 = 500 

Н3 = 40000 ρ 3 = 100 Н3 = 25000 ρ 3 = 100 

Н4 = 100000 ρ 4 = 50 Н4 = 40000 ρ 4 = 50 

Н5 = 200000 ρ 5 = 20 Н5 = 340000 ρ 5 = 20 

Н6 = 300000 ρ 6 = 10 Н6 = 300000 ρ 6 = 10 
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Fig.1 – MTS model curves: 1 – transverse; 2 – longitudinal; 3 – local-normal. 

The work was supported by the Russian Foundation of Basic Research (projects no16-35-00088). 
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Receiver functions Moho depth Transbaikalia Deep velocity structure Crust S-velocity  

We present an one-dimensional deep cross-section of crust and upper mantle for Transbaikalia 

zone. Since 2006 broadband stations have been installing by Geological Institute of Siberian branch of 

Russian Academy of Sciences in this region. At present time we have digital seismograms of 6 permanent 

broadband stations, four of them are working till now. Seismic data of one of them - broadband station 

“Ulan-Ude” (UUD) – were used for this research. UUD station (51°52'6.53"N, 107°39'47.62"E) is located 

in suburban area of Ulan-Ude city, Russia, 85 km from Lake Baikal. For imaging subsurface structures we 

applied receiver functions technique [1]. It is based on using the data of a single station. The idea is to 

replace the network of stations by a network of seismic events. We processed recordings of 259 teleseismic 

events registered by UUD station during the five-year period (2007, 2008, 2010-2012). The main parame-

ters such as epicenter location, depth, time and magnitude of these earthquakes we took from the global 

seismological network NEIC [2].   The seismograms of teleseismic events from epicentral distances from 

35 to 90 degrees were rotated to the LQT coordinate system for a better detecting of converted waves. Next 

procedure – deconvolution – transformed into a standard form every secondary phase. Then obtained PRF 

(P-wave receiver functions) for individual events were stacked with appropriate time-shift (moveout) cor-

rections (Fig.1). All PRFs contain P410s and P660s phases with positive polarity. The amplitudes of the 

signals are several times the RMS amplitudes of noise. Times of P410s and P660s phases are more than the 

times of the corresponding phases for the IASP91 model which may indicate slightly lower velocities in 

the upper mantle. 

 

Fig.1 – Stacked Q components of P receiver functions. Each trace corresponds to the trial depth in km attached 

on the left. Origin on the time scale corresponds to the P arrival, but the P wave is not seen. Arrivals of crys-

talline basement, Moho, the P410s and P660s converted phases are labeled SED, M, 410 and 660 
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The resulting PRF and SRF are inverted for P- and S-wave velocity structure beneath the station 

(Fig.2). The inversion was conducted by using the Monte-Carlo technique. We searched the optimum mod-

els by using an iterative algorithm, similar to Simulated Annealing [3]. Computed cross-sections are char-

acterized the deep structure 150 km around the station. The modeling of receiver functions of teleseismic 

earthquakes arriving to the station from 120-210° backazimuth (BAZ) shows a low velocity zone in the 

crust within depth range 30-40 km. The crust thickness is equal to 39–40 km with S-velocity range from 

3.6 to 4.5 km/s and P-velocities from 6.2 to 7.5 km/s. To the depth of 100 km P- and S-velocity are relatively 

stable. Structure of upper mantle contains a low S-velocity layer within depth range 100-150 km; another 

part of upper mantle is very close to IASP91. 

 

Fig.2 – Histograms (color code) of the velocity models obtained by the inversion of the P and S receiver func-

tions jointly with the P and S residuals for UUD station in Transbaikalia. Red lines show the bounds of the 

search. IASP91 velocities and their ratios are shown by solid lines. The same color code shows probabilities for 

the related synthetic P and S receiver functions (PRF and SRF, respectively); dash lines are for the actual 

receiver functions. 
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The study area lies within the Nigerian Precambrian Basement Complex. This study is aimed at 

identifying highly altered zones by applying concentration-area (C-A) fractal model technique on Landsat 

ETM+. Multifractal analysis was used to quantify degree of alteration on satellite images processed using 

crosta technique. The C-A fractal model was used to establish a power law relationship between area and 

pixel value. A log–log plot was used to display the multifractal characteristics for clay and iron altered 

images and identify threshold values. Maximum and minimum threshold values obtained from fractal 

analysis are 1.74 and 4.01 for clay altered images and 0.607 and 3.04 for iron altered images. Delineating 

highly altered zones from these images reveals high clay alteration mainly in the North-Central and East-

ern part of the study area. High clay alteration zones accounts for 5.89% of the study area and covered an 

area of 22.28km2. Areas of high iron alterations are primarily located within the South-Western and 

South-Eastern part of the study area. These high iron alteration zones accounts for 7.84% of the study 

area and accounts for 29.65km2. These highly altered zones are favorable targets for prospecting mineral 

deposits. 
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Morphometric indicators (absolute height, tilt angle, slope exposition) on the basis of which the 

corresponding morphometric cards are constructed are isolated from earlier created digital model of a relief 

(Fig.1). 

 

Fig.1 – Three-dimensional model of a relief of a right bank of the Tom River in the neighborhood of the city of 

Tomsk constructed on the basis of the digitized topoplan 1:10 000. The model consists of 453 088 triangles with 

a range of absolute heights from 69 to 143 m. Vertical scale is 7 times larger than the horizontal. Lighting from 

the northeast. 

The calculated data were grouped in tables then the analysis of the received material is carried out. 

The analysis of absolute heights shows that the greatest spaces (53,5%) are occupied by sites with absolute 

heights less than 80 m. These sites belong to a flooding zone that speaks about prevalence of a flood plain 

in a relief in the studied territory. The essential share (31,1%) is the share of sites with absolute heights 

more than 100 m. It is explained by that, the digital model of a relief takes in the south part of a high 

interfluvial slope and the interfluvial plain. Classification of biases was executed according to 

recommendations of geomorphological mapping of flat territories. 

The card of the steepness of slopes says that more than a half of the area of a right bank occupy 

sites to 3 °, inclusive (87%), i.e. treat category of gentle slopes. A share of the biases exceeding 5 ° small – 

only 8,5%, are also dated as showed the analysis of the pro-classified surface of slopes of the territory, is 

exclusive to a slope of the central flood plain (the greatest distribution was gained here by biases from 5 ° 

to 30 °), the 1st above flood-plain terrace and to a slope of the interfluvial plain (only within this element 

of a relief corners of slopes more than 30 ° meet). The share of sites with a bias 0 – 0,3 ° is dated generally 

for the central flood plain, such sizes characterize the central flood plain, according to M.N. Zaslavsky, as 

a zone with the smallest erosive activity [1]. 

Depending on an exposition of slopes each triangle of digital model of a relief was classified by 

eight points. In the valley of the river sites practically without the expressed exposition (23,4%) prevail. In 

total with the prevailing expositions western (17%), southwest (15%) and northwest (11%) points clearly 

that the territory is slightly inclined towards the West. It is a consequence of that the river flows in the 

submeridional direction. The leveled surface is dated, generally to the central flood plain. 

 

415

Geoinformation systems in the Earth Science  Mining engineering



References: 
1. Zaslavsky M.N. (1983): Erosion of soils: The textbook for students the geographer and soils, special higher 

education institutions. Moscow, Vyssh. 320 p. 

2. Khromykh O.V., Khromykh V.V. (2011): The landscape analysis of Down Side River Tom on the basis of GIS: 

natural dynamics of valley geosystems and their change in result of anthropogenous influence. Tomsk, 

Publishing house of scientific and technical literature. 160 p. 

3. Khromykh V.V., Khromykh O.V. (2011): Digital elevation models: manual for graduate students. Tomsk, 

Publishing house of scientific and technical literature. 188 p. 

416

Geoinformation systems in the Earth Science  Mining engineering



REGULARITIES OF HYDROCARBON DEPOSITS PLACEMENT IN THE 

CRYSTALLINE BASEMENT AND SEDIMENTARY COVER WITHIN 

NORTHERN EDGE OF DNIEPER-DONETS RIFT FROM THE 

STADPOINT OF TECHNOLOGY STAGR 

Gordieieva Iuliia¹, Starodubets Kyrylo²  

¹ Taras Shevchenko National University of Kyiv, Kyiv, Ukraine 

Institute of Geology 

u_gordeeva@mail.ru 

² Institute of geological sciences, NAS of Ukraine, Kyiv, Ukraine 

starodubets.kirill@ukr.net 

Crystalline basement, Dnieper-Donets Rift, structural-thermal-atmo-geochemical researches (STAGR), oil 

and gas capacity  

The problem of oil and gas capacity of the crystalline basement takes a special place among the 

topical problems of petroleum geology and energy in the context of the origin of hydrocarbons. Crystalline 

crust of the Earth is the basement of 60 sedimentary basins with commercial oil and gas deposits in 29 

countries of the world. Additionally, there are 496 oil and gas fields in which commercial reserves occur 

partly or entirely in the crystalline rocks of that basement. 55 of them are classified as giant fields (>500 

Mbbls) with 16 non-associated gas, 9 gas-oil and 30 unsaturated oil fields among them [1]. 

In Ukraine, the most promising for the discovering of commercial hydrocarbon deposits in the 

crystalline basement is the Northern edge of Dnieper-Donets Rift. It has a complete set of geological criteria 

that define it as a primary object for further increasing of proven hydrocarbon reserves.  Structural-thermal-

atmo-geochemical researches (STAGR) are conducted by specialists of IGS NASU at the territory of the 

Dnieper-Donets Basin since 1999. During this period, the research of methodological and search directivity 

have been carried out on 2 polygons, 45 structures and 17 areas, in particular on Yuliyivsko-Skvortsivsky 

polygon. Yuliyivsko-Skvortsivsky polygon is situated within the Northern edge of the central part of the 

Dnieper-Donets Rift. According to the scheme of oil-gas-geological zoning it is a part of Pivnichnobortova 

sub-region of Dnieper-Donets oil- and gas-bearing region. Within Yuliyivsko-Skvortsivsky polygon there 

are common productive complexes of the Precambrian basement, including the weathering crusts and zones 

of decompressed crystalline rocks, Lower Visean, Upper Visean and Middle Carboniferous rocks.  In the 

territory of Yuliyivsko-Skvortsivsky polygon on an area of 325 km2, a complex of laboratory and field 

instrumental thermometric, emanational and geochemical researches on the basis of STAGR methodology 

was conducted. According to of aero-cosmo-geological data, Yuliyivsko-Skvortsivsky polygon has the 

form of ellipsoidal structure with a long axis that stretches in the north-east. It appears as the uplift in 

modern relief. The contours of Skvortsivske and Yuliyivske deposits are practically adjacent on the detailed 

structural maps. The result of the comparison with structural maps for reflecting horizons Vb2-n (C1v2) та 

Vb3-n (C1v1) allows to be identified a series of local structures on the earth's surface as a display of basement 

units (blocks). Considering the position and shape of some local ring structures, it can be assumed that they 

reflect the patterns of crystalline basement which still not discovered by geophysical methods [2].  

The positive anomalies of temperature field records in subsurface layers of the geological 

environment above the hydrocarbon deposits. Indicators of temperature in subsurface layers of rocks within 

deposit, especially in its apical part, exceed those indicators beyond the contour of hydrocarbon field. 
According to the researches, the spatial distribution of the temperatures in subsurface layers of rocks s is 

closely connected with the features of the block structure of objects of research: temperature peaks are 

typical for the least affected tectonic blocks (according to the results of decryption of the seismic survey 

and satellite survey materials). At the same time, these units are characterized by the lowest gas 

permeability (according to STAGR). 

The maximum quantity of anomalies of radon and thoron must be a sign of an active zone of a new 

and contemporary geodynamic activity, decompression, fracturing and fluid permeability, respectively. 

The integral coefficient of additive sum of the three gases (carbon dioxide, helium and hydrogen) 

is used as the gas indicator in the subsoil air, based on the assumption that the maximum values will 

characterize fragments of regional fault zones or lineaments and ring structures. Anomalies of these gases 
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in conjunction with the emanations of radon and thoron may be related to areas of most permeable zones 

of tectonic activity and may be indicators of their depths. 

Hydrocarbon indicators (methane and its homologues) are considered to be indicators of both 

general perspectivity of predicted object and the degree of tightness of oil and gas fields. 

 Anomalous field of hydrocarbon gases at presence of the objective data can be used as additional 

information of so-called "direct" character about the hydrocarbon accumulation in a trap. Revealed 

peculiarities of their spatial distribution, together with temperature, emanational and gas indicators should 

be regarded as some information for clarification of prognostic assessment of squares and areas of 

researches STAGR. 

Maps of subsurface discharging of fluid-gas flows fields for the territory of Yuliyivsko-

Skvortsivsky polygon (according to temperature of subsoil layer, contents of radon, thoron, helium, carbon 

dioxide, hydrogen and volatile hydrocarbons in the subsurface layer) illustrate its zoning for areas which 

differ by contemporary geodynamic conditions: neotectonic active and fluid permeable zones tend to 

tectonic disturbances, or relatively stable tectonic blocks. The last one is the most favorable to formation 

of hydrocarbon traps, accumulation and preservation of their deposits in consequence of low fluid 

permeability. 

The conjugacy of hydrocarbon capacity of Northern edge with commercial helium capacity, which 

is the highest for natural gas and oil of the crystalline basement, indicates that hydrocarbons migrate from 

the crystalline crust, not from sedimentary strata of Dnieper-Donets Rift. 

Arguments that allow make this conclusion is also the microelemental composition of the oil, which 

is characterized by depletion and low concentrations of microelements [3]. 

The general nature of mapped subsurface temperature and atmo-geochemical fields of Yuliyivsko-

Skvortsivsky polygon indicates sufficiently clear features of making up its productive units. The main of 

them are: 1) affinity of hydrocarbon deposits to the field segments with background values of radon, thoron 

and carbon dioxide, surrounded by their anomalous concentrations, indicating that there is prevalence of 

geodynamic stability and weak fluid permeability within them, favorable for the formation and preservation 

of hydrocarbon deposits; 2) the presence of a weakly intensive halo of methane and ethane above the 

productive units with location of its anomalies outside contours; 3) increasing of thermal indicators value 

in the subsurface layer above the hydrocarbon deposits; 4) affinity of higher concentrations of radon, thoron 

and carbon dioxide to tectonic dislocations and external contours of deposits; 5) location of anomalies of 

heavy hydrocarbons along shielding tectonic dislocations and external contours of deposits. 

Laws of formation of hydrocarbon deposits in the crystalline basement are defined by location of 

this territory in the area of junction of Voronezh anteclise and Dnieper-Donets Rift. Influence of tectonic 

movements on the formation of hydrocarbons, its storage and migration is evident in the formation of 

decompressed areas of basement rocks, fracture zones of high permeability and other irregularities. 

Determination of the structural-tectonic position of area and allocation of geodynamic stable and 

active segments can provide an outlining of perspective areas and contributes to understanding of 

peculiarities of oil and gas capacity of crystalline basement.  
Integration and interpretation of all data array allows combine thermometric, emanational and gas-

geochemical indicators with information about structural and tectonic position into the unified multi-

dimensional space which can display the connection between subsurface part of geological environment 

and detected or predicted deposits. 

 

References: 
1. Kutcherov V. (2010): Deep-seated abiogenic origin of petroleum: From geological assessment to physical theory 

/ V. Kutcherov, V. Krayushkin // Reviews of geophysics, V. 48 (1), March. 

2. Bahrii I.D. (2013): Rozrobka heoloho-strukturno-termo-atmoheokhimichnoi tekhnolohii prohnozuvannia 

poshukiv korysnykh kopalyn ta otsinky heoekolohichnoho stanu dovkillia. K.: Lohos, 511 s (in Ukrainian). 

3. Chebanenko I.I. (2002): Neftegazoperspektivnyie ob'ektyi Ukrainyi. Neftegazonosnost fundamenta osadochnyih 

basseynov/ I.I. Chebanenko, V.A. Krayushkin, V.P. Klochko. Kiev.: Nauk. dumka, 293 s (in Russian). 

418

Geoinformation systems in the Earth Science  Mining engineering



PROBLEMS OF INFORMATIZATION IN THE RUSSIAN GEOLOGICAL 

EDUCATION AND POSSIBLE SOLUTIONS 

Ivanova Anna, Pchelnikov Denis, Dobretsov Nikolay 

Sobolev Institute of Geology and Mineralogy, SB RAS, Novosibirsk, Russia 

denmail@igm.nsc.ru 

Geological education, education informatization, virtual collection of stone material, geodatabase 

Volume of data is constantly growing. It is a global social process. Federal targeted program 

''Electronic Russia'' (2002-2010) [1] and Public program of the Russian federation ''The information soci-

ety'' (2010-2020) [2] have played a significant role in increasing the productivity of information technolo-

gies usage. Trends in development of education informatization have the following problems: technologi-

cal equipment, software, and building of information space, forming information culture. However, they 

have a huge variety of solutions in situ. For example, the article “Forming and optimization of education 

programs based cardinal approach to expert information progressing” published in the magazine “In-

formatization of education and science” № 4(28)/2015 [3]: “The article discusses the use of the cardinal 

approach to processing the rank of expert information in solving the problems of formation and optimiza-

tion of educational programs, within the competence training model. The state standard of undergraduate 

program «Applied Mathematics and Computer Science» are taken as the basis for a concrete example. 

Expert information provided rankings of the main structural elements of the program of study: education-

al cycles, competences, and disciplines. Normalized weights of these elements, and programs of estima-

tion their labor intensity in credit units for training cycles and disciplines are obtained.” 

Colleagues from Tver State University created information-analytical system for the University’s 

scientific activity monitoring. The system’s database collects information on scientific research projects, 

publication activity, theses, objects of intellectual property created at university and other results of scien-

tific activity. The accumulated information is used for analytical studies, in particular, for construction of 

online rating of teaching staff. 

To streamline and improve the process of geological education a resource is being created. Re-

source will consist of information rooms. “InfoRooms” will contain data from the following fields: min-

eralogy, petrography, stratigraphy, geophysics, paleontology, and minerals. “InfoRooms” will improve 

the quality of basic knowledge for geology students. Virtual collection of stone material will enable stu-

dents to identify the relationship of paleontology and modern topography, expand the understanding of 

the mineral and energy resources of the lithosphere. 

In the future, perhaps, the geodatabase (GDB) combine with databases of all geological universi-

ties. There are just suggestions.  
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Currently, the oil production in NGDU Djalilneft is carried out mainly from Devonian terrigenous 

deposits (71.8 %) and Carboniferous terrigenous deposits (27.6 %), and also in small volumes from the 

Kizelovian horizon of Tournasian stage (0.6 %). Depletion of reserves at the beginning of 2016 is 87.3% 

and watercut is 85.8%. In a short time the remaining recoverable reserves have significantly reduced due 

to the production. There is the problem of oil reserves prospecting in previously undeveloped horizons 

and stages of the geologic cross section. 

The paper considers exploration methods to locate potential reserves in the Zavolzhsky horizon, 

Upper Devonian in Pool no.12 of the Romashkinskoe oilfield. 

Deposits of the Zavolzhsky horizon refer to local oil-bearing ones and, unfortunately, have not 

been adequately studied. It is difficult to indicate the presence of oil-bearing rocks in a carbonate cross 

section and determine the character of its saturation because of the complexity of rock pore space charac-

teristics, changes of reservoir characteristics [1]. Moreover, drilling carbonate reservoirs is often accom-

panied by zones of deep mud filtrate invasion which makes it difficult to determine the resistivity of the 

reservoir. 

In order to study the Zavolzhsky horizon deposits, there were 32 wells in 2 areas of Pool no.12 

selected, and the detailed correlation of the geological section in the intervals of the Lower Carboniferous 

and Zavolzhsky horizon has been made (Fig.1). 

 

Fig.1 – The structural map of the Zavolzhsky horizon top (Section no.1) 

Geological cross section marks that allow to determine the character of rocks stratification in the 

studied section have been put. We used the criteria to define the position of the reservoirs in the carbonate 

section and identify them as oil-bearing, water-bearing and intermediate varieties. 
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On the basis of the correlation data and logging we have reinterpreted and designed three-

dimensional geological models for two areas. 

To obtain data on porosity, permeability and saturation character, core samples have been taken 

from neighboring wells in the same horizon intervals. 

Thus, having analyzed the results of the correlations, 3D geological models and core sampling we 

have drawn the following conclusions: 

1. There are five reservoirs (from the bottom to the top) in the Zavolzhsky horizon - D3zv-1; 

D3zv-2; D3zv-3; D3zv-4; D3zv-5.  

2. The Zavolzhsky horizon, in general, is an alternation of permeable and compacted varieties of 

carbonate rocks.  

3. Lithologically the carbonate rocks are presented by organogenic detrital limestones. 

4. The main oil pools in carbonate deposits of the Zavolzhsky horizon in the Upper Devonian 

Famennian stage are associated with local structures.  

5. The Zavolzhsky horizon oil pools have layer-uplifted type. 

Thus, on the basis studies, the authors estimated oil reserves and suggested wells to test the 

Zavolzhsky horizon deposits in Pool no.12. Total number suggested is 10 test wells; if successful the 

number will be increased. 

A detailed study of these deposits, using all available information, as well as additional research 

may enable us to increase resource base, identify perspective areas for further production from the 

Zavolzhsky horizon carbonate deposits. 
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The basic process of interaction in the Society-Nature system is the process of nature manage-

ment which is characterized by the continuous dynamics of different geographical sites. This dynamics is 

an indicator of the geographical environment transformation by a human and it is fixed by the changes of 

spatial and substantial characteristics of geographical objects in time. The monitoring and the study of 

these changes are of a great practical importance. Therefore it will allow to determine the level of human 

impact on the natural landscape and to identify the negative and positive aspects of nature management. 

Moreover, it will be possible to carry out the economic evaluation of different areas, to formulate recom-

mendations for the optimization of administration and planning. This, finally, will help to develop possi-

ble scenarios for future development of the process of nature management and the territory development. 

Under the geoinformational monitoring of nature management (GMNM), we understand the con-

tinuous man-machine process of collection, updating, processing, analysis and storage of the spatial and 

attribute information about the multitemporal physical and geographical condition of the objects of nature 

management. The purpose of the GMNM is to assess, to study, and to forecast the development of the 

objects of nature management in the integrated space-and-time to identify the physical-geographical laws 

and anthropogenic changes of the territory. The main objective here is to give a definition of certain re-

curring forms and states of similar objects, of certain features of the transitional stages of their develop-

ment, the analysis of the space-and-time structure and the invariants of their dynamics, identification of 

the dynamics models of the objects of nature management. 

The GMNM subject field is a process of geosystems evolution, their quality-quantitative changes, 

spatio-temporal organization. The most intensive changes are experienced by the Geosystems, where the 

use of natural resources takes place, and it is clear that it is their functioning is the primary object of geo-

information evaluation and research. Topographical surveys of such geosystems are being performed for 

more than a hundred years, and the multitemporal maps are the accurate models of their physical and ge-

ographical condition. Topographic maps show all the physical parameters of the natural and transformed 

landscapes which, combined with high accuracy, makes them the main documents during the geoinforma-

tional assessment of nature management. Thus, we consider environmental management system as the 

object of geoinformation monitoring. 

The scientists of the BINM SB RAS have created the GIS for monitoring of nature management 

on the basis of the ArcGIS software package for the continuous monitoring of the Baikal Lake basin (Fig. 

1). The GIS is a software-controlled set of periodic registration information objects and processes of na-

ture management, allowing interactively evaluate and predict the long-term dynamics of the economic use 

of the territory and the changes in the natural environment of the region. The GIS functional task is a con-

tinuous spatial information diagnostics and qualitative-quantitative status of natural resources in relation 

to environmental impact assessment. The ultimate goal of the system is the development of generic geo-

graphic information models and standard queries of the development of nature management objects, 

which purpose and principles are formed under the influence of user requirements. 

The GIS Information contents consist of multitemporal digital coating, aerospace, statistic, liter-

ary information, imagery, multitemporal geochemical and geophysical data. In addition, an important el-

ement is the system of classification and coding of spatial information, it is a unified legend of the objects 

and processes of nature management and it determines the unambiguous identification of each of the sim-

ulated object and its attributes. The GIS planning database is a topographic base of the three spatial lev-

els: panoramic (1: 1000 000); local (1: 200 000); detailed (1: 100,000). The GIS altitude base is a digital 

elevation model (SRTM), which allows evaluation of the morphometric parameters of nature manage-

ment system; identification of slope angles and slopes exposure; the construction of 3D models of ob-

jects; the cross-sectional profiles; assessment of the slopes forms. 
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Fig. 1 - The structure of the GIS monitoring of nature management 

The technical base of the measuring block consists of the geochemical and geophysical instru-

ments designed for field recording of the objects of nature management, as well as for post-processing of 

the geodata. The presence of differential global positioning stations (GPS), laser scanning stations and 

quadrocopters provides a reliable measurement of the coordinates of objects directly in the field and then 

converting to the information environment and, consequently, high precision of  mathematical founda-

tions of the established geographic information resources. 

The analytical block solves the problem of data processing, analysis, and receiving a new geo-

information. It represents the necessary hardware and software tools, query system and a geographic in-

formation models system of the dynamics of geographical features and processes maintained by qualified 

personnel, which ensures reliable functioning of all the operations of the regional nature management re-

search.  

The cartographic block contains the cartographic database of the territory, it is equipped with al-

gorithms of geoinformation mapping and modeling, it also allows immediate creation and updating of the 

cartographic products, enables an automatic map construction, as well as the interactive user experience 

to the query mode. The publishing block provides short-run printing in any form, as well as the publica-

tion on the Internet.  

The created GIS for nature management monitoring provides an automated implementation of all 

the aspects of the metric and the substantial evaluation of the environmental processes, it meets all the 

requirements for similar products, it is open to any additional geoinformation, methodically simple and 

controllable. The system management involves the ability to create maps and geo-information requests of 

nature management development of various types and objects. The technological realization of the system 

can reliably assess the qualitative and quantitative changes of nature management objects, to detect and 

investigate the structure of the space-time invariants of their dynamics, to predict trends and the direction 

of changes, to fix the positive and negative aspects of the transformation of nature and to formulate rec-

ommendations for the optimization of nature management. 

423

Geoinformation systems in the Earth Science  Mining engineering



USING EARTH’S REMOTE SENSING DATA FOR THE LOCATION OF 

PRECIOUS METALS MINERALIZATION IN THE PARAMUSHIR 

ISLAND, NORTHERN KURIL ISLANDS, SAKHALIN REGION 

Pavlova Viktoria 

Karpinsky Russian Geological Research Institute (FGBU VSEGEI), St. Petersburg, Russia 

pavlovaviktoria@mail.ru   

Remote sensing, hyperspectral data, mineral mapping, radar survey, interpretation, mineral resources, 

precious metals, the Kuril Islands 

Using earth remote sensing (ERS) data combined with classic methods of geological studies allows 

substantial reducing expenditures and improvement of work efficiency. Often it is difficult to carry out 

studies because of inaccessibility, large coverage area, and bad weather. In this paper we discuss 

possibilities of remote sensing in studying noble metal mineralization of the Paramushir Island, the Kuril 

Island Arc, for using its resource potential with a view to dynamic and sustainable development of the Kuril 

Islands and the Far East. 

Geologically, the island is composed of Neogene-Quaternary volcanic, volcanic-sedimentary, and 

sedimentary deposits. They are intruded by numerous relatively small intrusive, extrusive and subvolcanic 

bodies and dykes of various compositions. Loose Quaternary sediments are negligible [1]. 

A few gold and silver points of mineralization, geochemical anomalies, and dispersion halos have 

been identified in the island. Ore-bearing hydrothermal-metasomatic formations are dominated by barite- 

and adular-bearing secondary hydrosericite-sericite quartzite, which accompany tectonic faults. 

Hydrothermal-metasomatic zonality has been identified there; it is represented by opalization, 

hematitization, adularization, silicification, argillization zones [2]. Ore objects emplacement is controlled 

fault systems, central-type volcano-tectonic structures, volcanic apparatus, intrusive bodies, endocontacts 

of subvolcanic bodies, areas of hydrothermal-metasomatic formations. 

In practice of geological studies for solving problems on exploration of areas of hydrothermally-

metasomatically altered rocks promising for mineral resources (in our case, noble metal mineralization) 

and mineral mapping, hyperspectral data (ASTER, MODIS, Hyperion, Resurs-P, etc.) are used; currently 

it is a priority direction for the development of earth remote sensing systems [3]. According to the procedure 

elaborated at the Center of Remote Sensing Methods for Natural Resource Studies (TSDMI) at FGBU 

VSEGEI, key points in studying areas using hyperspectral data are: to identify indicator minerals of 

geological settings, to obtain their spectra, to distinguished them in images, and to compile maps of 

indicator mineral distribution with localization of areas promising for the discovery of minerals [4]. For 

this area, it is supposed to use following indicator minerals using spectral libraries: USGS Spectral Library 

[5], ASTER Spectral Library [6], TSDMI’s own spectral library: quartz, adular, alunite, muscovite 

(sericite), opal, chalcedony, illite, anhydrite, albite, chlorite, epidote, iron hydroxides and oxides (limonite, 

hematite, goethite, hydrogoethite) having similar spectra, calcite, microcline, barite, and sulphides 

(sphalerite, galena, chalcopyrite, pyrite, arsenopyrite, cinnabar), under condition of their limited use in 

geological situation of the study area. It is also planned to include spectral curves of rocks and minerals of 

the Paramushir Island to the spectral library. 

To perform the structural and tectonic analysis aimed at the identification of potential ore-

controlling structures, a morphostructural method on air-born and satellite images is supposed to be used 

along with topographic and geological maps, digital terrain models and modern physical fields. The usage 

of data of all-weather radar surveys ERS, RADARSAT, ENVISAT, ALOS, TerraSAR-X, TanDEM-X, 

COSMO-SkyMed, etc., and their specialized interferometric processing is also of great interest. These 

problems are solved by using visual interpretation and special automated processing of pairs of radar 

images. Using this processing technique, it is possible to obtain high-precision quantitative information, 

which allows the assessment of earth's surface movements with accuracy of a few millimeters during the 

period of time equal to the interval between the dates of surveys [7]. Thus, this technique allows studying 

recent structural and tectonic structure of the area: dynamics of the manifestation of its elements in time, 

direction of movements and their kinematic features, particularly for faults. 

In conclusion, it should be noted that the use of remote sensing data at early stages of exploration 

allows identification of potentially promising areas and localization of the search area of noble metal 

mineralization based on a set of ore guides. 
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The transient electromagnetic sounding (TEM) method, which allows determining a section’s elec-

trophysical parameters in a wide range of depths, is successfully applied for searching Siberian hydrocar-

bon deposits [1]. However, not only field measurements are necessary during TEM-data interpretation, 

but also logging data with the description of the lithologic and stratigraphic complexes and their stratifica-

tion depths, precise location of the TEM-points and borehole coordinates, geological and topographical 

maps, satellite images of the study area, and valid data on the topographical relief. To systematize and 

visualize all the available data, as well as to analyze interrelations between the objects in the area, one can 

optimally use geoinformational technologies [2]. 

In this work we consider a petroleum-bearing site in the Irkutsk region of Eastern Siberia, where 

areal detailed TEM-soundings with 600 x 600 m transmitting loops and 18 x 18 m receiving loops were 

executed. In total there were 2216 measurements, at that two receiving TEM-points were within each 

transmitting loop, whereas the rest ones (from 4 to 11 TEM-points) with different spacings were outside 

the loops. 

During the field data processing with the ESRI ArcGIS package we created an operating schematic 

map with locations of the TEM-points, where the wells and areas of the same-type curves are marked 

(Fig. 1a). On the basis of the interpretation results, detailed geoelectrical sections for a number of the 

functional profiles were constructed, along with the maps of areal distribution of geoelectrical parameters, 

and three-dimensional visualizations (Fig. 1b). The interpretation was executed using the EMS software 

package [3]. One can notice that the obtained geoelectrical boundaries agree well with those correspond-

ing to the borehole data. The fundament surface is characterized by local elevations and deflections. Some 

deflections are well correlated with the stream channels of the rivers flowing in the western part of the 

territory, and with the regional northeast-striking fault (according to geologic data) in its eastern part. The 

eighth geoelectrical horizon has the lowest resistivity values. There are pronounced anomalous low-

resistivity zones in the site's western and central parts, clearly visible in the three-dimensional electric 

resistivity distribution model (Fig. 1b), including those dedicated to the productive wells. Accordant with 

the borehole data, all the productive strata distinguished in the Vendian-Cambrian complex (the lower 

part of the Usolskaya suite and the Motskaya suite) lie within the eighth geoelectrical layer overlying the 

fundament. 

A comparison between the geophysical interpretation results and the provided geological data was 

made with the use of the ESRI ArcGIS package. The detailed structural maps of each productive hori-

zon’s top (by geology) [4] allowed us to calculate the depths to the tops at each TEM-point, and the longi-

tudinal conductivity of the section’s intervals containing each of the six productive horizons, and to draw 

the maps of the longitudinal conductivity distribution. 

A comparison of the geological and geophysical data indicates that the high-conductivity zones in 

their areal distribution are essentially correlated with the contours of the prospective oil-bearing areas cor-

responding to the geological data. 

Thus, considering the previous results obtained with the use of the TEM-sounding method, relying 

on the resistivity distribution in the regions of the wells with oil inflow, and involving the geological data, 

the anomalous low-resistivity (high-conductivity) zones can be regarded as hydrocarbon-perspective 

when they have the resistivity of 30-40 Om*m. 
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Fig. 1 – Location of the TEM-points (a); three-dimensional electric resistivity distribution in the eighth geoe-

lectrical horizon, based on the TEM-data interpretation results (built for the horizon's top surface) (b) 

The work was supported by the Russian Foundation of Basic Research (projects no15-35-20614 mol_a_ved). 
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Studying of crust and lithosphere stress state is very important for the development of 

geodynamic models and processes. A lot of articles are devoted to solution of this problem. Tectonic 

models often assume that structure of the continental crust is laterally layered and isotropic. As a 

consequence deformations depend on forces applied at plate boundaries and on layers geometry. The 

continental crust has more complex geometry and also has rheological heterogeneity, which influences on 

redistribution of stress-strain state [1, 2]. 

The paper presents the numerical modeling of deformation results to example of the crust model 

fragment. The model size in this study is 900 km laterally and 30 km vertically. We study strain-stress 

state of a three-layer model of the Earth’s crust with different elastic and strength characteristics and 

density.  Each layer is divided into 3 blocks (Table 1). As a result upper layer contains blocks 1 and 4, 

middle layer – blocks 2 and 5, lower layer – blocks 3 and 6. 

Table 1 – Structure of media and material properties 

1 4 1 Density  

𝝆, 𝒈/𝒄𝒎𝟑  

Bulk modulus  

𝑲, 𝑮𝑷𝒂  

Shear modulus 

𝑮, 𝑮𝑷𝒂 

Yield surface 

parameter 

𝒀, 𝑴𝑷𝒂 

Yield surface 

parameter 

𝜶 

2 5 2 

3 6 3 
 

Block 1 2.34 20.8 11.7 50 0.6 

Block 2 2.65 45.1 30.7 70 0.6 

Block 3 3.2 111.4 66.7 70 0.6 

Block 4 2.34 20.8 11.7 50 0.6 

Block 5 2.65 45.1 30.7 70-17 0.6-0.2 

Block 6 3.2 111.4 66.7 70 0.6 

 

The initial stress induced by gravity:  

𝜎𝑧 = −𝑔∫𝜌(𝑧)𝑑𝑧,  𝜎𝑥 = 𝜎𝑦 = 𝜎𝑧𝜉, 

where 𝜉 =
𝜈

1−𝜈
, 𝜈 – Poisson’s ration, 𝜌 - density. The lateral compression lacks.  

Deformation was calculated based on elastic-plastic models. The plastic behaviors of rocks are 

described by a modified model of the Drucker–Prager–Nikolaevskii [3]. The effective strength was 

determined by the equation: 

𝜏 = 𝛼𝑝(𝑧) + 𝑌, 

where 𝜏 – effective strength, 𝑝 - pressure. 

The mechanical model is built on the equations of motion and continuity and elasto-plastic model 

of rock behavior [1]. The equations were solved by the modificated finite-difference method [4]. As a 

result of numerical modeling it was found that reduction of strength values with depth (Fig.1 a) causes a 

pressure distributed in environment. As a consequence plastic deformation occur in the block with a 

reduced strength (block 5) and in the near located parts of 3rd blocks. The parameter of proximity to the 

plastic behavior was estimated according to: 

𝜉 =
𝜏 − 𝜏𝑖𝑛𝑡
𝛾(𝑧)

 

where 𝜏𝑖𝑛𝑡 – shear stress intensity, 𝛾(𝑧) – normalizing parameter, which is equal to the maximum value 

of the difference between shear stress intensity and effective strength at a given depth. 

Displacements lead to the formation of troughs (Fig. 1 c). There exists the dependence established 

between the width of the central blocks (4, 5, 6) and the magnitude of the troughs. If the blocks are 
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narrow, then the 2nd boundary bends stronger than the first. Otherwise, the day surface is below that 2nd 

boundary. This feature is related to the energy distribution in the medium.  

The medium geometry and strength with depth plays an important role in the character of 

deformation and the distribution of the stress-strain state in the crust. Plastic deformation develops in 

weakened areas and leads to a redistribution of stresses, which in its turn causes the formation of new 

areas characterized by a plastic behavior. The magnitude deformation depends on elasto-plastic properties 

and size of blocks. Also on the stress-strain state affects elastic moduli and spatial position of the elastic 

and plastic zones. 

The issue of mountain structures formation and troughs is actual and important to study. The 

results are useful in assessing the mechanisms of deformation structures in the crust, including the 

formation of synclinal and anticlinal landforms of different scale levels. 

 

Fig.1 – a) Profile of strength variation with depth: 1 - for 1, 2 and 3 blocks; 2 - for 4, 5, 6 blocks;  

b) Distribution of proximity parameter to the plastic state, black - plastic state of media; 

c) Boundaries relief: 1 – day surface, 2 – surface between 1 and 2 layers, 3 – between 2 and 3 layers. 
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There have been many investigations into the issue of slope stability at open pit mines, but as 

experience shows, even properly designed and constructed slope may be subject to deformation 

processes. This paper describes the results of geodetic monitoring of wrecking deformation process 

development in the eastern slope of the open pit mine “Sultanovskiy”. 

This cooper pyrite mine is situated in Chelyabinsk region, 55 km north of Chelyabinsk. 

Exploitation began in 2011, and in 2012 deformation process originated. At the same time a control 

network was organized. In 2013 cracks in berms were visually noticed in three localized zones of the 

slope. Specialists of the Institute of Mining began slope stability observations, which included GPS-

observations of control points twice a year and terrestrial laser scanning once a year. 

Before the collapse only two measurement cycles using GPS technique were implemented in June 

and November 2013. The results of the observations revealed displacement of the control points in both 

vertical and horizontal planes. Summary displacement rate for this period was 0.1 – 0.29 mm/day. This 

allowed to conclude that deformation process development is not dangerous.  

Also a comparison between two laser scanning point clouds (made in 2012 and 2013) was carried 

out by extracting 2D cross-sections through the seven specified cutplanes. No considerable changes were 

detected in these cross-sections. 

It is important to note that calculations of safety factor for the designed slope angles were made 

using different methods. Its average value was more than 1.3. Nevertheless, in May 2014 the deformation 

process of the eastern slope proceeded into an active phase. The part of the slope of about 100 m height 

and 400 m extent was enveloped with wreckage. Crack opening achieved 0.3 m, terraces up to 5 m height 

appeared. Berms were partially destroyed, crests of the benches crumbled. 

Soon after the collapse in May 2014 the next measurement cycle was implemented. Control point 

R2, which was the nearest to failure zone, showed maximal subsidence of 23 mm and horizontal 

displacement of 43 mm since November 2013. But taking into account a long period between 

measurement cycles (more than 6 months) its displacement rate amounted 0.25 mm/day. Maximal 

displacement rate over this period achieved 0.29 mm/day for control point R7. 

The last measurement cycle was carried out in September 2014. For the control point R2 the 

displacement rate increased, reaching 0.32 mm/day; the maximal rate achieved 0.46 mm/day for R7 

again. Displacement vectors of the control points for the entire observation period are presented in Fig.1. 

Analysis of the results of 4 observation cycles revealed 3 control points exhibiting growth in 

displacement velocity: R1, R2 and R7 (see Table 1), while the other points showed decrease. Such 

progressive behavior indicates that structural damage development is taking place in the north-east and 

north-west slopes of the open pit [1].  

Unfortunately, estimation of financial expenses of restoration after the failure showed 

unprofitability of further exploitation of the mine and led to its abandonment and cessation of the 

monitoring campaign as well. 

Table 1 – Displacement rate of control points 

Control point 
Displacement rate, mm/day 

06.13-11.13 11.13-05.14 05.14-09.14 

R1 0.11 0.13 0.27 

R2 0.21 0.25 0.32 

R7 0.18 0.29 0.46 
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Fig.1 – Displacement vectors of control points 

Moderate rate of rock mass displacement can be deceptive. Moreover, if the monitoring is 

implementing with low frequency, it can be impossible to detect the commencement of the active phase 

of deformation process. Organization of the continuous monitoring seems to be a good solution, but its 

implementation is complicated and expensive. At the initial stage of the monitoring campaign the 

cyclicity of observations must be redundant a priori; subsequently it could be reduced. If the first 

manifestations of the deformation process take place, the frequency of observations should be increased. 

Despite the displacement rate seems to be insignificant if it doubles in size (or more), more frequent 

scrutiny of the site should be taken [2]. 

Optimization of the monitoring technology in future will make it possible to recognize the 

warning of impending failure and to prevent possible accidents. 
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2. Pavlovich A.A., Budilova V.V. (2015): Joint analysis of interaction correction of mine surveying monitoring 

and stress-strain condition modelling for prediction of open pit slope stability and deformability // Mine 

Surveying Bulletin. №2. P. 53-56 (in Russian). 
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