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Velocity and density cuts of Northern Ural’s upper lithosphere

*A. G. Tsidaev (Bulashevich Institute of Geophysics, Yekaterinburg, Russia), 1. V. Ladovskiy
(Bulashevich Institute of Geophysics, Yekaterinburg, Russia), V. V. Kolmogorova (Bulashevich
Institute of Geophysics, Yekaterinburg, Russia)

SUMMARY

For the Northern part of Urals region a revision of archive data of Bazhenovskaya geophysical
expedition was performed. For 5 deep seismic sounding (DSS) profiles, which are located within
trapezia 68-64° N, 48-72° E the re-processing of seismic data was performed using 2D seismic
tomography method. The result is presented as the grid functions. This paper demonstrates an advantage
of grid seismic cuts usage for forward and inverse gravity modelling problems. The method for
conversion of velocity cuts into density cuts is presented. It is based on selection of correlation
coefficients between velocity and density with linear inversion.
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Introduction

We will demonstrate a method for the definition of mantle block positions and density values. Our
study territory is Middle Urals region, which is located within trapezia with coordinates 58—64° N
48-72° E. Initial data is represented as a number of deep seismic sounding profiles. We have selected
five profiles: Krasnouralskiy, Khanty-Mansiyskiy (as a continuation of Krasnouralskiy), Vizhay-
Nizhnyaya Tura-Orsk, Severnaya Sosva-Yalutorovsk, Krasnoleninskiy (Figure 1). Initial data was
obtained by re-processing of the archive data from Bazhenovskaya expedition with seismic
tomography method (Mishenkina et al., 1983). In this paper we use Khanty-Mansiyskiy profile for the
demonstration of intermediate steps of the technique.
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Figure 1 Scheme of deep seismic soundmg profiles (DSS) in Nothern Urals

Major structures of study territory in Figure 1 are provided as in (Sobolev, 1968): 1 — Eastern-
European platform, II — Pre-Urals deflection, III — Western-Urals zone of linear folding, IV- Central
Urals Uplift, V — Tagilsko-Magnitogorskiy deflection, VI — Eastern-Urals uplift, VII — Eastern-Urals
deflection, Zauralsk uplift, Tyumensko-Kustanai deflection. DSS profiles (numbers in circles): 1 —
Krasnoleninskiy, 2 — Krasnouralskiy and Khanty-Mansiyskiy, 3 — Nizhnyaya Tura-Vizhay-Orsk, 4 —
Severnaya Sosva — Yalutorovsk. Profile 3 divides profile 2 into Krasnouralskiy (western) and Khanty-
Mansiyskiy (eastern) segments.

Methods

Steps of the technique are described below. The process will be demonstrated for Khanty-Mansiyskiy
profile.

Step 1. Seismic density cut is constructed by interpolated values of time fields, which were taken from
low-refracted longitudinal wave godographs (Figure 2). Algorithm from Mishenkina et all, 1983 is
used.

Step 2. We recalculate velocity values to the density values using some known piecewise-linear
dependency between velocity and density.
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Figure 2 Velocity cut of Earth’s crust in isolines of longitudinal waves velocities Vp(x,z) for the
combined Krasnouralskiy + Khanty-Mansiyskiy profile
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Step 3. The model of Earth’s crust is extended with homogeneous mantle layer with density g, = 3.3
g/cm’® down to a depth of regional level of isostatic compensation 80 km (Figure 3). Gravity field of
this model is calculated (red line in Figure 3) and compared to the observed field (blue line in Figure
3).

Step 4. By the anomalies of the lithostatic pressure a block cut of the Earth's crust and upper mantle is
constructed. We introduce additions to the lithostatic pressure, which allows one to select the
boundaries of the mantle blocks. Then the density is changed inside the blocks that way, so the value
of the excess pressure at depths becomes close to 0.

Ag, mGal
20
20 x /\/\m\
0 TN . ——
fai \//@‘/ v/

-40

T T T T T T T T
450 500 550 600 650 700 750 800 850 900

450 500 550 600 650 700 750 800 850 900
L N
24 255 27 285 3 315 33 G,g/cm?
Figure 3 Gravity anomaly and density cut of Khanty-Mansiysk profile with homogeneous mantle
down to the first level of isostatic compensation 80 km

Step 5. A horizontally layered model of “normal” velocity and density cuts is constructed. One-
dimensional horizontally averaged density a(2) is selected as hydrostatical density.

Step 6. The density cut is transformed into a model of infinite horizontal layer. To do this we continue
the layer outside of study profile with hydrostatical density.

Step 7. Excess velocity and density grids are calculated with respect to the normal one-dimensional
model (using technique by Byzov and Tsidaev, 2015). Figure 4(1) presents the excess density
distribution AP(x,/) for Khanty-Mansiyskiy profile. Function character of this distribution is analysed
for the level 80 km (Figure 4(2)) and the position of mantle blocks is selected by zeroes of this
function (Figure 4(3)). This model is constructed under the condition of isostatic compensation at 80
km of depth.
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Figure 4 Distribution of the lithostatic anomalies along the Khanty-Mansiyskiy profile
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Step 8. The functional is constructed for the model gravity field. Density matrix is replaced with
equations of linear correlation between velocity and density values. The unknown vector contains
coefficients of this piecewise-linear dependency. From the inverse linear gravity problem solution
these coefficients A; and B; are obtained for all velocity cuts:

(V) = Y (AV+B); Vi < V<V,
i
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Such an approach allows one to reduce a number of required operations significantly. Instead of
inversion of the whole data, which is specified as cut with around 1000x800 cells, we refine only the
coefficients, which define correlation between velocity and density for different layers of the model.
We have selected 3 layers for all of the cuts with velocity intervals 2.35 <V <5,5<V < 7.7 and
7.7 <V < 8.4. Such reduce of a number of unknown values increase inversion algorithm stability
and lowers calculation time for around 5 orders of magnitude.

Figure 5 presents the result for Khanty-Mansiyskiy profile. The field error between the observed (blue
line) and the model (red line) fields is decreased in comparison to the initial model. Ural structures are
shown for reference: “EUDf]” — Eastern-Urals deflection, “WUUpl” — Western-Urals uplift, “TKDf1”
— Tyumeno-Kustanayskiy deflection, “KMMUpI” — Khanty-Mansiysk middle uplift, “WSSyn” —
Western-Siberian syneclise.

Ag, mGal
204
o-w%é
=20
40— r : : : : : . : :
450 500 550 600 650 700 750 800 850 900

N o, g/cm3

23 25 26 2.7 2.8 285 29 3 3.2 33

Figure 5 Fitted density cut along the Khanty-Mansiyskiy seismic profile

The table below presents the results of this stage for all study profiles. A root mean square is
evaluated for initial cuts with block mantle (RMS;yi;) and the resulting (RMSna) dependencies.

Profile RM Sini¢ RMSfina | Resulting formula
Vizhay-Nizhnyaya Tura-Orsk | 70 15 0,198V + 1,580, 2,35<V <5
{O,ZSSV + 1,394, 55V <77
0,265V + 1,162, 7,7<V <84
Krasnouralskiy 52.96 17.64 0,19V + 1,63, 2,35<V <5
{ 0,22V + 1,478, 55V <77
0,288V +0,954, 7,7<V <84
Khanty-Mansiyskiy 46,74 17,85 0.113V +2.034, 235<V <5
I 0,2V + 1.6, 5V <77
0,262V + 1.19, 7,7<V <84
Krasnoleninskiy 44,5 16,65 0,19V +1,62, 235<V <5
{O,ZSSV + 1,394, 55V <77
0,265V + 1,265, 7,7<V <84
Severnaya Sosva-Yalutorovsk | 35,81 10,7 0,19V + 1,62, 235<V <5
IO,ZSV + 1,32, 5V <77
0,235V + 1,44, 7,7<V <84
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After this steps we have a qualitative similarity between gravity field along the profiles and the
observed gravity field. This is enough for the transition from two-dimensional density model to the
3D model. All density cuts are reduced into a single 3D model (Figure 6). Now the interpolation may
be performed to fill the gaps between prgg’lé:s (Martyshko et al., 2017).
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Figure 6 Spatial position of resulting density cuts. Scheme of major structures is overlayed (see
Figure 1 for description)

Conclusions

Thus, the developed technique of two-dimension seismic-density modelling allows one to take main
structural features of the cut into account. It makes possible to implement stable density selection
algorithm for any configuration of the gridded data. All algorithms are implemented as software
programs, which use parallel programming technique for the acceleration. For the Khanty-Mansiyskiy
profile we demonstrated all stages of the algorithm by constructing the 2D model of density
distribution. If required an iterative refinement methods may be used for crust and mantle density
values to minimize both the gravity field error and the excess pressure error on the isostatic
compensation level.
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