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Abstract: The article reports morphotectonic and petrological characteristics of magmatic systems 

of Permo-Triassic traps in the sedimentary cover of the Siberian Craton, Taimyr, as well as in the 

crystalline basement of the Mesozoic cover of the West Siberian Plate and the Kara sedimentary 

basin based on the relief analysis, seismotomography data, magnetic and gravitational anomalies. 

Four development sectors of magma-permeable zones were distinguished along the perimeter of 

the craton of the Anabar Shield. The western sector is characterized by an extensive stretching area, 

on which the lava region of volcanic ridges junction of the Tunguska syncline formed. A striking 

feature of subaerial volcanism is the meridional petrochemical trend of increasing the silica of basic 

magmas in intrusive rocks of the Siberian Craton while the volumes of embedded melts are reduced. 

Keywords: Siberian traps; petrology; morphotectonics; GIS technologies  

 

1. Introduction 

From the beginning of the last century, the problem of large igneous provinces (LIPs) 

has been discussed in the petrology of volcanic rocks. Permo-Triassic traps of Siberia 

(PTTS) have the wide scale and varieties of structure and petrology, unique metallogeny 

on the Siberian Craton and Taimyr. To understand the nature of the traps, it is important 

to identify the geological boundaries and manifestation forms of igneous processes on the 

surface and in the sedimentary cover of the Siberian Craton (SC), West Siberian Plate 

(WSP) and Taimyr Peninsula (TP). Unique scales of such LIP served as a hypothesis of 

anomalous characteristics of the upper mantle state under the northern Asian superconti-

nent as the main reason for its formation [1]. In the formation of continental traps, the 

development of crustal spreading may take place before the opening of ocean basins by 

the rift formation mechanism [2]. However, in the case of PTTS, diffused spreading and 

subsidence of crust of WSP during the melting of the lithospheric mantle and after mag-

matic processes occurred without a significant reduction in its thickness [3]. A common 

geodynamic model for the PTTS formation [4] is the mantle hotspot pattern [5]. A model 

of the thermochemical superplume beneath the lithospheric plate, which melts the earth's 

mantle from the outer core to the lithosphere and spreads hundreds and thousands of 

kilometres or penetrates the lithosphere to form a threefold rift juncture of plates was pro-

posed in [6,7]. In these models, the structural conditions for the development of magmatic 

systems in the crust are explained by the formation of rifts [8,9] with volcanic manifesta-

tions overlapped by the thickness of Mesozoic petroleum deposits. Outside the Mesozoic 

petroleum basins, on the Siberian Craton, the PTTS igneous rocks are not associated with 

classical rifting. A solution to this geodynamic collision can be obtained based on an anal-

ysis of the characteristics of regional and local igneous structures in the platform case, as 
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well as the scale of the development of facies of igneous systems throughout the PTTS 

development area. 

2. Methods of Analysis of the PTTS Formation  

Models of the PTTS formation are discussed based on the generation pattern of mafic 

melts and deformation of the earth's crust by upper mantle plumes. For intraplate geody-

namic processes with the formation of faults in lithospheric rocks, the sources of such 

deformations can be global and local stretching of the lithosphere affected by convective 

flows in the upper mantle, both with and without the formation of decompression melting 

regions [10-11]. By numerical modelling of the rift formation above asthenosphere zones 

for areas of slow-spreading ridges [12] and the evolution of upper mantle plumes under 

the WSP and SC lithosphere [13-15], we calculated lateral dimensions of rift valleys over 

ascending convective flows above hot spots as the first tens of kilometres by model [5]. 

The manifestation of mantle thermochemical plumes in the presence of a phase boundary 

between mantle reservoirs [16] in the studied model of hot spots coincided with the sizes 

of asthenosphere zones. No significant differences in the development of rifting processes 

associated with mantle and local upper mantle plumes were observed. Therefore, the con-

sistency of the models should be evaluated using instrumental data records in the geody-

namic interpretation of the PTTS nature. 

The genetic models of PTTS origin and development can be based on the analysis of 

the observed intraplate mafic volcanism in Africa, Iceland and Hawaii. The structural 

characteristics of SC are discovered by mapping and drilling during the search and explo-

ration of ore and petroleum deposits. Since, according to [17], Taimyr and SC by the time 

of PTTS formed were a single platform, signs of classical rifts are difficult to find on the 

SC territory. The assumed joint structure of the Khatanga and Ob rift zones in the for-

mation of PTTS should develop followed by volcanic manifestations of traps when the 

volcano-plutonic systems are formed. Two almost parallel rifts were identified [18-19] on 

the area of WSP downfolds filled with Mesozoic and Quaternary sedimentary rocks. In 

[20] considered all post-Paleozoic igneous events of the Russian sector of Asia were con-

sidered as rifting processes, although there are no signs of classical rifts of the PTTS igne-

ous systems in the described structural forms of the magma development in the sedimen-

tary cover and subaerial mantle flows for SC and Taimyr [21-29]. The described manifes-

tations of subaerial volcanism beneath the Mesozoic cover on the WSP territory [30-33] 

also do not contain geological and structural information about morphological structures 

common for classical rifting, therefore morphological structures characteristics of the 

PTTS manifestation of terrestrial magmatism should be studied by instrumental tech-

niques. 

The most meaningful methods for identifying regional features of PTTS intraplate 

basic magmatism are structural analysis of gravitational and magnetic anomalies [34-36] 

and seismic tomography [36-37]. Analysis showed that after the PTTSs formation, basic 

lavas were observed in the northeast and east of their development [37-38]. Most of the 

magnetic and gravitational anomalies in the platform Paleozoic cover of the SC and Tai-

myr were induced by volcanic and subvolcanic igneous trap bodies. In the eastern Anabar 

shield and the west Lena aulacogen, an overlap of manifestations of Middle Paleozoic and 

Permo-Triassic traps in faults, which contain the diamondiferous volcanic pipes, was re-

vealed [25,40]. 

This paper focuses on local data of structural control of trap magmatism in the SC 

Paleozoic platform cover and under the WSP Mesozoic cover obtained using GIS technol-

ogies [41-43] and supplemented by the analyses of the regional magmatism of SC and 

WSP, conducted in [34-36] and the forms of volcanic edifices and fractures of the earth's 

crust in the PTTS manifestation. Seismotomographic data visualization was carried out 

using an original data processing system GIS-ENDDB [43-44]. The system uses a tomo-

graphic model "SL2013sv" on a transverse SV-wave with vertical polarization [45] con-

taining values of velocity deviations from the basic velocity SV0 by 28 depth levels to H = 
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700 km. The selected seismotomography method has good sensitivity to rheological dis-

continuities in the earth's crust and better depth resolution. The obtained digital model 

has a step of 0.5° by lateral and 25 km by depth, the accuracy of SV velocity deviation from 

the basic one is 0.001%. Visualization of local gravitational anomalies was also conducted 

via the GIS-ENDDB software system [41,43] using a shadow-gravity model of the anom-

alies field according to the data of "Global marine gravity" (model V18.1 [46] with a reso-

lution for the water body: 30” per a point by latitude λ, and cos (ϕ)· 30” by longitude λ; 

and for onshore: 1’ (min) per point by ϕ, and cos (ϕ) 1’ by λ). The data sources for this 

model are the altimetric missions of ERS-1 and Geosat/GM, and the global model - Earth 

Gravitational Model (EGM-2008) prepared by the US National Geospatial-Intelligence 

Agency NGA, including Russian surface mapping data [46-47]. For clear identification of 

tectonic and structural zones in GIS-ENDDB, the initial gravitational field was recalcu-

lated into local anomalies by extracting the local component background by the Andreev-

Griffin variation method using anti-aliasing (moving circle averaging of a given radius R) 

and subtracting the obtained value from the observed field. 

3. PTTS Magma System Manifestations Characteristics 

3.1. Geomorphological Characteristics of the PTTS Magma System Manifestations 

The problems of PTTS genesis were solved based on the analysis of satellite images 

and geological maps. The PTTS manifestation areas, the geology of which is illustrated in 

Figure 1, demonstrate the coincidence of morphological structures of the WSP basement 

overlapped by sedimentary rocks with the basement structures in the WSP and Kara Sea 

petroleum basins (Figure 2) [48- 53]. Morphological structures characteristics of the PTTS 

volcanic formations do not significantly differ in areas covered by Meso-Cenozoic sedi-

ments (Figure 1), which is confirmed by data on the thickness of the sedimentary rocks in 

the petroleum basin (Figure 3) [48]. The largest volcanoes and volcanic ridges can be re-

vealed, which are also recorded on maps of magnetic [35] and gravitational anomalies. 

These works [16], evidencing the development of volcanic processes in the PTTS for-

mation on a single tectonic platform basement, suggest that during the development of 

Mesozoic downfolds there was mainly an increase in the distances between volcanic edi-

fices without the formation of large faults, as recorded in the Tunguska syncline. These 

assumptions should be confirmed by the presence in regional maps of the corresponding 

morphology and distributions of magnetic and gravitational anomalies, which provide 

rift isolation [8,20,54-55]. 
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Figure 1. Fragment of the State Geological Map of Russia for the manifestation region of the Permo-

Triassic formation of Siberian traps (see the contour boundaries) and adjacent territories. Purple 

color indicates the contours of the field of igneous PTTS of Tunguska syncline. 

 

Figure 2. The PTTS areas with igneous trap manifestations and intrusive bodies on the Earth's sur-

face and under sedimentary rocks of the Meso-Cenozoic cover of the Siberian Craton, Taimyr and 

West Siberian Plate (see Figure 1) (I) northwestern volcanic zone of the Anabar shield (with mani-

festations of stratovolcanoes), (II) western and central parts of the Tunguska syncline, (III, IV) central 

and northwestern volcanic zone of the West Siberian plate, (V) junction area of volcanic structures 

of the Urals and West Siberian Plate. 

 

Figure 3. Surface map of the petroleum basin basement of the West Siberian Plate [48]. 

3.2. Comparison of Location and Morphology of the WSP Intrusive Bodies and Volcanic Edifices 

Systems of regional latitudinal, meridional and intermediate lineaments controlling 

the location of igneous bodies on the SC territory were recognized in [34,36]. In the south-

ern SC, a similar local distribution of igneous rocks, dike belts and pipe-shaped ores was 
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shown in [22,24,56,57]. The uncertain structural interpretation of geophysical maps may 

be related to the presence of extended sub-volcanic sills [27,58] and lava covers above 

dikes [28], as well as with the pre/post trap discontinuities and earlier manifestations of 

magmatism in the earth's crust [59-62]. Only the regional pattern of the distribution and 

morphology of magma-permeable zones in the crust is discussed below. It is worth men-

tioning that the magma rock bodies of different ages cannot be separated using these tech-

niques. This is characteristic of WSP, in which part of the PTTS manifestation region under 

Mesozoic sedimentary strata is overlapped by the development area of Middle Paleozoic 

volcanic complexes [63]. 

 

Figure 4. Map of lithospheric magnetic anomalies for the manifestation areas of the Permo-Triassic 

traps of Siberia (model EMAG2 v.3, [70]). 

 

Figure 5. Map of gravity anomalies in free air for the PTTS area (model DTU15 [71]). 

The study of the problem based on the analysis of magnetic and gravitational anom-

alies enhances the accuracy of structural interpretations. Maps of the boreal segment of 

the Earth above 60o contain the data [38]. Systems of magnetic and gravitational anomalies 

and individual causative objects can be compared with the objects in Figures 2 and 3 to 

identify the PTTS manifestation regions and the largest lineaments interpreted as fault 

zones, which control the manifestations of basic intraplate magmatism [7,8,55,63] in the 
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northern PTTS. A comparison shows the correspondence of position and dimensions of 

magma formations to magnetic and gravitational anomalies (Figures 4 and 5). Correlation 

with the relief of the basic horizons of Mesozoic sediments in petroleum basins [17,48-

51,53] demonstrates the consistency of the main morphological structural elements of the 

crystalline basement of petroleum basins on the PTTS manifestation territory and mor-

phological characteristics of magnetic and gravitational anomalies. 

3.3. Structural Characteristics of the PTTS Volcanic Manifestations 

Articles on the PTTS geology and development are devoted mainly to the nature of 

ore-bearing intrusive rocks and magma rock sections of volcanic synclinal folds of the SC 

northwestern, northern, southern and southeastern parts [21,26,58]. The geological map 

of Russia reflects an objective geological pattern of the manifestation of PTTS volcano-

plutonic complexes (Figure 1). The structural characteristics of PTTS in the pattern of ig-

neous complexes of different ages in the boreal and middle-latitude region of the Earth 

can be obtained from the comparison of the tectonic map [55] and tectonics of the boreal 

region [64] with magnetic maps (Figure 4) and gravitational (Figure 5) anomalies above 

60° north latitude and with maps of volcano-plutonic complexes [63], as well as with data 

from the works [3,34-35]. To compare these data with the characteristics of the PTTS de-

velopment area, an analysis of the magnetic anomaly map for this area was made. Figure 

4 supplemented the data [34,36] shows the morphology and distribution of magnetic-

causative bodies interpreted as volcanic and volcano-plutonic rocks on the WSP, Taimyr 

and SC territory covered by a sedimentary cover and as volcanic and plutonic mafic rocks 

on the SC areas. Data correlation in Figures 2 and 3 shows a good agreement of the forms 

and places of localization of volcanic rocks on the WSP area, Kara basin and Khatanga 

trough and the crustal morphological structures reported in [17,49-51,53,65]. Correlation 

with local gravitational anomalies for the PTTS manifestation area (Figure 5) shows the 

consistency of the main structural elements reflecting the position and configurations of 

morphological structures: the overlapping of the morphology of large volcanic ridges 

with band magnetic and gravitational anomalies; morphology of individual development 

sites of magma rocks is fixed for all scales. 

An important factor for understanding the nature of the magmatic phenomenon of 

the lithosphere in the northern Asian continent is the heterogeneity of intensity and mor-

phology of the volcanism manifestation, which is correlated with the Anabar craton (I) 

(Figure 1): occupied from the west of this contour by Tunguska syncline (II) with the max-

imum scales of volcanism; configuration of the eastern PTTS, in which its alignment with 

the Lena aulacogen structures is recorded [63, 66-67]. Four sectors can be distinguished, 

different in morphological structures and intensity of the PTTS igneous systems develop-

ment, concerning Anabar craton. The northern sector of the PTTS manifestation in Taimyr 

is divided by the "Rosen lineament" [61,68] into two subregions and can be traced along 

the east boundary of the Tunguska syncline to the south SC boundary. The western sector 

consists of three subregions - the Tunguska syncline, the latitudinal band of the Yenisei 

shear zones [69], and mainly meridional WSP faults. The southern (Angara) sector is di-

vided by a meridional fault into western and eastern subregions. Its geology and struc-

tural features have been described in detail in publications on the study of ore and petro-

leum fields. The eastern (Vilyui) sector at the interface with the southern sector has been 

well studied in [28] for its western part, and in [63, 66-67] for other parts. Its characteristics 

can be seen from the analysis of lithospheric magnetic anomalies presented in Figure 4 

(model EMAG2 v.3, [70]) and gravitational anomalies in free air given in Figure 5 (model 

DTU15 [71]). The tectonophysical position of the Novaya Zemlya-Kara sector and its joints 

with the structures of the Ural belt, as well as the nature of the northern PTTS boundaries 

and the Mesozoic basic igneous systems of Taimyr, is vague concerning the traps mani-

festation outside the contour depicted on the geological map (Figure 1). Geodynamic anal-

ysis of the terrain composition nature of the earth's crust development in the PTTS mani-

festation region was made in [7,8,55,64,72]. The spatial characteristics of the junction in 
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regions of the Mesozoic tectonic-magmatic cycle of igneous systems development of the 

boreal area of the Earth and East Siberia with the PTTS manifestation site require further 

study. Mesozoic and Cenozoic non-volcanic sedimentary basins with their own tectonics 

have developed on this territory [37,49-51], the formation of which may be included in the 

history of rift structures [8,73]. 

3.4. Structural Characteristics of Magmatic Systems of the Taimyr and SC Trap Formation  

The Taimyr traps, Khatanga trough and their junction with synclinal folds calderas 

of the northern SC are poorly described due to the presence of a cover of Mesozoic and 

Cenozoic deposits [29]. It should be noted that the geological map of Taimyr illustrates 

two strips of traps parallel to the metamorphic rocks belt, with their shifts along with the 

system of northwestern faults. Given the significant overlap of Taimyr with sedimentary 

rocks, it can be assumed that such an interpretation does not explain the "volcanic belts" 

structure of Permo-Triassic traps. Based on the analysis of maps of magnetic and gravita-

tional anomalies (Figures 4 and 5) we propose another interpretation of the structural 

characteristics of volcanic systems in the northern PTTS development area. Figures 6 and 

7 reflect a more detailed pattern of the structure of this trap volcanism sector. Taking into 

account the data in [17,51,53], we suggest the presence of a specific area under the Meso-

zoic and Quaternary deposits of PTTS igneous structures, which is a northern continua-

tion of SC synclinal folds [29]. 

 

Figure 6. The PTTS area of the Khatanga trough in Siberian Craton and adjacent areas of Taimyr 

and Siberian Craton: morphology of volcanic edifices, depressions and bottoms of the ridges are 

filled with the earlier igneous rocks. 

The volcanic morphological structures of the Khatanga trough in the Taimyr and SC 

junction are shown in Figure 6. A similar pattern was obtained for local gravitational 

anomalies by GIS-ENDDB (Figure 7). It is assumed that the SC area detected by local 

anomalies in its basement subsidence along the faults along the latitudinal fault, caused 

by the asymmetric meridional stretching of the crust, covered the northern Tunguska syn-

cline. Figure 6 presents a zone affected by the stretching in PTTS igneous systems by an 

intersection point of volcanic ridges in the junction of the arcuate fault of the Khatanga 

trough and stretching area of the Tunguska syncline crust. The northern PTTS sector re-

flects the continuation of this structure in the platform cover of Taimyr, where the merid-

ional component of stress dominated during the PTTS formation. The northern boundary 

of this PTTS part is not distinguished, since the tectonic sketch maps do not indicate the 
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field contours of Mesozoic igneous systems and do not demonstrate the fault systems con-

trolling them. The map of gravitational anomalies (Figure 7) reflects postmagmatic tec-

tonics. The development of PTTS igneous systems in the marginal zones of the crust 

blocks results in their shifting and possible rotating [74]. The latter leads to ring-type and 

arc volcanic ridges in the northern PTTS and Khatanga stretching zone (Figures 6 and 7) 

[75]. P.M. Bondarenko experimentally investigated characteristics morphological struc-

tures of such zones on optically active media [76]. 

 

Figure 7. Map of local gravity anomalies (R = 40 km) for Taimyr, Khatanga trough and northern 

Siberian Craton (based on remote probe data [46] in the form of the shadow model GIS-ENDDB 

[43]). 

Let us consider the structure of PTTS manifestation, according to the analysis of ge-

ophysical anomalies and relief features. Along the Anabar craton perimeter (Figures 2 and 

6), zoning and significant heterogeneity of the manifestation scales of PTTS volcano-plu-

tonic complexes are observed: the presence of a chain dike belt; a northern and northwest-

ern segment of volcanic ridges with maximum heights of volcanoes; western segment 

with a minimum thickness of lava flows; southeastern sector with low-thickness mantle 

flows [28]. The characteristics of the eastern segment were reported in [28,63,66,73]. The 

southern SC is characterized by the same combination of permeable zones as for the Tun-

guska syncline, but the scale of mafic melts intrusion is much lower [22,28,56,58]. There is 

no platform cover on the West Siberian Plate, which led to the predominance of the linear 

volcanic chain [48](Figure 3) and no stratum-like subvolcanic penetration rocks, which 

were covered by mantle flows characteristic of SC and Taimyr. The relief analysis (Figures. 

2 and 6) allows to compare these results with the data [17,48-51,53,65] and to clarify the 

position of fault-magma reservoirs in the northern WSP crust, SC platform cover and Tai-

myr in their junction area [29]. 

The data provided updated information of the earth's crust structure in the study 

area reported in [69]. The problem remains on the systems of fault-magma reservoirs in 

the assumed rifts beneath the WSP sedimentary strata and in the threefold juncture of the 

Yenisei-Khatanga trough and Ob rift [55]. Correlation of local gravitational and magnetic 

anomalies with changes in the thickness of the top of Jurassic and the bottom of Mesozoic 

sediments [48,65] allowed us to conclude that this surface is the bottom of the sedimentary 

rocks, reflecting the morphology of large volcanic edifices and vents between them. At the 

same time, two parallel latitudinal depressions of the Khatanga trough formed along with 

the uplift [65], which has the S-shaped development strip of traps (Figure 7). The geolog-

ical and structural pattern of sedimentary basins of latitudinal extension to the west of 

this structure is described in detail in [51,53,77]. This area is assumed as the geodynamic 

plate juncture according to [55]. The review [78] studies seven variants of threefold plate 
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juncture, according to which the region should contain large tectonic deformations in the 

crystalline basement and angular deviations of the intended plates boundaries. The sec-

ond structural and magmatic variant is a similar threefold juncture of volcanic ridges in 

the axial parts of rift valleys. This juncture of rifts refers to the sections of sedimentary 

basins reported in the above-mentioned works. Such hypothesis suggests the structural 

features of the discontinuities junction in the platform cover basement and its crystalline 

basement of Taimyr - SC, Kara plate and WSP, earth's crust on the SC-WSP boundary, as 

well as the structure of igneous rock systems in the latitudinal band between the Kha-

raelakh synclinal folds and the traps of the northern Ural belt (Figures 6 and 7). On the 

tectonic plot of the platform basement (Figures 4 and 5), there are no signs of a threefold 

plate juncture and no morphological structure corresponding to the Khatanga rift is pre-

sent [78-79].  

Mesozoic Yenisei-Khatanga trough [50,65] is a post-trap depression of the Kara sed-

imentary basin, which has its complex subsidence dynamics [50-49,53]. The dynamics of 

the depression development in connection with the Mesozoic tectonics of petroliferous 

basins subsidence and Cenozoic drifts of the crust has been studied in [8,73]. In the PTTS 

study area, the structure of the crystalline basement on which igneous formations develop 

and magma feeding chambers were recorded on maps of magnetic and gravitational 

anomalies (Figures 4, 5, 7), as well as on structural maps of the earth's crust and litho-

spheric mantle [3]. According to Fig. 4 and 5, the structures of the Earth’s crust basement 

on the boundary of WSP and SC are extended north of the assumed juncture and there is 

no supposed Khatanga rift in the form of an intraplate regional and isolated volcanic zone 

(Figures 6 and 7). Another development of arc volcanic groups along the latitudinal re-

gional fault is fixed here. The junction of the volcanic zones of Taimyr and similar struc-

tures on the WSP and SC boundary is recorded in the western Taimyr (Figures 4 and 5). 

 

Figure 8. Map of gravity anomalies in free air for the PTTS area (model DTU15 [71]). 

Volcanic synclinal folds of the northwestern and northern SC [29] and similar for-

mations of the southern Taimyr form an independent area of magmatism, which intersects 

with that of the Kara basin (Figures 6 and 7), and likely have a northern continuation. 

However, its eastern boundary is the meridional fault zone dividing the eastern Taimyr 

and Anabar shield. There exists a specific Maymecha-Kotui petrochemical province, char-

acteristics of which have no counterparts within the PTTS manifestation. The latitudinal 

section of the suggested rifting is therefore not observed in the crystalline basement struc-

ture on the WSP and SC boundary to the central Taimyr. The Khatanga trough has no 

linear latitudinal area of stretching and the asymmetric eastern boundary of the Paleozoic 
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cover subsidence in its bent to south. From the latitudinal fault to the south, an arc of the 

crust subsidence is presently broken in the Khatanga trough by meridional faults into four 

sectors. In [65] was reported the formation history of Mesozoic sedimentary belts of the 

Khatanga trough and their deformation by subsequent tectonic processes. In [8,20,54,73] 

these phenomena were considered as intraplate rifting. 

 

Figure 9. Map of gravity anomalies in free air for the PTTS area (model DTU15 [71]). 

For Mesozoic rifting within the WSP [54], it is important to separate rift morpholog-

ical structures and aulacogens. According to [17, 49-51] there is no need to distinguish 

classical rift valleys and mid-ocean ridges on WSP the territory. Chains of volcanic edifices 

covered by Mesozoic sediments are highlighted on the basic horizons of the Mesozoic 

sedimentary cover. The top of the Cenozoic-Mesozoic deposits reflects the relief of sub-

volcanic Permo-Triassic volcanism [48]. The morphology and dimensions of magma for-

mations (Figure 3) are consistent with the dimensions of both shield and stratovolcanoes 

of intraplate volcanic chains [12,80]. It should be taken into account that at the initial stage 

of trap volcanism the thickness of the Ivakinskaya suite, which formed igneous rocks in 

eastern Taimyr, was significantly higher than that of the Kharaelakh synclinal folds [29]. 

The maximum tension field during the development of the magma systems of the Permo-

Triassic traps of Taimyr and SC was therefore located in the north direction of the Meso-

zoic Khatanga trough axis. The formation of sedimentary basins and their following de-

formations may be associated with the Mesozoic and Quaternary tectonics of the studied 

plates [51]. Between the SC and Taimyr during the development of igneous PTTS systems, 

as well as throughout the SC territory there could be no manifestations of classical rifts. 

This is also evidenced by an isopach map of the upper Earth’s crust (Figures 8 and 9), in 

which the study area does not have latitudinal boundaries between plates [3]. The nature 

of morphology of volcanic edifices in the latitudinal strip between the Kara basin, struc-

tures of Taimyr, SC and WSP is presented in [48,49,51,60]. Qualitative analysis of the for-

mation dynamics of post-volcanic structures can be carried out according to [49,51]. 

4. Discussion 

Analysis of the morphological structures of the earth's crust in the PTTS development 

area suggests the presence of deformations in the form of different scale diffused spread-

ing, the local characteristics of which depend on whether there is (SC) or no (WSP) plat-

form cover. The regional distribution of deformations of the lithospheric plate is associ-

ated with latitudinal and meridional stretches of the crust and the movement of the SC 
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largest blocks relative to the craton of the Anabar shield [34,36,75]. Local shifts of the 

blocks during the formation of the trough are associated with the diffused spreading of 

the western SC (Tunguska syncline) and the area between the SC and Taimyr (Figures 6 

and 7). This igneous rocks region in the west and east coincides with faults and minor 

volcanic chains; in the southern SC, an area of volcanic edifices and dike belts was formed; 

within the WSP, a more common system of magma permeable northeastern and north-

western faults is observed. [48]. No classical rift signs were recorded in the PTTS area as 

confirmed by geophysical maps of the earth's crust structure (Figures 8 and 9). 

The PTTS development on the SC territory includes a minimum of two magmatic 

stages with uncertain spatial manifestations [30]. The location areas of upper igneous and 

dike rocks can be distinguished (Figures 2 and 6). However, there is no dating of these 

events and no data exist on the boundaries of petrochemical provinces and the compari-

son of the WSP and SC magma rocks. For SC, in the direction of decreasing the intensity 

of magma flow from north to south, the Parana petrochemical trend exhibits an increase 

in the silica content of basic melts in the lithospheric mantle [81]. Statistical evaluations of 

the petrochemical compositions of the Siberian traps (Figure 10) show significant spatial 

differences in their compositions. In WSP, unlike SC, effusive rocks have undergone sig-

nificant hydrothermal alteration; the general meridional trend of increase in SiO2 contents 

is recorded; in the southern SC, the subvolcanic bodies of ore-bearing pipes are enriched 

with MgO; in the area of trap formation, the average contents of Al, Ti, Si are similar; traps 

of the Maymecha-Kotui province sharply differ in the contents inclusions and several pet-

rochemical elements from the igneous and intrusive rocks of other SC provinces; the most 

characteristic is wide variations in the composition of dikes of the Kamenskaya province 

in the northern margin of the Tunguska syncline. On the WSP, other spatial petrochemical 

characteristics of magma rocks are recognized [30-33], where the Parana type of volcanism 

may have been occurred characterized by abundant felsic melts of the final stages of mag-

matism. 

Given the general picture of magmatism, the following features of PTTS generation 

can be noted: development on the most igneous systems of the statistically pronounced 

tholeiite mantle melts [21,82]; the presence of melts, which sharply differ in composition 

from melts of tholeiitic type, in giant faults, in which a wide range of mantle and crustal 

magmas is fixed. Meridional and northeastern lineaments are present, in which the pro-

cesses of basic, alkaline and carbonatite magmatism are observed in a wide time span 

[40,61,68]. These phenomena are expressed in the structure of abnormal zones in the up-

per mantle. 

Tomographic data of strip and vertical sections of the lithospheric and upper mantle 

are given in Figures 11 and 12. Fields of shear wave velocities with vertical polarization 

Sv are represented relative to the base velocity Svo according to [83]. Analysis of the struc-

ture of lithospheric and upper mantle on tomographic sections beneath the transects - 

Craton, Meteorite, and Rift [84-85] reveals the presence of plate-shaped areas of an abnor-

mally dense mantle at the depths of 100-240 km. For the diamond-bearing province of the 

Siberian Craton, sections of mineral facies of compositions of the assumed terranes in the 

upper mantle were drawn [86]. Maps of the crustal morphological structures compiled in 

[3] have been supplemented by maps of the lithospheric plate and upper mantle morpho-

logical structures for the entire PTTS region. Tomographic maps of transverse waves with 

vertical polarization were compiled in a depth interval of 50-700 km with an interval of 25 

km in depth (Figure 11) using the GIS-ENDDB software [43-44] based on the method [45]. 

These data update the conclusions that there are no signs of the Khatanga-Ob threefold 

rift juncture between the slab lithospheric blocks of the WSP, SC and Kara sedimentary 

basin (Figure 11a); the existence of a single mantle field of PTTS volcano-plutonic magma-

tism (Figure 11b-d); the existence of diamondiferous carbonatite igneous systems, which 

spatially separated from the fields of the Middle Paleozoic and Permo-Triassic traps (Fig-

ure 11, d-e); the isolation of the non-volcanic Mesozoic convection field under the trap 

formation (Figure 11f-i); on the different nature in igneous systems under different sectors 

of the PTTS manifestation area (Figure 11g-i).  
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Figure 10. Data of petrochemical compositions in traps from different parts of the West Siberian 

Plate and the Siberian Craton: (1) SG-6, (2) NKC-1, (3) VK-42.43 - numbers of reference sections in 

the deep and super-deep wells of the same name [32-33]; (4) Kuzbass [90-91]; (5) Taimyr [92-93]; (6) 

Mid-North SibLIP - data of Almukhamedov and Medvedev, estimates of Tb/Yb in works [94-95]; (7) 

Meymecha-Kotui - [96] (for the Onkuchanskaya suite of the Maymecha-Kotui province); (8) Lama 

lake - authors' data for the volcanic section of its south margin; (9) Dyupkun lake - data for volcanic 

section of its margins [29]; (10) West SibLIP [92-93]; (11) South SibLIP data by S.D. Kurtseraite, (12) 

Kamensky Dyke belt (North) - data by [29]. 
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The latter requires the analysis of the heat and mass transfer processes in the convec-

tion area of the upper mantle and zones above the asthenosphere of the lithospheric man-

tle of the crust. 

 

Figure 11. Tomographic maps of S waves anomalies with vertical polarization for the PTTS areas at 

the depths of 50 (a), 75 (b), 100 (c), 200 (d), 300 (e), 400 (f), 500 (g), 600 (h), 700 (i) km (by data [45] in 

the form of the shadow GIS-ENDDB model [44], per units (SV-SV0)/SV0*100 %). 

A solid slab (Figure11a-c) beneath the PTTS development area can be considered as 

the melting area of tholeiitic basalts and associated more felsic melts characteristic of the 

Parana type of traps. High magnesium traps belong to the deeper horizons of the upper 

mantle. The deepest melting regions of carbonatite fluids released beneath the Siberian 

Craton (Figure 11 d, e) are located in the northeastern part of the mantle plate under the 

detected strips of diamondiferous pipes. Characteristics of morphological structures of 

these magmatic systems have been recorded on tomographic sections (Figure 12). 

 

(a) (b) 
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Figure 12. Schematic diagram of profiles (a) and fields of anomalies of S waves with vertical polar-

ization on vertical sections (b) (50-700 km) according to the presented profiles (according to [45] in 

the form of sections GIS-ENDDB [44], per units (SV-SV0)/SV0*100 %). 

Layered maps of the earth's crust and mantle provide qualitative insights into mor-

phology changes with the depth of sedimentary basins in the crust and convection zones 

in the upper mantle (Figure 11). In the interpretation of mineral-geochemical data on the 

composition of mantle xenocrysts and xenoliths in diamond pipes [86], it is important to 

analyze the change in morphological structures with depth according to the data of verti-

cal sections of the lithosphere and mantle (Figure 12) which cover the area of diamond 

deposits on the SP [40] and the areas of carbonatite intrusive complexes of all igneous 

cycles within the Siberian Craton [87]. A feature of the structures presented in Figures 11 

and 12 is the isolation of convection zones and heterogeneities in the upper mantle. In the 

context of the history of PTTS terrestrial volcanism, it can be assumed that the area of 

PTTS development is a superswell above an abnormally large decompression-melting 

zone when convection takes place in the upper mantle. This arid climate region [88] did 

not have large sedimentary basins not only for this reason but served as a total high point 

of the earth's crust above sea level. This was an additional agent of mainly in subaerial 

magmatism over extensive areas of the crust stretching. It can be believed that during the 

crust deformation in the area of PTTS in the subsequent Mesozoic and Cenozoic geody-

namic cycles, no visible changes in the position of regional fault zones occurred, but the 

relief height varied significantly. Models of plume tectonics of LIPs in the development of 

PTTS igneous systems using the mechanics of inter-block and intra-block deformations of 

solid media were reported in [74,89]. 

The formation geodynamics of the trap [3] differs from that of the other trap prov-

inces not only in the absence of a central rift and the opening of the ocean basin [2], but 

also in the process on the heterogeneous crustal basement of the Asian continent of an 

extensive volcanic chain in geotectonic fracturing area of the earth’s crust. This process is 

distinct from classical rifting. The general geodynamics of the development of volcanic 

processes from the middle of Paleozoic in Siberia is reflected in a series of maps [63]. 

5. Conclusions 

Permo-Triassic traps of Siberia were formed along the perimeter of the Anabar craton 

in the stretching sites of the crust of two continental plates (West Siberian Plate and Sibe-

rian Craton), which have a junction at the submeridional boundary. A region of diffused 

spreading was intensively developed in the western Siberian Craton, in which the Tun-

guska syncline with a giant volcanic sector formed. In other sectors, the density of fault 

zones was similar, and the form of magmatism was determined by the presence or absence 

of a platform cover: volcanic ridge systems developed within the West Siberian Plate; on 

Taimyr, east and south of the Anabar craton, dike belts, pipes and extended sill intrusions 

of traps formed. The general elevation of the earth's crust in the northern Asian continent 

during this period of geological history over the giant area of the anomalous upper mantle 

has determined the predominance of subaerial volcanism forms. The construction of a 

physical model of such a special state of the upper mantle [1] requires special study with 

reference to the above data. 
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