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Abstract: The long-range seismic profiles with large chemical and with Peaceful Nuclear Explosions (PNEs) were 

carried out in Russia during the last decades of the XX century. The profiles cross several large tectonic structures: 

The East European Craton, the Urals, the young Timan-Pechora and West-Siberian plates and the Siberian Craton. 

They differ in age, in geological history and geophysical fields.  

2-D crust and upper mantle velocity models up to depth of 700 km were constrained for all these profiles using a 

common method for the wave analysis and velocity modeling. As a result, 3-D velocity model of the upper mantle 

was compiled for this large area. The models show that the old and cold East-European and Siberian Cratons have 

higher velocities in the thick (about 300 km) lithosphere than the young Timan-Pechora and West Siberian platforms 

with higher heat flows. Mostly horizontal inhomogeneity is observed in the uppermost mantle: the velocities change 

from the average 8.0-8.1 km/s to 8.3-8.4 km/s in some blocks of the Urals and in the Siberian Craton. Along all the 

profiles the prominent velocity boundaries are observed in the lithosphere: N1 and N2 at a depth 70-130 km, L 

boundary [Lehman,1964] at a depth of 180-240 km and H boundary at 300-330 km. Analyses of the waves from the 

mantle transition zone indicate strong velocity discontinuities at 420, 510 and 660 km depths. All the boundaries are 

not simple discontinuities, they are heterogeneous (thin layering) zones which generate multiphase reflections.  

It is difficult to determine the lithosphere-asthenosphere boundary in traditional form because the ‘thermal’ 

asthenosphere at depths of 250-300 km was not traced as a lower velocity zone. The rheological stratification 

follows, however, from the regular change of horizontal heterogeneity which determines three layers of different 

plasticity. The layers are divided by the seismic boundaries N1 and L. The block structure typical of the upper brittle 

part of the lithosphere disappears beneath the N1 boundary and the thin low velocity layer is observed above the 

boundary. These structural features propose that the depth of 100-120 km is a bottom of a brittle part of the 

lithosphere. Beneath the L boundary the Q factor decreases and the H boundary form makes the isostatic 

compensation of the lithosphere in homogeneities. That marks this boundary as a possible top of the asthenosphere.  

The velocity-density modeling, performed along the PNE profiles revealed significant distinctions in the upper 

mantle composition in the Northern Eurasia. The Siberian Craton of the same age and of the same heat flow as the 

East-European Craton is characterized by the higher upper mantle velocities and by the lower densities. That 

proposes the depleted upper mantle beneath the Siberian Craton, which is characterized by negative gravity 

anomaly.  
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