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BVKOpUCTaHHS MepeX LWTYYHUX HElpOoHiB y 3agadi nobyaosu rogorpadis ceMcMivHUX XBUIb
[la€ 3MOTy CTBOPOBATMW HENiHIlHI MOAeNi Nond YaciB mowmpeHHs P-i S-ha3 ceicMivHMX XBUSTb AK
(YHKLi AeKiNbKOX apryMeHTiB: FM6UHN PO3MILLLEHHSA BOTHULLA, MArHiTY AU, a3uMy Ty HafXO4XKEHHS
XBWAb i eniueHTpanbHOI BigcTaHi. MobynoBy TPUBUMIPHUX roforpagis po3rnaHyTo Ha NpuKnagax
CeNCMiYHMX 3anmnCiB YKPaTHCbKUX CeACMOCTaHL il i X BUKOPUCTaHHA 419 MOLEeNt0BaHHA rogorpa-
(hiB Ta iHBepcii ocTaHHiX. HaBefieHO npuknagu iHBepcii rogorpadga B paMmkax mogeni Meprnotua—
BixepTa, a TakoX 0C06AMBOCTI 3aCTOCYBaHHA MOAENi B peanbHOMY CepefoBULLi ANf OLUHUYHMX
celicMOCTaHLi i y3aranbHeHHs 418 BUNaAKY JOBINbHUX KOOPAWHAT Axepena i Touku peectpayii

CUrHany B YopHOMOPCbKOMY perioHi.

Knio4yoBi cnoBa: HelpoHHa Mepexa, NOLWNPEHHS CEACMIYHUX XBW/b, HABYAHHSA, iHBepCifa Mep-
rnoTua—BixepTa, po36iXHOCTI, rogorpadu, rpagieHT WBUAKOCTI.

Herglotz—Wiechert inversion of the tra-
vel-time curves of seismic waves, recorded
by the network of seismic stations, gene-
rated by 4-dimentional model. The number
of recorded events with reliably defined ar-
rivals of the phases of seismic waves are 392
for the seismic station (s/s) «Skvira», 501 for
s/s «Odessa», and 371 for s/s «Poltava». Each
seismic event, recorded at stations «Odessa»,
«Skvira» and «Poltava», was characterized by
the following vector of parameters

xni = (X0l XnZ>eee’ X4’ tn) | 1)

where Xi=h (focal depth), X2=M (magnitude),
x3=r (distance), x4=b_az (back azimuth), tnis a
targetvalue, which is equal to the arrival time
to the observation point of a certain phase of
the wave, generated by the n-th earthquake
[Na3apeHko, MepacumeHko, 2010].

The set of vectors for each seismic station
was used as a training layered, fully connec-
ted, strait-line, managed network of artificial
neurons model travel-time curve at three
seismic stations with the parameters listed in
SET1.

A set of such vectors for each seismic sta-
tion was used as a learning set for a direct

Feodmanuecknii >xypHan Ne 4, T. 39, 2017

flow, multilayered, fully connected, con-
trolled network of artificial neurons [XaHKHH,
2008], using for learning a method the back-
ward transmission of errors in neural networks
[Chauvin, Rumelhart, 1995], while a sigmoid
function in the form of a hyperbolic tangent
was used as an activation function (Fig. 1).
In view of the mentioned above, the con-
nectionist model of a seismic wave propaga-
tion time was designed as a combination of

Fig. 1 Schematic diagram of a three-layer network of
artificial neurons.
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nonlinear outputs (in notation of Fig. 1) of
nodes h of the hidden layer

yk=fk | W§Z +wbk (2
VE

where

Z =fjV IwhX +wbh ©)

and f () isthe function of firing a neuron.
Thus a set is formed to learn the network
of artificial neurons. After learning the latter
forms the recording model for the seismic
wave phases relating to the specific seismic
station and the area the learning set relates to.

In the real-time mode, this model enables to
forecast the s/s arrival time of a seismic wave,
generated at arandom point of the simulated
area, with the source parameters within the
range of the existence intervals of the vector
components of the learning set.

The domainwithin the northern latitude, #,
and the eastern longitude, A ranges from 50
to 36° and 25 to 42°, respectively, was chosen
for the modelling of the travel-time curves of
P- and «"-seismic waves. In the selected region,
«fields», controlled seismic stations «Skvira»
and «Poltava», have dimensions of 1250—
1500 km, and «Odessa» — 125071200 km
(Fig. 2).

The learning of the travel-time curve NN

Table. Parameters used in the NN leaming=4: 20: 7: 2: 1

Seismic Coefficient of

<5 % Specific Sta_nd_ard
error, s deviation, s
P S P S P S
13 10 3,7 2,6 2,6 17
27 15 3,2 2,8 1,6 21
10 8 3,2 2,6 3,2 2,6

Fig. 2. Map of the region of research.

Event Total  |earning speed LearnedxIO 1
" Events
Station ot 2,5x10-1 P S
Skvira  392/359  go ~4,0x1CT5 6,8 4,3
Odessa 501/483 go ~2,5x10-5 6,6 49
Poltava  371/357 go ~6,0x10-4 1,7 6,1
4
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NEURAL NETWORK MODELING OF HERGLOTZ—WIECHERT INVERSION OF MULTIPARA...

model for these seismic stations was studied
with the parameters, shown in Table. The
learning was carried out in the stochastic
mode with a hyperbolic tangent as the activa-
tion function for all the hidden words, exclud-
ing the output one, for which a unit (linear)
function was used. The learning samples in-
clude the events, falling within the epicentral
distance range of 2000 km for each seismic
station. The number of these events in the
table after a slash is shown. The normaliza-
tion of input data was carried out for the mean
range, as well as for the range equal to 0,and
the range equal to 2.

The learning was carried outin the interac-
tive mode, opening the access to the global
parameters of learning after the execution of
some (controlled) number of the iterations or
epochs, referred to as «silent» epochs. The
learning level of the model was estimated by
the number of the members of the learning
sample, for which the mis-tie between the
output of the network and the size of its tar-
get value exceeded 5 % of the latter, which
matches the value of the characteristic func-
tion 9 =1.

N
I?(i‘\yrk tP |*s @
[G, not
Here yp is the network output, exited by
~-th member of the training sample, tpis a tar-
get value, s=560x10-3tp. The process control
of the training was based on rating the beha-
viour of the loss function, a specific error of
miss-ties in the subset of the members of the
training sample, not meeting the term g(y)=1.
The residual value in the subset of «un-
permitted» members of the training sample is

i zno ion in>
Ttpmilnim in

usually distributed uniformly. Any deviations
from such uniformity are usually caused by
accidental errors, introduced at the stages of
collection, primary processing and different
types of manipulating the seismic data.

The neural network model of the 4-dimen-
sional field of the arrival times of the seismic
wave phases to the observation point enables
the generation of travel-time curves foraran-
dom azimuth within the plane of the area un-
der study. It is known that in the case of the
medium, having a horizontal zero gradient
of the propagation velocity of elastic waves
and a non-decreasing gradient with depth,
the inverse problem for a time curve has a
Herglotz—W iechert (H-W) unique solution
and iswritten in the Abel form:

2(x) =5 lIn (k + Vk2- 1, (5)
0

(&ar)x

¢
point of a ray exit to the earth surface, t—is

the time at an exit point and

where k X — is the distance to the

v[z(x)] =@ d" (6)

is the phase velocity at the point of the maxi-
mum immersion of a ray in the medium.

For any length of the hodograph, simu-
lated along the path, drawn from a seismic
station through a random node of the region,
the estimates of the maximum depth of the
ray penetration and phase velocity at this
depth may be obtained. Actually, these esti-
mates are obtained for a certain infinitely thin
plate, along the upper edge ofwhich the path

_ZDO _ inn 20 loi ion lio Im
TritttHwit  in

Th-rMinns 10

Fig. 3. The behaviour of the loss function depending on the number of iterations in training the NS models of the
arrival times of the P and S phases of seismic waves to seismic stations «Skvira», «Odessa», «Poltava».
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under consideration lies [Lay, Wallace, 1995].

Since, by the definition, the seismic velo-
city is independent of the horizontal coordi-
nate, all the estimates of the velocities and the
depths may be attributed to a random position
along the path, say, a net node, and written
in the form of two sequences: depths and the
velocities matching these depths. Itis evident
that such two vectors may be obtained for
each net node, and the distribution of phase
velocities may be built by interpolation within
the bounds of the net region from a certain
range of depths.

As it was previously noted, the solutions
(5) and (6) allow to find the values of the
maximum depths of the ray penetration and
the velocities matching them at the nodes of
the net covering the region (Fig. 4) and to
estimate the velocity at any point within the
depth range studied.

The survey sheets of the three seismic sta-
tions are net regions with a spacing of nodes
longitudinally (x) and latitudinally (y), equal
to 50 km.

The seismic stations are placed at the up-
per edge of the survey sheets (see Fig. 4),

Fig. 5. Contour diagrams of the velocity gradients of the P and S seismic waves at the depth of 50 km, obtained
as result of inverting the time curves, generated by the connectionist model of the arrival times of the phases,

recorded at s/s «Skvira».

6
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and for each of them the H-W inversion of
the travel time of the P and S seismic waves
was carried out for the simulated travel-time
curves.

It is more convenient to represent the
three-dimensional images of the velocity
vectors of seismic waves in the form of their
gradients, as it is shown in Fig. 5 for three
seismic stations at the depth of 50 km.

The estimatees of the velocities at nodal
points of the net, carried out under the «fan-
ning» scheme, do not consider the variations
in the velocity along the path but rather simu-
late only the dependence of the wave arrival
on the direction due to the velocity variation
between the paths. It is evident that the path
spacing, controlled by the density of the net,
determines the discreteness of this quasi
three-dimensional image.

The dependence of the maximum depths
of the ray penetration on the length of a tra-
vel-time curve may be used to estimate a deep
structure of the geological medium beneath
the studied area.

Itis clearthat the plotting of the time curves
for separate seismic stations, using a gene-
ralising (4-dimentional) approach, although
extends the assortment of the studied chara-
cteristics of the propagation medium of seis-
mic waves in comparison with the traditional
approach, using a 1-dimensional time curve,
but narrows its application, enabling the re-
ception of only gradient estimates (Fig. 5) of
the phase velocities of seismic waves at the
depths, which are limited by the stationarity
of the behaviour depending on the maximum
depth of the ray penetration from the epicen-
tric distance.

Under the similar scheme of representing
the gradient of the velocity, based on simula-
ting of the seismic wave arrival times to all the
nodes of the net, we get the estimates of the
gradient in the form of the projection on the
direction (see Fig. 5).

The interpolation of nodal estimates en-
ables to develop 3D images. To illustrate, in
Fig. 5 the contour diagrams of the velocity
gradients of the P and S seismic waves are
shown for a depth of 50 km. Variation of the
direction of the velocity gradient recorded at

reo$u3unecKuil AEypHaA Ne 4, T. 39, 2017

different stations reflects the peculiarity of
the movements of another nature prevailing
in the formation process of the tectonic struc-
tures of avarious origin. It was taken into ac-
count in choosing the location of the seismic
stations within the territory of Ukraine. The
configuration of the seismic net was devel-
oped not only to study the seismic activity
between and inside the platforms, but also
to study the intensity of distribution of the
impact from the Vrancea earthquakes in the
south-west and central Ukraine.

Itis evident that the connectionist models
for the seismic stations, located, for example,
on the boundaries of a certain net region, will
generate the time curves of the H-W inver-
sion, which allow to estimate the projection
of the velocity gradient in «their» direction,
i. e., the tangents to the circle of the s/s-node
radius. Whereas it is easy to recover the vec-
tor by its components.

Herglotz—Wiechert inversion of the
travel-time curves generated by the 9-di-
mensional model. In plotting the local time
curves for a seismic station, the coordinates of
the latter are not the information parameters.
For all example vectors of the behaviour of
the time function of the phase arrival, they
are single, and the position of the epicentre
is unambiguously determined by the vector
components: epicentric distance and azimuth.
Whereas the development of a generalized
model for a certain region assumes the com-
pilation of the training sample within awide
range of the epicentric distance, containing
the examples of the events, exited not only in
a lot of sources, but also recorded in a lot of
seismic stations.

Such an approach is directed towards en-
suring the coverage by the propagation paths
of the signals from the area involved with the
uniformity as large as possible, and assum-
ing the presence of seismic anisotropy. In
this case, the position of the epicentre is not
unambiguously determined by an epicentric
distance and azimuth any longer, and should
be set in the explicit form. Therefore, the di-
mension of the vector (1) increases to N=9,
where x is an elevation of the seismic station
above sea level.
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Fig. 6. 3D image of the velocity gradients of Pand S seismic waves, obtained as a result of inverting the time curves,
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generated by the connectionist model of the arrival times of the phases, recorded by the network of seismic stations.
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Fig. 7. Scheme of the region of data collection. Black triangles
indicate the data used by international seismological centers.

The records of 4542 events in the area
under study with drawing a high-quality in-
formation from international seismic centres
ISC, NEIC, ORF were used for the results
under consideration. Such sample, used as a
learning one, enables the development of the
connectionist model, representing the arrival
times of seismic phases from a random shot
point to a random point of recording the area
under study.

Knowing the geographic coordinates of a

node, the azimuth of the path and the
length of the time curve, the coordinates
of points of its beginning and end may
be determined by the algorithm of the
inverse geodesic problem. [Sjoberg,
Shirazian, 2012; Moknag, 1988]. The el-
evation of the point above sea level was
estimated by the value of a certain ras-
ter element, applied on the net region,
and being the nearest to the node. The
values of elevation were introduced by
the GOOGLE-EARTH system, and their
density was set not less than 4 per cell of
the netregion. The 9-dimensional neural
model enables the simulation of the time
curve along the paths, passing through
the given node with different azimuths.
This scheme for the case of one node is
shown in Fig. 8.

The 9-dimensional model generalizes
the results of the 4-dimensional one, elimina-
ting a «single-point referencing» to the con-
crete seismic station and enables the cover-
age of the space around the node, considered
as a midpoint for the family, with the wished
density of the path location.

Fig. 9 gives an example of varying the ve-
locities of the P and Sphases of seismic waves
in the Black Sea area at the depth of 70 km
as a mathematical expectation of the results
of inverting (5, 6) the family of direct and in-

Fig. 8. Layout of the paths around the net node as a midpoint of the family of the time curves.
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Fig. 9. Velocity gradient of the P and S phases of seismic waves within the area around the Black Sea at the depth

of 70 km.

Fig. 10. The scheme of the directions of main seismically active cells of the
radiation sources, recorded by seismic stations «Odessa», «Skvira», «Pol-
tava», whereof the training sample is formed of the connectionist model of the
propagation times of seismic waves. The digits designate the back azimuths of
the radiation «centres» of five sectors of generating earthquakes for each s/s.

Feodmanuecknii >xypHan Ne 4, T. 39, 2017

verted time curves along 4
paths, passing with the spac-
ing of 45° through each node
of the net region.

Estimates of the maxi-
mum depths of the ray pene-
tration of the P and Swaves,
recorded by the network of
seismic stations. The up-
to-date notions of the deep
structure of the Earth contain
the information about a high
probability of the presence
of the areas of velocity inver-
sion in the crust and the up-
per mantle [/luTocdepa...,
1994; NobapeHKo, AHOBCKaS,
2011], wherefore the confor-
mity of the results of using
the one-dimensional model
of inverting atime curve (5, 6)
lower these depths with the
actual structure of the me-

n
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Fig. 11. The dependence of the maximum penetration depth rays P and S phase seismic waves from the epicentre
distance depending on the direction of the source of excitation signal registered on seismic stations network.

dium may raise a doubt. The non-conformity
of the H-W model with the actual medium is
contained in the requirement for the positiv-
ity of the velocity gradient with depth, that
is in the ban of the «layers» with a reduced
velocity — the H-W medium provides for the
increase in the maximum depth of the ray
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penetration with the increase in the length
of a time curve. The deviation from this law
of nature may serve as a sign of breaking the
condition dv/dz>0.

Pursuant to Fig. 10is given the dependence
of the depth of the ray penetration below on
the direction of the arrival of a seismic signal

reo$u3unecKui £ypHaA Ne 4, T. 39, 2017



NEURAL NETWORK MODELING OF HERGLOTZ—WIECHERT INVERSION OF MULTIPARA...

from the Caucasus, Turkish, Mediterranean
(Greece, Italy) sources of earthquakes and the
Vrancea area, obtained in inverting the time
curves, generated by the connectionist model
for each of three seismic stations.

The figures show that the distortions in the
curve of the growth in the depths of the ray
maximum penetration are observed for all seis-
mic stations and both phases, but the nature of
these distortions is individual foreach point of
reception and, although in a less degree, but
also for the azimuth of the arrival of a seismic
wave. Such behaviour of rating the maximum
depth requires a certain caution in using the
model of the H-W behaviour in this application
in the given area. In spite of the limitation of
the H-W model, its use attracts attention by
its analytical maturity and direct output of
results without any use of intermediate struc-
tures undergoing an iterative improvement.

Demonstrating the obtained results of us-
ing the inversion of the H-W connectionist
models of the time curves, the authors have
not set sights on interpreting various behav-
iour scenarios of the simulated function with
regard to the geologic structure of the con-
crete region under study. The point at issue is
about the possibility and necessity to develop
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Neural network modeling of Herglotz—Wiechert inversion
of multiparametric travel-time curves of seismic waves

© M. Lazarenko , O. Herasymenko, 2017

Using artificial neural networks to solve a problem of plotting travel-time curves of
seismic waves can create nonlinear travel-time model of P and S phases of seismic waves
arrangement as a function of several arguments: source depth, magnitude, back azimuth
and epicenter distance. Construction of three-dimensional travel-time relationships and
their use for modeling of hadographs and their inversion are considered on examples of
seismic records Ukrainian seismic stations. Examples of inversion locus within the model
Herglotz—Wiechert and features of application of the model in a real environment for
single seismic stations, and generalization for arbitrary coordinate of the source and the
point of signal registration in the Black Sea region are given.

Key words: neural network, seismic waves propagation, training, the Herglots—Wiechert
inversion, discrepancies, travel-time curves, velocity gradient.
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OTpaxkeHMe UCTopun HOPMNPOBAHUA KOHCOTNANPOBAHHOIA
3eMHOI Kopbl NMpramMypcKoin 30/10TOHOCHOW NPOBUHLINNA

B ee NeTPOXMMMUYECKOM COCTaBe
(no maTepuanam O0TPE3KOB CEMCMNYECKMX NPODUIEi

TbiHga—AMYp3eT 1 AbakaH—T bIHAa—TaTapcKuii NPosInB)

© P. M. lorTuxy, 6. . NMucouknin2 A . YepHeHkosal, C. C. ManuHuHal,
N. A bucepkuHl 2017

denepanbHoe rocyfapcTBeHHOe 610 )KeTHOE yupexeHne «BcepocCcuinckuii
Hay4HO-ucCcnef0BaTeNbCKNIA Te0N0rMYecKnin He)TAHOW MHCTUTYT», MockBa, Poccus
MHcTuTyT npobnem HedpTtn m rasa PAH, Mocksa, Poccus

Ha OCHOBi AaHWX Npo LWBMAKOCTI MOWMWPEHHS CEACMIYHMX XBWNb Y KOHCONifOBaHI Kopi,
po3noAin OCHOBHUX NETPOXiMiYHMUX TUMIB NOpPiJ No rNMbuHax, CNiBBigHOLEHHS MiX pO3paxoBaHUMU
3MicTaMy B BUJAINEHUX JOMeHax OKCWU[IB KPeMHit0, Kanblito i 3anisa i 3aranbHi ysaBAeHHA Npo
3aKOHOMIpPHOCTI (PopMyBaHHsA 3eMHOT Kopu Oynu nobynoBaHi MeTPOXiMiYHI pPo3pi3n y340BXK
Bifpi3KiB reoisnyHmx npodinis. KomnnekcHnidi aHanis matepianis faB 3aMOry BUAIAUTKA B pO3pi3i
KOHCONif0BaHOT KOPU YOTUPU MeTaMOpP(iYHNX KOMMEKCH NOPig, TPU NAYTOHIYHUX KUCAUX, TPK
NNYTOHIYHUX rinabiccanbHUX CepefiHbOr0 CKNaay, fBa BY/NKaHO-NAYTOHIYHMX OCHOBHOIO CKnagy i
O[IVH CKNafHW ByNKaHO-NAYTOHIYHI yN1bTPAOCHOBHOTO CK/1aAy Pi3HOT0 CTYMEHs NY>HOCTI. BugineHi
neTpoxmMmyecknx 610Ky BifobpaxalTb Pi3HOBIKOBI acouiauii nopig, 361MKeHi 3a XiMiYHUM
cknagom. Ocob6nMBOI0 NETPOXIMIYHOK CTPOKATICTIO BiApPI3HAKTLCA CKNafgHi riopuaHi NopoaHi
acouiayii Ha piBHI cepeHbOT KOpU. 3icTaBNeHHA CKNady ivacy yTBOPeHHA TUX YM iHLW KX nopig, Wwo
BUXOAATb HA MOBEPXHIO, 3 aHa/1i30M ICTOPIT PO3BUTKY perioHy nokasano X 40CTaTHIO BiANOBIAHICTb
i NPUIAHATHe Bigo6paXKeHHA B NeTPOXiMiYHMX po3pi3ax. BignoBigHO [0 BU3HAYEHUX YABAEHb MPO
OCBITY 30/10TOPYAHOT MiHepanizayii 6ynu BugineHi 304K, o BigobpaxarTb npouecn opMyBaHHA
PYAOHOCHOCTI B MPMMNOBEPXHEBUX YTBOPEHHAX | IMOBIPHI 30HM PO3TallyBaHHA KOPIHHNX Axepen

MeTaniB.

KnouoBi cnoBa: reoTpaBepc, NeTPoOXimis, CeACMiYHI WBUAKOCTI, TeppeiHu.

BBeneHue. MNprnamypckaa 3010TOHOCHAA
NPOBUHUNA 3aHNMaeT BTOpOoe MecTo B P® no
[06blyve 30/10Ta 38 CYeT PEe3KOro yBe/IMYeHNs
£06bIYN MeTanna n3 KOPEeHHbIX NCTOYHUKOB
NMPU CHUXEHUW NOCTYN/NEeHUsA PyAbl U3 poc-
coinei [CtenaHos u gp., 2016].

B 3101 cBA3M B 6mdKalmMe rogbl noTpe-
byeTca pacwmpeHue 6asbl 3010TOPYLHbIX
MEeCTOPOXAEHWI, NPOrHO3 KOTOPbIX Ha Ya-
CTUYHO 3aKPbITBIX TEPPUTOPUAX MOXKET OCY-
LWeCTBAATLCA C UCNONb30BAHEM KOMIIEKCA
reou3anyeckmx MeTojos.

B npegenax pervoHa npoJioXKeHbl rny-
OUHHbIE cecMmyeckme npopunn: TbiHja—
Awmyp3seT, AbakaH—TbIHAa—TaTapcKuii npo-
nme, CB060AHLIN—KOMCOMONLCK-Ha-AMype,
PybuoBCK—M. HeBenbCKOro.

Feodmanuecknii >xypHan Ne 4, T. 39, 2017

Mpotunn AbakaH—TbliH4a—TaTapcKuii
nponuve n TbiHAa—AMYp3eT 6blin 0Tpabo-
TaHbl LleHTpom MTEOH B 1990 r. € Lenbio co3-
[aHMA KOMM/IEKCHOW reonioro-reouanyeckom
MOJe/i1 3eMHOM KOPbl pernoHa u 0CHOBbI 4/15
TEKTOHWYECKOro N MUHepareHn4eckoro pan-
oHupoBaHus [bynuH, EropkuH, 1993]. bbina
HavyaTta cuctemaTm3aumnsa gaHHbIX 06 0CObeH-
HOCTAX CTPOEHWSA KOHCONMANPOBAHHOW KOpbI
B 30HAX Pacno/IoXXeHNA MECTOPOXAEHUI NO-
Ne3HbIX UckonaemMblX [BynuH, EropkuH, 1993;
bynuH, Conogunos, 1994; EropkuH,1996].
OnpefeneHbl HEKOTOPble KOCBEHHbIE CEWiC-
MUYECKME KPUTEPUU MeTaNNIOHOCHOCTHU reo-
NOrNYeCcKMX pas3pesos, B HaCTHOCTHU:

- Hanumuume B CpefiHein 4aCcTu KOHCONUAU-
pOBaHHOM Kopbl 6/10KOB, OT/ANYAKOLLUXCA
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aHoMasibHO noBbiWeHHbIMY (0T 1,82 o 1,93)
NN NOHWXeHHbIMKU (0T 1,58 0 1,69) OTHOLLE-
HuaMun Yp/Y8, npu ckauyke 3TOro napamerpa
Ha KpPOBJie U NMOAOLLBE TO/ILLM MOPOoS nopsasaka
0,05—0,12;

- npuypo4vyeHHOCTb OKosio 90 % mecTo-
POXAEHUI K KOHTaKTam 30H pasHblX TUNOB
3asucumoctn Yp/y8 (M), rge N— molHoCTb
KOHCONNAUPOBaHHOM KOpbI.

MpoBefeHHble UccnefoBaHns Mo 0Tpes-
Kam npoguneii Py6uoBck—m. HeBenbCKoro
n ToiHoa—AMYpP3eT TakKXXe rnokasanu focra-
TOYHO YCTOWYMBYHK CBA3b 30/10TOPYLAHbIX
nnowazei c fjoMeHaMu B CpeAHUX N BepX-
HUX 30HAaX KOpbl, KOTOpble XapakTepu3y-
IOTCA aHOManbHbIMU OTHOWEHMAMKU YP/Y8
MOHMXEeHHbIe 3HaYeHUSA Yp/Y8 hukcupyroT
KpYynHble 6/10KM C OTHOCUTESIbHO MOBbILLIEH-
HOW TPeLMHOBaTOCTbHO, CNaboBOLODNONA0-
HacblleHHble. TO e caMOe, HO C HECKO/IbKO
60nbLen PIOULOHACHILEHHOCTbIO, NoyYa-
eTCcA Npu JOMNOSIHUTENIbHOM HaNoXeHUn Ha
MOHMXXEHHble 3HAYEHUS OTHOLIEHUA MOHU-
XeHnii ¥8 [Hocbipes, 2005].

BmecTe c TeM aBTOpPbI NOAYEPKUBAKOT, YTO
MOMHOIO COBMNaZeHNs KOHTYPOB CKOPOCTHbIX
HEOLHOPOAHOCTEN M 30/10TOPYAHbBIX MJoLLa-
heli He MOXeT ObITb NO pAAY NPUYKH (orpa-
HWYEHHOCTb HAbNIOEeHNI, OCpefHEeHNE CKO-
POCTHbIX MapaMeTpoB U T.n.). MoNy4YeHHbIN
BbIBOJ CBOAUTCH K TOMY, YTO OCHOBHYIO POJib
B pa3MelLeHnmn 3010TOPYAHON MUHepanm3a-
LUX NTPAKT YYACTKN KOPbI C aHOMasbHO Bbl-
COKOW 06bEMHON TEKTOHNYECKON HapyLleH-
HOCTbI0. DTW 06/1aCTU CNYXUW KaHanaMu Te-
njomaccornepeHoca Ha atane )OpM1pPoOBaHuA
MECTOPOXAEHUIA.

Pe3synbtatel MHoOrososiHosoro [C3 wn
MOB3 Bfonb 880-KMIOMETPOBOrO Npoguna
TbiHAa—AMYpP3eT N03BOANAN BbIAENUTH 0
NATU-CEMU OCEM CUH(A3HOCTU OTPaXKEHHbIX
P- 1 «5-BO/H, OTHOCALWUXCA K BHYTPUKOPOBbLIM
rpaHuuam pasgena, nosepxHoctu Moxopo-
BMYMYA M TpaHULLAM B BEPXHEN YaCcTh MaHTUK
[3onoToB 1 gp., 2000]. Mony4yeHHbIE pe3yb-
TaTbl UCCNef0BaHNN CBOAMNNCE K TOMY, YTO
KOHCONMAWPOBaHHAasA Kopa BAONAb npoguns
MMeeT CNOXXHOe 6/10KOBO-C/IOUCTOE CTPOEHME
C NaTepanbHOl MPOTAXEHHOCThHO G/10KOB B
cpegHeM 30—60 KM 1 MO3aMYHbIM XapakTe-
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pOM pacnpefjefieHMsa CKopocTel npu ux 3a-
KOHOMepHOM BO3pacTaHuun BHU3 N0 paspesy
oT 5,8 g0 7,1 Km/c.

Lienb HacTofAWen ctaTtb — NOCTPOEHUE
NeTPOXMMUYECKOW MOJeNn KOHCONUAUPO-
BaHHOWN 3eMHOW KOpbl Ha 6ase mMaTepuanos
ceiCMUYECKUX Npodunenn n BbIACHEHUE ee
COOTBETCTBMA MpoLeccam reogMuHaMmnyecko-
ro pasBuTWA pervoHa v npoweccam, oTBeT-
CTBEHHbIM 32 ()OPMUPOBAHUNE 30/10TOPYHbIX
MECTOPOXAEHWIA.

PesynbTaTtbl nccregoBaHnii. B ocHoBy no-
CTPOEHUA MeTPOXMMMUYECKOW MOAeNN 3eM-
HOM KOPbI MON0XeHbl CBEAEHUS, MONYYEHHbIE
BO/Ib OTPE3KOB PernoHanbHbIX rMyOGuHHbIX
cericMuyecknx npogunein AbakaH—TbIH-
fa—TaTtapckuini nponuns n TeiHga—AMYp3eT.

Tepputopus NO KOTOPOIN NPOXOAAT Celic-
MUYecKme npoduan, oxeaTbiBaeT 3anajHyto
YyacTb paHHefokembpuiickoir  CTaHOBOW
CKNlaf4yato-6/10KOBOM rpaHUYHOW CUCTEMbI
Cunbupckoir nnatopmbl, pparMeHT BOCTOY-
HOro (piaHra LleHTpanbHO-A31aTCcKOro cknag-
yaroro nosca, skntoyvatouwero CeneHro-Cra-
HOBOW 610K ManxaHo-HA610HOBOIO TeppeinHa
(t0XKHbI hparmeHT Baiikano-Butumckoro cy-
neptepperiHa) n ApryHo-MaMbIHCKWIA KOM-
NO3UTHbIW TeppeliH, pa3feneHHble MOLHbI-
MW LOBHbIMW 30HaMu — [XXeNTynakckou u
MoHrono-Oxotckoi (puc. 1).

CeilcMMyecKasn xapakTepucTunKa KOHCO-
NNANPOBAHHOW 3eMHOM KOpbl BLOMb OTpes-
KOB reoTpasepcoB. [eoMeTpuyeckne Kapka-
Cbl pa3pe3oB, crnejytoume N3 CeNCMMUYECKNX
fJaHHbIX TC3 B 06paboTke A. B. EropkuHa,
Kak 1 reonoruyeckas Kkapra Tepputopumu pa-
60T, 3aMMCTBOBaHbI N3 OPULLMANIBHOTO caiTa
BCEIEW (MH®hopMaLMOHHbIE pecypchl).

Mpu aHann3e ceMCMMYECKOro martepumana
OCHOBHOE BHUMaHWe yensanocb paccMoTpe-
HWIO NnaTepanbHOM BapmMayum CKOpocTu pac-
NMPOCTPaHeHNs NPOAOJbHbLIX BONMH 6a3anbHO-
ro C10S1 KOHCONIMANPOBAHHOW KOpbl, KOTOPbIN
MHOTMMM CneunanncTamMmu paccmatpusaeTcs
B KayecTBe OfHOro u3 Hanbonee nHPopma-
TUBHbIX C/N0OEB, W [eTaNbHOMY W3MEHEHUI
CKOPOCTHbIX XapaKTepUCTUK B BEPTUKANb-
HOM paspese.

Mpogunb AbakaH—TblHLa—TaTapcKuii
3anmB  nepecekaetr CeneHro-CTaHOBOW,

eochunsnyeckuii >kypHan Ne 4, T. 39, 2017
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LoxyroKypo-CtaHOBOM M ApryHo-MambiH-
CKWIA TeppelHbl. [OaHHble 0 Mopgoaornu
rpaHuubl M ©n BapuauuyM CKOPOCTHOW Xa-
PaKTEPUCTUKM HUKHENR Kopbl (Yp) N03BONS-
tOT Bbl4ENINTb B Npejesnax n3yvyaemoro yyact-
Ka npouns Tpu KpynHbIX 610kKa. MepBsblii
OXBaTblBaeT TEPPUTOPUID, BXOLALLYIO B CO-
ctaB CeneHro-CTtaHOBOW TrpaHUT 3e1eHO-
KameHHoW o6nactn (MK 490—523); BTOpOIA
— HOXHYK 4YacTb JKyraxypo-CTaHOBOW
rpaHMT-3e/IeHOKaMeHHOM 06nacTn, BKAOYas
30HY [IXXenTynakckoro pasnoma, o couyneHe-
HUs 06nacT ¢ MoHrono-OX0oTCKOM LLIOBHOWA
30HOM (MK 534—578) n TpeTnit — cobCTBEH-
HO MOHTon10-OX0TCKYH 30HY (puc. 2, a). MNMpwu
6/11M3KOIN CKOPOCTM NPOAO/bHbIX BOMH B BEPX-
Hell MaHTUWU CKOPOCTMW B HUXXHEN Kope 3Ha-
ynTenbHO AuddepeHymnposaHbl (0T 6,80 o
7,60 km/c). B UenioM, HUXHAS Kopa pervoHa
XapakTepusyeTcsa BbICOKMMMW 3HAYeHUAMM
CKOpPOCTWU MPOAOJIbHbIX BO/IH, 0COOEHHO B
npegenax xyrpkypo-CtaHoBoro 650kKa ¢

MaKCcMMyMOM B HTepBase MK 546—578.

3eMHas Kopa 3HauYnTeNnbHO AuddepeHLn-
poBaHa W B npejenax BblAeNeHHbIX 6/10KOB.
B kaxgom u3 HuX HabnwaaTcAa Nopoabl C
aHOMa/IbHO BbICOKMMMW 3HauyeHUsMU Yp Ha
rnybuHax 25—35 KM ¥ Bbille, HapyLlatouime
00wy 3aKOHOMEPHOCTb CHUXXEHUA CKO-
POCTU MPOAOJIbHBIX BOJIH C YMEHbLIEHNEM
rnybuHbl 3aneraHns MNOPOSHbIX KOMIMJIeK-
COB. [paHuMubl pacrnpoCTpaHeHUs MNOpPoA C
aHOMa/IbHbIMW CKOPOCTAMMW, KaK MNpasuso,
OorpaHuyeHbl 30HaMW KOPOBO-MaHTUMHbIX
pa3noMoB [>KeNnTynakCKoro Ha 3anafe w
CeBepo-TyKypuUHrpckoro Ha soctoke. Cka-
YOK CKOPOCTM Yp Ha rpaHuuax 6710K0B CO-
ctasndeT 0,1—0,3 Km/c.

[varoHanbHbli 0Tpe3oK Npoduaa TbiH-
Ja—AMyp3eT C CeBepo-3anaja Ha HTro-
BOCTOK MepeceKaeT KXHYH 4acTb [Xyr-
oKypo-CtaHoBoro TeppeitHa (MK 1—9),
(hparmeHT CeneHro-CtaHOBOro TeppeiHa
(MK 12,5—20) 1 ApryHo-MambIHCKUIA KOM-

Puc. 1. CTpyKTypHO-TeKTOHMYECKaa KapTa paiioHa pa6oT (no [Kopcakos u ap., 2005] ¢ ncnpaBneHUamMm u go-
NOJIHEHNAMW aBTOPOB) M MONOXEHNE TeoU3NYecKNX Npodune.
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Puc. 2. Celicmuueckne paspesbl 3eMHOI Kopbl No oTpe3kam npoduneii AbakaH—TbiHAa—TaTtapckuii npo-

nue (a) n TeiHga—AMyp3eT (6).

MO3UTHbIA TeppeliH [0 ero COYNEHeHUs ¢
NyHbU3AH-CeNeMXUHCKUM OporeHom. Tep-
peiiHbl pa3feneHbl KpynHbIMKU [)KenTynak-
CKON 1 MOHron0-OXOTCKON LWOBHbIMW 30-
Hamm, XOpPOLLIO BblpaXXEHHbIMW B penbede
NOBEPXHOCTM M M naTepanbHbIX CKaykax
CKOpPOCTWU NPOLO/bHBIX BOAH. [nd nopof
HUXKHEN Kopbl paccMaTpuBaeMoro yyacTtka
npounsa xapakTepHbl 3Ha4YUTeNbHO 60nee
HW3KMEe 3HA4YeHMA CKOPOCTU MPOLONbHbIX
BonH (Kp=6,80"7,05 KM/C) No cpaBHEHUIO C
npeabigywmm npodunem un 601ee WUPO-
KOe pa3BUThe BbICOKOCKOPOCTHbLIX MOPOS
(Kp=6,80"6,82 km/c) Ha rnybuHax fOo 25—
20 km (puc. 2, 6).

B cTBOpe AXyroKypo-CTtaHOBOI 06nacTw,
B MHTepBane rnyouH 35— 18 km HabntogaeTcs
30Ha 3HAYUTE/NIbHON NepeMeXxxaeMoCTH BbICO-
KOCKOPOCTHbIX nopopj (Kp=6,8776,82 km/c).
Mpuuyem B MHTepBane rnyoumH 35—38 KM OHa
BblpaXxeHa B Buae N1H3bl (Kp=6,82 km/c), npo-
TAXKEHHOCTbIO 60onee 200 KM, CeKyulleil Ha
aTux raybuHax Jpkentynakckyt 30HY pas-
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nomos n nogowsy CeneHro-CtaHoOBOro Tep-
peliHa. Bbiwe, Ha rny6uHax 17—27 km (MK
2—8), pa3BuTbl NOPOAbLI C elle 60nee BbICO-
KOl ckopocTbto (Kp=6,83"6,87 km/c).
ApryHo-MaMblHCKUIA TeppeliH B LeoMm
XapakTepusyeTca CpegHUMW CKOPOCTAMM
pacnpocTpaHeHWs MNPOAOJIbHbIX CEeWCMU-
4YeCcKUX BOSIH. B ceiicMnyeckom paspese Ha
YPOBHE CpeAHel KOHCONNANPOBAHHO KOPbI
BbIAENATCA ABa AOMeHa BbICOKOCKOPOCT-
HbIX nopog B cTBope MK 27—31 n MK 34—38.
Takum o6pa3om, B npegenax gparMeHTOB
npojpunein  AbakaH—TbIHAa—TaTapcKuii
nponue N TbiH4a—AMYP3eT B pa3pese KOH-
CO/IMAMPOBAHHOW 3eMHOI KOPbI LWMPOKO pac-
MPOCTPaHeHbl Ha Pas/IMYHbIX rNy6uHax no-
poAbl C aHOMaJIbHO BbICOKMMM 3HAYEHUAMMU
¥p, HapyLalLwmmMmy o6yt 3aKOHOMEPHOCTb
CHMKEHUSA CKOPOCTHbIX XapaKTepuUCTUK Npo-
[0/IbHbIX BOJIH CYMEHbLUEHNEM F1y6UHbI 3a-
NeraHna reonornyeckmx obpasosaHuin. lMo-
cnefHee, Mo-BUAMMOMY, MOXET OTpaxaTb
BO3JE€NCTBME HAa apPXeiCcKo-ManeonpoTepo-
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30/CKMe NOPOAHbIe KOMMNNEKChI BTOPUYHBIX,
HaNOXEHHbIX TEKTOHOMArMaTnyecknx npo-
LLeccoB, NPOABNAOLLMXCA B BUAE UHTPY3UNA.
Bapunauun cofep>XaHusa OKCUL0B KpeMm-
HUA, KanbLna 1 >Kene3a B NOPOAHbIX KOM-
nneKcax KOHCONNAMPOBAHHON 3€MHO KOPbI.
Ha ocHOBe JaHHbIX 0 CKOPOCTU MPOAO0JbHbBIX
M MonepeyHbIX BOMH, COrMacHO Koppensaumn-
OHHbIM YPaBHEHUAM, NpeACTaB/eHHbIM B pa-
6oTax A. J1. AneitHukoBa [ANeniHNKOB U gp.,
1986] 1 C. H. Kawy6uHa (1984), 6bi1m paccumn-
TaHbl cofep>kaHusa okcnaos Si, Ca, u Fe B no-
POAHbIX KoMNnekcax. COOTHOLEHUSA MeXAY
OKCuAaMmu B onpejeneHHON cTeneHy onpege-
NAKT XMMUYECKUIA COCTaB OCHOBHbIX TUMNOB
06pa3oBaHNil KOHCONMNANPOBAHHON 3eMHOM
Kopbl: KO 2=152,4-20,82(Hp/H§)-2,58(K/a);
2Ca0=1,122(K/a)-0,89(Hp/HY)-17,98; e O =
=33,225(Hp/H8)2-106,8(Hp/H8)-0,0759(K/a) 2+
+4,343(K/a)+33,59, rae K/a=(Hp)24/3(H8)2

CeneHro- 30Ha
CtaHoBOl [>XenTynakckoro
TeppeiiH pasnoma

CBefieHVa 0 COoAepXXaHUn OKCUAO0B B MoO-
pofax 3eMHOI Kopbl BAOMAb npoduns Aba-
KaH—TblHga—TaTtapckuii 3anue (puc. 3, a)
Mo3BO/IAKOT OTMETUTL, YTO NopoAbl CeneHro-
CTtaHOBOro TeppeliHa Ha rnybuHax 5—30 Km
npescTasneHbl Hanbosee HU3KOKPEMHUCTbI-
MW PasHOCTAMU MPU CPaBHUTENIbHO MOBbI-
LWEeHHOM cofiepXaHuy OKCWUAOB Kanbuua u
Xene3a. Hmxe 30 KM 3TV 0COBEHHOCTM Bbl-
paxeHbl ele 601ee OTYETINBO. BBEpPXHEN U
3NN304MYECKMN B CPeAHE YacTaX Kopbl pas-
BUTbI MOPO/bI C NOBbILWEHHbLIM COAEPXaHNEM
KpemHe3ema 1 noHmxeHHbIM CaO.

3emHasa Kopa B npegenax [xXyroxypo-
CTaHOBOro TeppeiiHa Mo XMMU3MY crararo-
LWKUX SOMEeHbI nMopof 6onee guddepeHLmnpo-
BaHa. B cTBOpe LeHTpanbHOW YacTu oTpes-
Ka npouns BbICOKOKpeMHUCTbIe (60nee
60 %) M OTHOCWUTENbHO HW3KOKa/blLiMeBble
(2,7—4,8 %) nopopbl pa3BUTbl B LIMPOKOM

MoHrono-OXxoTcKuit
cKnaguyatblii
nosc

Puc. 3. CogsepxaHue okcuaoB KpemHus (a), kanbuus (6) 1 xenesa (B) B Bble/IeHHbIX JOMEHaX N0 NPOQuIt0

AbakaH—TbIHga—TaTapcKuii nponue

Feodmanuecknii >xypHan Ne 4, T. 39, 2017
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NUHTepBane rnyouH npakTMYeckn oT NOBepPX-
HOCTM [0 35 KM, M TONbKO HWXe (rny6uH
35—45 KM) KpPEMHUCTOCTb YMeHbLlaeTcs
npv 3Ha4YNTEeNIbHOM MOBbILEHUN COLepXKaHmA
OKCUAOB Xenesa n 0cC06eHHO Kanbuus (9,9 n
17,6 % COOTBETCTBEHHO). B 3anagHoi yacTtu
LoKyraKypo-CTaHOBOro TeppeliHa, BKoYas
[)KenTynakckyt cucTtemy passiomMoB, 1 B BOC-
TOYHOM YyacTu npouna (cteop MK 554—578)
nopofbl 60see pa3Hoo6pa3Hbl MO COCTaBy
(puc. 3). 34ech B LUMPOKOM MHTepBasne rnybuH
pPasBUTbl KOMMJ/IEKCbI C MOBbIWEHHbIM U Bbl-
COKUM COJAEep>KaHMEM OKCUAO0B Kanbuma (4o
11,68 %), xene3a (4o 11,35 %) 1 NOHMXKEHHOW
KPeMHUCTOCTbIO (00 42—46 %).

CeneHre- M-
OnHobo/T OxarmiiA
TeppritH

T

AlS*Y W tMna1H bl L'WITIL Muyr. 1l

AHann3 XMMM4eckKoro coctaBa BblJeNeH-
HbIX MO CENCMUYECKUM [aHHbIM JOMEHOB B
paspese oTpeska npodunsa TeiHoa—AMYyp-
3eT TakXXe NokKasbiBaeT UX anuddepeHUnpo-
BAHHOCTb MO COAEPXaHU OKCMAO0B Kak Mo
rOpu3oHTaNu, Tak 1 No Beptukanu (puc. 4).
3necb BbIAENATCA Be KPYMHbIE 30Hbl MaK-
CUManbHOW U3MEHYMBOCTU: NepBas 0XBaTbl-
BaeT 3anafHylt 4acTb Npouns, BKIKOYan
MoHrono-Oxotckuii wos (MK 2—23), BTopas
— 60/bWY0 YacTb ApryHo-MaMbIHCKOrO
maccuBa (MK 27,5— 44). B OXyraxypo-
CrtaHoBow ob6nactu (MK 2—10), B uHTepBane
rnyouH 28—18 kM, HabnwgaeTcs 30Ha pas-
BMTUA NOPOJ C aHOMaJIbHO BbICOKUMU COLep-

Oeﬂrtmmmﬁnﬁ
KTRHTBIN

FH'™MI

Puc. 4. CopepxXaHue OKCMAOB KpeMHUA (a), Kanbuua (6) u xenesa (B) B Bblfe/leHHbIX AOMeHaX N0 Npoguo

TbiHoa—AMYp3eT.
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XaHUAMU OKCUA0B KanbLna nxenesa. Huxe,
B MHTepBane rnyouH 28—37 KM, BblfenseTcs
NNH3a HU3KOKPEMHUCTbIX MOpog 60NbLIOW
MPOTAXEHHOCTK, CeKyLLasn Ha 3TUX ry6uHax
J>xentynakckyto 30Hy passiomos, CefleHro-
CTaHOBOWN TeppeliH M 06nactb MOHrono-
OXO0TCKOro WBa. BbICOKOKpeMHUCTbLIE NOPO-
Abl Pa3BUTbI NINWb B CaMOM BepXHen yacTu
paspesa C MaKCUMasrbHOW BbIPaXXEHHOCTbIO B
30Hax [xentynakckoro pasnoma v MoHrosno-
OxoTckoro wea, rge cogepxxaHue SiO2 po-
cturaet 71—73 %.

B ApryHo-MambIHCKOM TeppeiiHe, 0CO-
6eHHO B ero BOCTOYHOW YacTu, KPeMHUCTbIE
nopoAbl C COfepXaHWeM OKcuja KpemHus
BbiLe 60 % nonyynnm sHa4ynTeNbHO 60MbLUee
pa3BuUTUE, YTO COTNACcyeTCs U C MOHVKEHHBIM
CoZlep>XXaHneM OKCUAO0B KanbLuns B HUX. Moa-
CTMNaKTCA 3T 06pa30oBaHNA TMH3AMU HU3-
KOKPEMHUCTbIX NOPO/ C BbICOKUMU COAEPXKa-
HUAMW OKCUZOB KanbLuUs U XKenesa.

HecMmoTpa Ha OTHOCMTENIBHOCTb paccyu-
TaHHbIX COAEepXaHWin B JOMeHax OKCUAOB
KPEMHUSA, KanbLua W Xenesa, NoNyyYeHHble
faHHble MOTYT B ONpejeNneHHON CTeneHn oT-
pas3nTb COCTaBbl OCHOBHbIX TUMOB KpUCTas-
NNYECKNX NOPOJ KOHCONUANPOBAHHOM KOpbI
B pa3pe3ax paccMaTpuBaemMblX OTPe3KOB reo-
TpaBepCos.

MeTpoxXxMmMn4yeckuii cocTas MOPOSHbBIX
KOMMM/IEKCOB KOHCONMAMPOBAHHOM 3eMHOA
KOpbl B4O/b OTPE3KOB PErMOHaIbHbIX Ceic-
MUYECKMUX npoduneii. 414 NOCTPOEHUA reo-
noro-reousnyecknx (NeTPOXUMUYECKUX)
pa3pe30B 3eMHOW KOpbl permoHa 6biin uc-
MONb30BaHbl:

- CBefleHUs 0 CKOpOCTAX MNPOLO/bHbIX
CelCMUYECKUX BOJIH B KOHCONMANPOBAHHOM
KOpe KaK B CTBOpax paccMaTpuBaeMblX reo-
(hunsnyecknx npodunen, Tak u gpeBHUX nnat-
(hopm BOoOOGLLE C y4eTOM pacnpocTpaHeHus
OCHOBHbIX METPOXUMUYECKUX TUMOB MOPOS
no rnyéuHam [Christensen, Mooney, 1995];

- COOTHOLUEHUSA MeXJy pacCYMTaHHbIMU
COLEepPXaHNAMU B JOMeHaX OKCUA0B KpeMHUS,
KanbLms 1 Xenesa B CPaBHEHUMN C UX CPeAHM-
MW COAEePXXaHUAMMN B OCHOBHbIX TUMaxX Nopos
LOKEMOPUIACKO KOHCONMANPOBAHHOW 3eM-
HOM KOpbl, Ha3BaHWNA KOTOPbIX 3aMMCTBOBaHbI
n3 [MeTporpauyeckuia..., 2009];

Feodmanuecknii >xypHan Ne 4, T. 39, 2017

- 06uUiMe npeacTaBeHMs 0 3aKOHOMEPHO-
CTAX POPMUPOBAHMSA 3€MHOIN KOPbI OT paH-
Hero apxes 0 HaCTOALEro BPEMEHN.

Kak n3BecTHO, ApeBHMe MeTamopduuye-
CKMe KOMMEKCbl B pamMKax CBUT 1 hopma-
LK1l 06bI4YHO cogepxaT 5—10 TMNOB NOpoA,
COOTHOLLEHMA MeXAYy KOTOpPbIMU Bapbupy-
0T B LWMPOKUX MNpefenax, a UHTPY3UBHbIe
KOMMNEKCbl, KakK MpaBu/io, MHOrogasHble,
paccnoeHHble N TaKXe BK/IOYaKT B cebs
HECKO/IbKO NETPOXMMUYECKNX TUMOB NIYyTO-
HOTEHHbIX W BY/IKAHOTEHHbIX pa3HocTeit. Mo-
CKO/bKY 0CafJKOHaKONIeHNe N MeTaMop(hun3m
B pa3HOe BPEMS NPONCXOANNN B G/IN3KNX Feo-
AVHAMUYECKUX YCNOBUAX N B ONPeAeNeHHbIX
obbemax NPOCTPaHCTBaA, TO UX CPeAHWIA ne-
TPOXUMMYECKNIA COCTaB AO/HKEH HEKOTOPbLIM
06pa3oM oTpaxaTtbCs B reopu3nyeckmx na-
pameTpax. To e camoe Kacaetcsi U UHTpy-
3MBHbIX KOMNNEKCOB NOpoA. BmecTe ¢ Tem Ha
T€ UM UHble APEBHME MeTaMophuyeckne n
rpaHUTOMAHbIE accouuMauun nopog MOryT
HaknajblBaTbCA [ailkKOBble CEpUU APYroro
cocTaBa, YTO COOTBETCTBEHHO MPUBOAUT K
HEKOTOPOMY WM3MEHEHWIO METPOXUMUKU MO-
poj, BbIpaXXEHHOW B Bapuayusx cogepxaHus
OKCMA0B, Npexae Bcero xenesa. Ocoboli ne-
CTPOTOWM XMMMNYECKOr0 COCTaBa pa3inyaroTca
CNOXHbIE TMOPUAHbIE NOPOAHbIE accoLaLmnm
Ha YPOBHE CpeAHel Kopbl, KOTOpble MOryT
OblTb MpefCTaBNEHbl NapareHe3ncom rpa-
HOAMOPUTOB, AMOPWUTOB, rabopo-AMOPUTOB,
CUEHWUTOB, FPAHOCWEHMUTOB C PasHbIMK NO
00beMYy CKManMTamm MeTaKOMMIEKCOB [0-
KeMopuiickoro cybcrtpara.

KoMnneKcHbI aHann3 maTepnanos No3Bo-
NUN BbIAENUTHL B pa3pese KOHCOMMAMPOBaH-
HOIi KOpbl B CTBOPe OTPE3KOB Fre0TpaBepcoB
yeTblpe MeTamMop(hunYecKMx KOMMaekca no-
poA, TPU NAYTOHUYECKUX KUCABIX, TPU NAay-
TOHMYECKUX TMnabuccanbHbIX CPeAHEro co-
CTaBa, fiBa BY/NKAHO-NAYTOHNUYECKNX OCHOB-
HOro cocTaBa WM OAWH CNOXHbIA BY/IKAHO-
NNYTOHWYECKNIA YNbTPAaOCHOBHOIO COCTaBa
Pa3NMYHO CTEMEHMN WEeNoYHocTn. Momumo
OCHOBHbIX METPOXMMMUYECKUX TUMOB MOPOS
B BEPXHEN y4acTU reosiorMyeckoro paspesa
Bblfle/IEHbl 0CaZ04YHO-BY/NIKAHOTEHHbIE KOM-
NNekcbl MOPOA 3€NeHOCNaHueBol auumn
mMeTamopguama c Tenamm aHgesnTobasanb-
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TOB; 0Ca[04YHO-BY/IKAHOTEHHbIE KOMM/IEKCbI
C KPEMHUCTbIMU OCafKaMWn U KUC/IbIMU 3(-
(y3mBamMu; 0Cafi04YHble U BYNKAHOTEHHO-
0Caf0uHbIe CNaboNUTUONLNPOBaAHHbIE KOMII-
NeKcbl BEPXHero naneo3os U Me30-KanHo304,
BbIMOMHAKOLMNE LEeNPecCun N HanoXeHHble
MOJiofble BNaAUHbI.

MeTamopdunyeckne KOMNIEKChI NOPOA,.

1 Komnnekcbl OCHOBHOro cocTaBa HOp-
Ma/IbHOW LLLeNI0OYHOCTU, HeLOChILWEeHHbIE [N-
HO3eMOM, TuUna ABYNUPOKCEH-MArMoKnaso-
BbIX KPUCTaNIIMYECKNX CNAHLEB, rpaHaT-ABy-
MUPOKCEH-M/arnoKnasoBbIX CnaHLes, runep-
CTEH-NNarnoKNasoBbiX KPUCTaN/oCNaHLeB):
48—51 % Si02; 7—9 % CaO; 6—12 % FeO.

2. Komnnekcbl nopoj cpegHero cocrtasa
am(pn6onnMTOBONN (auuu metTamopduiama,
TMNa rHemncoB 6MOTUTOBLIX, rpaHaT-6MOTKU-
TOBbIX, POrOBOO6MaHKOBO-OMOTUTOBBIX, CUNI-
NVMaHUT-KOPAMEPUTOBbLIX M MUTMaTuTOB):
59—63 % Si02; 2—5 % CaO; 3,5—6 % (zo 8)
FeO. 3pecb Xe OTAeNbHO BblfeNeHbl 6/10KN,
npesicTaBNeHHble, CyAs MO BCEMY, rHeiica-
MW, KPUCTaNIMYECKMMMN CNnaHuamMu KUCoro
W cpefHero cocrtaBa Tuna ABYCNOAAHBIX,
rpaHaT-CUNNMMaHUT-OMOTUTOBLIX, rpaHar-
6noTNTOBLIX: 65—72 % SiO2; 1—3 % CaO;
2—5 % FeO.

3. Komnnekcol nopoj cpefHero cocra-
Ba HOPMasbHOM LWEeNOYHOCTW T[paHyInTo-
BOW (paumum metamopusma tmna 6UOTUT-
OBYNUPOKCEH-MNArMOKNa30BbIX KpUCTano-
CnaHueB, rpaHaT-A4BYMNMUPOKCEHOBbLIX KPUC-
TannocnaHues, KOpAWEPUT-TUMNEepPCTeH-nna-
rMOKIa3oBbIX C Tefnamum metabasuToB: 54—
56 % Si02;7,3—7,5 % CaO; 8,2—8,6 % FeO.

4. Kucnble nopogbl amhn60nmMtoBoin ¢a-
LU1m metamop@uima, MUrMaTuTbl, TPaHUTON-
Opl: 68—74 % SiO2; 1—3 % Ca0; 0,5—2,5 %
FeO. lMnyToHuyeckne v runabuccanbHble,
BYNIKAHNYECKME KOMMIEKChI MOpPOS,.

Kucnble nnyTOHUYeCKne noposbl.

1L TpaHOLMOPUT-ANOPUT-CUEHUNTOBDI
KOMMMEKC MNAYTOHUYEeCKUA (YCNOBHO MO3[-
HecTaHOBOI), BEPOATHO, C Aalikamu jonepu-
T0B: 58—61 % Si02; 4,5—6,7 % (~4,5) CaO;
6,3—9,8 % (~6,5) FeO.

2. TOHaNUT-TPOHALEMUT-TPaHOANOPUTO-
Bblii KOMNeKC: 63—68 % Si02; 2—6 % CaO;
0,3—4,5 % FeO. B naHHOM 6/10Ke TaKXe Bbl-
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[lefleHbl KOMMNEKChl NOPoS, NpeLcTaBeHHblIe
CnaHueBbIM Cy6CTPaTOM OCHOBHOIO COCTaBa,
WHBbELUMPOBAHHOTI0 TOHA/IMTOBLIM MaTepua-
nom: 58—63,5 % Si02;5,5—6,6 % CaO; 6,0—
7,5 % FeO.

3. WVHTpY3MBHbIE TpaHuUTHI,
68—73 % Si02; 1—2,5 % Ca0; 0,3—2 % FeO.
Mpwn 6onee BbICOKUX COAEPXaHUAX KPeEMHe-
3eMa (0o 78 %) M MUHUMANbHbLIX COLepKa-
HMAX OKCMAa KanblMa M Xefnesa B BEPXHUX
30Hax KOpbl BbIAENAKTCA KMCNble BY/IKAHO-
reHHble 3 hy3uBbI N TY(bI.

CpefHvie N1y TOHWYECKME N Tunabuccanb-
Hble KOMMJ/IEKCHI.

1 Komnnekcbl nopoj cpefHero cocrasa
TUNa KBapLeBblX AMOPUTOB C JalikaMu fone-
puToB: 57—64 % Si02; 1—8 % CaO; 0,7—7 %
FeO.

2. Komnnekcbl nopoj cpefHero cocrasa
TMna AUOPUTOB, MHOTAA C fallkamu fonepu-
TOB: 53—58 % Si02;4—9 % Ca0; 3—6 % FeO.

3. Komnnekc nopof ra66po-guopuToBOro
cocTtaBa: 53—54 % SiO2; 7—8 % Ca0; 9 %
FeO.

OCHOBHbIE Ny TOHWYECKNE N BYNKAHNYe-
CKMe KOMMNEKCHI.

1 OCHOBHbIe MNYTOHUYECKNE KOMNJIEKChI
HOPMasibHOM WeNno4YHoOCTH, rabbpounabl pas-
Horo coctasa: 43—52 % SiO2, 8—18 % CaO;
2—15 % FeO. K gaHHOMY NeTpoTUNY OTHE-
CEH W KOMMJIEKC KPUCTaNImM4yecKnx cnaHues
N THECOB, MHTPYANUPOBAHHbLIX B Pa3/IUYHOM
CTeNneHW OCHOBHbIMW MaguTammn (xapak-
TepU3yrTCA NMOHWXEHHbIMU Wp<6,6 KM/C ©
MOBbIWEHHBIM COJEpPXXaHWeM KpemHesema
~53—55 %).

2. OCHOBHbIe BY/IKAHNYECKNE KOMMJIEKChI
HOPMasibHOM M NOBbLIWEHHON LENOYHOCTH
Tuna 6a3anbToB, NUKPO6a3anbTOB, Maarno-
6a3a/bTOB, LENOYHbIX 6a3anbToB: 45—52 %
Si02,5—12 % CaO; 6— 12 % FeO.

YNnbTpPaoCHOBHbIE NIYTOHUYECKNE U BY/I-
KaHU4ecKune KOMNNEKCbl HOpMasbHOW Lenoy-
HOCTMU U LWEeNoYHbIe.

CofepXaT LWUPOKKUIA CNeKTP NOPOA OT Nu-
KPUTOB, (DePPONUKPUTOB U, BO3MOXHO, Me/n-
NNTUTOB, HE(PENIEHNTOB 0 AYHMTOB, rapyoyp-
rMTOB, BEP/IMTOB, NAOANTOB U T.N., KOTOPbIE
XapaKTepusyrT pasHOBPEMEeHHble MHOroga-
30Bble PacC/OeHHble UHTPY3UU pPasHbIX ry-
OVH BbINNaBNeHNs, 0(OMOINTOBbIE KOMMNEKCHI
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naneooKeaHWYeCKOW KoOpbl. YCpefHeHHble
coZepXaHusa paccYMTaHHbIX OKCUAOB B 3a-
BUCUMOCTW OT LLLeJIOYHOCTU MNOPOJ COCTaBUMN:
35—44 % Si02;6—14% (0,2—2) Ca0; 4—12%
(3—6) FeO.

OnpefiefieHHbIM KpUTEpUeM MOAJIMHHOCTHY
BblJ€NEHHbIX MeTPOXUMUYECKNX KOMIM/IEKCOB
MOXeT C/IyXWUTb CONocTaBneHune coctaBa 610-
KOB B 06/1aCTN NnepecevyeHns reoPu3nyeckmx
npogunein. B npegenax Kopbl OXXyraKypo-
CTaHOBOro TeppeliHa nepeceyvyeHne nNpopu-
nen v NPUXoAUTCA Ha CTBOP MHTepBana MK
8—10 npothuna TeiHOGa—AMYpP3eT MU CTBOP
MK 541—544 npounsa AbakaH—TbiHAa—
Tartapckuii nponme. Ha reosniornyeckoin kaprte
pervoHa (puc. 5) BUAHO, YTO B JaHHOM Yy3ne
apxeinckune meTamMop(unYecKne TrHehcbl u
Kpuctaninyeckune cnaHubl MKUTAaNUHCKOW
CBUTblI NMPOpBaHbl MHOTO(Ma3oBbIM MNO34HE-
CTaHOBbIM 6aTONIUTOM rPaHOLMOPUT-ANOPUT-
CUeHUTOB. B cBA3M c Tem, uTo npodunb Aba-
KaH—TblHAa—TaTapCcKuii Nponne B 60nbLIENR
CTeNeHW nepecekaeT MeTaMopduyeckune
NOpOAHbIE KOMMNEKChI, a Npouib ThiHLa—
AMyp3eT — nopojbl UHbEKLNOHHOTO 6aTONK-

Ta, Ha NeTPOXMMUYECKMX pa3pe3ax n oTpa-
XXEHO pasfinymne B cocTaBax BepxHein 15-ku-
NOMETPOBOW KOpbl, YTO HE MPOTUBOPEUMUT
00Leil reonornvecKoin cutyauun 1 BblgeneH-
HbIM KOMMNekcam. Tak, u3 puc. 6 n 7 cnegyer,
UTO HUXKHAS U CPefHAA 4yacTh KOpbl MO CO-
CTaBYy COBEPLUEHHO UAEHTUYHbI.

Taknum 06pa3om, BbIMONHEHHbIE UCClie-
[0BaHUsA NO3BO/IUIW BMNeEPBble A8 [AaHHOIO0
pernoHa nocTpouTb [OCTaTOYHO 060CHO-
BaHHbIe NETPOXMMUYECKNE pa3pesbl 3eMHOM
KOpbl, KOTOPbIE MOTYT CNY>XWUTb OCHOBOW ANA
CO3/JaHu1s reonoro-reo@uU3nYecKnx mogenen,
oTpaxawlLlwmx nocnefoBaTeslbHOCTb ¢ op-
MUPOBaHUSA BeLLeCTBEHHO-(hOPMaLMOHHbIX
KOMIM/IEKCOB N MECTO PYAOTreHEepupyroLLmnx
npoLeccoB B UccnefyemMoM reonorn4yeckom
npocTpaHCTBeE.

OTpa>keHvie NeTPOXMMUYECKOro cocTasa
KOHCO/IMANPOBAHHOM KOPbI B BELLECTBEHHO-
NOPOAHbIX KOMMNIEKCaX MPUMNOBEPXHOCT HbIX
06pa3oBaHuil N KpaTKas MCTOpUs CTaHoB/e-
HMA U Npeo6pa3oBaHNs 3eMHOK KOpPbI pac-
cmaTpvBaemor TeppuTopuu. Mpouecckl cTa-
HOBNEHUA M Npeobpa3oBaHMA 3eMHOR KOPbI

Puc. 5. O6bnacTb nepeceveHmns npoduneii FC3 Ha reoIorMYeckoin KapTe pervoHa.
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JO/MKHbI B TOW UM MHOM CTENEHN HAXOAUTb
CBOE OTPaXeHue B COCTaBe BelLeCTBEHHbIX
KOMI/IEKCOB, BbIXOAALLMNX Ha 3eMHY0 MOBEpPX-
HOCTb B 30HAaX NPOJIOXKEHNSA OTPE3KOB CEWC-
MUYeCcKMx npodguneii. Hac, npexpe Bcero,
MHTepecyrlT npeobpa3oBaHnsa JOKEMOPUIL-
CKOW KOpbl B Naneo30MCKO-Me3030/CKOe Bpe-
MA B npejenax TPeX OCHOBHbIX TEpPenHOB, B
KOTOPbIX ¥ COCPeSOTOYEHBI MECTOPOXAEHMUA
30/10Ta U CONYTCTBYIOLLMX EMY MeTas/0B.

Mpotunb AbakaH— TblHAa— TaTapcKuii
3anus (puc. 6).

Boonb npoduna npunoBepxHOCTHble 06-
paszoBaHusa cyb6cTpata CeneHro-CtaHOBOro
TeppeiHa npeAcTaBneHbl apXenckumMn u na-
NeonpoTepo30CKUMU MeTaMOpHUYECKUMN
KoMmMniekcamMmu (coctaB M npegnonaraemble
BO3pacTHble py6eXun yKasaHbl B nereHje K
KapTe [[ocypapcTBeHHasd..., 2009]), apeBHe-
CTaHOBbIM nnarnorpaHutamu (pyAR1s) nu
No34HECTaHOBLIMW rpaHuTomgamun eyPK" 1?
(cy6LuenoyHble rpaHUTbl, CUEHUTBI, TPaHOAM-
OpuUTbI, rpaHuTbl). B nocnegHue rogbl cpegm
rpaHNUTOWUO0B APEeBHECTAHOBOIO 1 NO3JHecTa-

HOBOI0 KOMM/IEKCOB MOPOJ BblAeNeHbI LUNPO-
Kue nons pasBuTMA rpaHUTOUAOB HOPCKOTO
n menosoro sospacta [Kotos u gp., 2014 un
4p.], B CBA3M C YEM OTHECeHMe yKa3zaHHbIX
KOMMIEKCOB K HMXKHEMY apXeto 1 naseonpo-
TEepO3010 LOCTATOYHO YCNOBHO.

ApXeicKo-naneonpoTepo3oiickne Kom-
nyekcbl MOpof B npejenax oTpeska npopuna
NMPOpBaHbl PeLKUMU TpaHUTaMu CpefHero-
BepxHero kap6oHa (MK 492); ny4ynHCKUMU
MapUT-yNbTPaMAGUTOBLIMU  UHTPY3NAMU
(MK 498, 519) ra66po, NMPOKCEHUTOB, FOPH-
6N1eHANTOB U NepuaoTUTOB (2481 MH NeT)
[Byuko v ap., 2008] U TOKCKO-arOMUHCKUM
KBapLeBo-AMOPUTOBLIM KOMMJieKCOM (238+
+2 mfiH net) [CanbHUKoBa 1 ap., 2006].

B o6HaxeHuax (MK 490, 497, 498—499,
500, 502, 505, 511, 514, 515—517, 521—522)
OTMeYaloTCA BbIXOAbl MHTPY3UBHbLIX MOPOS
aMaHaHCKOro KoMrMJeKkca CcpefHel topbl
(162,6+1,4 MnH neTt no faHHbIM U-Pb gatu-
pPOBAHWUA LUPKOHOB). AMaHaHCKWA MHOro-
(ha30Bbl1 MOHLOHUT-TPaHNUTOBbIN KOMNNEKC
npescTasieH LUOpUTaMu, KBapLeBbIMU ANO-

Puc. 6. MeTpoxummnyeckmnii paspes 3eMHO KOpbl B CTBOpe 0Tpe3Ka reotpasepca
AbakaH—TbIHga—TaTapCKWii MPoNmB.
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puTaMu, KBapLeBbiMUN MOHLLOHUTAMW, NHOTAa
rabbpongamu; rpaHoguopuTaMmun, ToHanuTa-
MW, CMEHUTAMWU, B TOM YUCNE LENOYHbIMMU,
nenvKorpaHUTaMmu, KBapLeBbIMU CUEHUTAMMU,
Cy6LenoUYHbIMK nerikorpaHuTamun. Ans 06-
pa3oBaHUsA MNpeAcTaBfIeHHOro KoMMaekca
nopos Heo6xoAuMblI TU6PUAHbIE MarMmbl,
(hopMupytolLMecs 3a CYET NnaBNeHUs Me-
TamMop(UYeCcKUX Nopoj Mof BO3jelcTBUEM
MaHTUIHbIX pacnnaBoB. W feiACTBUTENLHO,
Ha YpOBHE CpefHel KOHCONUAUPOBAHHOW
KOpbl OTMEeYalTCA LOMEHbI NOPOL CPeSHEro
cocTaBa, pa3BuUTble C rNy6uH oT 12 4o 23 KM
(B tOro-BOCTOUHOWM YacTn Ao 30 KM) «noanu-
paeMble» JOMeHaMM NOPOA OCHOBHOTO U Y b-
TPaOCHOBHOIO COCTaBa.

3aBepluaeTcs reosornvyeckoe paspmTue
paccMaTpmBaeMOil 4YacTu 3eMHOM KOpPbl NPO-
LLeccoM BHepeHUs cy6BYIKAHNYECKUX Tpa-
Xn6a3anbToB, TpaxmaHgesnb6asanbToB U Tpa-
XUNNNapuTOB NHETMPCKOTO KOMIMJIeKca paH-
HeMenoBoro Bo3pacTa. BynkaHuTbl, Hapagy
Cc Tyhamn, oTMeYalTCA CpeLn TepPUreHHbIX
0CafloYHbIX KOMMIEKCOB HMXKHEr0 Mesa.

Ceiicmuyecknin npothunb B panoHe MK

522,5—534 npoxoAuT nNpakTUyeckn BAOIb
30HbI JxenTynakckoro pasnoma. B nosepx-
HOCTHbIX YCNOBUAX 0BHaXalTCA YCNOBHO-
OPEeBHECTAHOBbIE NArnorpaHnTbl U NO34He-
CTaHOBbIE KNC/bIE KOMM/IEKCHI, MPOPBaHHbIE
CYOLWEeN0oYHbIMU FpaHUTaMu U NerKorpaHnTa-
MV aMaHaHCKOro KOMIMJ/eKca CpefHel opbl, a
TaKXe MOHLOHUT-TPAHUTOBbLIM aMyAXKNKaH-
CKMM KOMIMJIEKCOM BepXHel topbl. B cTBOpe
pasfioma Ha rny6umHax 15—30 KM hukcupy-
IOTCA JOMEHbI OCHOBHbIX N YNbTPAOCHOBHbIX
nopog, 6asnguumMpoBaHHbIi KOMNIEKC MeTa-
MOP@{UYECKNX NOPOJ 1, HAKOHEL,, Ha YPOBHe
35—42 KM YyNbTPa0CHOBHbIE KOMNMNJEKChI.

C MK 534 po MK 578 npotunb nepece-
KaeT HTr0-BOCTOYHYK 4acTb J[Kyraxypo-
CrtaHoBOro teppeiHa. o MK 546 B cTBOpe
NPogunaa — BbIXOAbl HUXKHEapPXenCKNuX me-
Tamopgunyecknx KOMNIeKcos, npeobnagatoT
KMUC/ble NaseonpoTepo30MCcKMe KOMMIEKChI
nopos.

Oanee go MK 558y>ke LOMUHUPYIOT apXeli-
CKue obpasoBaHuNd (CMOTPU NereHay K kapTe
[FCocypapcTBeHHas..., 2009]), a c MK 558 u go
583 npohunnb nepecekaeT NpPeMMyLLeCTBEH-

Puc. 7. MeTpoxnmuueckunii paspes 3eMHOI Kopbl B CTBOPe 0Tpe3ka reoTpaBepca ThiHAa—AMYyp3eT.
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HO KallHO30MCKNe 0Cafi04MHO-BY/IKAHOTEHHbIE
OT/NIOXEHUA HaNoXeHHOW BepxHe-3elcKoi
fenpeccuun. B nHtepsane [MK 538—545 Ha
MOBEPXHOCTW [peBHUE MeTaMopuyeckue
KOMM/EKCbl MPOPBaHbl TYKYPUHTPCKUMU
rpaHUTammn BEPXHEWN KpPbl—HWXHEro Mena
— 1455 (yP"% Ha KapTe). Ha rpaHuue c
BNaguMHON MeTaMoOp(uuecKue KOMIMIIEKChI
NPOopBaHbl ApPeBHECTaHOBbIMU rpaHnUTaMu u
rpaHO4MOPUTAMU BEPXHEW HPbl—HUKHETO
mena.

B cTBOpe pacnpocTpaHeHus apxencKux
MeTamMop(pUUYECKNX MOPOS BEPXHAA KOHCO-
NnaMpoBaHHan Kopa nepepaboTaHa cnabo u
npescTaBfieHa NPeNMYLLECTBEHHO MeTaMop-
(hMYecKUMU NeTPOXUMUYECKUMUN LJOMEHAMMU.
BmecTte ¢ TeM HWXHAS Kopa [Xyrgxypo-
CTaHOBOro TeppeiiHa CN0XKeHa y/bTPaoCHOB-
HbIMW KOMMAEKCamMu Nopoj, CMeHA WUMmca
Ha rny6uHax 25—30 n 30—37 KM JoMeHamu
C nopojamun OCHOBHOIO cOoCTaBa.

B ctBope MK 554—562 Ha rny6uHax oT
3—4 KM 1 [0 rnyouH 18 KM B KOHCONNAMPO-
BAHHO KOpe OTMeYaeTCAd MOLLHbIA AOMEH,
BbINO/IHEHHbIA MOPOAHLIMW KOMI/IEKCAMMU
TMna AMOpPUTOB C faiikaMu fonepuToB. Ha no-
BEPXHOCTb BbIXOAAT FPaHO4MOPUTLI BEPXHEN
tOpbl—paHHero Mesna.

Jo rpaHnubl ¢ MoHrono-OxXoTckum cknag-
yatbiM nosicom (MK 578) B BepxHeil KOHCO-
NUANPOBAHHON Kope npeobnafgatdT Nopoabl
CpefiHero coctas TUnNa AMOpuTOB, NOACTUNAE-
Mble Ha YPOBHe cpefHel Kopbl rabbpoungamu
N CUNbHO6A3NNLMPOBAHHBIMU METaMOPd K-
YeCKUMMN KoMmmekcamu. Apxenckue meta-
MOPMUTBI HMXKHEW KOpbl B CTBOpPE paccma-
TPUBAEMOTO MHTEepBana CMEHAKTCA B HU3AX
reos0rM4YecKoro paspesa yabTpamapuramu.

OcHoBaHne MoOHrono-OxoTcKoro nmnos-
ca, Kak 1 cfefoBano 0XugaTb, BblIMONHEHO
OCHOBHbIM BY/IKAHOTEHHbIM KOMI/IEKCOM,
CMeHAKLWMMCcAS MHOrogasoBbiM rabépouns-
HbIM. BepxHAs KOHCONMAMPOBaHHas Kopa,
nepekpbiTas ocagkamu BepxHe-3elicKoW
BNaZuHbl, CIOXKeHa MeTaMop(U30BaHHbIMYU
W rPaHUTU3NPOBAHHBIMU KUC/bIMU KOMMIEK-
cammn obnacTen cHoca.

Mpotunb TeiHga—AMYp3eT (puc. 7).

B cBoem Hauane BAONb NMPOQuUAA Ha no-
BEPXHOCTb [XXYraxypo-CTaHOBOI 06nacTu
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(MK 2—12) BbIXOAAT apxelickue MeTamop-
(hnyeckme obpasoBaHuMa, NpopBaHHbIe rpa-
HUTaMW N CUEHNTAMU TYKYPUHTPCKOTO KOM-
nnekca BepxHeil rOpbl—paHHero mena. Mo-
CnefiHve, B CBOIO 0Yepefb, MPOPBaHbl CUEHU-
TaMun 1 JMOPUTaMM TbIHANHCKO-6aKapaHCKnxX
o6pa3oBaHWin paHHero mena, a B cteope MK
2—3 0TMeYalTCAa M BbIXO4bl FPAHUTOULOB
TOKCKO-CMBAKaHCKOro rpaHo4MOpuUTOBOrO
Komnnekca y K" (kBapLeBble MOHLUOHUTSI,
MOHLOHWUTbI, ANOPUTHI, KBapLEBbIE CUEHUTHI,
CyOLLeNnoYHble rPaHunTbI).

BbIxoabl Ha NMOBEPXHOCTb ME3030MCKUX
WefoYHbIX FPaHUTOULOB U WHTPY3UBHbLIX
nopoj cpefHero cocTaBa XOpOLWO COrnacy-
IOTCH C NeTPOXMMUYECKMM COCTABOM NyOUH-
HbIX JOMEHOB. [laHHasA COrfacoBaHHOCTb OT-
paxeHa Ao rny6uH 17—18 KM KOMM/EKCOM
MeTaMOpP(UNYECKNUX MOPOJ CpefHEro cocTa-
Ba, WHTPYLMPOBaHHbIX [alKOBOW cepuen
OCHOBHOro coctaea. Ha ypoBHe 18—28 km
(hUKCUpyeTca AOMEH MNOPOA YNbTPAOCHOB-
HOro CoCTaBa, a HUXe — KOMMNJIEKCbl OCHOB-
HOro cocTaBa, BHEpPeHHble B METAMOP(UTHI
apxesi. Ha cTbike [)KeNTyNaKCKOW 30HbI pas-
nomos ¢ CeneHro-CtaHoBbIM TeppeiiHoM (MK
11— 12) Ha NOBEPXHOCTU OTMEYalTCH BbIX0-
Abl XYJaYMHCKOT0 rpaHnT-rpaHo4MopmuTOoBOro
KOMIJ/ieKca No3JHel opbl-paHHEro mena.

Tepputopua CeneHro-CtaHoBoro Ttep-
peilHa nepecekaeTcs npoguiemM B CTBOpe
MK 12—19. Bbixogaune Ha MOBEPXHOCTb
apxeiickme metamopuyeckne KOMMIEKChbI
npopBaHbl rabbpo-AMOPUTOBLIMU UHTPY3USA-
MV NMUKaHCKOr0 KOMMNeKca HKHel nepmu V
8PIp1 (MK 1551 18—19,5) n HMUXHeTpUaco-
BbIMU TOKCKO-a/ITOMUHCKUMW KBapL,eBbIMU
avoputamn [CopokuH, 2005].

B wuHTepBane (MK 14,3) obHaxawTcH
MacCuBbl MNepuaoTUTOB M rabbpo pasHoOBO3-
pPacTHOro Nly4aHCKOro Kommnjekca, cygsd no
noc/iefJHNM N30TOMHO-Fe0XPOHONOTNYECKNM
JaHHbIM, BEPXHEIOPCKOro Bo3pacTa 1 rpaHu-
TOUAOB TYKYpUHrpckoro kommnnekca (HKi)
(MK 12—14). B HaNnoXXeHHOI BEPXHEI PCKO-
HWKHemenosoin genpeccun (MK 155—18)
OTMeyvalTCca TYPPUTbl cpesn TEPPUTEHHbIX
NMopoA CTPEeNKUHCKOWN CBUTHI.

BepxHAs KOHcONuMaupoBaHHas Kopa Ha
oTpe3ke npoduas Ao 8 KM npeacTasneHa
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rpaHoAMOPUT-CUEHUTOBLIM KOMIMIEKCOM MO-
poj C faiikamu OCHOBHOrO cocTtaBsa. [1oacTtu-
naeTcs LOMeH A0 rnyouH 18 KM KOMMNIeKCoMm
nopoj Tvna rabbpo-AnopunToB (BbICOKOE CO-
fep>XXaHue xenesa), a Ha rnybmHax 22—28 kv
O0TMeuvaeTca 610K 6a3nuumnpoBaHHbIX
KBapuesblX AuopuToB. Kopa Ha rnybuHax
23—35 KM npepcTaBfieHa Tpemsa LOMeHamu
OCHOBHOrO coCTaBa M ynbTpamauramun B
HVWKHER Kope.

MOHrono-OXoTCKUIA WOB Ha npogune
FC3 ¢ rny6uHbl ~17 KM BblpaXXeH pa3oMoM,
nagatrowmm nog CeneHro-CtaHoBOM TeppeitH
M pasfensarowmnm JOMEHbl Pas3IMyHOro neTpo-
XMUMUYeckoro coctasa. Ha yposHe 17—8 km
O0TMe4yaeTCAa BbICOKOCKOPOCTHOM 610K Y/b-
TPaoOCHOBHbLIX nopoA. MOXHO npeanono-
XWTb, YTO Hann4yue Takoro 6510ka B CTBOpE
MoHron0-OX0TCKOr0 LIBa CBA3AHO C 3KCry-
mayuein ormonnMToBOM KOpbI NaneooKeaHa Ha
yKa3aHHble YPOBHM NMPU 3aKPbITUM NOCNEL-
Hero B pe3ynbTaTe KONnm3nun. BepxHas Kopa,
KaK 1 Ha npeablayLwem npoune, BolIMONHEHA
rPaHUTU3NPOBAHHBLIMU KOMMNAeKcaMu obna-
CTel cHoca.

ApryHo-MambIHCKWIA TeppeiiH B CTBOpeE
npounnaa TeiHga—AMYp3eT Ha MOBEPXHOCTH
NMepeKkpbIT HEGONLW MMM NO pacrnpocTpaHe-
HWI0 0CAfl0YHBLIMN KOMMIEKCAMM PaHHErO fe-
BOHa v cunypa (no 6optam BepxHe-3elicKowi
Jenpeccuun), nspeskKa cpefiHein ropbl U paHHe-
ro menaun MNPenMyLwecTBeHHO TEPPUTEHHbI-
MW OT/IOXXEHMAMU MaseoreHa n HeoreHa. Ha
rpaHuue ¢ MoHrono-OXoTCKMM LWBOM OcCa-
[0OYHble NOPOAbI NPOPBaHbI FPaHOAMOPUTAE-
MU, KBapL,EeBbIMU AMOPUTaMU U CYOLLENOYHbI-
MW TpaHMTamMmmn BEpXHeaMypCKOro Komniaekca
M MOHLOHUT-rpaHoguopuTamm 6YypyHAWNH-
ckoro y3K"~). TNpossneHus nocnegHero
OTMEYaKTCAa M Ha CTblKe C J1yHbL3aHbL-Ce-
NEMXWHCKUM OPOTeHHbIM MOSACOM.

HuxHAsS Kopa ApryHo-MambIHCKOTo 6/10-
Ka c 28 KM B ceBepo-3anafHoi 1 ¢ 32 KM B
IOr0-BOCTOYHOM YacTu paspesa 40 41 Km
npeacraB/ieHa TPEXY/IEHHbIM MapUTOBbLIM
NeTPOXNMMUYECKUM LOMEHOM. AHANOMNYHbIA
Mo COCTaBY IOMEH PUKCMPYETCHA N Ha CTbIKe
C JlyHbU3AHb-CeneMXUHCKUM OPOTreHHbIM
noscoMm Ha rnybuHax 22—28 km. B ctBope MK
27,5—31,5, aTtakxe B cTBope MK 33—38,5 Ha
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rnyo6uHax 10—17 n 20—27 KM COOTBETCTBEH-
HO 3aMKCUpOBaHbl 6/10KW, BbIMONHEHHbIE
YNbTPAOCHOBHbLIMW MOPOAamMu  pPasfnyHoMn
WenoYyHocTn. Hag HUMY B NepBOM Cny4ae B
BEPXHel Kope «3anerarnT» 6asnguumnposaH-
Hble B pa3HOW CTeNneHun Kucble Nopoabl, a BO
BTOPOM C/iy4yae — 06/1aCcTb NOPOA rMOPUAHO-
ro coctaBa, CMeHfOLLaacq B BEPXHEN Kope
LOMEHOM 6a3MMUUUPOBAHHbLIX FTPaHUTOTHEN-
COB.

Takum ob6bpasom, martepuasnbl MokasblBa-
tOT, UTO APEBHAA KOHCONMMAMPOBaHHan Kopa
B CTBOpE CeWCMUYECKUX npodunen cyue-
CTBEHHO nepepaboTaHa 6onee noO34HUMMU
naneo30MCcKo-mMe3030CKUMK npoLeccamm.
Mpoueccbl 0TpaxarwTCca B BUAE HANMYuUA B
HUWXKHeN Kope [OMEHOB Y/NbTPAaOCHOBHOIO
cocTaBa, MepexofAalMx BBEPX MO reonoru-
YeCKOMY pa3pe3y B «pa3HOBPEMEHHbIE» [0-
MeHbl MOpPOJ OCHOBHOIO COCTaBa, Ha ypOB-
He 10—23 KM CMeHALWMecs X0opoLwo Bbl-
PaXXeHHbIMW B METPOXUMUYECKOM COCTaBe
KOMMeKcaMu nopoj CpefHero cocrasa, OT-
paxkarowux, cyaa no sBcemy, obnactu gop-
MUPOBaHUA rM6pUAHbLIX mMarm. W, HakoHel,
B BEPXHel KOHCOMMAMPOBAHHON Kope pas-
HOBO3PAaCTHbIE JPEBHWNE KUC/IbIe KOMMJIEKCbI
NopoA B TOMN UV MHOM CTENEHU MOLBEPXKEHDI
6asnpukaLum nan NpopBaHbl KOMMIeKcamm
rpaHUTON0B ME3030/CKOro Bo3pacTa.

KpaTtkas wuctopua pasBuTUS pernoHa.
MpuBefeHHble Bblile MaTepuanbl 0 BO3pac-
Te 1 cocTaBe NPUMNOBEPXHOCTHbLIX 06pa3oBa-
HUA 1 UX onpeaeneHHOM COOTBETCTBUU Ne-
TPOXUMUYECKUM 6/10KaM B CTBOPE Npodunen
JO/MKHBI HAXO4UTb OTpaXXeHue B UCTOPUM
CTAHOBJ/IEHUSA [pPEeBHEW KOpbl TEPPUTOPUU,
KOTOpas paccMOTpeHa C pasHblX MO3nULUIA B
3Ha4YNTENIbHOM KO/IMYECTBE CTaTeil U MOHO-
rpaguin. CornacHo MM BO3pacT TOHa/NMUTOB
ocHoBaHusA CeneHrnHo-CTaHOBON rpaHUT-
3e/leHOKaMeHHOW 061acTn 1 3efleHOKaMeH-
HbIX MOSACOB B €e npejenax NUMeeT LWNPOKKIA
pa3bpoc 3HaYeHWU C APeBHEMINMMN OTMET-
KaMun npotonnta B 3,6 MApL fet. HagexHo
(hMKCUPYIOTCA TEKTOHOMarMaTnyeckue n me-
Tamopduyeckne cobbliTns Bopactom 1,9—
1,87 mnpg net, npuBeflune K peTporpagHo-
My MeTaMophunamy am@urubonnToBOol dauunu,
MUTMaTU3aLMn U rpaHnuTU3aLmnum OTI0Xe-
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HWIN NaneonpoTepo30s, BHeApPeHUtO rabbpo-
aHOPTO3MTOB.

LOKyrpKypo-CTaHOBOI rpaHUT-3e/1eHOKa-
MEHHbIN cynepTeppeiH npeacTaBneH KOMM-
nekcamMu nopoj, metamop(u3oBaHHbIX B
rpaHynuToBOM N am@unboNMTOBON (aunsx.
Bo3pacT ocHoBaHusA 6/710K0B (CTaHOBOM KOM-
nnekc) ~2,78 mnpg net npu Bo3pacTte NpoTo-
nnta 3,2—2,8 mnppg net. fopofbl TOHaNNT-
TPOHALEMUT-LMOPUTOBONO0 COCTaBa 3aHUMa-
0T 80 55 % nnowaau, rab6pongbl — go 20 %.

EcTecTBeHHO, 4TO fodhaHepo3oiicKas uc-
TOPUA CTAHOB/IEHUSA 3eMHON KOpPbl pernoHa
6blna 6onee cnoxHoi. Tak, onpepeneHune
Bo3pacTa cobbITUin M-Pb mMeTOA4OM MO LUP-
KOHaM pasfinyHbiX nopog AngaHo-CTaHOBOWA
061acTM NO3BOMIUMIO BbIAENINTb OCHOBHbIE
aTanbl AOKeM6puiickoro npeobpa3oBaHUS
cybcTtparta obnactu: 3,4—3,1—(3,04—3,02)—
2,9—(2,7—2,6)—2,4—(2,2—2,1)—(2,0—1,9—
(1,76—1,68) mnppg net [[ypbaHOB 1 ap., 2012].

Pasgensdiownin cynepteppelitbl JKeKTy-
NaKCKWi Mosic CNOXEH pasHOBO3PaCTHbIMU
nopogamm OT APEBHUX CTAHOBbIX KOMIMJIEK-
COB C YapHokuTamu (2,78 mnppg net) 4o me-
NOBbIX.

ApryHo-MambIHCKUIA TeppelriH OTAeneH
OT BbllleHa3BaHHbIX TeppeiiHoB MOHrono-
OXoTcKMM cKnagyatbiMm noscom. MHorue
KapAuHanbHble BOMPOCbl () OpMUPOBAHUA
3TOro nosca, Kak M camoro TeppeiHa, [o
HAcCTOfLLEr0 BPEMEHW He pelleHbl, 4TO B
nepByto ouvepefb 06YyCNOBNEHO AePUUUTOM
re0OXPOHONOrNYECKUX, TEOXUMUYECKUX W
M30TOMHO-re0XMMMNYECKNX flaHHbIX. B cTpo-
eHUN (hyHLamMeHTa TeppeilHa, B 4aCTHOCTU
ApryHckoro, NoHXWHCKOro u MambIHCKOro
6/10K0B, KaK MpaBW/o, BblAENATCA apXen-
CKUI, HMKHENPOTEPO3OWCKUIA 3Taxn u
cCpeAHe-BEPXHENPOTEPO30NCKNA—HUXKHE-
KEMOPUIACKNI CTPYKTYPHbIE 3TaXKW, XOTS OHW
M He NOATBEPXAEHbl N30TOMHbIMU METOAMM.
HenocpefCTBEHHO BAO/b FPaHULLbI CO CKaa4a-
TbIM MOACOM LUMPOKO pacnpocTpaHeHbl CUny-
puiicKne, LEBOHCKMNE N HUXKHEKAMEHHOYTO/b-
Hble TEPPUTeHHO-KapboHaTHbIe OT/I0XEHUA
[CopokuH, 2005; MocypapcTBeHHas..., 2009].

CornacHo ofiHOMY U3 TEKTOHUYECKUX CcLe-
HapueB, APryHCKUiA n MaMbIHCKUIA 610KK
TeppeiHa NpeaCcTaBAAOT cOO0W hparmMeHTbl
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ToHABaHbI. B nosb3y 3aToro cBMaeTensLCTBY-
0T NaseoMarHnTHbIe faHHble, YKa3blBatoLiue
HapasHuULy B NON0XEHUN CUOUPCKOTO KOH-
TUHEHTa U APryHCKOro cyneprteppeiHa, u,
HaobopoT, 61M30CcTb NocnefHero K CeBepo-
KnTainckomMy KOHTUHEHTY B paHHEM U cpej-
HeM feBoHe [K"Mcblwky et al., 2002]. Ecnu
3TO MpejnofioXKeHne crnpasegineo, To «OT-
nafaeT» BOMPOC O BPEMEHU «3aN0XKEHUA»
MoHro10-OX0TCKOro OKeaHa, NoCKO/IbKY He
Obl710 packona egnHoro CuGUPCKOro KOH-
TUHEHTa, KaK 3To npejnonaraertcs B pabote
[MapdeHoB n gp., 2003].

B TakoM BapuaHTe KOHTWHEHTaNbHbIE
OKpauHbl TepperlHOB MMeNu He3aBUCUMYIO
(B0 MOMeHTa CONMXKEHUSA U CTONKHOBEHMNA)
reonornyeckyto ncTtopui. EctectseHHo, 4To
npoueccbl o6paszoBaHus 1 npeobpa3oBaHus
nopoj B TOM WU WUHOM TeppeliHe, unm 610-
Ke NposAB/eHbl AJUCKPETHO B 3aBUCMMOCTHY OT
NoNoXeHns 6/10Ka Ha ONpejenieHHOoN cTaguu
3BOMIOL MY KOPbI pernoHa. B pasnnyxbix 610-
Kax MoryT npoucxoauTb ot 3—4 a0 7—83Ta-
MoB, HO OCHOBHbIEe KPYMHbIe COBbITUA KOH-
Lua naneo3os—Havana Me30308 B TOW WAn
MHOW CTereHW 4acTo MPOABNEHbl BO BCEX
CTPYKTYPHO-BELLECTBEHHbIX  KOMMEKcax
paccmMaTpuBaemMoro pernoHa, 4to onpegens-
eTcs rnobanbHbIMK NpoLeccamm.

B OGalikanbCckuin atan (pudein—BeHn)
MeXAY KOHTUHeHTanbHbiMKU 6Gnokammn (Ce-
NeHro-BepxHeBUTUMCKUM, TTpuapryHCcKum,
Cunéunpcknum un ap.) PYHKLUOHMPYOT pud-
TOreHHO-CNpeAuHIoBble 6acceiiHbl Ha OKe-
aHuveckon kope [KysbmuH u gp., 2011].
FO>xHas okpanHa CM6MPCKOro KOHTUHEHTA
N NaneoMMKPOKOHTUHEHTbI pa3BuBanuCb B
06CTAHOBKE MacCUBHbIX KOHTUHEHTaNIbHbIX
OKpauH. B KoHUe 3Tana (BeHA—paHHWiA na-
Ne030i) B OKeaHWYecKux bHacceilHax Npo-
NCXOAUT (OPMUPOBAHUE OCTPOBOAYXKHbIX
CUCTEM 3HCMMATUYECKOro TUNa, No3fHee Ha
nepudepun KOHTUHEHTANbHbIX 6/10KOB —
3HCMANNYecKoro.

Lpyrumu cnoBamu, K Hayany Kemb6pus
Mexay AXyraxypo-CTaHOBbIM TeppeiHomMm,
CeneHro-CTtaHOBbIM 6/I0KOM ¥ YyCNIOBHO Ap-
I'YHCKMM CyLL,eCcTBOBasia OKeaHnyeckas Kopa
(cepumn cnpefnHroBbix 6acceinHoB MOHIono-
OXO0TCKOro oKeaHa).

eochunsnyeckuii >kypHan Ne 4, T. 39, 2017



OTPAXEHME UCTOPUW ®OPMWPOBAHUA KOHCONNANPOBAHHOM 3EMHOI KOPHIL...

B KanefoOHCKO-TepLUUHCKUIA 3Tan B OKea-
HUYecKom bacceiiHe NPOAO/HKAOT POPMUPO-
BaTbCA OPMONNTOBbLIE, OCTPOBOAYXHbIE 3H-
cMMaTuyecKue KOMMAEKCbl, 0Caf0YHbIE TOJI-
LM NAaCCUBHbIX KOHTUHEHTa/IbHbIX OKpanH. B
Hayasie repLUMHCKOro aTana pasBmuTUA permo-
Ha (geBOH—paHHUI KapboH) OKeaHM4ecKas
Kopa BocTo4HO-3ab6alikanbcko-OX0TCKOro
6acceliHa nornouwanacb B 30He Cy6AyKLMK
Ha tore ManxaHo-A610HOBOrO TeppeliHa ¢
(hopMuMpoBaHMEM aKTUBHOW OKpauHbl B Npe-
nenax Cenenro-CrtaHoBOW o6nactu. B aTo Xxe
Bpema (~ 336 MJIH /1IeT) Npon3oLia akKpeLmna
TeppeiHa B CTpyKTypy Cubupckoro naneo-
KOHTUHEHTA C BbIMNaBfeHNEM FPaHUTOUOB
[Peiuk v gp., 2013].

B npepenax ApryHo-MambiHCKOro Tep-
peilHa OTMeYaeTcsa paHHe- WU cCpefHeopLo-
BUKCKUI («4OMOHI0N0-0XOTCKUiA» 3Tan) rpa-
HUTOUAHbBIA MarMaTm3m, a Takxe nosgHese-
BOHCKWUI TPAHUTOUAHBINA N paHHENepPMCKUIA
rabbpo-anopuT-rpaHoaNOPUT-TPaHUTHBINA.
MocnegHne 3Tanbl  Marmatu3ma Heno-
CPeACTBEHHO CBfA3aHbl C (DOPMUPOBaHUEM
MOHrono-OXoTCKOro ckfiagyatoro mnosca.
Hanbonee BeposSTHON reognHaMnyeckom o6-
CTAHOBKOM CTAHOB/IEHWNA YKa3aHHbIX Marma-
TUYECKMX KOMMNNEKCOB ABNAETCA 06CTaHOBKA
aKTUBHOW KOHTUHEHTaNIbHOW OKpauHbl [Co-
pokuH, 2005].

B cpegHeno3gHem Kap6oHe B pernoHe
HaynMHaeT (DOPMMPOBATLCH BY/IKAHOTEHHO-
nAyToHnMYecknin nosc (BMIM) kopaunbep-
CKOro TUNa ¢ MHTPY3MAMMU rPaHOCUEHUTOB,
rpaHoO4NOPUTOB.

B aT0 e Bpems (KoHel, kapboHa—Ha4vano
nepMu) NPONCXOAMUT cOeMHeHNE APTryHCKO-
ro, MambliHCcKOro n bypes-L|3amycrHCKOro
TepperiHOB B efjMHbIN AMYPCKUIA cynepTep-
pPeiH. STOMY COObITUIO, BEPOATHO, COOTBET-
cTBYeT popMMpOBaHUE rpaHUTONLO0B, cybule-
NOYHBIX W LENOYHbIX TPaHUTOB U NerKorpa-
HUTOB Bo3pacToM 280—260 M/H neT.

Kak 13BeCTHO, MHAMKATOpamu Tex WUau
WHbIX TeofMHaMMyecKnx 06CTaHOBOK Chy-
XAaT NposBAeHUA MauUT-yIbTPamMauToBOoro
mMarmartm3mMa u ero reoxMMmyeckme xapakTe-
pucTukKU. Mpu 3Tom, Kak MnoLYepKMBanocb
MHOIMMU nccneosatensmMu, 06bl4HO He 60-
nee 25 % marm OCTUTaloT NOBEPXHOCTU, KPU-
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cTannun3aumnsg KoTopblIX MPeuMyLLecTBEHHO
NMPOUCXOAUT HA YPOBHAX HUXKHEN U cpefHel
3eMHOI Kopbl. B cBA3M C 3TUM B NpUNoBepX-
HOCTHbIX YC/IOBUSAX TEPPUTOPUIA, Nepecekae-
MbIX CEMCMMUYECKMMU NPOPUIAMHU, He BCeraa
(hMKCUPYIOTCA Tena OCHOBHbIX MHTPY3NQA,
OHW MOTYT 10KaNN30BaTbCsA B CTBOPE reoso-
rMYecKnx pa3pesos.

B nepmcko-paHHeTpuacoBoe  BpeMms
(285—248 wmnH net) MOHrono-OXoTCKWiA
OKeaH NpojoskaeT cylecTBOBaTb Kak 6ac-
CelH pU(pTOreHHo-cnpegMHrosoro tuna. B
obpamnswwmnx BocTouyHo-3abakanbCKui
CEerMeHT rMaseooKeaHa KOHTUHEHTaNbHbIX
6nokax (oro-zanagHasa yactb AngaHo-Cra-
HOBOTO WmnTa n CeneHro-CTaHOBOI TeppeiH
C OLHOW CTOPOHbI M APryHCKUIA MaccuB C
ApYroi) hopMuUpyoTCa BY/IKAHOTEHHO-MY-
TOHWUYecKune nosca.

CeNneHrnHCKMn BYNKaHO-NIYyTOHUYECKNA
nosic B Hayane CBOEro pas3BUTUSA COOTBET-
CTBOBaN 06CTaHOBKE CYOAYKLMM NOJ HOXKHYIO
OKpaunHy CeBep0o-A3MaTCKOro KpaToHa, a 3a-
TeM 06CTaHOBKe TPAHCHPOPMHON KOHTUHEH-
TanbHOM OKpaunHbl [MapgeHoB u gp., 2003]. B
nocfiefHee BpemMs Moay4veHbl CBUAETENLCTBA
no3fHenaneo30MCKON-paHHEME3030/ACKOM
(250— 180 MANH neT) marmaTU4ecKom akKTuB-
HocTu B npegenax kyrgxypo-CTtaHOBOrO
TeppeiiHa, KoTopas CBA3blBAaeTCA TaKXe C
npoueccamu cybayKLMmM Nog Hero Kopbl MoH-
rosio-OX0TCKOro naseookeaHa.

Takum o06pa3om, nepmcKo-paHHeTpua-
COBbIVi (285—248 MNH neT) aTan yibTpaMmauT-
Ma(uTOBOro marmatuaMa ycTaHOB/IeH Kak B
npepenax CeneHro-CtaHoBoro, Tak u [xyr-
oKypo-CTaHoBOro  cyneprteppeiiHa. OH
(huKCMpyeTCA BHELPEHUEM AYHUT-TPOKTO-
nuT-rabbpoBoin accoymaymm Nopos, reoxm-
MMYeckme 0COOEHHOCTM KOTOPOI — He3Ha-
unTenbHoe oboraueHne LREE, Sr, Ban aenne-
TupoBaHue B oTHoweHnn HREE, T™ Nb, uto
CBMAETENbCTBYET 06 06CTAHOBKE aKTUBHbIX
KOHTUHEHTaNbHbIX OKpanH [Byuko, 2010].

K ykasaHHomy BpemeHu B CeneHro-
CTaHOBOM TeppeliHe NPOUCXOLUNI0 BHeApe-
Hue JTYKUHOUHCKOTOo MaccuBsa (248 MH fieT),
MagnTbl KOTOPOTro MOTYT BblITb OTHECEHbI K
OCTPOBOAYXHbIM 06pa3oBaHNAM, a TaKXe K
06pasoBaHuNsAM CYy64YKLMOHHbLIX FpaHOAMNO-
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PUTOB W ANOPUTOB TOKCKO-aNrOMWUHCKOTO
Kommnnekca (238—2 mnH net) [JlapuH u gp.,
2005; byuko, 2010].

B npegensl Oxyraxypo-CtaHoBOro Tep-
peliHa BHeAPSAOTCA PacCNOEHHbIW J1yUYuH-
CKUI rab6po-HopuTOBbLI MaccuB (248—
1 mnH net) un Wnbpeyccknin Bepnut-rab-
6pOoBbIA, MarMbl KOTOPbIX 6/IN3KKN K aHanoram
Cy64YKLMOHHBIX 06CTAHOBOK, 06pasytoLnx-
CS U3 HaAcyOAYKLNOHHOW MaHTUN.

Cnepytowme pfaBa COMMXKEHHbIX 3Tana
ynbTpamapuT-mapmTOBOro MarmaTn3ama ro-
BOCTOYHOro obpamneHus Cesepo-A3naTcKoro
KpaToHa NpuUXoaAaTcA Ha MO34HWIA Tpuac-
PaHHIOK Py M NO3L4HIOK Opy. B cpegHem
Tpunace—Hauvane topbl (228—203 MAH fieT)
BocTouHo-3abaiikanbckuii cermeHT MoHrosno-
OXOTCKOro OKeaHa HauMHaeT BbIpOXAaTbCA
N B CpeAHENO34HEN tOpe «3ax/I0MblBaeTCs»,
4TO COMPOBOXXAAETCH KONIN3NEN TeppeitHoB
n popmupoBaHmem KonnmsnoHHoro BIM [Iy-
ceB u ap., 1995; Peiuk v ap., 2013]. Marmatu-
YEeCKUM OTpaXKeHNeM OPOreHHbIX MPOLLeCccoB
ABNAOTCA, B YaCTHOCTW, CY6AYKUWMOHHbIE
TOKCKO-a/ITOMUHCKNE TPaHOANOPUTLI U ANO-
puThl (239—180 mAH neT). JoCcTaTOYHO MOLL -
HO NPOSBAEH M 3 PY3NBHbIA MarMaTnsm, HO
6onee WKNPOKOro franazoHa— oT 6a3anbToB
(TpaxmbasanbTOB) 0 PUONMTOB.

Mo3aHeTpMacoBO-paHHE PCKUiA  (228—
203 MH neT) aTan ynbTpamaguT-mapuToBOro
mMarmartusma nposBseH B npegenax Ky raxy-
po-CTaHOBOro cynepteppeiHa raboposoi u
NMUPOKCEHNT-rab6poOHOPNTOBON accoLnaLns-
MW Nopog, NpeicTaBUTENSAMU KOTOPOTO ABNSA-
HOTCA MacCuBbl Y nbaernt n Yek-UnkaH (228+1
1 203+1 M/IH NeT COOTBETCTBEHHO). MaccuBbl
obnagaloT BecbMa cneynpuyecKMMmn reo-
XUMUYECKMMU OCOBEHHOCTAMM, YTO MOXET
CBMAETeNbCTBOBATb O CMEHe XapaKkTepa B3au-
MOAENCTBUS NANT.

Mo3aHeropckuii (159—154 MnH net) aTan
ynbTpamamT-maMTOBOro Marmatmsma yc-
TaHoBfeH B npegenax CeneHro-CrtaHoBoro
cynepteppeiiHa u npeacTaB/ieH nNepugoTUT-
Be6CTepuT-rabbpoBoit n NepuaoTuT-rabopo-
MOHLLO4MOPUTOBOI accoumnaumamm — Becen-
KMHCKMI 1 TMeTponaBnoBCKUIA MacCUBbI
(1541 »n 159+1 MANH NleT COOTBETCTBEHHO)
[Byuko, 2010].
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Mopogam 060UX 3TanoOB CBOWCTBEHHbI
[IBOACTBEHHbIE TEOXMMUYECKNE OCOBEHHO-
CTW, 00YCNOBNEHHbIE CMelleHMeM cy6ayK-
LMOHHbIX M BHYTPUMAUTHBIX XapaKTepucTuk,
Nno3BO/NIAIOLWME NPeANONOXMUTb, YTO POPMU-
poBaHue  NO34HEeTPUACcOBO-PaHHEH PCKUX
MaccuBOB NPOUCX0AMNI0 B 06CTAaHOBKE TPaHC-
(hOPMHOI KOHTUHEHTa/IbHOMN OKpaunHbl. Cyas
no Bcemy, BblM/aBneHVe MauUTOB CBA3AHO
C npekpaweHnem cyboyKuUUM 1 nocnegyto-
WMM pa3pbiBOM Cy64yLMPYEMOR NNACTUHBI.
B saTom cnyuyae B o6pa3oBaBlIyloCcsa 6peLlb
MocTynasno acTeHoCc(epHOe BeLecTBO, 4YTO U
NPUBENO K BO3HUKHOBEHMIO Marm, nNo CBOUM
reoXMMMYeCcKMM XapakTepucTuKam HecyLnum
NPU3HaKn Kak Cy64yKLMOHHOI0 MpPOMCXO0-
XAEHUA, TaK U BHYTPUMIUTHBIX UCTOYHUKOB
[Byuko, 2010].

B nosgHeii tope (oKchopph)—paHHEM
meny (6appem) (160—121 MnH f1eT) NpoOun30-
LU/1I0 OKOHYaTe/lbHOe 3aKpblTue MOHIo0-
OXOTCKOro 0KeaHn4yeckoro 3anusa v gopmu-
pOBaHWe Ha ero MecTe CKiaf4yaroro nosca.
CnepoBatenbHo, 60/1ee MonoAble No OTHOLe-
HUIO K 3TOMY NOSACY KOMMJIEKCbl ABNAKOTCA
MOCTKO/IN3NOHHBIMU.

Hanbonee monopoit atan ynbTpabasuT-
6a3uTOBOro MarmatMsmMa peKOHCTPYupy-
eTcd no (OopMUPOBaHUIO pPaHHEMENOBbIX
rabbpongos BepxHenapObuHCKOro maccusa
(134£4 mnH net) Opxyraxkypo-CTaHOBOrO cy-
neprepperiHa. B ero cTpoeHUn y4yacTBYHOT
BbICOKOKanuneBble rabbponabl 1 KBapueBsble
AnopuTbl. [laHHble NOpPOoAbl COOTBETCTBYIOT
N3BECTKOBO-LLEe/04YHbIM 6asanbTaM 3afyro-
BbIX 0ACCEMHOB WM LWENOYHbIM 6Ga3anbTam
OCTPOBHbIX Ayr.

Takum 06pa3om, BANSHUE CTONKHOBEHUS
CTaHOBOW NPOBUHLMN 1 MOHI010-OXOTCKOM
OCTPOBOAY>KHO 0611acTW NPOABUNOCHL B Ye-
TbIpex CTagnAaX UHTEHCUBHOIO MarMatu3ama.

1 Bpexume pacTsHKeHNA aKTUBHON KOH-
TUHEHTaNbHOW OKpauWHbl BHeAPWANCHL pac-
CNOEHHble MaUT-yNbTpamMmapunTbl BO3PacTOM
248 M/H NeT 1 CyB64YKUMOHHbIE TPaHOANOPK-
Tbl W guopuTbl (239— 180 M/H neT).

2. Mo3gHee, nNpu akKpeuwmu OCTPOBHbLIX
Ayr, BbINMaBUANUCb KONU3NOHHbIE TYKY-
PUHTPCKME W MNO3LHECTaHOBbIE [PaHUThI
(142—138 mMnH neT Hasaf), a TakKXe Takca-
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KaHAWHCKWE rpaHnTbl (124 MAH feT).

3. B0306HOBNEHME peXunma aKTUBHOM
OKpauHbl NPUBENIo K 06pa3oBaHUI0 ThlHAWH-
CKO-6aKapaHCKUX rpaHnT-rpaHoAMOPUTOBbIX
6aTONMTOB U UX BYJIKAHUYECKUX KOMarmaTu-
ToB (127 MNH NleT Hasag).

4. Ha 3akno4ynTenbHOM 3Tane npuyne-
HeHUA AMYpPCKOW nNAuTbl 06pasoBasnch
He60/blLUNe MOCTKONIN3NOHHBbIE CYybBY/Ka-
Hbl FPAHOCUEHUT-NOP(UPOB U LIOWOHUT-
natuToBble fankun [lapuH un gp., 2005].

B npepenax ApryHo-MambiHCKOro Tep-
peilHa Ha JaHHOM 3Tane pasBUTUA Teppu-
Topun (NO3L4HAA HOpa—paHHUn Men) chop-
mMupoBancsd Y mnekaHo-OromxkuHckuin BT
[UxaH XyH n gp., 2000; MopaneHko u ap.,
2000; CopokuH, 2005]. Ha ocHoBaHuK npo-
BEJEHHbIX TeOXPOHONOrNMYEeCKUX Uccneno-
BaHnin (40Ar/39Ar) [CopokuH, 2005] BbI-
fBNeHa cnefytowas nocrefoBaTe/lbHOCTb
(hopMMpOBaHUSA MO34HEMe3030MCKUX Mar-
MaTMYECKMX KOMMJIEKCOB 3anajHoro gnaHra
YmMnekaHo-OromxkuHckoro BIMM: 1) rpaHunT-
rpaHoOAMOPUTOBLIN (BEPXHEAMYPCKNIA) KOM-
nnekc (134— 140 mfH neT); 2) MOHUOAMOPUT-
rpaHoAMopUTOBbIA (BYPUHAUHCKUA) KOM-
nnekc (127—130 MAH feT), KoTopble npeg-
CTaB/ieHbl W3BECTKOBO-LEN0YHbIMM acCo-
umnaymamm I- n 8-tmna. NeoxmmMmmnyeckme oco-
6eHHOCTU paHHEMENOBbIX FPaHUTOUHbLIX U
6/1M3KMX UM MO BO3PacTy aHAe3nTOBbIX KOM-
NnaeKkcos YmsekaHo-OroXXMHCKOro nosca
(ymepeHHoe cogep>xaHue LILE, pepmuymT Ne
Ta, onpefeneHHblli N36bITOK Sr) 4al0T OCHO-
BaHWA nonaratb, 410 MarmoobpasyloLwum
cy6CcTpaToOM ANns HKUX GblNa CMeCb KOPOBOrO
M MaHTUAHOTO WCTOYHWKOB (BO3MOXHO, U
060raleHHOW MaHTuK).

Mopoabl 60nee NO3JHMX CY6LLEN0YHBIX U
LW eNoYHbIX accoumaunii: aHge3nToBbIN (Tan-
JaHCKuiA) komnnekc (124—126 MAH neT),
Tpaxn6a3anbT-puUONNTOBbLINA (FaNnbKUHCKUIA)
komnnekc (115—119 maH feT) U TpaxuaH-
[e3nTOoBbIN Komnnekc (94—97 MmnH neT) 06-
NnajaKT reoOXMMUYecKMMmM Npu3HakaMmmn BHy-
TPUNANUTHOTO MPOUCXOXAEHUA U LONXKHbI
paccMaTpuBaTbCA KaK HaNOXEHHbIE Ha Mosic
obpasoBaHMA. MarmaTtMsm — NoCTOPOreHu-
YyecKuii. Bero nposBneHnn 4eTKo BblpaxKeHa
BO3pacTHas AUCKPETHOCTb, NPUYEM BYJKa-
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HUYECKMe UNN NNYTOHUYECKUE KOMMIEKChI
KaX[oro MMnynbca xapakTepusyrTcs reo-
XUMNYECKUMU OCOBEHHOCTAMM, MPUCYLLUMK
TO/IbKO eMy.

OTaenbHble ann3o4bl POPMUPOBAHUA U
CTAHOBJ/IEHUSA 3eMHOI KOpbl paccmaTpuBae-
MOV TEPPUTOPUN, «BbIpBAHHbIE» U3 KOHTEK-
cTa UCTOPUM pPas3BUTUSA PErmoHa, oTpaxe-
Hbl U B CTBOpEe reou3nyeckmnx npogunei.
Mpuyem BHe 3aBUCUMOCTU OT MeXaHU3MOB
obpa3oBaHUs pacnnaBoB, OTpaxKeHue WuX
MPOU3BOAHbLIX B MPUNOBEPXHOCTHBIX YC/O-
BMAX AO/KHbI (DUKCUPOBATHLCA HA YPOBHAX
cpefHel U HWXKHEW KOHCONWAMPOBAHHOWN
KOpbl B BUAe LOMEHOB OMpefe/ieHHOro ne-
Tpoxummyeckoro coctasa. C y4yeTom no-
CTaB/IeHHbIX 3aZay ¥ MeTa/IoreHNYecKon
cneunanmsauum TeppuToOpMn Hac B NepPBYIO
ouyepefb UHTEPECYHT Ha/IOXKEeHHbIe Ha JpeB-
HUI cybcTpat npouecchbl, NPOMCXOLUBLUNE
B MO34HEM Nasie030e—Me3030€e U YaCTUYHO
pacCMOTPEHHbIE BblLUeE.

Tak, B npegenax CeneHro-CtaHoBro
TeppeiHa Ha reou3anyecknx npoPuaax
OTPaXeHo, NOMUMO BHeAPEeHUA rpaHUTOU-
[0B CcpefiHero—BepxHero kap6oHa, rnepmo-
TpnacoBoe TEKTOHOMAarmatuyeckoe cobbiTue
B BUAE BHeApPeHMA rabbpo-4uopmnToB NUKaH-
CKOr0 KOMMEKCa HWXKHEW nepMu, Ny4YuH-
CKUX MauUT-ynbTpaMamnTOBbIX WUHTPY3UN
(248+1 wMAH net) MU TOKCKO-aiTOMUHCKUX
KBapLeBbIX AUOPUTOB (238+2 M/H f1eT) NO34-
Hell nepmum—paHHero Tpuaca (238+2 MAH
neT); cpeAHe-no34HepPCKO-paHHEMeNI0BOe
cobblTe B BWUAe aMaHAHCKOro KOMIMJieK-
ca (162,6+1,4 mnH neT) cpegHen wopbl 1 Ty-
KYPUHTPCKOr0 KOMMNIeKca MNO3f4HeN tpbl-
paHHero mena (1455 mnH net). Kpome Toro,
B CTBOpe Npotuas OTMeYeHbl NPOSABIEHMUA
paHHeMenoBbIX TpaxmnbasanbTOB U TpaxmaH-
ne3nbaszanbToB (~130 MAH neT).

B npegenax Oxyraxypo-CtaHOBOro Tep-
peliHa Ha Treogu3nyecknx npopunsax, no-
MWMO MepmMcKoro JIYKMHAMHCKOro maccusa
(284£7,5 MH NneT), OTMeYeHbl MPOSABNEHMUA
pPaHHePCKOro v NO34HEPCKOro cobbITHi
B BWAe aMaHaHCKOro u aMyJXWKaHCKOro
KOMM/IEKCOB, MO34HEIPCKO-paHHEMENIOBOE
TEKTOHOMarmMaTuyeckon cobbiTve B BUAE
TYKYPUHTPCKNX rpaHuTongos (145+5 mnH
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neT), a TakKXe paHHEMeNnoBble WHTPY3uUU
rPaHUTONL0B TOKCKO-CMBAKAHCKOIO U ThIH-
OVMHCKO-6aKapaHCKOro KOMIM/EKCOB.

ApryHo-MambIHCKWIA TeppeiiH B CTBOpe
npounsa TeiHGa—AMYpP3eT B 3Ha4YNTENbHOW
CTENeHN NepeKkpbIT 0CaA0YHbIMU KOMIMJIEK-
camn Amypo-3eiickoli genpeccun. Bmecte
C TeM Ha rpaHuuyax ¢ MoHrono-OxXoTcKkum
cKnagyatblM nodacom U JIyHbU3AHb-Cenem-
XWHCKMM NOSCOM Ha MOBEPXHOCTb BbIXOAAT
Mo3J4HePCKO-paHHEMENIOBON BepxHeaMyp-
CKUIA TPaHUT-rpaHOLNOPUTOBLIA KOMMNNEKC
(134—140 MnH neT ) n, COOTBETCTBEHHO, Me-
NoBOM BYPUHANHCKNIA MOHLOANOPUT-TPaHo-
AVOPUTOBLIA KoMnneke (127—130 maH neT)
[CopokuH u gp., 2003; Derbeko, 2004], Bxo-
Adauine B coctaB YMnekaHo-OToAXXNUHCKOTO
BY/IKAHO-NNYTOHUYecKoro nosca. B nopo-
fJax [enpeccunm OTMeYalTCs paHHe-no3f-
HeMenoBble 3PPY3MBbI OCHOBHOT0—KUCIO0r0
cocTaBa.

Takum obpasom, B npegenax [Axyrmaxypo-
CtaHoBoro n CeneHro-CTaHOBIo TEpPeHOB,
NMOMKUMO NaneonpoTepo3oiickoro arana op-
MUPBAHUA MapUT-yNbTpamapuUTOBbIX Mac-
cuBoB (1,87—1,70 mnpgh neT TOMY Hasag),
MCTOYHUKOM KOTOPbIX Hapafy C OCTPOB-
HbIMW fyramum n ouonntaMmun 6biv U BHYT-
pPUNANTHbIE 6a3aNbThbl, LWIWPOKO MPOSAB/EH
mMarmaTu3m KOHLUa naneo3os—Havana Me-
30304. [epMCKO-paHHeTpMacoBble, No3aHe-
TpMacoBO-paHHEOPCKME, MO3LHEPCKUE U
paHHeMeNioBble MHTPY3UKU (POPMUPOBANUCH
Kak B 06CTaHOBKax aKTUBHOW KOHTUHEH-
Ta/bHON OKpawHbl Ha NepBOM 3Tane, TakK u
npeMMyLLecTBeHHO B 06CTaHOBKax TpaHC-
(hOPMHBIX OKpawuH, 4TO NPUBENO K BO3HUK-
HOBEHWIO Marm, rno CBOMM FeOXUMWUYECKUM
XapaKTepUCTMKaM HEeCYL MM MPU3HAKN 1
Cy64YKLMOHHOTO NPOUCXOXAEHUSA N yHaCTUS
BHYTPUNINUTHbBIX NCTOYHUKOB.

K no3gHenaneo3oicKOMYy—Me3030CKO-
My aTanam pasBuTUS TEPPUTOPUMN OTHOCUTCA
n hopMuposaHue NMpuamypckoin 3010TOHOC-
HOW MPOBUHLUMN.

OTpaxeHne npoueccoB pynoobpasoBa-
HUA B reos1oro-reour3anyecknx napamerpax
KOHCONMAMPOBaAHHO 3eMHOM Kopbl. Kak no-
Ka3blBaeT 0630p UCTOPUY Pa3BUTUSA PernoHa
W ero MeTanioreHumn, pyLOHOCHbIMU 06beK-
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TaMy NMPeuMyLLecTBEHHO ABNAKOTCA rpaHu-
TOUAbl  BY/IKAHO-NIYTOHUYECKUX MOSACOB,
HANIOXXEHHbIX Ha BELLECTBEHHO-NOPOAHbIE
KOMMeKcbl 60/iee paHHUX CTaAuin CTaHOB-
NeHNsA 3eMHOI KOpbl.

Tak, B npegenax CeneHro-CtaHoBOro Tep-
peiiHa (BYN1IKaHO-NNYTOHNYECKOro nosca) Me-
CTOPOXAEHUA U PYAONPOSABIEHUA B OCHOB-
HOM CBfi3aHbl C MO34HEOPCKUMU N paHHe-
Me/I0BbIMU FPaHUTOUAHBIMU accoLmaLuamm.

B npegenax Axyrgxypo-CtaHoBOro
TeppeiiHa BblIAeNATCA PYLOHOCHbIE 06-
pa3oBaHUs [ABYX 93TanoB: MNO34HEHPCKO-
paHHeMenoBoro (4y6a4ymHCKNR, TbIHAUHCKO-
6aKapaHCKUI N TYKYPUHTPCKUIA KOMMNIEKCHI)
W paHHEMesnioBOro (MpakaHCKWin W Tanrbir-
CKWIA KOMMEKCHI).

Bnpegenax ApryHo-MambIHCKOTO Teppeit-
Ha He3Ha4YUTeNbHbIE PYAONPOSABIEHUSA CBA3a-
Hbl C LLenoY4Koi rabbpo-anopuT-rpaHoANopuUT-
rPAHUTHbBIX UHTPY3UIA MepMCKOro Bo3pacTa.
PYLOHOCHOCTb TpaHMTOMAOB MNO34HeTpua-
COBO-paHHe-CcpeHePCKOro Bo3pacra B Ha-
CTofillee Bpems OLEHMBAETCA OTpuaTe/b-
HO. OCHOBHbIE XK€ NepcrneKTUBbl Pa3BUTUA
PYLHO-CbIpbeBOI 6a3bl TEPPUTOPUN CBA3AHDI
C KOMMNNEKCaMW HaNOXEeHHOW YMnekaHo-
OromKNHCKOI BY/IKAHO-N/TYTOHNYECKO
30Hbl. B npefenax 30Hbl BblAENAT NO3He-
tOPCKO-pPaHHEMEJIOBYIO JMOPUT-TPaHUTOBYIO,
paHHEMe/IOBYO FPaHOCUEHUT-TPaHUTOBYIO 1
rpPaHoOLMOPUT-TPAHUTOBYIO PYLOHOCHbIE ac-
couunauyun [Ctpuxa, 2012].

Mpn 3TOM B COCTaBe rPaHoOAMOpPUT-rpa-
HUTOBbIX accounauuini MNpuUCyTCTBYHOT Te
WM uHble 06bembl rabbponjos M Nopos
CpefiHero cocraea; B COCTaBe MOHLOANOPUT-
FTPAHUTOBLIX W TPAHOCUEHUT-TPaHUTOBbIX
accoumaumnin — nopop cpefHero cocrasa. B
coCTaBe rpaHOCUEHUT-NENKOrpaHUTOBOW U
rpaHnT-NeMKOrpaHNTOBOW accoymnaynii no-
pOAbl OCHOBHOTO M CpPeAHEro coctaBa He PUK-
cupytoTcs. pyrumm cnosamu, coctas Nopoz
MEe3030MCKMUX PYLAOHOCHbIX FPaHUTOUAHbIX
accouuaunin BepxHero Mpuamypbs Bapbu-
pyeT B LUMPOKUX fpefefiax — OT OCHOBHbIX
[0 YNbTPAKUCAbLIX U OT NOPOL HOPMasibHOWA
LLeI0YHOCTM [0 CY6LLEe0YHbIX.

[Ns KOpeHHbIX MECTOPOXAEHWIA 30/10Ta U
COMYTCTBYHLWMNX eMYy MeTan/0B XapakTepeH
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OTPAXEHME UCTOPUW ®OPMWPOBAHUA KOHCONNANPOBAHHOM 3EMHOI KOPHIL...

MecTpblil cocTaB [aeKk WM LUITOKOB, a Takxe
AVOPUTOBLIA (MOHLLOHMTOBLIN) COCTaB BMe-
LW atoLLMX 30/10TOE OPYLleHEHWE NHTPY3NBOB,
KOTOpbIe CONPOBOXAAOTCA MECTOPOXAEHUSA-
MW pOCCbINHOTO 30/10Ta [dpu, COPOKUH,
2005].

OueHKa reofiuHaMn4ecKux ycnoBsuin op-
MWUPOBaHWA rPaHUTONLOB PErMOHA HOCUT ANUC-
CKYCWOHHbII XapakTep. VX hopmumpoBaHue
npexje BCEro CBA3bIBANOCh C Cy6AyKLUMeit
OKeaHM4YeCKON KOpbl B YC/IOBUAX aKTUBHOW
KOHTWHEHTaNIbHON OKpauHbl. M30TOMHO-
reoXMMmnyeckme matepuasnbl, NpuUBELEHHbIE
B paboTe [CTpuxa, 2012] noka3biBalOT, YTO Ha
anarpamme eNd—e$r rpaHUTOMAbI B LENOM 3a-
HUMAKOT MPOMEXYTOYHOE NOJIOXKEHUE MEXAY
nonsmm 6a3anbToB CPeUHHO-0KeaHNYeCKnX
xpe6toB (MORB), 6a3anbTamm OKeaHuye-
ckux octposoB (01B), no3gHeMe3030MCKU-
MK CcyOllenoYHbiMKU GaszanbTaMy 3anagHo-
3abaiikanbCcKoi pudToBOI 30HbI (KB) 1 nonem
peyHoli B3Becu (RS). Takoe o6LLee NoOXe-
HUe rpaHNUTONAOB Ha fuarpamme No3BonseT
cAenatb BbIBOJ O TOM, YTO B UX 06pa3oBaHuUu
MOF/I0 NPUHUMATL y4acTUe Kak MaHTUIHOE,
TakK 1 KOpoBOe BeLLeCTBO. MaHTUNHOE BeLye-
CTBO B BM/e 6a3MTOBbIX PacnsiaBoB Npu aTom
nrpaeT BaXHYI pOJib B Ka4eCTBE HOCUTENA
TEN/IOBOW 3HEPrumn, 3a c4eT KOTOPON NNaBuT-
CA MaTepuasn Kopbl, U HeNOCPeACTBEHHO yya-
CTBYeT B TOM WM MHOM KOJINYECTBE B COCTaBe
rmMeépuaHbIX pacniasos, NPU KpucTanmsauum
KOTOPbIX (hOPMUPOBANNCH FPAHUTOUAHbIE ac-
counaumm.

Takmm 06pa3om, Me3030MCKMe rpaHnuToOn-
Abl PerMoHa — NPeMMyLLecTBEHHO rnépua-
Hble 06pa3oBaHWA CMeLaHHOro KOpPOBO-
MaHTUMHOIO MPOUCXOXAeHWUe, C npeobna-
JaHneM B UX COCTaBe KOPOBOIO BeLLecTBa.

Hamun paccmMoTpeHO oTpaXeHue B NeTpo-
XUMUYECKOM COCTaBe KOpPbl BbISABNEHHbIX N0
[AaHHBIM Fe0OXUMUYECKON CbeMKW MeTansore-
HUYECKMX 30H U apeasnos, CEKYLNXCH Ceic-
MUYECKUMU NpoPuUNsMn. 3a OCHOBY HauMe-
HOBaHWI apeanoB paccesHUs MeTasi/I0B HaMK
B3aTa cxema E. B. Ctpuxu c coaBTOpamu
[CTpuxa, 2012]. B cBA3M C Tem, YTO NOTEH-
LunanbHble aHOMasbHble MeTasinoreHnyeckne
061aCTV OKOHTYPEHbI HA OCHOBaHWUW NPENMY-
WeCTBEHHO LWW/IMXOBOro 0rnpo6oBaHus, B UX
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npegenax MoryT cOBMeLLaTbCsA apeasbl pac-
CeAHMUA 3/1EMEHTOB, MMEKLWNX pasnyHble
noTeHuManbHble NCTOYHUKN.

OTpe3ok npouna AbakaH—TblHAa—Ta-
TapCKWii NPOSINB NepeceKaeT YeTblpe pyAHO-
pOCChINHbIX y3/1a (CM. puc. 6).

1 CoBMeLeHHbIV y3en (SnbrakaHcKui
N YPKUMUHCKKUIA) ¢ Pb, An, Mo MuHepanu-
saymern (MK 510—522) npocCTpaHCTBEHHO
npuypoYeH K 06n1acTu couneHeHns CeneHro-
CTaHOBOro TeppeiHa ¢ 30HOW [Xentynak-
CKOro pasfioma. 970 Hanbosiee KOHTpacTHas
pajguanbHas 30Ha, BblleIeHHas B CTBOPE ABYX
npogunein. BepxHas Kopa B CTBOPe pyAHO-
POCCLIMHOrO y3na B pa3pese npogpuns no
KOMIMJIEKCY [aHHbIX NpejcTaBNeHa WHTeH-
CMBHO 6asnuuMpoBaHHbIMWU THelcamu u
KpUCTaNIM4eCKUMUN CnaHuaMu ¢ BbIXoAamu
Ha NOBEPXHOCTb FPAHO4MOPUTOB CPELHEOP-
ckoro Bospacta. IHTepBan rnyomuH 10—30 km
CNIOXeH YCNOBHO AMOPUTOBLIMU MeETPOXU-
MUYECKUMU KOMMNIEeKcaMu nopog B TOW vnu
WHOW CTEeNeHW HacbIWEeHHbIMU Aalikamu
OCHOBHOrO cocTaBa. HMXHAA Kopa BbINoJ-
HeHa IBYXCMONHbIM 6a31TOBbIM KOMIMIEKCOM.

2. 0>KenTynakCKUin meTannoreHn4ecKui
y3en ¢ Mo, W, Fe, An, Ag cneumnanusaynei
(MK 525—534) npnypoyeH K OLHOUMEHHO-
My pasniomy B 0671aCTU ero Co4/ieHeHus ¢
LoKyropKypo-CtaHOBbIM TeppeilHoMm. Pac-
MOJIOXEH B C/IOXKHOMW re0n0ro-CTPYKTYPHOIA
30He, B KOTOPOWA MOryT ObiTb COBMELLEHbI
MeTannoreHM4yeckme 0COBEHHOCTM  pas-
NINYHBIX Pa3HOBPEMEHHBIX PYAOHOCHbIX
BELLECTBEHHO-NOPOAHbIX KOMMIEKcoB. Ha
MOBEPXHOCTU TEPPUTOPUMN OTMEYAKTCH Bbl-
X04bl OPCKUX TPAHUTOMA0B aMaHaHCKOro u
aMy[)KVMKaHCKOro KOMIM/EKCOoB, MnoacTuae-
MbIX Ha rny6umHax 10—15 KM rpaHoaMOpUT-
OVOPUTOBLIM METPOXUMUYECKUM [OMEHOM
C malikamu gonepuToB. Huxe, B cpeaHen u
HUXXHEW KOHCONUANPOBAHHOM Kope, hMKCK-
pytoTcA 6/10KM YyNbTPAOCHOBHbLIX KOMIMJIEK-
COB, pa3geneHHble 6/10KOM MOpoA AMOPUTO-
BOro cocTaBa C filaikaMu [01epuToB.

3. nnKaH-YHaXnHCKWUA pyaHO-pOCChIn-
HOW y3en [Kyrpkypo-CTaHOBOro Teppeli-
Ha ¢ P Ne, Mo, An cneyunanusayuein (MK
550—559) HefoCTaTOUHO SAAPKO BblIpaXKeH B
reoM3nyYecKkoM paspese OTpe3ka npodu-
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NA, HECMOTPSA Ha NPOAB/IEHNE B 0OHAXEHUNAX
BEPXHEPCKO-PAHHEMENOBbIX FPaHUTOUAOB.
Ha noBepXHOCTU OTMeYarTCA BbIXOAbI Mpe-
NMYLLECTBEHHO HUXXHE- N CpefjHeapXencKmnx
MeTamMop(unYecKMX KOMMNEKCOB, a pyfHas
MUHepanu3auus panoHa CoLepXUT MUHepa-
Nbl NNAaTUHOBOM rPYMMbl, YTO HEXapaKTepHO
Ana apxea pervoHa. WCTOYHMKOM CHoca B
[JAHHOM C/ly4ae MOTIN CNYXUTb He3HaYNTe b-
Hble BbIXO/bl Ha MOBEPXHOCTb paccmaTpuBae-
MOW TeppuUTOPUKN NManeonpoTepo3oncKmx(?)
rab6pongos. Bmecte ¢ TeM B BOCTOUYHOM Ya-
CTW apeana paccesHus B ctBope MK 554—559
Ha rnyouHax ~5—20 KM (puKcupyeTtcs LOMeH
YCNOBHO KBapLeBblX JMOPUTOB, CEKYLLMIiCS
parikamn poneputos (NOBbILEHHOE COAep-
XaHue xenesa B 6/10ke). JaHHbIi KOMMNEKC
[LO/MKEH BbINIaBNATLCA NPY BO3LENCTBUMN Ha
cybctpar MaguT-ynbTpaMauTOBbLIX Marm.
[lomMeHbl, COOTBETCTBYHOLWMe nopojaM Mo-
[O6HOro coctaBa, OTMeYvalTCs Ha rnybuHax
37—43 n 29—33 Kwm.

NanpuHckuii) ¢ Fe, Mo, Ag, An cneyunanunsa-
LMen NpuypoyeH K Tepputopun JpKyraxypo-
CtaHoBoro teppeliHa (ctBop MK 2—8). B
BEpXHel Kope Ao rnybuHbl 17 KM 3aneraeT
KOMMEKC Nopoz, NpeacTaB/ieHHblin, cornac-
HO neTpoxuMmmyeckonm mogenu (cm. puc. 4,
6), rpaHO4MOPUT-ANOPUT-CUEHUTOBLIMUN ac-
coumaunamu ¢ gailkamu foneputos. Hwuxe
KOMMMEKC MoACTMNaeTcsa AOMEHOM YNbTpa-
OCHOBHbIX KOMMEKCOB 1, HAKOHEeL,, H/XHSAA
KOHCONMAMPOBAHHAA Kopa npeAcTaB/eHa
pa3HOBO3PacTHbIMX MOPOAamMM OCHOBHOIO
cocTtaBa. MeTpoOXMMUYECKNiA pa3pes JaHHOrOo
CTBOpa PYyAHOro y3na 4OCTaTo4HO 6/1M30K K
paspe3y BTOpPOro y3na Ha npoduie AbakaH—
TbiHAa—TaTapcKuii NposnB..

2. MorokTak-TanrmHcKuii pygHo-pocchbIn-
HOW y3en ¢ 3010TOYPaHOBON MUHepanm3aum-
eli coBnagaeT ¢ 30HOW J)KenTynakcKoro pas-
noma v nepecekaetcs npogunem BpainoHe MK
10—12. BepxHss Kopa B paliOHe BbINO/HEHA
rpaHUTOMAAMMU, ABNAKOLLMMUNCA, CYAS N0 BCe-

4. Y HbA-BOMCKUWIA pyAHO-POCCHINHON y3e/My, NICTOYHMKAMUW YPaHOBO MUHepanunsaymmu

npuypoyeH K obnactu couneHeHus [xyr-
LKypo-CTaHOBOro TeppeiHa M MoHrono-
OxoTtckoro cknaguyatoro nosca (MK 576—
582). BocHOBaHUN reour3nyeckoro paspesa
1 BNOTb A0 rNy6uH nopsagka 18 u 10 KM puk-
CUPYHOTCA MOLHbIE BbICOKOCKOPOCTHbIE [10-
MeHbl, M0 COCTaBy COOTBETCTBYOLLMNE MAUT-
ynbTpamauToBbIM KOMNAEKCaM. Ha ypoBHe
BEPXOB CpefHEe—HN30B BEPXHEN KOHCON-
AVPOBAHHOW KOpbl MMEET MecTo 8-Kunome-
TPOBbI/A MO MOLWHOCTU AOMEH C Mopojamu
cpefHero cocrasa TMna AMopuToB. W, HaKO-
Hel, BEPXHAA Kopa BEHYAETCA KOMMIEKCOM
nopoj KWUCMOoro cocrtaea, MepeKkpbITbiX 0Ca-
[JOYHBIMY U BY/IKAHOTEHHO-0Ca404YHbIMMN 06-
pasoBaHUsAMU AMYpPO-3eCKOW BNaguHbI.

Bpa3spese oTpe3ka npoduns MoxeT 6bITb
[LONONMHNTENbHO BblAeneHa 30Ha B cTeope MK
567—574, no xapakTepy pacnpegesneHus ne-
TPOXMMUYECKMUX LOMEHOB Hambonee 6naro-
NpUATHasA ANa 06Hapy>XXeHUs B MPUMNOBEPX-
HOCTHbIX YC/IOBUAX KOPEHHbIX NCTOYHWNKOB
PYLAHOTO CbIpbA.

OTpesok npouna TeiHAa—AMYp3eT ne-
pecekaeT YeTblpe PYAHO-POCCHIMHbLIX y3na
(cm. puc. 7).

1. CoBMelyeHHbIN y3en (AncakaHCKWUA ©
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B PyAHO-pOCCbINHOM Yy3ne. Ha ypoBHe cpej-
Hell Kopbl (10—25 kM) ukcupyeTcs Kpai
LOMEHa, CNOXEeHHOro rab6po-AnMopmnTOBbLIM
KOMMNIeKCoM. HMXHASA Kopa, Kak 1 B CTBOpe
npefblAywiero ysna, npefcraBieHa MHOrO-
(ha3oBbIM MaUT-yNbTPaMa@UTOBLIM KOM-
MIEKCOM.

3. CoBMeLLEeHHbIV pyAHO-POCCHIMHON y3en
(Mrakckuii n Teirga-Y nyHruHckuii) ¢ Mo, Cu,
AL, 1 MUHepanun3aumne NpuypoYeH K ceBep-
HOW 4YacTu ApryHo-MaMblHCKOro maccuBa
(ctBop MK 23—29). MeTannoOHOCHbIN apean
TaK>Xe XOPOLLO BblpaXeH HaYPOBHE BepXHeil
KOpbl  rPaHoOAUOPUT-AUOPUT-CUEHUTOBbLIM
KOMMNNEKCOM, Ha YPOBHe HWU30B BEpXHen—
BEPXOB CpefHel Kopbl B BOCTOYHOM 4actu
oTpe3ka Npogunsa oTMeyeH LOMEH y/bTpa-
OCHOBHOIO MeTPOXMMUYECKOro npoguns,
HUWXKHAA Kopa npeAcTaB/ieHa pa3HOBO3pacT-
HOW accoumnalmein Nnopoa OCHOBHOIO COCTaBa.

4. YarostHCKUiA pyAHO-POCCHIMHON Yy3en
(An, Zn, Pb) ycTaHOB/IEH B Mpejenax yxe
NyHu3aHb-CeneMXMUHCKOrTo  CK/lagyartoro
nosaca Ha rpaHuue ¢ ApryHo-MaMbIHCKUM
MaccuMBoM. Ha ypoBHe BEpXHeill KOHCONM-
OVWPOBAHHOW KOpPbl OTMEYAETCA COUYNEHEHMNE
rpaHOAMOPUT-ANOPUT-CUEHUTOBOTO  KOM-
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nnekcau cMnbHo6a3npuULMpoBaHHOTo 6/10Ka
FTHEeNCOB U KPUCTaNIMYyecknx cnaHues. Mo-
CnefHNn 610K NOACTMNAETCA NETPOXUMUYe-
CKUM KOMMIEKCOM NMOPOJ CpefHero cocrasa
C farikamMmu fonepuTtoB. HMXHAS Kopa, Kak u
Ha Npefblgyuinx pas3pesax, C/IOXKeHa pasHo-
BO3PaCTHbIMU MaQuUT-yNbTPaMapuTOBbIMU
NHTPY3NAMMN.

Takmm o6pasom, HECMOTPA Ha MPUHAS-
NEXHOCTb PYAHO-POCCHIMHbLIX Y3/10B K pas-
JINYHBIM CTPYKTYPHO-TEKTOHNYECKMM 30HaMm
(Laxe K pasnMyHbIM TeppeitHam), B CTBOpe
reou3nyeckmnx Npoguaein oHM oTpaxarTca
BAOCTATOYHO CXOLHOM pacrpejesieHuu B reo-
NOTNYeCcKMM paspese 6/I0KOB NMOpog onpeje-
NEHHOT0 NEeTPOXMMMYECKOTO COCTaBa.

HwXHAd KOHCONMAMpOBaHHaA Kopa B
CTBOPE PY[AHbIX Y3/10B BCErAa BbICOKOCKO-
POCTHas 1 BbIMO/IHEHA KOMMIeKCammn MapuT-
ynbTpamauTOBOro CcOCTaBa; Ha YPOBHe
YCNOBHO CpefHeill Kopbl MOCTOSAHHO OTMe-
4yarTCA LOMEHbI NMOPOJ CpefHero cocrasa C
TEM WM UHBIM COLEPXXAHUEM MOPOJ OCHOB-
HOro cocTaBa. W, HaKoHel, BepXxHfAs Kopa
B CTBOpPe NMOTEHLUMANbHO PYAHbIX 00bEKTOB
xapaktepusyerca Hanbonee U3MEHYNBbLIMM
BapMaunmamMm CKOpPOCTU pacnpocTpaHeHus
NMPOAOJIbHBIX U MOMNEPeYHbIX CENCMUYECKNX
BOJIH M C/I0XKEHa nopojam K1UCcnoro cocrasa B
pasInYHOM cTeneHn 6a3nuLMpoBaHHbIMK.

MarHuTHoe nose BAONAb NPOUNEN CUMb-
HOAM(depeHLMPOBAHO N ONpefenseTcs xa-
pakTepoMm pacnpefenieHus xxenesa B JOMeHax
[0 rnybuH 10—17 km. Ha npounsax Aba-
KaH—TbIHAa—Tatapckuii nNponme U TblH-
pa—Awmyp3et 1-i, 3-i, 5-i, a Takxke 1-n n
2-/i pyiHO-POCCHITHbIE Y3/1bl COOTBETCTBEHHO
BbIAENAOTCA N0 MaKCMaibHbIM 3HAYEHUAM
WHTEHCUBHOCTY MArHMTHOTO nons. Poccbinm
B npegenax [>kenTynakckoro passiomMma u Ha
couneHeHun Oxyraxypo-CtaHoBOro Tep-
peliHa 1 MOHron0-OX0TCKOr0 CKNagyaToro
nosca, atakxe ApryHo-MamMbIHCKOro maccu-
Ba C JTYHU3AHb-CeneMXMHCKUM CKnag4yaTbim
MOSACOM B MarHUTHOM MOJIe He MPOSABEHbI.
MocnefHee 0O6bACHAETCA WUPOKUM pasBu-
TUEM B BEPXHEN KOpe KUCbIX MOPOLHbIX
KOMM/IEKCOB, 0Caf04YHbIX MOPOJ BNaguHbl U
HEKOTOPbIM CMeLLeHNEM KOPEHHbIX UCTOY-
HWKOB METasINIOB OT IMHUN Npoduns.
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Takum 06pa3om, B CTBOpe OTPe3KOB Ceilc-
MUYECKUX Npothuiein oTMeYeHbl COBOKYMHO-
CTU NEeTPOXMMUYECKNX BNOKOB Nopos, Puk-
cupyrowmne pyaHo-marmatuyeckue npowec-
Cbl, NPOTEKaBLUWNE B 3eMHOI KOpe B Nepuop
KUMMEPUINCKOW  TeKTOHOMarmaTuyeckow
akTMBmM3aumm n obecneuymsatrolme obpaso-
BaHue, Mo KpanHei mepe, pyAHO-POCChINMHbIX
y3noB. B npegenax Oxyraxypo-CTaHOBOro
TeppeiiHa, nepecevyeHHOro o6oMmm npogu-
namun, 61u3Kue reouinyeckue paspesbl
XapakTtepHbl ana 3-ro u 1-ro ysnos coOT-
BETCTBEHHO Ha npodunax AbakaH—TbIHAA
N ToiHoa—AMYp3eT, a Takxe ana 4-ro B 06-
NnacTu co4fieHeHMA APryHCKOro maccusa C
NTyHbL3Hb-CeNeMXNUHCKMUM MOSICOM.

Hanbonee KOHTpacTHasa pasnanbHas 30Ha,
Bblfle/leHHas B CTBOpe ABYX npodunei, u
cyAs no Bcemy Haubosiee nepcrnekTUBHas,
OTMeuaeTcs B CTBOpe 1-ro pygHoro y3na (npo-
(hunb AbakaH—TbIHLa—TaTapcKuin Nponme)
B npegenax CeneHro-CTaHOBOIO TeppeliHa.

MeHee KOHTPACTHbl, C HEONpPeLeNeHHbIM
XapakTepoM 06Hapy>XeHUs KOPEeHHbIX pya-
HbIX MECTOPOXAEHW, 2-ih N 3-Ii y4acTKKN Ha
npogune AbakaH—TbIHAa—TaTapCKuii Npo-
nme. Bmecte ¢ Tem 3gechb xe (MK 567—574)
Mo KOMMJIEKCY MaTepuanoB MOXET OblTb Bbl-
feneHa HoBas nepcrnekTUBHas o6nacTb pyno-
OT/IOXEHMA.

MpoBefeHHas paboTa No BbILENEHWIO Nep-
CNEKTUBHbIX Ha PY[HOE Cblpbe 06BHEKTOB, OT-
PaXeHHbIX B reou3nyeckmx napamerpax
reoNornyeckKom cpegbl B CTBOpPe CeMcmmye-
CKUX npounei, nokasana:

- 3Ha4YUTEeNbHYK MepepaboTKy ApeBHeN
KOHCONMANPOBAHHOW KOpbI B pe3ynbTare He-
O[LHOKPATHO NPOTeKaBLINX TEKTOHOMAarmMaTu-
YeCKMX NPOLLeCcCcoB, HaLeALWNX OTPaXeHNE B
CYLLECTBEHHOW andhepeHUnayLnm ee seLe-
CTBEHHOrO0 COCTaBa;

- NMPeuMyLLeCTBEHHO pajualibHyl YyHa-
CNeflOBAHHOCTb B MPOABNEHUN MarmaTtu-
YeCKMX MNpoLeccoB C (opMMpoBaHMEM Ha
YPOBHE CpefHel U BepxHeil Kopbl NOPoOS
rmoépuaHOro coctaBa 3a CYET Pas3INYHOW
CTENEeHU CMeLLeHN MaHTURHBIX MaUTOBbIX
pacniiaBoB c MeTaMOP(N30BaHHbIM 4PEBHUM
BeLLeCTBOM;

- KOHTPO/IMPYEMOCTb MeTanoreHNYeCKnX
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30H KPYMHbLIMY PETMOHANbHbLIMUK pasiomMmaMu
— CraHoBblM, [xentynakckum, Cesepo-
TyKypuUHrpckum, HOXXHO-TYKYPUHTPCKUM,
CefnemM>XUHCKUM U ap.

B 3aknwouyeHve cnefyetr OTMETUTb, 4YTO
AN HALEeXHOW AMarHOCTUKKM norpebeHHbIX
KOPEHHbIX UCTOYHUKOB PYLHbIX 00bEKTOB
HeobXo4UMbl MaTepuansl 6onee geTanbHOro
MaclwTaba paspewieHus.

BbiBogbl. 1. faHHbIE O CKOpPOCTHAX pac-
NPOCTPaHeHUA CeVCMUYECKUX BONMH KakK B
KOHCONMAMPOBAHHOW KOpe M3y4yaemoro pe-
rMOHa, TaK 1 B Npefeniax peBHNX Nnatpopm,
yUunTbIBaA pacrnpefeseHne 0OCHOBHbIX MeTpo-
XUMWUYECKUX TUNOB MOPOZ Mo rnybuHam, co-
OTHOLWIEHMNA MeXAY pacCYUTaHHbIMU COAEP-
XaHWAMMN B BblfleNIeHHbIX AOMEHaxX OKCUA0B
KPEMHMA, KanbLuna U Xenesa B CPaBHEHUM
C UX CPefHNMM COLEPXKAHUAMU B OCHOBHbIX
TMNax LOKeEMOPUNCKUX U UHTPY3UBHBIX NO-
pof, a TakXe COrfacHo obwmm npegcrasne-
HUAM O 3aKOHOMEPHOCTAX (POPMMUpPOBaHMUA
3eMHOI KOpbl OT paHHero apxesa no HacTof-
L ee BpeMs, OblIv NOCTPOEHbI METPOXUMUYe-
CKne pa3pe3bl BAONb OTPE3KOB reofusnye-
CKUX npounen.

KomnnekcHbIn aHann3 matepuanos No3Bo-
NV BbIAENNTL B paspese KOHCONMANPOBAH-
HOM KOpbl B CTBOPE OTPE3KOB reoTpaBepcoB
yeTbipe MeTaMoOp(pUYECKNUX KOMMIEKca Mo-
POA, TPU MAYTOHNYECKUX KUC/BIX, TPU My-
TOHWYECKMX runabuccanbHbIX CpefHero co-
CTaBa, [iBa BY/IKAHO-MYTOHWYECKNX OCHOB-
HOro cocTaBa W OAWH C/OXHbIN BY/IKAHO-
NAYTOHWYECKUIA YNbTPAOCHOBHOIO cOCTaBa
pPas3IMYHON CTENEHU LLLEeNI0YHOCTH.
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Reflection of the history of consolidated Earth's crust formaion

of the Amur area gold-bearing province
In its petrochemical composition
(based on the data of seismic profiles
Tynda—Amurset and Abakan—Tynda—Tatar channel)

© R. P. Gottikh, B. I. Pisotskiy, A l. Chernenkova,
S. S. Malinina, I. A Biserkin, 2017

Petrochemical sections along the stretches of geophysical profiles have been plotted based on
the data of velocities of seismic waves propagation in consolidated crust, distribution of the main
petrochemical types of rocks along the depths, the correlation between calculated content of sili-
con, calcium and iron oxides in the allocated domains and general concepts on regularities of the
Earth's crust formation.

Complex analysis of materials allows subdivision of four metamorphic complexes of rocks in the
section of consolidated crust: three plutonic acidic ones, three plutonic hypabyssal ones of average
composition, two volcanic-plutonic of basic composition and one complex volcanic-plutonic of
ultrabasic composition with different degree of alkalinity. Petrochemical blocks subdivided reflect
rock associations of different age but closely similar by chemical composition. Complex hybrid
rock associations on the level of medium crust are characterized by special petrochemical diversity.
Comparison of composition and time of formation of that or other exposed rocks and analysis ofthe
history of the region development demonstrated their sufficient accordance and admissible reflec-
tion in petrochemical sections. According to definite concepts on formation of gold mineralization
the areas were subdivided which reflect the processes of ore formation in subsurface products and

probable zones of location of the native sources of metals.
Key words: geotravers, petrochemistry, seismic velocities, terrains.
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CelicMmn4ecKas BM3yanm3auns NoMoB 1 CBEPXTYOUHHbIX
(h1ona0B B MaHTUM MO TEPPUTOPUEI YKpanHbI

© T. A. UpseTkoBa, /. B. byraeHko, J1. H. 3aeu, 2017

NHcTnTyT reomsnkn HAH YkpaunHbl, Kues, YkpanHa
MocTtynuna 25 maga 2017 r.

3rigHo 3 TPUBUMIPHOO P-LUBMAKICHOK MOAES/0 MaHTIT Nij €Bpasieto, 0TPUMaHO0 Me-
TOZOM TENNOPOBOro Hab/IMXKEHHS, NPOBEAEHO CeNCMIYHY Bidyanizalito NposiBy MaHTIRHUX
M/OMIB | HAATIMOMHHUX (IFOTAHUX NPOLECIB. K BUXIiAHI AaHi BUKOPUCTAHO Yacy nepLumx
BCTyNiB P-xBuni 3rigHo 3 6roneteHsamm I1SC 3a nepiog 1964—2006 pp. 30Ha JOCNIIKEHHS
BU3Ha4yeHa B iHTepBati (45—50° nH.Lw.)x(23—48° cx.4.) o rnbuHmn 2500 KM, B iHTepBali
(51—55° NH.1w.)X(23—48° cx.A4.) fo rnbrHn 1700 KM BiNOBIAHO 0 BUKOPUCTAHOT CUCTEMU
cnocTepeXeHb i 0XOMJe MaHTito nifg Capmartieto (Y TOMy unicni TepuTopieto YKpaiHn) Ta
i 06nsmyBaHHS. BUsHaueHO (h0IgHMI LOMEH SIK 30HY MOLUMPEHHS HA3bKOLIBUAKICHUX
HEOAHOPOLHOCTEN 3 HVKHLOI Ta CepefHbOT MaHTIT Yy BEpXHIO | PO3TiKaHHA No natepani
BEPXHbOr0 3aBepLLEHHS 11 LeHTPaIbHOT YaCTUHW. LIeHTpasibHy, HU3bKOLLBUAKICHY YaCTUHY
(hOTAHOrO JOMEHY BM3HAYEHO 5K M/IHOM, TOOTO (WK0IAHWIA JOMEH € 30HOHD, NOB'A3aHOI0
3i cnijaMu NPOXO[PKEHHS MoMa.

MaHTia nig TepuTopield YKpaiHu 3a3Hae BnavBy [MiBHIYHOA30BCbKOro, BoiunHo-
OpLuaHcbKoro i LieHTpanbHO-YOpHOMOPCLKOro NJIKOMIB Ta 30H iX PO3TiKaHHA ((htoig-
HUX JOMeHiB). BepxHs MaHTif Haf LeHTPasibHOK YacTUHOK K MMiBHIYHOA30BCLKOr0 (40
rAMGUHM 525 KM), Tak i BonnHo-OpLuaHCcbKoro (toigHoro gomeny (4o ranbuHmn 300 km) €
BUCOKOLUBUAKICHOIO. 3 Ornisfdy Ha BiCYTHICTb NPOABIB BUXOLIB LleHTPasIbHOT 30HM (1t0iA-
HOro J,OMEHY 3 HYXXHbOT MaHTIT Ta HafABHICTb BUCOKOLLBUAKICHOT BEPXHbOT MaHTii, MOXHa
OYiKyBaT, L0 06MABI 3a3HAYEHI LieHTpasIbHi 30HM, WO NOB'A3aHi 3 MPOSBOM MJ/IOMIB, ne-
pebyBatoTb Ha cTafii 3aracaHHs. LieHTpanbHi 30HM 060X (IH0IAHMX AOMEHIB HaNleXaTb [0
30H 34/1eHYBaHHA TEKTOHIYHUX CTPYKTYP: MMiBHIYHOA30BCbKMIA NPUYPOYEHNIA 0 34/IEHY-
BaHHs XorepcbKoro merabtioka BopoHe3bKoro KpuctaniyHoro macvsy i loH6acy, BonmHo-
OpLaHCbKnii — [0 34neHyBaHHA KypcbKoro merabnoka BopoHe3bKoro KpuctaniyHoro
macuBy, OpLuaHcbKoi 3anagunHn (BonmHo-OpLuaHCbKMil aBnakoreH) i NiBHiYHO-3axigHoT
yacTuHW [HinpoBo-[0HeLbKOi 3anafuHU. Y 30HI po3TikaHHA AK [MiBHIYHOA30BCLKOrO,
Tak i BonnHo-OpLuaHcbKoro htoigHOro JOMeHY BUAINEHO 12 HaArMMOUHHUX (/IHOTAIB.

KntouoBi crioBa: ceiicMiyHa Tomorpadis, YkpaiHa, BonnmHo-OpLuaHCbKNin nroigHniA
AOMeH, TiBHIYHOA30BCbKUIA (PNIOTAHNIA LOMEH, HALMNMOUHHI (AtOIaN.

BeegeHne. CornacHo cyuiectsytouwimm  J1. T, 3oHeHwaliHa n M. . KysbmuHa [30-
B HacTosillee BpeMs npeacTaBneHnsMm [[o- HeHwaiiH, KysbmuH, 1993];

6peuos, 2010; XanH, 2010], HoBad KoHLenN- B) KOCMMUYecKkne akTopbl, onpeaensto-
uUmnsa rnobanbHON reogMHammnkKy (TEKTOHUKA)  WKUe Npexae BCero M3MeHeHUs CONHEYHOW
3emMun BK/OYaeT B cebs: paguauuu v sapuaynm knmmata (Lukasl Mu-

a) TEKTOHUKY NAUT, ONpefenseMyto KOH- NaHKOBMUYA).
BeKL Vel B BEPXHEN N HUXXHE MaHTUKN 1 B3a- B cBoto ouepefb, pa3BuTME METOLOB MH-

nmogericTBnemM acTeHocepbl M AUTOCHepbl;  TepnpeTauny reoum3nyecknx NoTeHUManb-

0) TEKTOHMKY NJKOMOB, 3apPOXKAAKLUIMXCA  HbIX NONeN, cemcmmyeckmx metogos MC3—
Ha rpaHuue sapo—maHTUsS n onpegensto- KMIB, pelweHns o06paTHbIX KWHemaTuuye-
WNUX KPYNHbIe MarMaTuyeckme MPOBUMHLUMW  CKUX 3afay CEACMMUKM NO3BOMNMAO NPOLBM-
(LIP), nnn ropsume nons, nNo onpeaeneHnto  HYTbCA B MOHMMaHWUM NPOLECCOB MAHTUIAHO-
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ro fuanmpusma, B TOM YUC/le HA TEPPUTOPUN
YKpauHbl, a TakXe Mony4nTb CKOPOCTHbIE
MOJENN 3eMHOW KOpbl Y NPUeravLimnx sep-
X0B MaHTUM BLO/b CEACMUYECKUX NPOdUe.
Han6onee nonHo martepuasnbl Mo MaHTURHO-
My AMANnUPU3My Ha TEPPUTOPUMN Y KpauHbI
npeacrtasneHbl B pabote KO. M. OpoBeykoro
[OpoBeykunii, 1990]. ABTOpOM OTMevatTcA
061aCcTV NPOABMEHNA MAHTUIHbBIX LUannMpoB
TPAHCKOPOBbIX reon3nYecKnx aHoMmanunii B
npegenax YkpanHckoro wuta (YLW): Mogons-
ckoi (Moponbcknii merabnok), Knuposorpag-
ckoi (MHrynbcknii mera6nok), BonblHCKOWA
(BonblHCcKMiA Merabnok), Mpuasosckoi (Mpu-
a30BCKMNIN Merabsok). YumTbiBas BOSMOXHYHO
CBA3b MaHTUMHbIX 4MannMpoB 1 NIKMOB, pac-
CMOTPUM CEMCMUYECKYH BU3yanunsauuio
MJKOMOBBIX MPOLECCOB, UMEKLUX BANAHUE
Ha MaHTUIO NOA TEPPUTOPUEIA Y KPaUHbI.

MeTogunka. CelicMmyecKkas Bu3yanmsaLns
NMPOAB/IEHUA TMIOMOB W CBEPXI/TYB6UHHbIX
(hNONA0B B MaHTUKN NOA TeppuTopuein Y kpa-
WHbI OnpejenseTcs peweHnem o6paTHOM K-
Heapu3npoBaHHOW MHOTOMEPHON KMHeMaTm-
YeCKOW 3aja4umn ceMcMmnKm (3agaum cemncmmye-
CKOW Tomorpagun). BpaboTe ncnonb3oBaHa
TpexmepHas P-CKOpOCTHaA Mofe/lb MaHTUW,
nosly4yeHHas MeToLOM TelIOpoBOro Npnbamn-
XeHus, npeagnoxeHHoro B. C. IMeliko [eiiko,
1997; Geyko, 2004]. TeitnopoBa annpokcMma-
UnA TpexXMepHON 3afaynm obpalieHus Bpe-
MeH npobera MMeeT crefylowne Kno4yesble
npevmyuectesa “eyko, 2004] no cpaBHeHUO
C METOLOM K/NlaCCMYeCKOoW nuHeapusaumu Po-
MaHoBa—/laBpeHTbeBa [J/laBpeHTbEB U Ap.,
1980]:

1) paeT OWYTUMbI/A BbIUTPbIL B TOYHOCTU
NPUBANXKEHNS HENIMHEHOCTN;

2) cnpasefnvea npu 6onee cnabbix orpa-
HUYEHUAX HA CKOPOCTb; T eN0pOBO NPUGAN-
XeHue NPUMEHNMO NpPU HaNn4vmMK B paspese
30H C MOHMXXEHHOM CKOPOCTbIO;

3) He TpebyeT 3ajaHnA pehepeHTHOW CKO-
POCTU KaK HayasbHOro NpuoenmnxeHus;

4) aBnsetca 3afayveil, KOPPEKTHON Mo Tu-
XOHOBY, BMECTO CYLLEeCTBEHHO HEKOppPeKT-
HOW 3ajaymn KiacCU4eCcKon nuHeapusayuu;

5) 3HaunTeNbHO COKpaLLiaeT pa3MepPHOCTb
3afila4yy YNCNEHHOTOo obpalyeHuns, NOCKObKY
npegnonaraet ckaHWpoBaHue Nons BPeMeH
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n obpaweHne rogorpagoB-cevyeHnin BMeCcTo
ero obpatieHus B LeSIOM;

6) B paBHOI Mepe cnpaBeanvBa Ans pe-

WeHNA KaK B MPAMOYro/ibHOM [eKapTOBOWA
CMCTeMe KOOPAMHAT, TaK U B MONAPHON CU-
cTeme 6narofaps N3BeCTHOMY KOHDOPMHOMY
OTOOpaXeHWto Wapa Ha NoNynpoCTPaHCTBO
[Gerver, Markushevich, 1966].

B kauyecTBe MCXOAHbIX OblIM MCNOMb30-
BaHbl laHHble 0 BpEMeHax npuxona nepsbix
BCTYNJ/IeHWIA P-BOMH, NpeAcCTaB/ieHHble B 610/1-
neteHax ISC 3a 1964—2006 rr. Ha cTaHLUWNK
MUPOBOW celicMuyeckol cetn. Cxema naoT-
HOCTU MCNONb30BaHHbIX UCXOAHBIX AAaHHbIX
npueefeHa B paboTe [LiBeTkoBa u gp., 2010].

CornacHo BbINMO/THEHHOMY TECTUPOBAHNIO,
TOYHOCTb 0bpaLeHns rogorpados cocTaBns-
et 0,015 km/c. OTMETUM, YTO pe3ynbTaToMm pe-
LWeHMA 3ajaymn celicMUYecKol Tomorpapuu
ABNAETCA MOe/b, ONTUMaNbHasa B npefenax
NMPUHATBIX PU3NKO-MATEMATUYECKUX Npef-
cTaBneHuii. MNMocnegHne BKAKOYAKOT B ce6S:
aKCUMOMATUKY, Teoputo MeTofa, NMPUHATYIO
napameTpu3aLmnio cpefbl, YNCNEHHbIE MeTO-
Obl pelweHns 3afayun, annpoKCcUMMupyroune
MeToAbl, rpauyeckme MeTOLbl U Ap.

Mogeflb MaHTUW NpeAcTaBnsAeTCA B BULE
rOPM30HTaNIbHbIX CeYeHUN (B UCTUHHbBIX CKO-
pocTax c waroMm 25 KM no rnybuHe) n Bep-
TUKaNbHbIX CEYEeHWUI C Wwarom 1° B HeBA3Kax
CKOpocTn (8) OTHOCUTENbHO 0606 EeHHON
MOZLEenNn cpefHein CKOPOCTK:

5=V_ -V

1933 aver *

O606UleHHas MOJeNb CPeAHSAs CKOPOCTb
— rny6uHa {Vimin(z), Vimex(@), Vawr(@)}npeacras-
neHa po rny6uHel 2500 kKm B cTaTbe [ByraeH-
KO 1 ap., 2008]. CpaBHeHNe 3TO MOAENN n
rnobanbHbIX 04HOMEPHbIX pe)epeHTHbIX MO-
Jeneil npueegeHo B paboTe [Geyko, 2004].
Ha puc. 1noka3aHo COOTHOLWEHMEe 0600LLLeH-
Has CpefHsAsN CKOPOCTb — rNy6uHa. CeveHue
N30/INHWIA HEBA3OK CKOPOCTH (8) cocTaBnseT
0,025 kwm/c.

TpexmepHad P-CKOpoCTHaa Mofenb MaH-
TMn nog BocToyHo-EBponeiickoit nnat-
thopmoli (B TOM 4ucne noj TeppuTopuei
YKpauHbl), a UMEHHO BEPXHAS MaHTUA u ee
nepexofHas 30Ha, nNpeAcTaB/ieHa B paboTax
[Ceiiko n ap., 2005, 2006; LUymnsHCcKasa v ap.,
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Vi 60/

a 51 NG SO0 200F M, R

Puc. 1. 0606w eHHas MofeNb CpeHAS CKOPOCTb — Ny-
6uHa.

2007, 2014; WymnaHckada, 2008; LiBeTkoBa,
byraeHko, 2012; CtapocTeHKo u gp., 2014;
LiBeTkoBa u fgp., 2016]. Ona maHTUM nof
®eHHOCKaHAMWel NAOMbl U CBEPXTNYOUHHbIe
CUCTeMbI (D/IFONA0B PacCCMOTPEHbI B My6/iMKa-
umax [LiBeTkosa u ap., 2015a,6].
BocTtouHo-EBponeiickas nnatopma
LennTcad Ha Tpu 4Yactu: ®DeHHOCKaHAuIo,
Bonro-Ypanuto n Capmatuto [Shchipansky,
Bogdanova, 1996]. IpaHunuein mexay ®PeH-
HocKaHaunel n CapmaTueit cnyXxuTt BonbiHo-
OplaHcKuin aBnakoreH, a mexgy Bonro-
Ypanuein n Capmatuneii — lNMayenmckuii aBna-
KoreH (puc. 2). BgaHHOW cTaTbe paccmaTpu-
BaeTCA TpexmepHas P-CKOpOCTHad MoOfLenb

MaHTUM B npegenax (45—55° c.w.)x(23—
48°) B.A., BKAOYatrowasa obnacte Capmatuu
(8 Tom uncne YLU) n ee okpyxeHue. Uc-
Mo/Ib30BaHHbIE JaHHbIE NO3BONAOT OCBETUTH
CKOPOCTHOE CTPOEHMEe MaHTUW B UHTepBane
45—50° c.Ww. Ha rny6uHax go 2500 kv 1 ganee
Ha cesep — o 1700 Km.

M0 CKOPOCTHbLIM XapaKTepUCTUKAM MaH-
TnA nog Capmatueil OTHOCUTCH K MaHTUW MO
cTtabunbHomy Tuny HO. M. n . tO. Mywapos.-
ckux [Mywaposckuid, Myuiaposckuid, 2010].
CnepoBaTesibHO, OTHOCUTE/NIbHO MPUHATOW
pethepeHTHON MOAeNN BepXHAS MaHTUs (rpa-
Huua M — 410 KMm) xapakTepunsyeTcs NoBbl-
LWEHHbIMKW CKOpOCTAMU Yp, 30Ha [MonuubiHa—
leiiko (3IT) — CKOpPOCTHAasA XapakTepucTumka
nepexofHon 30HblI BepxHeil maHTum (410—
650 KM) — MOHMXXEHHbIMU CKOPOCTAMMU, 30HA
pasgena-1 (650—850 KM) — MOBbILLIEHHbLIMU
cKopocTamu, cpegHas maHTus (850—1700 km)
— MOHMXXEHHBIMW CKOPOCTAMM, 30Ha pasfe-
na-2 (1700—2200 KM) — NOBbILWEHHbLIMW CKO-
POCTAMM, HUXKHAA MaHTMa (2200—2900 km)
— TMOHVKEHHBIMW CKOPOCTAMU. [ paHuLbl
MeXay BepxHel MaHTuel, 3T, 30HOM pas-
fena-1, cpefHeil MaHTuWel, 30HON pasgena-2
N HWXHEW MaHTUel onpeaensaoTcsa Hy1eBoW
N301MHNEN HEeBA30K CKOPOCTU 8 B CBA3U C

Puc. 2. YnpouweHHas cxema TEKTOHUYECKOrO pailoHMpoBaHma no B. E. XauHy [XauH, 2001] n O. b. TMHTOBY
[FvHTOB, 2005]). CTpyKTYpbI: B — Byrckuin merabnok YL, B— BonblHCKuiA mera6nok YL, BK — BOCTO4YHbIE
Kapnatbl, B-O-aB — BonblH0-OpLiaHckuii aBnakoreH, AB— AHenpoBo-JoHelkas BnaguHa, IHF — NHrynbckuit
merabnok YU, Kyp — Kypcknit mera6nok BKM, J1— JloceBckas WoBHasA 30Ha, M-B-aH — Ma3ypo-benopycckas
aHTuknu3a, M — Mogonbckuii merabnok YLUL, Ma — Mayenmckuii aBnakoreH, MaH — MNaHHOHCKas BnaguHa, Mp
— MpuasoBckunii merabnok YL, P— PocuHckuit merabnok YU, Cknep — Ckudpckas nauta, Cp — CpegHenpu-
AHenpoBckuit merabnok YL, Xon — Xonepckuii merabnok BKM, OK — KO >Hble KapnaTsbl.
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yepefoOBaHWEM MOBbLIWEHUSA U MOHUXEHUSA
NnocnefHuX.

CornacHo faHHbIM pa6oTbl [BoraTukos u
ap., 2010], nog MaHTUAHLIMW MAOMamMmn NOHW-
MarT CTPYM pPa3orpeTtoro MaHTUAHOIO Belle-
CTBa, KOTOPbIE MOAHUMAKTCA U3 Pa3INYHbIX
rnyouH 40 YPOBHSA CBOE NNaByyecTu, rae nux
roN0BHbIE YAaCTW HAYMHAKT pacTeKaTbCs.

Mo ®. A. NleTHUKOBY, hnoung — cyue-
CTBEHHO BOJHasA, BOJHO-rasoBas, Maposas
Wnu rasosas cpefa, cocrosuias M3 KOMMNo-
HEeHT pnomnga B COEAUHEHUN C NETPOTEHHbI-
MW, PYAHBIMU U UHbIMU 3n1eMeHTaMn. CBepx-
rNYOUHHBINA BbICOKOIHEPTETUUYECKUI (htoung,
[MeTHukoB, 1999] cBfA3aH C NOHATWEM NIO-
MOB, OTAenArwWwmnxca ot 3emHoro agpa. Co-
rnacHo ®. A. J1IeTHUKOBY, «C(hOPMMUPOBANOCH
npeAcTaB/ieHWe 0 TOM, YTO B Fe0/10rMYECKOWA
ncTopun 3emMau oT XNAKOro agpa 3emam He-
OflHOKPATHO OTAENANNCL MOLLHbIe rasoBble
MOTOKK, KOTOPble CO BPEMEeHeM AOoCTuranm
BEPXHUX TOPU30HTOB INTOCHEPBI, BKIKOYAA
N 3eEMHYI KOpy. 3TW BOCXOAALWME NOTOKU
(hNonLoB, B KOTOPbIX NpeobnajalT rasbl u
NeTyyrie KOMMOHEHTHI WNPOKOTro Kpyra ane-
MEHTOB, NMOIYYMUIN Ha3BaAHUE MNIIOMOBY».

B CKOPOCTHbIX paspesax natombl NPOABNA-
IOTCA K&K HU3KOCKOPOCTHbIE aHOManuu, pac-
NMpoCTpaHALWNeCH, BOSMOXHO, OT FrpaHuLbl
A04P0O—MaHTUA A0 Kopbl. CBepXrnyOUHHbIM

(hOUAHBIM NpoLeccaM COOTBETCTBYET Yepe-
fOBaHMe cybBepTUKaNbHO PacnofiOXeHHbIX
MOBbLIWEHHbIX W MOHMXKEHHbIX aHOManui
CKOpPOCTW, BO3MOXXHO, HAYMHAA OT HUKHEN
MaHTUMW.

B maHTum nog Capmatuveil BblfenstTca
061acTn, 0CHOBHOI 0CO6EHHOCTbLIO KOTOPbIX
ABNAETCA pacnpocTpaHeHne HU3KOCKOPOCT-
HbIX HEOLHOPOLHOCTEW U3 CpefHeln MaHTUK
yepes 30HYy pasgena-1 B 3I'T. Kak cnegcrteue
3TOro, 0TMevaeTca cneuugpuKa CKOPOCTHOM
paccfoeHHOCTM BepXxHel maHTum n 3IT. Bpa-
6otax [Aobpeuos u ap., 2001; Nataf, 2000]
pacnpocTpaHeHne MOHMXEHHbIX CKOPOCTEN
N3 HUXXHEW ¥ cpefHell MaHTUN B BEPXHIOHO,
BO3MOXHO€ BMAOTb 4O KOPbl, CBA3bIBAETCSA
C CEeMCMMYECKUM MPOSBEHUEM MJIKOMOBbIX
npoueccoB. Cyb6BepTuKanbHble CKOPOCTHbIE
KONOHKMN 4YepefyroLWwnxca MNOBbIWEHHbIX WU
MOHMXEHHbIX aHOManuii CKOPOCTW pacnpo-
CTpaHeHNs CEMCMUYECKNX BOJSIH CBSA3bIBAKOT-
CSi C CEMCMUYECKMM NPOSBNIEHNEM CBEPXT /Y-
6MHHbIX hntongos [Mydenba, 2007].

Meomn3nyeckme npu3HaKM MAKOMOBbIX
NpoLEeccoB ONpeaensarTca XapakKTepHbIMU
0COGEHHOCTSIMUN, @ UMeHHO 60/iee rNy60oKUM
3aneraHuem rpaHuybl M (6onee 45 km), nono-
XUTENbHbIMU rpaBUTaLMOHHbIMW aHOMaNnA-
MW W MOBbILWEHHbIM TEMI0BbIM NOTOKOM, HU3-
KOCKOPOCTHOW 06/1acTblo, pacnpocTpaHsio-

Puc. 3. LleHTpanbHble YacTu GhongHbIX OMEHOB (1) 1 cBeprnybuHHbIe haonabl (2) nccnegyemoin Tepputopun:
B-O — BonbiHO-OplwaHckuin ® 1, C-A — CeBepo-A3oBckuin 1, U—WM2 — ceeprnybuHHbie haonas.
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L encsa oT HMXKHER MmaHTUK BBepX [BoraTtnkos
n ap., 2010]. Onpegenum PAOUAHbLIA JOMEH
(P 4) Kak 061acTb BbIXO40B HU3KOCKOPOCTHbIX
HEO4HOPOAHOCTEN U3 HUKHEN U CpefHE MaH-
TWUW B BEPXHIOI0, BO3MOXHO, BMNJ/OTb 0 KOPbI
(LeHTpanbHas YyacTb) BKAOUUTENBHO, U pac-
TeKaHWUd Mo natepany BEPLWNH UX LEeHTpasb-
HOM yacTu. LleHTpanbHas, HU3KOCKOPOCTHas,
yactb @[l onpependercd Kak nawomM. OTcroa
&[] — 310 06nacTb, CBA3aHHAA CO ciefamu
MPOX0X/AeHWA MIMoB. B To e Bpems cne-
OYeT OTMETUTb, YTO BO3MOXHA N0Kanu3ayma
noAowWBbI NMa B 110601 M3 reochep MaH-
T Npu o6LLemM pacnpocTpaHeHUN HU3KOCKO-
POCTHOW HEOLHOPOAHOCTM BBEPX. ['paHmLbl
0b6nacTu pacTeKaHus ONpeaensatoTca U3MeHe-
HWEM CKOPOCTHOM CTPYKTYpPbl: NEPEXOAOM K
061aCTN C MOBbIWEHHBIMU CKOPOCTAMWU UK
B HUW3KOCKOPOCTHYK CPELHIO MaHTUIo.
B faHHOW cTaTbe C yY4EeTOM TPEXMepPHOCTM
CKOPOCTHOW MOJenu MaHTUM pacCMOTPEHbI
pacTeKaHuWs B Hanpas/ieHUAX HOI—CEBEP U
BOCTOK—3anag Ans uccrefyembix rnyouH.

OTMeTUMm, 4TO, COrMAaCHO MOJENbHbIM
nccnefosaHnAM, Bpems  CyLWecTBOBaHMWA
pokembpuincknux nnomos (pnwongos) [Ho-
6peuyos, 2010] coctaBnsdeT 120 MSH NeT, ak-
TMBHOE BpeMfA CYyLecTBOBaHMA NawMa —
npeanonoXuTensHo 25 MaH net [4o6peyos,
2010; ®ypmaH, 2010]. 3aTyxaHune NAOMOBO-
ro npowecca cBA3bIBAETCA C MICUE3HOBEHWNEM
HUXKHEeN YacTu (HOXKKW) B HUXXHER 1 cpegHei
MaHTUW, NPEeANnONIOXUTENbHO nocne 34 MfH
net [®ypmaH, 2010]. Bpema cyLw,ecTBOBaHUA
(haHepO30MCKNX (B TOM YMC/ie COBPEMEHHbIX)
nawoMos — 32 maH net [Ao6peyos, 2010;
®dypmaH, 2010]. TnobanbHble (HO MHOrAa C
NOKaNbHbIM YCUNEHNEM) LNKNbI, CBA3AHHbIE
C NepUOLMNYHOCTBLIO NIOMOB, KpaTHOM 30 M/H
net, coctasnaoT 30, 60, 90 n 120 mnH net [[o-
6peuos, 2010].

Micxopas n3 3aToro, JaHHble CEMCMMUYECKOA
TOMOrpauu npeAcTaBnAOT CEUCMUYECKY O
BM3yanu3auunio CcrefoB pacnpocTpaHeHus
Han6onee MONOLbIX MAOMOB.

PesynbTartbl. Takum 06pa3om, Ha CKOpOCT-
HbIX CEYEHMAX TPEXMEPHON P-CKOPOCTHOW
MOZenn maHTum Tepputopmun Capmatuu Bu-
3yann3npyroTca, Kak MUHUMYM [1BE€ pa3Ho-
BMAHOCTN CKOPOCTHbIX HEOAHOPOAHOCTEMN,

46

Puc. 4. LUupoTHble BepTUKa/bHble CEYEeHUA Tpex-
MepHOli P-CKOPOCTHO MOAeNu MaHTUK UCCefyemMoit
Tepputopun. KoopamHaTbl: a — 55—51° c.w., 6 —
50—48° c.w., B — 47—45° c.w.; cokpalleHusa: B-O —
LeHTpanbHas Yactb BonbiHO-OpwaHckoro ® 4, C-A —
ueHTpanbHasa yactb Cesepo-A3osckoro &4, N—N2 —
cBepXrny6uHHbIe hNOMAbI UCCNeayeMoin TeppuTopum
(cm. puc. 3—5).

CBA3aHHbIX C NJOMOBbLIMY Npoleccamun, —
(hNonaHbIE AOMEHbI, LeHTPaNbHble 061acTH
KOTOPbIX SIBASKOTCS COBCTBEHHO M/IlOMaMu,
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MpogomxkeHune puc. 4.

N cBepXrny6uHHble dawounabl (/), npeacrtas-
NeHHble cyO6BepTUKANbHbIMU CKOPOCTHbLIMU
KOJIOHKaAMW YepeayoLLNXCA NOBbILWEHHbIX U
MOHWXEHHbIX aHOMaIMi CKOpPOCTU. MNnaHo-
BOE MOJIOXEHMNE ITUX MAHTUAHBIX CTPYKTYP
nokKasaHo Ha puc. 3.

[na paccmatpuBaeMoro permoHa xapak-
TepHbl cnegytowue paronaHble LoMeHbl: Ce-
Bep0-A30BCKUIA, BonbiHO-OplaHcKnuia, LieH-
TpanbHO-YepHOMOPCKNil. VX LEeHTpanbHbIM
yactam (o6nacTtsM NAOMOB) COOTBETCTBYHOT
KoopauHathl: CeBepo-A30Bckuin ® — (39—
42° B.A.)x(48—52° c.1u1.); BonblHO-OpLuaHCKuii
®a — (29—33° B.4.)x(53—54° c.w.). LleH-
TpanbHO-YepHOMOPCKMIA MIOM, PaCnoN0XeH-
Hbli K OTY OT TeppuTopun YKpanHol (34—

"eodhnanyeckuin >xypHan Ne 4, T. 39, 2017

35° B.[4.; 42—45° c.1u.), npefcTaBneH B paboTtax
[ByraeHko n ap., 2008; T'mHTOoB K Ap., 2016],
MO3TOMY 3[leCb He paccmaTpuBaeTCs.
Ceepo-AsoBckuin  ®[. LeHTpanbHas
4yacTb [OMEHa OTHOCUTCA K MaHTUM TMOA
Capmatueit, a UMEHHO K COY/IEHEHWUIO MaH-
T nog AHenpoBCKO-[OHEeLKOW BNajguHOWA
(44B) (AoHb6accom) n Xonepckum merabso-
KOM BOpPOHEXCKOro KpucTanimyeckoro mac-
cuBa (puc. 3, 4, 5). BbIxog HU3KOCKOPOCTHOM
cpefHel MaHTUM 4yepes3 30HY pasgena-1 wu
NepexofHyt 30HY UKCUpyeTcs Ha rnybum-
He 525 Km (puc. 4, a, cevyeHue 51° puc. 5, 6,
cedyeHusa 48—>50°). OTmeuyaeTca OTCYTCTBUE
HU3KOCKOPOCTHbIX BbIXOA0B 13 HMXKHEWN MaH-
TUW 1 30HbI pasfena-2, 4to, Kak 6b110 npeg-
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CTaB/IEHO Bbllle, npejnonaraeTr 3atyxaHue
nnwomMa. B 10 Xe Bpemsa HabnwofalwTCAd HU3-
KOCKOPOCTHbIE aHOManunmn B CpefiHein MaHTuu,
B 06/1aCTN «BbIX0Aa» NOMa.

WnpoTtHomMy ceyeHuto 50° c.w. (puc. 4, 6)
LeHTpanbHol YacTn CeBepo-A30BcKoro ®J,
COOTBETCTBYHOT C/liefyloline CKOPOCTHbIE
XapaKTePUCTUKN: CKOPOCTHAA paccClioeH-
HOCTb BbICOKOCKOPOCTHOI BEPXHEN MaHTuUK
— CryueHne U30/IMHUIN HEBA3OK CKOPOCTU
(8o 0,075 Km/c) B 60n1ee BbICOKOCKOPOCTHOM
cnoe Ha rny6uHe 50— 100 KM; Hann4yne 6onee
BbICOKOCKOpOCTHOro cnos (0,025—0,05 km/c)
Ha rnyouHax 475—525 kM. HeobxoamMmo oT-
MEeTUTb CYLLECTBEHHO YBE/IMYEHHYI MOLL-
HOCTb BbICOKOCKOPOCTHOW BEPXHEN MaHTUN
[0 TnyOuHbl 525 KM. B cpefiHeil U HUXHeN
MaHTUM B LEHTpasbHOW o06nacTv naMa
BbIZeNIA0TCA HU3KOCKOPOCTHbIE aHoOManunu
(-0,025 kwm/c).

Ha ocTanbHbIX WMPOTHBLIX CEYEHUAX, KO-
TOPble MPOXOAAT Yepes LeHTPanbHYI YacTb
CeBepo-A3oBcKkoro ®/fl], coxpaHsaeTcs aHaso-
rMyHas CKOPOCTHasA XapakTepucTnka MaHTUn
C HE3HAUYNTENIbHbIMWN U3MEHEHUAMWN KOH(P K-
rypayum nsonuHuin (puc. 4, a, 6).

CornacHo npuBeeHHOMY Bbllle onpege-
NeHunto 06nacTy pacTekaHUs, BOCTOUYHan 06-
nacto pactekaHusa Cesepo-A3oBckoro ®/i
pacnpocTpaHAeTCca Ha WUPOTHbLIX CevYeHMAX
MaHTUMN OT LeHTpanbHON Yyactn ® [, Ha BOC-
TOK 10 OKOHYaHMA Mpukacnuinckomn snagnHol
(58° B.4.). Ana ceyeHns 52° c.w. obnactu pac-
TeKaHWs COOTBETCTBYET MAHTUA NOL KO XKHbIM
OKOHYaHuem Bonro-Ypanun (OKurynescko-
OpeHOYprckMm Maccusom ¥ BOCTOYHO-
XKurynesckoi npoekyunen), 4TOo BbIXOAUT
3a npejenbl paccmaTpuBaemoi obnactn uc-
cnefoBaHusA. 3aneraHvie KpOBIM NepPexoHOM
30HbI B 060MX CyYasx onpefeneHo Ha rnyom-
He 325 KM, nofoLIBa B MEPBOM Cflyvyae — Ha
rnybuHax 550—575, BoO BTopomM — 625 KM.

3anagHaa obnacTb pacTtekaHus Cesepo-
A3oBckoro @[] onpefeneHa rno Kpoene nepe-
XOAHOW 30HbI Ha rny6uHe 300 KM U 3aKaH-
ynBaeTCs BbIXOLOM ee Yepe3 30HY pasfena-1
B CpPe4HIOI0 MaHTUIO (26° B.4.). Ha ceveHunax
48—51° c.W. yKaszaHHaa 06nacTb orpaHuye-
Ha BbICOKOCKOPOCTHbIM HaK/IOHHbIM C/lI0eM,
KOTOPbI pacnpocTpaHAeTCsa HauynHas ¢ rny-
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6MHbl 50 KM OT MaHTMKM nog MoaonbLCKUM
merabnokom YUL. Ana ceveHns 52° c.w. Ha-
4asno HaK/OHHOro CNoA ONpefesieHO Ha rny-
6nHe 300 KM, ero 3aBeplUeHne — Ha rnyouHe
575 KM B NepexofHON 30He BEPXHEN MaHTUN
nog MpunaTcKon BNagnHOW.

JonroTHble ceveHns (cm. puc. 5, 40° B.4.)
COOTBETCTBYIOT OCHOBHbIM MPUBELEHHBIM
CKOPOCTHbIM XapaKTepUCTUKam LNPOTHbIX
ceyeHnin dL.

CeBepHas o6nacTb pactekaHus Cesepo-
A30Bckoro @[] orpaHuM4ymBaeTca MaHTUEN
nog Xonepckum Merabnokom (BapBapuHCKMia
6/10K) BOpPOHEXCKOro KpucTananyeckoro
maccua (BKM) (55° c.w.). KO>kHas obnactb
pacTekaHusa BKIOYaeT B ce65 MaHTUIO MOZ
CKMUGCKOW NAnToNn (45° €.1w.) M npocTupaetcs
Janee A0 MaHTMK Nofd PVWOHCKOW BMagWHOM,
KOTOpas HaxoguTcs 3a npegenamu obnactu
paccMOTpeHus.

BonbiHO-OpwaHckuin @[, LleHTpanbHas
4aCTb ;OMEeHa OTHOCUTCA K COUJIEHEHUIO MaH-
Tmn nog Kypckum mera6nokom BKM, Op-
lWaHCKOW BnaguMHou (BonblHO-OpLuaHCKuii
aBnakoreH) n cesepo-3anafHon yactoto 4B
(cm. puc. 3, 4, a,B, 5). Micnonb3oBaHHaa cu-
cTemMa HabntoAeHW N03BONAET OXapaKTepu-
30BaTb pacnpejefieHne CKOpPoCcTU B paccma-
TpuBaeMow obnactm Ao rnyouHbl 1700 Kwm.
BbIX0f HU3KOCKOPOCTHOW CpefHel MaHTuUu
yepe3 30HYy pasfena-1 B NepPexofHYH0 30HY
onpepensetcs Ha rnybuHe 650 Km.

LLnpoTHOMY ceveHunto 53° c.w. (puc. 4, a),
NPOXOoAALEeMY Yepes LLeHTpasibHY0 YacTb 40-
MeHa, COOTBETCTBYIT cliefylolne OCHOB-
Hble CKOPOCTHble XapakTepUCTUKMU: MNOAO-
lWBa BbICOKOCKOPOCTHON BeEpXHEN MaHTuwu
onpegeneHa Ha rny6uHe 300 KM; Ha rny6uHe
50— 125 km HabnofaeTca cryweHue n3onm-
HUA HEBA30K CKOPOCTU, U3MEHSAKOLWNXCA B
nHtepsane 0,1—0,2 km/c. HaunHas ¢ rnyouHbl
300 KM 1 go 1700 KM 06Lein XxapakTepucTu-
KON MaHTWUW ABNAKOTCA HU3KME CKopocTu. B
LeHTpanbHon Yyactn Pl HU3KOCKOPOCTHOM
cnon Ha rny6umHe 300—650 KM pasfeneH Ha
TPW YacTu: Ha rnybuHe 375—425 KM Bblaens-
eTCA BbICOKOCKOPOCTHAA /INH3a C HEBA3KaMMU
[0 0,1 KM/c; BepXHAA YacTb €108 XapaKTepu-
3yeTCcq 3HAaYeHWEM HEBA3KU CKOPOCTU [0
-0,05 Km/c; HMXHAA YacTb — A0 -0,125 Km/c.
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AHanormyHas TPexCNOMHOCTb XapakKTepHa
Ana nnomoB ®eHHOCKaHAMHABCKOro Wwura
[LBeTkoBa 1 ap., 2015a,6].

Ans wnpoT 53—54° c.W. BOCTOYHbIE 00-
nactu pactekaHus BonbiHo-OplaHckoro ® /[,
CBfi3aHbl ¢ MaHTKel nog BKM (zo JloceBckoi
LLOBHOM 30HbI), 3anajHble 061acTn pacTeka-
HUA — c MaHTuelr nog BonbiHO-OpLUaHCKum
aBnakoreHom n Masypo-benopycckoi aHTte-
Knu3oh (go 15° B.4.). ANd WupoTbl 52° c.uw.
3anafHaa 4Jactb ® [ oxsatbiBaeT [lpunar-
CKYI BMafuHy W orpaHuyeHa MaHTuel Mo
Moansicko-bpecTckoin BnagnHoOM.

JonrotHole cevyeHns (cm. puc. 5, 31° B.4.)
COOTBETCTBYIHOT OCHOBHbIM TMPUBELEHHbBIM
CKOPOCTHbIM XapakKTepucTvKam LNPOTHbLIX
ceyeHuii ¢ /.

[onroTHble 061acTn pacTeKaHUs orpaHu-
YeHbl MaHTuel nof OplwaHCKOW BMagnHON
Ha CeBepHOM HamnpasneHun (go 60° c.w..).
Ha to>XHOM HanpasneHuu, gna fonror 28—
30° B.4., 06nacTb pacTekaHUs OrpaHuyeHa
maHTue nog CesepHoi [ob6pymxen, ans
ponrot 31—33° B.A. — ceBepo-3anagHbIM
wenbthom YepHoro mops (KapKUHWUTCKWUIA
rpabeH). Cneflyet OTMETUTb, YTO AN1A NOCNel-
HUX CeYeHUnIi 06/1acTb pacTeKaHMa orpaHunye-
Ha HAK/IOHHbIM BbICOKOCKOPOCTHbIM C/I0eM,
pacnpocTpaHatoLwemycs ot MaHTUK nog Cap-
mMatuvein 4o MaHTUM nog nporn6om Copoku-
Ha, YTO BbIXOAMT 3a Mpejenbl Uccnegyemoi
TEPPUTOPUN.

CBepxrnybuHHble patonabl. Hapagy ¢ Bbl-
JeneHHbIMU NoMaMK 418 paccmaTpuBaemoi
TEPPUTOPUN BbILENAOTCA CyOBEPTUKATbHbIE
KOJIOHKM, XapaKkTepu3yLnecs YyepeoBaHu-
€M MOHVXXEHHbIX U NOBbILIEHHbIX aHOMaNNNI
CKOpPOCTM, MNpeacTaBnftolime MNposB/ieHne
CBEPXINYOUHHBIX QonaoB. Ansa uccnegye-
MOW TeppuTOpUK BbigenseTca 12 cBepXrny-
OUHHBIX PONA0B, HYMepaLuusa KOTOpbIX Mo-
KasaHa Ha puc. 3—5.

®noung 1, 50° c.w. (cm. puc. 4, 6): B Bepx-
Hel MaHTUWU BbICOKOCKOPOCTHAA aHoManua
(HeBA3KM ckopocTu 6onee 0,1 Km/C) Ha rny-
6uHe 50— 100 KM 1 HM3KOCKOpOoCcTHas (6onee
-0,05 Km/c) go rny6uHbl 280 KM, B BbICOKO-
CKOPOCTHON NepexofHOol 30He aHoManuu
fo 0,1 kwm/c. Bblensetca HU3KOCKOPOCTHas
aHomanus 6onee 0,025 km/c Ha rny6uHe 550—
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650 KM M BbICOKOCKOPOCTHAs A0 rNy6uHbl
850 KM, a TaKXe BbICOKOCKOPOCTHas aHoMa-
nua (6onee 0,025 km/c) B 30He pasgena-2.
®noung2, 49° c.w. (cm. puc. 4, 6): obnactu
onpejesieHns COOTBETCTBYET YaCTb HAKNOHHO-
ro cnogq, pacnpoctpaHatweroca ot BKM pgo
CKU(CKOWA NANTbI, MEXAY BblCOKOCKOPOCT-
HOW BEpXHen maHTuel (Cryw,eHme N30nnHuii
Ha rny6umHax 50— 100 KM, 3Ha4YeHne HeBSA30K
ckopoctn 0,15 Km/C) M HWU3KOCKOPOCTHOW
nepexofHoW 30HOW (6onee -0,15 Km/c). Bbl-
[enseTcs BbICOKOCKOPOCTHas 30Ha pasgena-1
(6onee 0,05 kwm/c), 60nee HN3KOCKOPOCTHASA
(6onee -0,05 Kv/c) aHOManna B cpefHel MaH-
TN Ha rnybuHe 1400— 1550 KM 1 aHOManuu
B 30He pasfena-2 n HKHE MaHTuK.
®noung 3, 49° c.w. (cm. puc. 4, 6): BbicO-
KOCKOPOCTHAas BEPXHASA MaHTUA [0 rNyOuHbl
300 KM. B HW3KOCKOPOCTHOW NepexofHOoM
30He BepXHel MaHTUKM [0 rnybuHbl 675 KM
onpepensetca BblCOKOCKOPOCTHAA JIMH3a
Ha rny6uHe 500—550 kM. BbigenseTcs Bbl-
COKOCKOpOCTHas 30Ha pasfena-1 (6onee
0,05 Km/C) 1 BbICOKOCKOpPOCTHas aHoManus
(8o 0,025 km/c) Ha rnybuHe 1700—1775 KM B
HW3KOCKOPOCTHOW CpefHEen MaHTUMN.

@ nongd, 50° c.w. (cm. puc. 4, 6): B BbICOKO-
CKOPOCTHOW BepxHeit maHTun 40 300 KM Bbl-
fenseTcsa 60/iee BbICOKOCKOPOCTHas 06/1acTb
Ha rnybuHe 50—100 km (6onee 0,175 km/c).
HwunskockopocTHasa o 580 kKm nepexofHas
30Ha BEpPXHel MaHTUM XapakTepusyert-
ca ABYMS aHOManusAMKU C MakCUMyMamu [o
-0,075 km/c Ha rny6uHe 400 km n -0,2 Km/c
Ha 500 kM. BbicokockopocTHas o 1600 km
30Ha pa3gena-1cofep>XxuT aHoManumko co 3Ha-
yeHMeMm HeBA3KU ckopocTu go 0,075 km/c Ha
rnyéuHe 600—700 kM. Takxe Bblgensercs
aHoManua B BbICOKOCKOPOCTHOW 30He pas-
Jjena-2 Ha rnyouHe 1850— 1975 Kwm.

®nomng 5, 50° c.w. (cMm. puc. 4, 6): B BbICO-
KOCKOPOCTHOW BEPXHEN MaHTUW Ha rnyouHe
50— 100 km BbigenseTca 60nee BbICOKOCKO-
pocTHasa aHomanua (6onee 0,175 Km/c) n me-
Hee BbICOKOCKOpOCTHasA (MeHbLwe 0,025 km/c)
Ha rny6uHe 120—300 kM. B nepexopHoi
30HEe BEPXHEh MaHTUM BbICOKOCKOPOCTHAd
aHomanusa (6onee 0,05 km/c) Ha rnybuHe
450—550 kKM M HUM3KOCKOpocTHasa (6onee
-0,15 Kkwm/c) Ha rny6uHe go 700 Km. B HM3KO-
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Puc. 5. 1oNroTHble BEPTUKaNbHbIE CEYEHUS TPEXMEPHOI P-CKOPOCTHO MOAENN MaHTUW UCCNefyeMoi TeppuTo-
puun, nepecekarolme LeHTpanbHYO YacTb BonbiHo-OpwaHckoro (31° B.4.) u CeBepo-A3osckoro (40° B.4.) @ /.

YcnoBHble 0603HaYeHNA Te Xe, YTO M Ha puc. 4.

CKOpPOCTHOIN CpefHein MaHTUW MPOCNEXMW-
BaeTcA 60/lee HM3KOCKOPOCTHas aHOManua
(MeHbLWwe -0,05 km/c) Ha rny6uHe 420—500 KM
N BbICOKOCKOpPOCTHas (8o 0,025 km/c) Ha rny-
6uHe 1580— 1650 KMm.

dnong 6, 52° c.w. (cMm. puc. 4, a). Bbl-
COKOCKOPOCTHasa BepxHAA MaHTus (6onee
0,075 km/c) fo rny6uHbl 330 KM, CUIbHO HU3-
KOCKOpOCTHaa nepexofgHas 30Ha (6onee
-0,2 Km/C) N BbICOKOCKOPOCTHAaA 30Ha pas-
fena-1 co 3HaYeHMEM HEBA3KM CKOPOCTHU
6onee 0,05 km/c. B HU3KOCKOPOCTHON cpej-
Hell MaHTUW onpejefieHa HU3KOCKOPOCTHas
aHomanusa (6onee -0,25 Kkm/c) Ha rnybuHe
1300— 1630 Km.

dnong 7, 47° c.w. (cMm. puc. 4, B): B BbICO-
KOCKOPOCTHOW BEPXHEN MAHTUMN Ha rNy6unHe
100— 175 KM Bbl4endaeTca MeHee BbICOKOCKO-
pocTHaa ob6nactb (MeHbLwe 0,025 km/c). Mepe-
X0fHas 30Ha HU3KOCKOpPOCTHas, 30Ha pas-
fena-1 — BbICOKOCKOpOCTHaA. Boigensercs
60/1ee HU3KOCKOpPOCTHas aHoManusa (6onee

50

-0,05 km/c) Ha rny6uHe 1400— 1550 KM B HU3-
KOCKOPOCTHOI cpeaHel MaHTUK 1 60Nee Bbl-
cokockopocTHaa (6onee 0,025 km/c) Ha rny-
6mHe 1875—2000 KM B BbICOKOCKOPOCTHOW
30He pasgena-2.

dnong 8, 47° c.w. (cm. puc. 4, B). BbICO-
KOCKOPOCTHAs BEPXHAS MaHTUA 40 rNMyO6UHbI
300 KM, B HW3KOCKOPOCTHON nepexoaHOoi
30He MNpPUCYTCTBYET BbICOKOCKOPOCTHas
aHomanus Ha rny6umHe 500—550 km. B BbICO-
KOCKOPOCTHOW 30He pa3gena-1 oTmevyaetcs
60/1ee BbLICOKOCKOPOCTHasa aHoManus (6onee
0,025 Km/c). Tak)Xe BblAENATCSA aHOMaInu B
cpefHeil MaHTUM 1 30He pasgena-2.

®nomng 9, 45° c.ww. (CM. puc. 4, B): BepXHAs
MaHTUA 0o 125 KM ABSeTCA BbICOKOCKOPOCT-
Hoi (6onee 0,05 km/c), o 380 KM — HU3KO-
CKopocTHoW (6onee -0,05 kwv/c). MepexogHas
30Ha 4o 580 KM BbICOKOCKOpOCTHas (6onee
0,15 km/c), go 700 KM — HWU3KOCKOPOCTHas
(6onee -0,2 km/c). B cpefHeil maHTUKM, 30He
pasfena-2 u HUWKHel MaHTUKM TakxXe Habno-
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flaeTca yepefoBaHMe aHOMasWiA.

®nomng 10, 47° c.w. (cm. puc. 4, B): 8o 75 Km
BEPXHAS MaHTUA BbICOKOCKOPOCTHAdA, [0
300 KM — HM3KOCKOpPOCTHas (HeBA3KM CKOpO-
cTu 60onee -0,1 Kw/c). MepexofHas 30Ha BbICO-
KOCKOopocTHad fo 675 km (6bonee 0,125 km/c),
30Ha pasfena-1 — HM3KOCKOPOCTHAaA. BHu3-
KOCKOPOCTHO 30He pa3fena-2 npucyTcTByeT
6onee HW3KOCKOPOCTHAaA aHoManus (MeHee
-0,05 km/c) Ha rnybuHe 1250— 1350 Km.

®noung 11, 47° c.w. (cM. puc. 4, B): xapak-
Tepu3syeTca Hanbonee KOHTPACTHbIM Yepepo-
BaHMWEM CKOPOCTHbIX aHOMasnii Ha BCeM Mpo-
TAXEHUN TNYyOUH nccnefyemon Tepputopun,
0COGEHHO B HMXKHEW YacTu cpefHe MaHTUu,
30He pasfefia-2 v HXKHERn MaHTuw.

®noung 12, 48° c.w. (cM. puc. 4, 6): B BbICO-
KOCKOPOCTHOM BEpPXHEN MaHTUWN 0 FNy6uHbI
380 KM BblfensaeTcqa MeHee BbICOKOCKOPOCT-
Had aHomanua (meHee 0,025 Km/c) Ha rny6u-
He 125—225 kM. MNepexogHaa 30Ha ABNfeT-
CS HU3KOCKOPOCTHOMW A0 rny6uHbl 700 KM
C BbICOKOCKOPOCTHOW SIMH30M Ha rnybuHe
450—560 KM. B HU3KOCKOPOCTHOW cpegHei
MaHTUM NPUCYTCTBYIOT ABe 60nee HU3KO-
CKOpOCTHble aHomanum (6onee -0,025 km/c)
Ha rnybuHe 1175—1290 n 1500— 1880 km. B
BbICOKOCKOPOCTHOW 30He pa3sjena-2 onpeje-
neHa 60iee BbICOKOCKOPOCTHAA aHOManuns Ha
rnyébuvHe 2030—2240 Km.

Kak oTmeyanocb Bbille, MNAOMOBbIM W©
CBEPXTNYOUHHBLIM (IIOUAHBIM Mpoueccam
KpoMe CelicCMUYeCcKOol Bu3yanusaunum gonx-
Hbl COOTBETCTBOBATb MOBbILEHHbIN TEM/O-
BOV NOTOK M MOBbIWEHHAaA rpaBuTaLMoHHas
aHomanusi. CNOXHOCTb 3TUX CBSA3eli B 06OLLEM
clyyae onpenenseTca HeNMMHEWHOCTbIO U FNy-
OUHHOCTbLIO paccMaTpuBaeMbliX MaHTUNHbIX

Cnucok nuTepatypbl

boraTukos O. A., KosaneHko B. W., LLlapkos E. B. Mar-
mMatu3m. TekToHuKa. MeogmuHammka 3emnu. Mocksa:
Hayka, 2010. 607 c.

byraeHko W. B., Lymnanckasa /1. A., 3aey J1. H., LiseTKo-
Ba T. A. TpexmepHasa P-CKOPOCTHaa MOLENb MaHTUMN
UepHOro Mops 1 npunerawoLein Tepputopmmn. eo-
(hu3. >KypH. 2008. T. 30. Ne 5. C. 145—160.

leiiko B. C. TeitnopoBo npn6aMXeEHVE BOTHOBOTFO ypaB-
HEHUS W ypaBHeHUS 3liKOHana B 06paTHbIX ceiic-

"eodhnanyeckuin >xypHan Ne 4, T. 39, 2017

npoueccos. Kak npasuio, NMOCTPOEHbI Kap-
Tbl 419 YKa3aHHbIX NONei Ha ypOBHE 3eMHOW
noBepxHoCTW (TensioBoe Nose) WM ypoBHe
mops (aHomanuu byre n ®aq). Ha kapTe Te-
MN0BOr0 NOTOKa Ha YPOBHE 3EMHOW NOBEpPX-
HocTu [Geotermal..., 1981] n Ha KapTe rpaBu-
TaUWMOHHbIX MaHTUNHbLIX aHoManuii [KabaH,
2001] oTmeuaeTcs BbINMOMHEHUE YKA3aHHbIX
BbiLle Tpe6oBaHMiA.

BbiBoabl. [puBefeHHbIe faHHbIE NO3BO/IA-
0T 3aK/II0YUTL CNnegytoLlee.

1 MaHTua nogTeppuTOopuei Y KpanHsol Ha-
xoantca nog snnaHnem Cesepo-A30BCKOrO,
BonbiHO-OplwaHckoro n LeHTpansHo-Yep-
HomopcKoro ® 1 n obnactein Mx pacTekaHus.

2. BepxHaa maHTUA Kak Hap Cesepo-
A30BCKuM P [, (3o rnybuHbl 525 KM), Tak K
Hag BonblHO-OpwaHckum @ (4o rny6uHbl
300 KM) BbICOKOCKOPOCTHaA.

3. B paccmatpuBaemMoM ciyyae C y4eToOM
OTCYTCTBUA NPOSAB/IEHNI BbIXOLOB LLEHTPa/b-
HO o6nacTn ®Jf] N3 HUXKHENR MaHTUM U Ha-
NINYNA BbICOKOCKOPOCTHOW BEPXHEW MaHTUN
MOXHO 0XWAaTb, YTO 06€ yKa3aHHble LeH-
TpasnbHble 061acTW, CBA3aHHbIE C NPOAB/IEHU-
eM M1IOMOB, HaX0A4ATCA Ha CTaANN 3aTyXaHns.

4. Kak CeBep0-A30BCKWi1, TaK 1 BonbiHO-
OpwaHckuii [, (ueHTpanbHble 061acTn) oT-
HOCATCA K 061aCTAM COUIEHEHUSA TEKTOHNYE-
CKUX CTPYKTYp. CeBepo-A30BCKMA ® L npu-
YPOUEH K coUleHeHnto Xonepckoro merabno-
ka BKM n [loH6acca; BonblHO-OpLuaHCKuii
— Kypckoro merabnoka BKM, OpLuaHcKo
BnaguHbl (BonblHO-OpLlaHCKUIA aBnakoreH)
n ceBepo-3anagHoi yactu O4B.

5. B ob6nactm pactekaHus kKak Cesepo-
A30BCKOro, Tak 1 BonbiHo-OpluiaHckoro @
BblAeNATCA 12 CBEPXTNYOUHHbIX PHONA0B.
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Seismic visualization of plumes and super-deep fluids
in mantle under Ukraine

© T.A. Tsvetkova, I. V. Bugaenko, L. N. Zaets, 2017

According to the Taylor approximation of the three-dimensional P-velocity model of the mantle
under Eurasia, a seismic visualization of the manifestation of mantle plumes and super-deep fluid
processes was carried out. As initial data, the times of the first arrival of the P-wave were used ac-
cording to the ISC bulletins for the period 1964—2006. The research area is defined in the interval
(45—50° N)x(23—48° E) to the depth of 2500 km, in the interval (51—55° N)x(23—48° E) to the depth
of 1700 km according to the used observation system and includes a mantle near Sarmatia (includ-
ing the territory of Ukraine) and its surroundings. The fluid domain is defined as the region of the
yields of low-velocity heterogeneities from the lower, middle mantle to the upper one and spreading
along the laterals of their central part. The central, low-velocity part of the fluid domain is defined
as a plume. Hence, the fluid domain is an area associated with traces of the passage of plumes.

The mantle under the territory of Ukraine is under the influence ofthe North-Azov, Volyn-Orsha
and Central-Black Sea fluid domains and regions of their spreading. The upper mantle above the
central part of the North-Azov fluid domain (to a depth of 525 km) and above the central part of
the Volyn-Orsha fluid domain (to a depth of 300 km) is high-velocity one. In the case under con-
sideration, taking into account the absence of manifestations of the outlet of the central region of
the fluid domain from the lower mantle and the presence of a high-velocity upper mantle, it can be
expected that both of these central regions associated with the manifestation of plumes are in the
decay stage. The central regions of both the North-Azov and Volyn-Orsha fluid domains belong
to the areas of articulation of tectonic structures. The North Azov fluid domain is confined to the
junction of the Khoper megablock of the Voronezh Massif and the Donbas, the Volyn-Orsha to the
Kursk megablock of the Voronezh Massif, the Orsha Depression (Volyn-Orsha aulakogen) and the
north-western part of the Dneprovo-Donets Basin. In the area of spreading of both the North-Azov
and Volyn-Orsha fluid domains, 12 super-deep fluids are emitted.

Key words: seismic tomography, Ukraine, Volyn-Orsha fluid domain, North-Azov fluid domain,

super-deep fluids.
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Hu3kouacToTHOE paccesiHMe Ha NoyNpPoCTPaHCTBE,
3aMno/IHEHHOM MEPNOANYECKOWN XXUAKOTBEPAOWN Cpelom
C HAKJ/TOHHbIMW C/I0SAMU

© KO. B. PoraHos] B. HO. PoraHos2 2017
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NHCTUTYT KnbepHeTnkn HAH YkpauHbl, Kues, ¥ kpanHa
MocTtynuna 31 maa 2017 r.

P03p06/1€HO HM3bKOYACTOTHY e(heKTUBHY MOLENb ANA CepefoBULLA 3 HAXUIEHUMMN PIAKUMK i
TBEPANMM LIApaMu 3 NPOKOB3yBaHHAM, L0 NepiognyHo NoBTOPOOTLEA. [MoKasaHo, Wo ans edek-
TUBHOTO NepPiofiMYHOr0 N-1WapoBOro cepejoBuLLa 3 TBEPAUMU NOXUIVMU Wapamm 3 NPOKOB3YBaHHAM
iCHYIOTb N + 1NMI0CKUX XBU/b 3 PIKCOBAHOK FOPU30HTa/IbHOKO MOBIMbHICTIO, AKI NOLWNPIOOTHCSA BHUS.
Bun3HauyeHO KpainoBi yMOBM 3a HNU3bKOYACTOTHOIO PO3CIAHHA Ha MeXI MidXK TBEPAMM MiBNPOCTOPOM
i NiBNPOCTOPOM, 3aNOBHEHWM e(eKTUBHUM cepefoBuuiem. Lii yMoBM 3anexaTb Bif KyTa Haxuny
Wwapis NepiogMyHOro cepefoBulLa Ta MOro 3an0BHEHHA. Ha nifctasi KpalioBNX YMOB BHBELEHO
NiHiliHI cMcTeMK piBHAHB ANA KoeilieHTIB Big6UTTA i 3a10MNeHHA. HM3bKOYaCTOTHE PO3CiSHHA
Ha MNiBNPOCTOPi 3 HAXW/IEHUMMW TBEPAUMMU LIapaMun 3 NPOKOB3YyBaHHAM OMUCYETLCA CUCTEMOIO N +
3 piBHAHb 3 n + 3HeBigOMUMU. MMpPU HAABHOCTI PiAKOro Wapy KifbKiCTb PiBHAHbL i HEBILOMUX AOPiB-
HIE N + 2. AKLL0 HUXHI MONYNPOCTIp CKNajaeTbCA 3 FOPU3OHTA/IbHUX LWAPIB, KiNbKICTb PiBHAHS i
HeBifOMUX JOpiBHIOE 3. OTpUMaHO ABHI (DOPMYN 415 KOPEHIB L€l CUCTEMU PiIBHAHb, AKLLO Wapu
ropu3oHTanbHi. Teopito NPOLEMOHCTPOBAHO Ha Pi3HUX MPUKNafax po3paxyHKy KoedilieHTiB Bif-
6UTTA i 3a10MNEHHSA.

KnouoBi cnosa: nepiognmyHe pigKoTBepAe CepefoBuuLe, AUCMepPCiliHe PIBHAHHSA, PO3CiiHHSA,
KoeilieHTV BIZOUTTA i 3a10MIEHHS.

BBegeHue. MNeprnognyeckre ropu3oHTabHO-C/IOUCTbIE CPeAbl C TBEPALIMU U30TPOMHBLIMU
CNOAMU, HaXOAALMMUCA B )KECTKOM KOHTAKTE, B HU3KOYACTOTHOM Npefesie 3KBUBANIEHTHbI
OLHOPOLHOW BepTMKanbHOM TpaHCBepPCanbHO-U30TPONHON cpeae [Backus, 1962]. CeoiicTBa
Takoi cpefbl ONpeAensoTCA OCpeHEHNEM MO Mepuosy onpefefieHHbIX (YHKUMUIA OT napa-
METPOB C/I0€B.

B ctatbe [Schoenberg, Muir, 1989] noka3aHo, 4TO 3ah)(heKTUBHOW cpesol ANa nepuoan-
YeCKOW ropu30oHTaNbHO-C/IOUCTOM Cpefbl C aHU3O0TPOMHLIMWU CNOAMU ABNAETCA O4HOPOLHAA
aHN30TpONHasA cpeaa, KoahPULUNEHTbI YNPYrocTu 1 NIOTHOCTb KOTOPOR TaKXXe BbIYNC/IAOTCS
C NMOMOLLLbIO TEXHUKW OCPELHEHUSA MO NEPUOAY.

A dekTUBHAA cpefa A4N1A NepuoLNYeCKOn rOpU30HTaIbHO-CIOUCTON Cpefbl C MPOoCKasb-
3bIBAHMAMW MeXAy TBepAbiMW CMOAMU, KOTOPble NPOMOPLUOHANbHbLI MPUIOKEHHBIM Ha-
NPSHXKeHUsM, ABMAETCA XOpOoLWen MoLenbio TpewmnHoBaTon cpedbl [Schoenberg, 1983]. Mo
CBOWCTBaM OHa TaKXe IBNAeTCS OAHOPOAHON aHU30TPOMNHON cpeaoii. A heKTUBHON cpeaol
ANA NepuoSMYecKoi ropu3oHTanbHO-CNOUCTON Cpefbl CXUAKUMU CNOSAMUN ABNIAETCA XUKas
cpefa € aNMNTUYECKN aHN30TPOMHON NIoTHOCTLIO [MonoTkos, 1979; Molotkov, 1982].

Byzem B flanbHeliweM cunTaTh, YTO NapameTpbl CN0eB CUMMETPUYHbI OTHOCUTE/IbHO BEp-
TUKaNbHOW NMOCKOCTU XZ, B KOTOPOI paccMaTpuBaeTcs BOJIHOBOE MoJe.

Bo BCcex nepeyncneHHbIX cnyyvasx knaccmueckunii metog [Aku, Puyapgc, 1983] nossonser
onpeaennTb KOSMMULMNEHTbI OTPAXEHMA N MPENOMNIEHNSA Ha TPaHULE MEXAY YyrnpyruMm u
3 (PEeKTUBHLIM MONMYNPOCTPAHCTBAMM, UCXOASA M3 KPaeBblX YC/MIOBUIA KOHTAaKTa Ha UHTEp-
(herice. Ana ah(heKTUBHOW cpefbl C TBEPAbIMU FOPU3OHTANbHBLIMK CNOAMM 3TO — YCNOBUE
HENpPepbIBHOCTY Ha rpaHuLLe MeXAy NonynpocTpaHcTBaMun HanpsH>KeHnin TI3 T3 ckopocTel
cMeleHnid ul, u3 And ah(eKTUBHON cpefbl CIXXUAKAMMW TOPU3OHTANIbHBIMU CNOAMU 3TO —
HenpepbIBHOCTb U3 TBY OTCYTCTBUE KacaTe/lbHbIX HanpshkeHunii 113=0.
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Hanunune B nepnofnyeckoii nayke Kak TBepAblX C/10€B, TaK U CNOEB C UAeanbHON XUNLKO-
CTblO (C HY/NeBOI BA3KOCTbIO), MO0 TONBKO TBEPAbIX C/0€B C MOJIHbIM NPOCKaNb3blBAHNEM
(T13=0 Ha BCEX NPOMEXYTOUHbIX FpaHnLax Mexay CnosiMu) NpUBOAUT K 3PP eKTUBHON cpese
c 60/1bWINM KONMYecTBOM napameTpoB [Monotkos, Xuno, 1984; Molotkov, Khilo, 1986; Mo-
noTkos, 1994; Molotkov, 1997]. ina nepuofa TakOW XXNUAKOTBEPAON FOPU30HTa/IbHO-C/IOUCTOM
NepuoanyecKoil cpefbl CyLecTByeT 2X2 MaTpuUUHbIiA nponaratop [Schoenberg, 1984; MonoT-
KoB, 1991; Molotkov, 1992; PoraHos, PoraHos, 2016], KOTOPOMY COOTBETCTBYET a(h(heKTUBHAA
CMCTEMHas MaTpumLa, N03BoNIAILLAA pacCMaTPMBaTb TaKyt cpefy Kak 06006LLEHHY 0 XUAKYO
M BbIBECTU (DOPMY/Ibl AN PACCEAHMUA HA HEWl.

PaccessHMIO Ha MOMyNPOCTPaHCTBE C XMUAKOYNPYron cpefioli B KOHTeKCTe mogenu buo
noceBslLLeHO MHoOro pa6ot [Deresiewicz, Rice, 1960; Lovera,1987; Rajesh, 2015; Nakagawa,
Schoenberg, 2007; Corredor et al., 2016]. XKugkoynpyryto nepuoanyeckyro 6uHapHyto cpesy
B HU3KOYACTOTHOM [Mana3oHe MOXHO paccMaTpuBaTb Kak aHU30TpOonHyto cpegy buo [Mo-
notkos, bakynuH, 1995; Molotkov, Bakulin, 1998; MonoTtkos, 2001; MonoTkos, Nepekapesa,
2006; Molotkov, Perekareva, 2007]. OgHaKko Npu KONNYeCTBE CNOEB B Nepuoge 60/bleM ABYX
TpebyeTca 60/ee CNOXHAA MOJe/lb, KOTOpas COLEPXWUT napamMmeTpbl BOSIH, OTHOCALLMECA K
pasHbIM CNOSM.

Teopus. MNMNoCKNe BONHbI B NEPUOANYECKON FOPU30HTaNIbHO-C/TOUCTOM Cpefie C NPoCcKaslb-
3blBaHWeM. PacCMOTpUM pacnpocTpaHeHne NAI0CKUX BOJIH NMPU HU3KMX YacToTax B 6eCKOHeY-
HOW MepuoanYecKoin ropm3oHTaNbHO-CIOUCTON cpefde C YNPYruMu CNOSIMU U KOHTaKTaMu
NpoCKa/b3blBAHUA MeXAY HUMU. YNpyrue cnov ABNATCA U30TPOMHBIMU 1 ONUCLIBAKOTCA
MOLLHOCTAMM d, NIOTHOCTAMM P., CKOPOCTAMYU NPOAOJIbHbLIX U NOMNepeYHbIX BOMH a, B, i=1,..n.

O603Haunm ki=pi(a2- 2p2) v W =p,p2 COOTBETCTBYHOLLME NapameTpbl Slame.
BbibepeM cucteMy KoopauHaT TakK, 4Tobbl oCcb OX 6blfa ropn3oHTaNbHON U Npoxoauna
yepes cpeauHY NepBOro €nos, a ocb OZ 6blna BepTUKaNbHON 1 HanpaBieHHOW BHU3 (puc. 1).

2 n2' 182" p2

n 1,m> Ik' Pa

2 a 2* "2» P2

n 3fz nD Pif Pn

Puc. 1 MNMepunognyeckasn cpefa c TBepAbIMU rOPU30OHTANIbHLIMW CIOAMU C MPOCKa/b3biBaHUEM.

B cTtaTbe npegnonaraercs, YTO BCE NJIOCKME BOJIHbI PACMPOCTPAHAKOTCA B NNOCKOCTN XOZ,
MMEIKT FrOPU3OHTANIbHYO MeA/IeHHOCTb P, KPYrOBYH 4YacToTy 10=2nf 1 cogep>aTt (ha3oBblii
MHOXUTeNb explla (px- )], 1 =>/-1 ,KOTOPbIV UCKOYEH U3 COOTBETCTBYIOLWLMX (hOPMY.

2

1 1 2
O603HAaYMM COOTBETCTBEHHO [ = ——p , N = —-p BepTUKaNbHble MeANEeHHOCTH

NPOAOJIbHBIX U MNOMEPEYHbIX BOJH B yNpyrux cnosx, H=d+...+dn— MowHocTbL nepuoga, s#d/H,
p =" =8p:+..+SrmpPn — CpefHI NJOTHOCTL, M — nponaraTtop Ha pacctofaHue d. ansa
ynpyron cpefbl ¢ napameTpamun 7ro cnos. Mponaratop M asnsetca 4x4-maTpuuein n npe-
06pasyeT BEKTOP CKOPOCTEW CMeL,eHU-HaNPSXXEeHN C O4HON rpaHuMLUbl TBEPAOrO CM0OSA Ha
Apyryto 6e3 yyeTa yCc/I0BUIl NPOCKab3blBAHUS.
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YcnoBusa nNpocKanb3blBaHUA Ha rpaHuLax C/ioes 03HayaloT, YTO TaM OTCYTCTBYIOT Kaca-
TeNlbHble HanpsXXeHuna T13=0, a KOMMOHEHTbI ULCKOPOCTEN CMeLLeHNIA pa3pbiBHbI. B paboTax
[Schoenberg, 1984; MonoTkos, 1991; Molotkov, 1992; PoraHoB, PoraHos, 2016] noka3saHo, Kak
npeo6pasosatb nponaratop M, 4To6bl B HEM aBTOMaTUYeCKN YYUTbIBAIUCL YC0BUSA NPO-
CKa/ib3blBAHUA HA MPOMEXYTOUYHbIX rpaHMuax. MogmuunposaHHbIi nponaraTop ABnseTcA
2X2-maTpuuen 1 3agaetcsa GopmMynoi

P=FMG, (1)
rae

0 1 0 On

F=(
W 0o 1,

(-M 32/ Ma M [ Ma>
1 0

G=

0 0

\Y; 0 1 J

n M,,— anemeHTbl MaTpuubl M. MaTpuue P cooTBeTCTBYEeT cucteMHas matpuua At(o), ana
KoTopoi P =exp(dAt(co) . Ncnonb3ys pasnoxeHue B pag

logP =log(l- (1-P))=(-P)+(1-P)22 2)

N ydynmtbiBas, 4To
( 2 N

0
- P=lad Pi( -vp2 ©Of(a2, ®)
V|B1- O

nonyyaem (OpmMyny AN CUCTEMHOW MaTpuLbl B HU3KOYACTOTHOM NPUBAMXEHUN 3 dek-
TUBHON cpefbl C OAHUM MEPUOSMNYECKN NOBTOPAIOLWMUMCS 7-M TBEPAbIM C/10€M C YC/I0BUEM
MPOCKaib3blBaHMNA HAa MPOMEXYTOYHbIX rpaHuLax:

- 1 O 2_ 2
A=A (%) = IRBy, glogP = v,P ) 4)
i 0
1 f PZA
roe oi :;}/- p — BepTuKanbHas MefneHHOCTb U =4p; 1- a nnactTmH4YyaTasa CKo-

iJ
pocTb And 1-ro cnos. CuctemHas martpuua (4) onncbliBaeT BEPTUKAJIBHYIO TPAHCTBEPCANbHO-
N30TPOMHYIO Cpedy CO CKoOpocTAMU AP n gbY BONH no BepTUKann a( 0 COOTBETCTBEHHO U

2 2
napamerpamu TomcoHae=0u 5=-2 i-0 - -3HayeHue napameTpa 8JOCTUIaET 3HAUYEHUSA
-0,5, ecnn a2=2p2. alv al
CUCTEMHOW MaTpuULEed rOpU3oOHTaNIbHO-C/IOUCTON NEPUOSMNYECKOI YNPYTOi cpefbl B HU3-
KOYacTOTHOM JjMana3oHe ABNAETCA OCPejHEHNE CUCTEMHbIX MaTpuL, (4) N0 MOLHOCTSAM C/10€B
Nopganoy Stovas, 2012]:

( 2

0
Ae=eA +¥BAN=  \pji(. y>p)/ ©
VP 0
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COOCTBEHHbIMW YNCTAMU CUCTEMHON MaTpuLbl A daBndroTCA BEPTUKa/IbHbIE MEANEHHO-

CTW 4 NJIOCKMX BONH B 3a(p(heKTUBHOMN cpefe. Mockonbky det(al - Ae)=qg2-p” i

o P,(-\P2
TO AUCMEPCUOHHOE YpaBHeHUe A9 3PPEeKTUBHON cpelbl UMEeT BUA
lag-p2 lYa2-p2 p2 ©)
pl(1- * P2) Pn(l-~P2 P

KopHsaAMUK ypaBHeHUS (6) ABNAKOTCA 3HAYEHUS BEPTUKANbHbIX MeAIEHHOCTEN +a(p) HNUCXO-
AAuLeri n BoCXoaulen NaoCKNUX BOSIH C TOPU3OHTaNbHON MeANIeHHOCTbIO p. Ecnn neBas yacTb
ypaBHeHua (6) oTpuLaTeNbHa, TO 3TV BOJIHbI ABAAOTCA HEOLHOPOLHbLIMU.

B vacTHOM cnyyae, ecnv BCce cnoum SBAAKOTCA Xuakumu, 1o y=0. Torga n3 gopmynsl (5)
CneflyeT, 4TO B HU3KOYACTOTHOM AuanasoHe

o (6]
Ae ap./ \p, )
> ) 0 y

M LUCMEPCUOHHOE ypaBHEHME 3a4aeTcs (hopMynoii

1 2,y

<p>

(8)

CooTHoweHuna (7), (8) nokasbiBalT, 4TO 3((PEKTUBHON HU3KOYACTOTHOW Ccpefoi
rOpPM30HTANbHO-CNOUCTOW XUNAKOW cpefbl ABNAeTCA 0606 eHHas XX1AKaa cpefa, NN0THOCTb

KOTOPOWM eCcTb 3NIUNTUYECKNIA TEH30P C KOMMNOHeHTamun pl=(1/P,) 1 P3=(p,),a Moaynb
ynpyroctn $l= (a2p,)". 370T pe3ynbTaTt 6bi1 0oNny6AnKoBaH B cTaTbsax [MonoTtkos, 1979;
Mockoy 1982].

O603Hauum ML 130 ckopocTn cMeLteHnii n X, 788 — HanpsXeHuWs 4ns BO/HbI B ,-M cnoe. Ma-

A i>
pameTpbl N@), 133 ABNAOTCA HEMEPbIBHbIMU U YA0BNETBOPAIOT ypaBHEHUAM ( —HOA. (uil
V3 VIBy

lMosToMy M3 cooTHOLWEHUSA (B) cneyeT, 4TO ANa AP eKTUBHBLIX NapameTpoB n3, TR cnpases-
NVBbI paBeHCTBA

Us s —8/\33 +---+AV|33' (9)
33,3—8T(1) + +8 TN (10)

CooTHoweHus (9), (10) aBnAOTCA OCHOBOW MpW BbIBOAE CUCTEMbl YpPaBHEHWU Ans BO-
HOBOrO MoJia B HU3KOYacTOTHOM npegene [Monotkos, Xuno, 1984; M ockoy Kbllo, 1986;
MonoTkos, 1994; M ockoy 1997].

MapameTpbl K3!), X33, XN ABNAKOTCA HENPEPbIBHbIMY B MHOTOC/IOMHON cpege. MoaTomy B
HM3KOYaCTOTHOM Mpejesne cnegyert cuntatb, Uto u3=u3), T83=xX3, 1(3=0 gna scex ,=1...,n.
CneposaTefibHO, pacnpocTpaHeHne BOJIH B -M C/10€ ONUCbIBAETCA YPABHEHUAMMN

5;@_ ( +2p{0)r© mphs: (i)
L 0 12)
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A =AZ (13)
du” .
Pi_pr =™ (14

YMHOXUM paBeHcTBa (12), (13) cooTBETCTBEHHO Ha e (n1}+ 2pl-D), 71 NpocyMMUPYeEM
nx no 7=1,..., M 3atem c nomoLbto cooTHoweHun (9) n (10) nckntounm nponssogHblie "33 u3
T3,3. B pesynbrate nonyymm COOTHOLLEHUA

an3 (15)

a Vi zbu” (16)

r 2B2
rge X1=X 2 ,p=Xrip,,bt=1- 2-.0603Ha4YuM, Q-=

Pi«i a,
N3 ypaBHeHun (11) n (12) uCKNOUYMM NEPEMEHHYO V33 1 MOACTaBMM B pe3ybTaT 3Hade-
Hue dr3¥ dt us3 (16):

. =anC b E| rA uU)+bugs (17)

CooTHoweHunA (14)—(17) npeLCTaBNAKOT MOMHYHO CUCTEMY ANDHepeHLnanbHbIX ypaBHEHU
OTHOCUTENbHO 2n+2 NepeMeHHbIX Ui ,Ms, T ,Tas 4159 HA3KOYACTOTHOW MOAENN FTOPU30HTA/bHO-
CNOMCTON NePUOANYECKON cpefibl C NPOCKaNb3blBaHMEM.

OTMeTUM, YTO NepeMeHHble U, Ty B3IPHEKTUBHON cpese onpeaensaoT npejenbHble 3Ha-
YeHus 3TUX NapaMeTpPOoB B i-M C/I0e, HO OMpejesieHbl OHW Be3fe, BO BCEM MPOCTPAHCTBE.

YpaBHeHuna (16) n (17) BblpaxatoT 3aKoH Nyka ans aheKTUBHOK cpefdbl. OfHaKO COOT-
BETCTBYHOLLAA MaTpuULa ynpyrocTn HecMMMeTpnyHa. MaTpuua ctTaHeT CUMMETPUYHON, ecnu
BMECTO MepeMeHHbIX T MCMNOMb30BaTb MEPEMEHHbIE TiT(y .

[ns ncecnefoBaHns CBOWCTB NNOCKMX BOMH B 3W(hEKTUBHOW cpeae Oyaem cumtaTb, UTO
BCE KOMMOHEHTbI Uti,Us, Tw,Tss BOJITHOBOTO NOJA coiepXXaT MHOXUTeNb exp[l&(xp +x- 1],
| =V-1 .BbINOMIHAM MO MepeMeHHbIM X1,Xs, t MpeobpasoBaHne ®Pypbe 1 HOBbIe NEPEMEHHbIE
0603HaumMmMp, g, to. Mocne npeobpasoBaHns Pypbe cucteMaypaBHeHuii (14)—(17) npumet Bug,

Jwi =-Bw, 18
[We =-X Cwy, (18)
roe
\T . p
w = W=(Tw, @ T ,B :dlagfp o« -
1P PN

y 7 - aI'I,O) y V :( .,K ,1) \/2 =(Pr Kr"'r

N3 (18) cnepyeT, uto CBw2= X W2.CnefoBaTenibHO, W24BNAeTCA COOCTBEHHbIM BEKTOPOM
MaTpuLLbl
CB=4A+y[¥Y3 (19)

C COOCTBEHHbIM 3HaUYeHUEM X-1,rae
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A =p 2diag n-0 v = PEb P20t Y- (20)
1P, Pn Y P P, 'P

CornacHo npunoXxeHuto (yTeepxgeHue 1), Bektop NEMOXHO onpesenntb No popmyne

w2=X% Y, bl b 1)
m -9,y 1L-\VpP2,"1
MosToMy cnpaBeA/IBO PaBEHCTBO
B.b2 2 2
Bb2p 2 2b2p _ 22)
P.(1- VP2) ' Pa(1- VP2)
PaBHOCWU/IbHOE ANCMEPCUOHHOMY YpaBHEHUO (6).

M3 cooTHOweHNA (18) cnegyeTt

wl=-Bw2=- PHL Pbn (23)

P.(1-"P2) Pu(l-a P2 p

dopmynsbi (21) 1 (23) onpeaensatoT BCe KOMMOHEHTbI MI0CKOI BOMHbI B N-CNOMNHON Nnepnoau-

4eCKOi cpefie C NPOCKanb3blBaHWEM B HU3KOYaCTOTHOM npegene. Cmbicn nepeMeHHbIX u(!), T
B 3(D(EeKTUBHON cpefe OCTanCA NMPEeXHUM: OHU ABNAKOTCA 3HAYEHUAMMN COOTBETCTBYHLLNX
napameTpoB B 7-M cfioe. Mpun 3aToM apheKTUBHasA cpefa OfHOPOAHA U onucbiBaeTcsa 6osee
CNOXHbIMW YPAaBHEHUAMM, YEM O4HOPOAHaA yripyras cpega. OTMeTUM TakXKe, YTO NMONYYeH-
Hble hopMYy/ibl COBMAAAKT C COOTBETCTBYOLWMUMN popMynamMmmn n3 ctatey [PoraHos, PoraHos,
2016], ecnv n=2 1 BTOPOWA CNON ABNAETCH XULKOCTbIO.

[na panbHelwmnx CCblNOK BbIMULLEM SBHO NapaMeTpbl NI0CKON BOMHbI, YA0BNeTBOPAIOLLEN
COOTHOWeHMno (6):

ny)= Pb = 2 T.=0 T =-1,7=1..n. (24)
Pi(1- V2P2) 1- \pP2

BekTop ¥YMOBa MAOTHOCTM MOTOKA 3HEPrMM, KOTOpas MepeHOCUTCA MAOCKON BONHON B
HM3KOYaCTOTHOM AMana3oHe, onucbiBaeTcs Hopmynoi

n
Pb2 Pbj y

W = - ( BIMA)T -8 n@@ (25)

P1(1- VP2) "o, (1-v2p?) Py,

BekTop rpynnoBoii CKOPOCTW onpegensiercd cooTHoweHunem VN =W/ (pll, +mpK3), rae
w =Ll up).

Mnockne BOMHbI B NEPUOANYECKON Cpefie C HAK/TIOHHbIMU FpaHuL,aMun ¢ NpocKab3blBa-
HMeM. lucnepcMoHHOe ypaBHEHWE B HU3KOYACTOTHOM npejesnie 418 Nepuonyeckon cpesbl
C NPOCKasib3biBAHWEM U FPaHMLaMWN, HAKTOHHbLIMW MO YT/10M (DK TOPU30HTAa/IN, ONMUCHIBAETCA
ypaBHeHneM (6) OTHOCMTeNbHO MegneHHocTel PO, 40, 418 KOTOPbIX

P = P0O008 &+ WD8I/G,

Y= -P 08Ind+ WD008h @)

Y Ka3zaHHOe AMUCMepCUoOHHOe ypaBHeHWe Npu YUKCUPOBAHHOM pOunmMeeT KOpHU A0/ Kax-
AbliA KopeHb Y0 onpefenseT BepTUKaNbHYK MeA/IeHHOCTb BOCXOAALLEN UM HUCXOAALL et
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M/IOCKOW BOJIHbI C TOPU30HTaNbHOW MefNeHHOCTb PO BOHbI MOTYT 6bIThb HEO4HOPOAHBIMMU.

byfem cumTtaTb, YTO HMCXOAALLMM BO/HAM COOTBETCTBYHOT HOMepay, HauymHasa ¢ 1 Boc-
NoNb30BaBLUIUCL COOTHOLWeEHMEM (26), npescTaBuM BeKTOp MefneHHocTu (p0 4 ) B cucTeme
KOOpAMHaT, B KOTOPOA NMPOMEXYTOUHbIE FPaHULLbl TOPU30HTasbHbI, 1 0603Ha4YnM ero (p, 4).

O6o3Hauum f MapaMeTpblj -it N10CKON BOMHbLI YAOBNETBOPAOT COOTHOLUEHUAM
1-VP m
pfjcosd qgjsing Pjfjsin® qjc°sd
uj = = (27)
Tﬁ: == fjcos: - sina g, Ty =(-f j + )sandcos D, x*j =-fj sin. - cos: O (28)

N3 popmynbl (25) u hopmyn (27), (28) cnepyeT, 4To BepTMKanbHas KOMMOHEHTA BEKTOPA
NAOTHOCTU NOTOKA 3HEPTUMNY-I1 BOMHbLI BbIYMUCASETCSA NO popMy e

W, =s, Pjf i:‘}sinqur . Pifnsing gjcose (29)

MonoXnTenbHbIM 3HaYeHUIM WJ.COOTBETCTBYHOT HUCXOAALLME BOMHbI, 2 OTPULLATENbHbIM
— Bocxoasuwme. Mpu pacueTe sHEPreTUUYECKUX KO3 DML MEHTOB NpeNloMIeHNs BCe Napame-

TPpbl NAOCKNX BOSIH HOPMUPYIOTCA fefleHneM Ha yncno kTj

Hun3ko4yacToTHOE paccesiHMe Ha NoNyNpPOCTPaHCTBe, 3aM0/IHEHHOM NEPUOSUYECKON cpe-
[0 ¢ npockanb3biBaHneM. O603Ha4YMM COOTBETCTBEHHO a0y POCKOPOCTM NPOAO/bHOW K
nonepeyHomn BonH, pO— NAOTHOCTb Cpefbl B BEPXHEM MONYNPOCTPaHCTBE.

Mpu M3y4yeHU HU3KOYACTOTHOIO PacCesHUA Ha rpaHunLLe Mexay TBepAbiM NoynpoCcTPaH-
CTBOM U1 MOJIyNPOCTPAHCTBOM, COCTOALLEM U3 MEPUOANYECKN NMOBTOPAIOLLNXCA TBEPAbIX CI0-
€B C NPOCKasib3blBAHNEM, OTAE/IbHO PAacCMaTPUBAKOTCA C/lyyaun pasIMYHbIX HAKNOHOB C/0EeB
nepuoanydeckon cpepbl: =0, p=90° n -90°<h<90°, h"0°.

Kak 6b1710 0TMeveHo, (=0° cCOOTBETCTBYET rOpM30HTaNbHO-CNONCTON cpede. Aucnepcu-
OHHOE YpaBHeHMe A/19 COOTBETCTBYHOLWEN 3PPEeKTUBHON cpelbl UMeeT O4WH KOPeHb, COOT-
BETCTBYIO LM HUCXOAALLEN BOMHE.

Mpwn ©=90° AMCNepCUOHHOE ypaBHeHWEe UMeeT N KOPHEeRN 418 n HUCXOAAW X BOH. B o6onx
cny4asx B HKHeM nonynpocTtpaHcTee T13=0. Mpu ocTanbHbIX 3HAYEHUAX PANCTEPCUOHHOE
ypaBHeHMe nMeeT N+l KOpeHb AN HUCXOAALWUX BONMH Y TIBMOXET UMeTb HEHY/EBbIe 3HAYEHUS.

Byfem npegnonaraTb, YTO Ha FOPU30OHTAIbHYIO TPaHULY pa3fena cBepxy nagaeT npoAo/sib-
Has niockasa BonHa nog yrnom 0. Mpu paccesHUM B BEPXHEM NONYNPOCTPAHCTBE MOPOXKAa-
IOTCA OTPa)KeHHble NPOLO/bHAA U MOMNepeyHas BOJHbI C KO3 PULMeHTaMK OTpaxeHus Rp,
RS. BHMXHEM NONynpoCcTPaHCTBE NOPOX A TCA NPeOMIeHHbIe BO/HbI C KO ULMEeHTaMN
npenomneHunsa T.KonmyecTBo NPesoM/IEHHbIX BO/IH COBMAAAET C KOIMYECTBOM MOJIOXKMUTE b-
HbIX KOpHel Y AMCNepCcUOHHOro ypaBHeHMs (6) npy QUKCUPOBAHHON rOPU30HTANbHON Mej-
neHHocTtn p0=sin0/a0 nycnosuu (26).

OnpegeneHune 3Ha4eHMn Rp,RS, T 0CHOBAHO Ha PeLlEeHNN CUCTEMbI IMHENHbIX YPaBHEHWUI,
3aflaloWw X HeNnpepbIBHOCTb ONpefesieHHbIX PYHKLWUIA OT mapaMeTpOB Ha rpaHuLe pasjena
MeXJYy BEPXHUM W HUXKHUM NONYNPOCTPAHCTBAMU.

B BepxHeM nonynpocTpaHcTBe AN pUKCMpoBaHHOro p0CyLlecTBYeT YeTblipe M0CKMe
BO/IHbI: HUCXOASALLME MPOAO/IbHAA U MOoMepeyHas, a TakXKe BOCX0oAdAL e NPoAo/ibHas 1 no-

nepeyHas. MapameTpbl up,m,@,T@,TQ Teonn s NnopsiAke MX NEpPevyncneHuns, yKasaHHoOM

BbllLe, ABNAKTCA CTONOLAMM MATPULbl COOCTBEHHbIX BEKTOPOB CUCTEMHOW MaTpuULbl BEPX-
Hero nonynpocTtpaHcTea [PoraHos, PoraHos, 2016]:
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aoo Pol'd aoco pdb
. a o -Por 0 -a o POPO
~ —2pmdo, b0 Poo(l- P> @)  2pm@o o PoPo(l- 2P2 6) (30)

_paoc —2Po 0 2PoP& dD -p@o( —2pe 0) 2Po» d'd

A 1 P02 1 P02
F,qe 0o =, I_l; :,
a P
Mpu U3yUYeHUn paccesiHUS BEKTOPbI NapamMeTpoB NPOAO0NbHbLIX U MONepeYHbIX BOMH (CTONG-
bl MaTpULbl (30)) HOPMUPYIOTCS K €AMHUYHOMY NOTOKY NNOTHOCTM 3HEPT N B BEPTUKANbHOM

HanpasfeHNn gefleHneM COOTBEeTCTBEHHO Ha uyucna kp=a0 p0*0 m k8=p0 pOoO .

JHepreTnyeckne KO3IPPULUMEHTbI OTPAXKEHUSA U MPeNoOMSIEHNA YLOBNEeTBOPAOT paBeH-
cTBy Fp +4 Ti2=1, KOTOpOe 03HAayaeT, YTO CyMMa IHEPTUIA yXOaALWMNX OT NHTepdelica
BO/IH paBHa 1,T. e. 3Heprum najarwLeil NpoAonbHON BOJIHbI (40KA3aTeNbCTBO: MPUTOXEHUNE,
yTBepxgaeHue 3).

HuskouyacToTHOe paccesiHue npu =0. Ha ropn3oHTanbHON rpaHuLe mMexay nonaynpo-
cTpaHcTBamu (puc. 2) HernpepbIBHbIMMW ABMIAKOTCA KOMMNOHEHTA N3CKOPOCTU CMELLEHU U KOM-
MOHeHTbl TI3 TBTeH30pa HanpsXeHUin. CocTaBUM CUCTEMY JIMHENHBIX YpaBHeHWIA, BbIGMpas
n3 matpuubl (30) n cooTHOoWweHnA (24) napameTpbl U3 T13 TBNNOCKMX BOMH, YYaCTBYHOLLME B
paccefHuUN:

EB E2 p g X [E2)
Eo B4 0 X2 = E4 (31)

EB E4 -1ywo) \Edy

Mocne HOPMUPOBKM KOPHEN XiNonyunM KO3IPHULMEHTLI OTPAXKEHNUSA U NPENOMIEHUS:

2 A

Purc. 2. HU3KouacTOTHOE paccesiHMe Ha MOYNpPOCTPaHCTBE C FOPU3OHTA/IbHO-C/IOUCTO NEPUOMYECKOI CPepoii:
BO3HMKAIOT [IBE OTPAXKEHHbIE U OfjHA MPEIOM/IEHHAs BOJHA.

(- 2pa P2, - 4p4P2 5.V - 50p,q 1P-:
(1‘2 po P2)2 +4po P250|_|0 +50pp|'1 p‘l

(32)

= 4poPr 1+ (1- 2p-P2 (33)

« - 2pop 2) +4p4p250|_|o +50p,ﬂ|'1p-1
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21560P» 1P-1(1 -2 Pop 2y
(1-2Pop2y2+aB p 250l +5. P> “1P-:

(34)

OTmeTum, uTo popmyna (24) obecneymBaeT Ha rpaHuLe Mexay noaynpocTpaHcTBamMm

HEMpepbIBHOCTb U OMHAKOBbIE 3HAYEHNA KOMMOHEHT U3, T13 & BO BCEX CNOAX HUXHErO
nonynpocTpaHcTBa. Pa3noxue B psag nop npasyto YacTb paBeHCTBaA (32), nonyymm npubamn-
XEeHHOe BblpaXKeHue ANng Ko3huuneHTa oTpaXeHa NpoLo/bHON BOSHbI:

_Pal- Poa o +Po (Pca: -2P:y +Pa: (8Ps-ao)+8P.a:Ps) | 2

RP 2 sin. 0, (35)

Pa. + P a.a:(Pa: +P.as)

nosponswwee oueHNTb AVO-3ahtheKT Ana NPOLONbHOM OTPaXeHHON BO/HbLI. B yacTHOCTM,
npv 04MHAaKOBbIX CKOPOCTAX U MIOTHOCTAX B 060MX nosiynpocTpaHcTeax opmyna (35) 3Ha-
YUTENIbHO YNPOLLAETCA:

. =2 1+ BLPO sin20. (36)
doYYa 0J

Hwusko4vacToTHOe paccedaHue npu ¢p=90°. Mpun $h=90° KOHTAKT C BEPXHMUM MONYNPOCTPaH-
CTBOM NPOUCXOAMNT Y BCEX CNOEB HMXKHEro nonynpoctpaHcTea (puc. 3). A ekTuBHan cpefa
HVWKHEro nonynpoctpaHcTea npu h=90°, Takxxe Kak npu ¢G=0°, nMeeT CBONCTBO XNAKOCTH,
MOCKONbKY =0 pna Bcex cnoes 1u MJOCKMX BOMHY. Ha rpaHuue mMexay nosaynpocrpaH-
CTBaMU B KaXX[JOM C/0€ HeMpepbiBHbI CKOPOCTU CMELLEHWNI U (NyPaBHEHWUIA) N yCpeLHEHHbIEe
no croam HanpsxeHunda 113 713 (48a ypaBHeHus). B gaHHom cnydae p=qg0 Y=-p. (cm. (26)) u
thopmynbl (27), (28) npu p=90° onpefensaoT napaMmeTpbly-il NPenoMIeHHON BOMHbI B 1-M croe:

o000 by i =g 4 . b 37
'1j P ‘:9 P, LK) 33j -fj,rae f 1- W@ ( )
fa Ry ",
0.
BEMEREAR DB NER
I I 1 !
L HINNG
| | i N ]
| | | \ {
I | i } t
I | | '1'||. A EERRS i
] 1 ] 4 L

Purc. 3. HU3KouaCTOTHOE paccesHWe Ha NoynpoCTPaHCTBE C BEPTUKAbHO-CIONCTON Nepuoguyeckoii cpepoii:
BO3HWKAIOT [IBE OTPaXKEHHbIE U M NPEIOMIEHHbIX BOJH.

Ecnn 0603HaunTh XK K=1,..., N+2, aMNAUTY bl BOJIH, Y4acTBYHOLWNX B pacCesHunmn, 10 ycno-
BMSA HEMNPepbIBHOCTM Ha UHTepdeiice CBeAYTCA K NMHENHOW cucteme (N+2)-X ypaBHEHUR ¢
(N+2)-MA HEU3BECTHLIMU:
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'EZ3 EZ dAenpl - An/inpl
(x' (Ex”

E3 E2A HA./npn = SOfmPn y3 —E2 (38)
VXH2)  \EA4)

EBS E4 - e.-  -Ye,ln
v 2t 210

KoauumeHTbl oTpaKeHns g ,A8u npenomneHuns T, y=1,..,,n, ONPeLeNsatoTCA IHepreTun-
4eCcKOl HOPMUPOBKOWN 3HaYeHUM xk k=1,., N+2:

Ap—X, A — XKpkp T, s .2 KT Kp , 7—1,688).

HwuskouvacToTHOe paccesHue npu -90°<h<0° nnm 0°<p<90°. Mpu "0 n p"90° (puc. 4)
ANCNEePCUOHHOE YpaBHEHME UMeeT 2Mn+2 KOPHA OTHOCUTENbHO A0npu ukcnuposaHHoM pO
N3 31X KOpHei N+l KOpeHb MOMOXMUTENIEH U COOTBETCTBYET HUCXOAAL UM MPENOMAEHHbIM
BOJIHAM, y4YacTBYIOLLMM B paccesHun. Ha rpaHuLe mexay nonynpocTpaHCTBaMN HenpepblB-
Hbl BO BCEX C/I0IX BEPTUKA/bHbIE Y TOPU3OHTAIbHbIE KOMMOHEHTbI CKOPOCTEN CMELLEHUI 1
yCpeAHEeHHbIe M0 CNoAM HOPMasibHbIE N KacaTeflbHble HanpsXXeHuns. HenpepbiBHOCTb BEPTU-
KaNnbHbIX M TOPU30HTa/IbHbIX KOMMOHEHT CKOPOCTEN CMeLLeHWiA B cnoax obecneynBaeTcs cu-
CTEMOW 2n INHERHbIX ypaBHEHWN. O4HAKO B 3TON CUCTEME HE3aBUCUMbIMU SBIAKOTCA TONIbKO
(n+1) ypaBHeHWiA. OcTanbHble (N-1) ypaBHEHU BbINONHAKTCA aBTOMATUYECKMN, MOCKObKY
3HaveHns n{lHe 3aBUCAT OT C/I0EB (CM. (24) n NpunoxeHune, yteepxaeHue 3). MoaTomy B cu-
cTeMe ypaBHEHU ByfeM UCNnob30BaTh NypaBHeHWA HENPepbIBHOCTY M OfIHO ypaBHeHue
HenpepbiBHOCTU uU{l). K 3TumM ypaBHeHMAM fob6aBuM elle [Ba YPaBHEHMWA HEMPEPbIBHOCTYU
YCPELHEHHbIX MO CNOAM HanpsHXXeHUn T13 TR

Puc. 4. HN3KouacTOTHOE paccesiHe Ha NONyNPOCTPaHCTBE, 3aM0/IHEHHOM MEPUOAUYECKON Cpefjoil C HaKIOHHbIMY
rpaHWLaMn: BO3HUKAKT ABe OTPaXeHHble U (M+1)-a NpenoMieHHas BOJHa.

AnemeHTbl MaTpuubl (30) onpeaensatoT CKOPOCTU CMELLEHUI N HANPAXEHWS NIOCKUX BOMH
B BEPXHEM MOJyNpOCTPaHCTBE, a hopmynbl (27), (28) onpenendaioT napamMmeTpbl ]-i Npesom-
NEHHOW BOJIHbI B M c/fioe. B pe3ynbTaTe nonyyaem NUMHeRHY0 cuctemy (nN+3)-X ypaBHeHW
¢ (N+3)-mMa HEN3BECTHbLIMU:
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(eB Ei s fha

1 E N
EA E, W ) ( x (En
x2 EA
EB E2 - IQP,(H) a ea (40)
E E 81 i ;
ill..n I i!l..n er'2 Ea_
E E | &M | SiX@n N8l \E4j

KoapuuyneHTbl oTpaxeHusa Ap, A u npenomnenua T,] =1,..., ii+l, onpefensatorca aHep-
reTMYecKo HOPMUPOBKON 3HayYeHuUl x,]'=1,., n+3, no hopmynam (39).

3ameyaHue. BpaccmatpruBaemoin Teopuy Npeanonaranoch, YTo BCE C/I0M HUXHETO Mony-
MPOCTPaHCTBa COCTOAT 13 TBEPAOTrO BELLECTBA, T. €. CKOPOCTH a(, Pinpn BCcexi=1,., N OTNINYHBI
OT HynA. [py 3TOM CYMTAETCA, YTO C/IOM MPOCKANb3bIBAKOT HA MPOMEXYTOUHbIX rpaHuLax. dta
Teopus gonyckaet 0606LLeHMEe Ha CyYal HATMYUSA XXUAKUX CNOEB B NEPUOANYECKOW NaykKe.

Bo-nepBsbiX, 3aMeTUM, 4TO UCNONb3YsA hopmMybl (7), (8), npu 10—0 BCe XUAKNE CION MOXHO
00beiMHNUTb B O4UH XUAKWIA CNOW C aHU30TPONHOW NNOTHOCTLIO. Byaem npegnonaratb, 4To
TaKUM C/I0eM ABNAETCH C/I0M N, a OCTaNbHbIe C/ION COCTOAT U3 TBEPAOr0 BeLlecTsa.

Bo-BTOpbIX, €CNKW M-Il CNOW ABNSETCA XUAKUM, TO Pr=0, y,,= 2Pmyl~8M,/al1=0, 1- Vp2=1,
bni=1- 2pn/an=1.[lucnepcuoHHOe ypaBHeHune (6) Nnpy HaIN4YNN OAHOTO XXNAKOTO CN0A UMeeT
Ha [1Ba KOPHA MeHbLUe, YeM KOrja Bce C/10M TBepAble. YMCI0 NpenomMneHHbIX BOSIH B 3TOM
cnyyae ymeHbWwWnTCA Ha 1 Fpn 3TOM BCe KOMMOHEHTbl CKOPOCTEN CMELLEHUIn Ha rpaHuLe
MeXJy BEPXHUM W HUXHWUM MONYNPOCTPAHCTBAMMU MOTYT 6biTb Pa3pblBHbIMU. ITOT (haKT
3HAUYUTENbHO YC/IOXXHAET KpaeBble YCN0BUA HA UHTep(elce C HAK/IOHHbIM XXUAKOTBEPAbIM

NONynpoCTPaHCTBOM. M3yyasd n3MeHeHe KOMMNOHEHT U\ , s CKOPOCTElN CMeLLeHnin npu
Pr—0, MOXHO y6eanTbcsa (CM. NPUNOXKEHUE, YTBEPXKAEHME 2) B TOM, UTO Ha MHTepdeiice

OCTaTCA HEMpPepbIBHbIMKU NapaMeTpbl w 'cos@+Hy sin,i=1,..,n-1n ~ 8z ax >0

I=1,..,n o
B pe3ynbTaTe n3 cuctembl ypaBHeHUi (40) nonyyaem MHEHY0 cuctemy (M+2)-XypaBHEHU
¢ (N+2)-mMa HEN3BECTHbLIMU

Eiscosh+ Ei.cosp+ UmCOSP+ WUtincos h+ J1
+Exsing  +Ea.sin  +«4sing +Us hsing (Edcost+n
(x > +EZsing
Eiacos+ Eiscostp+ Uny COSH+ U m) cos th+
+Essing  +Ez sing i 3n D si Ellcosp+
23 24 FUsn +
Usn:1) SIN QY udnJsing +E2sing
E2s E2 ii]_l“nSU 39 II: .n8lu3)'] . E2
Es Es Il 8iTﬂ§1 II_ n8iT©n V2] E3d
A V E4
Ess E 4 _I 8IT§§ 1 I 8|>@n !
Ei.n i=1.N J

KoathhmuymneHTol oTpaXkeHus Ap, 9s U NnpeioMmneHna 7./ =1,..., N, ONpefeNiaoTCa 3HepreTun-
4YeCKON HOPMUPOBKOW 3HauYeHUn x ,/=1,..., n+2, no popmynam (39).

UncneHHble npumepbl. MNpoAeMOHCTpUpyeM Teopuio pacyeTa Ko3agppuLuMeHTOB oTpa-
XEeHNA 1 NPefioMIeHNs NIOCKMUX BOMH C YacToTol 10"-0 Ha Nnpumepax, B KOTOPbIX BEpPXHee
MoJyNnpPOCTPAHCTBO ABNAETCA U30TPOMHLIM U OAHOPOLHBIM, @ HUXHEE ABNAETCA OUHAPHOM
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NepuognYecKoir cpefoin ¢ NpocKanb3biBaHMEM MeXAY CNoAMU UAKM 6UHAPHON nepuognye-
CKOW XUAKOTBEPLON Cpefoi.

CumBonom XX T 0603HaYMM NMepUoMNYeCKY0 GMHAPHY0 XXUAKOTBEPAYHO Cpeay c napame-
Tpamu a 3500 m/c, PE1750 m/c, pE2500 kr/m3 a2=1500 m/c, B2=0 m/c, p2==1000 kr/m3

CumBonom TT 0603HaYMM MepuogmMyveckyto 6UHapHy TBEPAYIO CpeAy C NpoCKanb3biBa-
HUEM MEXAY CNosiMuK, onucbiBaemyto napametpamu a £=3500 m/c, 81750 m/c, pE2500 Kr/m3
a2=1500 m/c, B2=700 m/c, p2==1000 kr/m3

KoahduuneHTbl paccesHna Hallgem ans yeTbipex 3HayveHunii e2 0,001; 0,01; 0,1; 0,5 n Tpex
3HAYeHW YrnoB HaK/0Ha CnoeB K ropusoHTanm dx 0°, 80°, 90°.

Ha puc. 5 nokasaHbl KpuBble MeAeHHOCTY 418 YKa3aHHbIX cpeg npu e2=0,01 n w”™-0. Uc-
nofib3ys 3TN Cpefbl KaK 3an0NHUTENb HUXKHETO MOMYNPOCTPaHCTBA M CPefy C napameTpamu
al=al, PC=PL, pO=elpHeQ2Kak 3an0NHNUTEIb BEPXHET0 NONYNPOCTPAHCTBA, Hal4eM KO3 g u-
LWeHTbl pacceaHna Jip, T npu nafieHWy CBepXy Ha rpaHuLy MexXxay noaynpoctpaHcTeamu
NPOLONLHOM BOJIHbI € YacToToM 10™-0 nog yrnamm -80°<0<80° k BepTuKanu. Ons aTUX Yrnos

ropusoHTanbHas MegneHHocTbp19/a0un ee 3HaUeHUe HAXo4UTCA B MHTepBane (-a-1,a-1).
Konn4yecTtBo NpefioOMNeHHbIX BO/H 3aBUCUT OT paCCMaTpuBaemMoro cnydyas, a uHgekcol ] >1
BblI6GMpaloTCa Tak, 4ToObl MOC/MeA0BaTeNIbHOCTb BEPTUKANbHbIX MeA/IEHHOCTEN # COOTBET-
CTBOBana HUCXOASLW MM BO/THAM U Gblfa BO3pacTatoLLe.

13 puc. 5BKaAHO, 4TO Npu hukcuposaHHoM pOans cpedbl XK T npn (=0° cyuiecTBYeT 0fHa
npefomnaeHHas BonHa, ans cpegbl XKT ¢ p"0° n cpegbl TT ¢ p=90° cyLLeCTBYIOT ABE NPesoM-
NIeHHble BOMHbI, a and cpefbl TT ¢ p"0° 1 ~90°— Tpu NpesioMNeHHble BOJIHbI.

P o h
T ; »u 2 AT x
P - u'.- ] [ - w:- 1“ | g= mn
= 0,31 1 ) By = 4.01 ,‘ | E, = [N 1] i
_| l‘. Tt~ “-"J I 'a,
.',_.'._--_.— — A TTTh —_——— — _-;;_—:-:r.“:_'.“:_-_.p' . (1) . Pa
S ST DA e | 2T |"--»| Qs L z @ a__wyl 3 2
| -3 N o \ J
-1 } 1
. | !
' [
2 (% .
& 2 A
2'gg b 2] g, 2 q
= RO® n
UELE ) N e £, = 0,01
LoRO1| L1 T T J UL
oo l,__ . I- -\—-\—_"‘-%._J I 1 ‘_—-\-_""‘-—\_ ‘,'I ' ‘\_

RS O Y — iy T~ T __ P
- A U g e N/ 1 2 -2 N N 2
1 | ! _—— H_'/j—_"‘-ﬂ.____h_ |._ _Jl

l'l ' l'l ﬂ--\—-""‘-—\.____ |‘l '
. |
-2 ' ) _2 -2
fi » -

Puc. 5. Kpusble MefifieHHOCTU Npu 100 BUHapHbIX Nnepuoguyecknx cpefd XX T n TT cyrnamu HakioHa cnoes p=0°,
$=80°, ($h=90° K ropusoHTanu un e2=0,01.
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Ha puc. 6—8 npegctaBneHbl 3asucumoctu Jip(0), /1X0), T(0) 4ns pa3HbIX 3aN0ONHEHUI HUX -
Hero noslynpocTpaHCTBa, NepeyncrieHHbIX Bbiwe. CpaBHMBasA rpauKu, pacrnosioXXeHHble
B OLHOM cTON6Le, NPUXOLAUM K BbIBOAY, YTO U3MEHEHWE CKOPOCTM NOMNEPEeYHOW BONHbI B2B
YeTHbIX CNOAX MepuoANYEeCcKOn cpefbl MOYTU HE BAUAET HA KOSPMULUNEHTbI OTPaXKEHUS ©
npenomaeHuns.

, fp 0,8 -
0.4 — Ry
) . . T 3
T I r - *
KE N I S N — N
p=9° \{ 'D,1| /f fy s ‘ /(4"‘?: _" _'lx ¥
! A : %2 \ ﬁ/f J \u - \
O ". . o - AT o
e T i e e e T e e’ e 3R
! <A 1 : ;: ' N 'II : '
. - 1 . \;I 'I
: G AT Lo " o2 I‘ wr fo-02
- : = 00° . |
\. H ' 1
ad ocl 04
'] »y A
0-' K - o2 R -
.Rp r (#p "
. 4.4 o \‘ : ./"

N 3 ) -~ A ' < -
ap . Ao 0 an o 807 A7 o B Ceuabr Qw0 3.0 4 A
AN ! - A p H
T = e 'I!|. ~ " 5 i )
3 i 1
0w= ] -EII \ I'-: I 03 '.1 . T .n'z‘ II
= "I ! ] i v 1!
o 04! 04!
n r n

Puc. 6. Koapuunentsl oTpaxkeHus Ap(0): 1 e2=0,5; 2—e2=0,1; 3  e2=0,01; 4  e2=0,001.

KoahdurunenTol oTpaxxkeHns /ip(0) n npenomnenns TY0) ABNAKOTCA MOYTU YETHBIMU PYHK-
LMAMU Npu NHOOBbLIX Yrnax HaknoHa CM0eB HUXXHEro noaynpocTpaHcTsa, npuyem Jip(0)=0 n
T10) =1 npun 0=-¢p 1 0=90°-.

®dyHKums N150) asnseTca HeveTHOW npu ¢=0 n p=90°.

BTopas npefiomneHHas Bo/Ha CyLW,ecTBYeT To/IbKO npu 0. Ecnu e2* 0 n p"90°, To TA0)=0
npu 0=-p n 0=90°-¢ (puc. 9). Ecnm €20 n p=90°, To TA0)=0 npun nto60M 3Ha4eHnn 0.

TpeTba NpefioMIeHHas BOJIHA CYLLECTBYeT TONbKO A4nd cpedbl TT npu (0 1 p"90°, npnyem
T30)=0 npun e2* 0 (puc. 10).

BbiBoAbl. B cTaTbe pazpaboTaHa HU3KOYACTOTHAA aPPeKTUBHAA MOAENb ANA Cpefbl C ne-
PUOANYECKN NMOBTOPAKLLUMNUCA HAKTOHHBIMU XULKUMW U TBEPALIMU CMOAMU C NPOCKasb-
3blBaHMeM. [MoKa3aHo, 4To AN NEPUOANYECKON N-CIONHOW cpefbl C TBEPALIMU HAK/IOHHbIMU
CNI0SAMW C NPOCKa/b3blBAHUEM CYLLECTBYHOT U+1 NIOCKUX BOMH C (PUKCUPOBAHHOW FOPU30H-
Ta/bHON MeA/IEeHHOCTbIO, KOTOPbIE PacCnpOCTPAHATCA BHU3.
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Puc. 7.

0. B. POTAHOB, B. 1O. POTAHOB

;ﬁ 2 6™

-0.6i

40 B0 p

KoapduumeHTol oTpaxkeHns ,KX9). YcnoBHble 0603HaY€HUSA CM. Ha puc. 6.
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Puc. 9. KoathpuumeHTbl npenomieHuns 749). YcnosHble 0603Ha4YeHUs CM. Ha puc. 6.

~ .
., g4{T
B 2 ]
IR
-,;-‘\‘
TN
, I “’1\:‘ ﬁ'.z
. ﬁ:".
8-
- ) 4 Qh
- \ ]
- 40 0, %‘\‘ "0 30
.""'X\
1.1. ‘0‘2" \Q\ N
¢ = 8¢ \
-0,4- N

Puc. 10. KoapduumneHTsl npenomnenus 73(9). Y cnoBHble 0603Ha4eHMA CM. Ha puc. 6.

OnpefieneHbl KpaeBble YCNOBUSA NMPU HU3KOUYACTOTHOM PacCeSHUM Ha FpaHuLLe Mexay TBep-
AbIM NONYNPOCTPAHCTBOM ¥ MOYNPOCTPAHCTBOM, 3an0/IHEHHbIM 3P EKTUBHON Cpeaoit. ITu
YCNOBMWSA 3aBUCAT OT Yrna Hak/ioHa C/I0eB NepUOANYECKOI Cpefbl 1 UX 3aNONHEHNS.
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Ha ocHOBaHUM KpaeBblX YCN0BUI BblBeleHbl IMHEVHbIE CUCTEMbI YPAaBHEHWU 418 KO3 -
(DULMEHTOB OTPAXEHUS N NpenomaeHuns. MonyyeHbl ABHbIE (OPMYJibl KOPHEWR 3TON CUCTEMDbI
ypaBHEHUI Ana cnyyasn, Korga cfion ropu3oHTabHbI.

MpakTnyeckoe npuMeHeHune pa3paboTaHHOW TEOPUUN COCTOUT B BOSMOXHOCTU UCMO/b-
30BaHWA NOMYYEHHbIX POPMYN A4NA pacyeta aMnuTy  OTPaXKEHHbIX U MPeOMNEHHbIX BOH
OT 30H TPELLMHOBATOCTN U NOBbILEHNA TOYHOCTUN UHBEPCUMN CENCMUYECKUX faHHbIX B (hU-
3MYecKue napameTpbl TPELLMHOBATOW Cpelbl.

Teopunsa NPoOAEMOHCTPMPOBAHA Ha Pa3/IMYHbIX NMPUMepax pacyeta KOIP@MLUMEHTOB OT-
paXKeHunsa v nNpenomaeHuns.

ABTOpbI Bblpa>KalT 61arofapHocTb KaHANAATY TexHu4ecknx Hayk H. 4. Mapmanesckomy
3a Nosie3Hble COBEThI 1 3aMeyaHns B NpoLecce HanucaHnsa cTaTbiu.

MpunnoxeHwne

YTBep>kaenue 1. Myctb A = m,y =(,...xn), y2=(y,...,yn) ,npuyem r *r, ons
BCex 7*7 ,r,Xx,y, >0.
Torpa cobCcTBeHHOE 3HauveHMe tmaTpuubl A =9 +y[y2 YL0BNEeTBOPAET YPaBHEHUIO
Y Xmh
i-r i-T

a COOTBETCTBYHLWMIA COBCTBEHHbIN BEKTOP OnpeaenseTca no gopmyne

-1 =0, (42)

X X !
W = 1

= . (43)
M-T - Thy

JokaszaTenbcTBO. JONYyCTUM, 4YTO tya0BNETBOPSAET COOTHOLWEHMWIO (42), KOTOpPOe Npef-
CTaBUM B BUAE y~ = 1 N BbIMNOSHUM anrebpanyeckne npeobpasoBaHus:

Aw = +yty2\y=Rw+yltyAWw=Rw+yt=uw . (44)

CooTHoweHne (44) o3HavaeT, YTO W — COOCTBEHHbIN BEKTOP C COOCTBEHHbIM 3HAYEHU-
em N HeTpyaHO nokasaTb M 06paTHOE, eC/in BEPHO COOTHOLLEHME (44), TO HOPMUPOBAHHbIT
ycnosmeM y2Nel BeKTOp  yAoBNeTBopseT hopmyne (43).

JoKakem Takxe, 4To

det(A)=rl.r 1 *¥ X (45)
ny

[na atoro paccmoTpum TpeyrosibHble maTpuubl P n O, HeEHYNeBble 3/1IEMEHTbI KOTOPbIX
X, Xrn

onpepneneHbl cooTHoweHuamn P =0.=1, P.=- , Oh= , rge -1,...,n n =1,...,n-1.

7 Xn
Bbluvcnenns nokasbiBalT, 4To matpuua B-PAO sABnfeTcs TPeyrosbHOMW C HeHY/NeBbl-

N X y X y N
MW anemeHTamu b,=r, bn=-xy, bT=m 1+ 11 +...+ A'A ,7=1,...,n-1. CnegoBaTensxHoO,
ny
( Xnyn\
det(A)=det(b) =r .. 1-
ny

N3 kputepnus CunbBecTpa U COOTHOLWEHMA (45) cnepyeT, 4To maTpuua A aBnsetcs no-
NOXWUTENbHO OnNpeAeneHHo, ecnm rx.y.>0 npu 7=1,...,N, 1 HEOTPULLATENIbHO ONpPeLEeNeHHON
npu r,x,yreo.
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YTBep>KieHue 2. Ans N-CNOWHOW NepUOLNYECKON cpefbl C MPOCKanb3blBaHMEM, Yriamu
HaknoHa cnoes ("0, (90°M 3HaYeHMAMN CKOPOCTEN nonepeyHblX BoiH p>0, r=1,...,n, cnpa-
Be4/1Bbl COOTHOLLEHUA

Hm @ {Leosd+u L #sind) =0, ‘=1 n-1 (46)
HmM(8u FH+... + Su am) =0, (47)
Hm (8iT @+i+... + 8m(nH) = 0, (48)
Rim (8IT3n+i+...+8,T3M) =0, (49)

&im {Wani ™ 0080p" Pn
o qn+i 8nPtg )
Ry =0 =

JokasaTenbcTBO. [incnepcnoHHOe ypaBHeHwue (6) Npy BbIMOSIHEHUN COOTHOLLEHNSA
(26) 1 ycnoBuin yTBepXAeHUsA 2 uMmeeT « +1 KopeHb 0,1 =1,...,n+1. Ecan P 0, T0 b0, YM 0
N KOPHU 4] =1,...,n 3TOT0 YPaBHEHMNA CTPEMATCA K KOPHAM ypaBHeHua (6) npu B0, » IF1, a

(50)

4 OHL " fa
MOCKONbKY» G=oo0lk1, 3 COOTHOWEHNA (26) cnefyeT, UTor M, M ® u
E'ng{p n+i/q n+i) :tgq) (52)
N3 (27) cnepyeT (46), nockonbKy lim (M gy+ie0SM+ U sxn+iSing) = lim _B.Poei =0
Bn Pn+in B‘Qll _ V&) o

Moactasum B paBeHCTBO (6), M, A pasgennm ero Ha 4,1, C yuyetom (52) nonyuum

Hm (i - v2Pn2+i) 8nptg q) (53)
CneposatensHo, 11 /1wl O npu i=i,...,n-i n
M iy = =Py (54)
A 8nPtg @

CooTHoweHue (47) HenocpeaCTBEHHO crefyeT U3 cooTHoweHwui (27), (52), (54) n npegenos

&i/r\n SiPfinHsin® , , 8P, ifn-i nHsin @ - i/r\n {8 nHr nnHsin @, grvi €0S b -0,
’ Pi Pn °l Pn P
AHanorn4yHo gokasbiBatotcsa paBeHcTsa (48)—(50) c ncnonb3oBaHWEM COOTHOLEHN (27),

(28), (29), (53) c npepenbHbIM Nepexofom npu P~ 0. PaBeHcTBa (48), (49) cnpaBeAiMBbI TONLKO

nocsie HOPMUPOBKK NIEBbIX YacTel feneHnem Ha Krn+ =~PK i . 419 OUEeHKN ~ 31 BOCNO/b-
3yemcs paBeHcTtBamm (29), (52), (54) n nonyunm cooTHoweHune (50).

HakoHel, paccMoTpuM nosefeHune KopHa xridcuctemsl (40) npn P 0. 3HayeHune 3TOro
KOPHSA MOXHO HailTu no npaBuny Kpamepa Kak OTHOWweHne onpeaennutenein Xma Jn3//1
HeTpyaHo BuAeTh, 4To onpegennuTens JIn3 He 3aBUCUT OT B a onpejennTesib CUcTeMbl A~artl
CnepoBaTenbHO, Xn+s ~ 1/pn+1 . CornacHo (50), HOPMUPOBOYUHBLIA KOIPMHULUNEHT Krn+ - Y]anl.

Taknm 06pasom, Tnl=Krnuk Xn3~14/an1 v BoinonHsaeTcA paBeHcTBO (50), nocKonbKy g aa.
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YTBep>kaeHue 3. Npy HU3KOYACTOTHOM pacCesHM Ha NONYNPOCTPaHCTBE, 3aN0/IHEHHOM
N-CMIOMHON NepUOLNYECKON cpefoil C TBEPALIMU CNOAMU C NPOCKaNb3blBaHWEM, CpaBesnBo
paBeHCTBO

rP+r 1+7r2 =1. (55)

JokaszaTenbCcTBO. [loKaXeM yTBepXAeHune 3 B NpeanonoXeHun, 4to ¢p+0, p+90°m
P>0. BaTom cnyyae cnpaBeAnnBa cuctema ypaBHeHui (40) M B HUXKHEM NMONYNpPOCTPaHCTBE
pacnpocTpaHAloTCca N+l npenomseHHbIX BONH. OCTanbHbIe C/lyYyan BbIBOAATCA NepexosoM K
npegesibHbIM 3HaYeHNAM MapameTpoB.

NunHelinasa cuctema ypaBHeHui (40) BKNOYaeT U+3 ypaBHEHUS ANs U+3 HEU3BECTHbLIX X
Xs, X1i,7=1,...,n+1.

N3 cuctembl ypaBHeHui (40) 2°(n+1) gns i=1,...,n

n+l

EzsX +E2% +Z Usj Xj =Eax (56)
=1
nh nh
cnepyeTt, Uto Z U3 Xrj He 3aBUCUT OT ¢/10A i. Tak Kak Us] yaoBnetsopsaet (27), 70 Z p fp -.Xr;
TaKKe He 3aBUEMT 0T i. Mockonbky Ui =p;jup: cosh- g p’ sing,To cnpasefnusbi nypasHe-
HUIA i=1,...,n:
nh
Eisxe +Euxs +Z U 1j Xrj :E]l, (57)
I
MOCKOJ/IbKY BbINOMHATCA COOTHOLWeHMA (56) u (57) npu i=1, Bxoadwme B cuctemy (40). Bknto-
YyeHue BCex 2n ypaBHeHUR (56) n (57) NpUBOAUT K 9KBMBANEHTHOM, HO NepeonpeaefieHHON
CUCTEME YPaBHEHWIA.

Onpeaennm 3HadyeHnMs XB,Xs U3 2n COOTHOLWEHMA i=1,...,n:

nh

EsaXp +E34Xs + )Sij XTj :)<13 y (58)

j—T

nh
Eusxe +EMKs + Z Tosj X1 = X . (59)

j—

MocKonbKy cucteMa ypaBHeHuid (40) BKIOYAET ypaBHEHUS

n ook
EssXe +EauXs + L B . X1 =Ea, (60)

n ok
EuXe +EMXs + E I B TesjX1j =¢ w, (61)

TO CnpaBef/IMBbl PaBeHCTBA

Z_ S<X(° =Ealn Z SXas =Ea41. (62)

NTaKk, cuctemy ypaBHeHUld (40) MOXHO 3aMeHWUTb Ha 3KBUBANEHTHYK el CcUcTemy
4n-ypaBHeHui (56)—(59) npu BbINONHEHUMN COOTHOLWEHWUI (62). CucTeMy ypaBHeHU (56)—
(59) npencTaBMM B BEKTOPHOM BUfE:

nh
Z XTjFTj :E1 - Xp E3 - Xs EA f (63)
i=

rae
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E=cepeEmoy@wepyeNT E,. (E () E @ o F (g o;F (T
Ea=(E () E B) s(E () s;E GNT Foo Ve P e ix @i, s ix )T (64)

SIBNAKTCSA BEKTOPaMM pa3MepPHOCTM 4M C UCnosib3oBaHMeM 0603HaveHnin  =(-1 a™ " un

ER- En.

BbINOMHAA NepecTaHOBKM KOMMOHEHT, BBEEM AyaNbHble BEKTOP-CTPOKK MO hopMynam

E1=(8XB 8XB ENE A'E 3=(BERELE 1F A
Ea=(B Egf) , %@ E@@ EC, B, H@TETO «0 « (65
N3 onpeaeneHnss HOPMUPOBOUHBLIX KOIPMULNEHTOB « 0, «p,«x, Ky CNegyeT

EjEj=2kQ, E,E, =-2k, , iisEs =-2ks, FUFY =2k:.,j - 1 n+1. (66)

Bocnonb3oBaswuck hopmynoit (30), HeTpyAHO nokasaTb, 4To TITEN=0 npu w”n. [Joka-

XeM, uTo EMETN=0 npu T"n. JeicTBUTENbHO, N3 ONPeAeNeHNS KOMMOHEHT 3TUX BEKTOPOB
N cooTHOWeHN (27), (28) cneayeT

n
Frfn-Y 8 (Xt it X dbryt i+ Xzt + Xatin

| 8tfmfn, {Pm + Pn)sin ¢ , {gm+qgn)cos (67)

P P

Bbiuutas gpopmynsl (26) gananap (pTUr) v (png,, ), nonyvyaem paBeHCTBo tgp= m - .Cre-
2)5 gm—gn
cos -0. MocnefHee paBeHCTBO HYNIO

mjimf thp m pi) pm -gq»)

gosatenbHo, EREM= | g
[0Ka3blBaeTCA BblYMTAHNEM COOTHOLWeHUI (22), cnpaBeusbix Ans nap (pT,4T7) 1 (pn,an) .
HakoHel|, npeo6pasyem paBeHCTBO (63) Kk Bugy » XTEA =E1- XxpE3- xxli4 1 nepeMHOXUM

2

nx. N3 B3aMMHOW OPTOroHasIbHOCTU Y HOPMUPOBKMW BEKTOPOB, LJOKA3aHHOW Bblile, crefyeT
COOTHOLEHME (55).
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Low-frequency scattering on a half-space filled
with periodic fluid-solid medium with dipped layers
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Alow-frequency effective model hasbeen developed fora medium with periodical liquid and solid
layers with the slip between layers. It is shown that for an effective periodically n-layered medium
with solid dipped layers with slip there exist n+1 plane waves with a fixed horizontal slowness that
propagate downward. The boundary conditions are determined for low-frequency scattering at
the boundary between a solid half-space and a half-space filled with an effective medium. These
conditions depend on the dip angle of the layers and their filling. Based on the boundary conditions,
linear systems of equations for the reflection and refraction coefficients are derived. Low-frequency
scattering on a half-space with dipped solid layers with the slip is described by a system of n+3
equationswith n+3unknowns. In the presence of liquid layer, the number of equations and unknowns
is equal to n+2. If the lower half-space consists of horizontal layers, the number of equations and
unknowns is equal to 3. Explicit formulas for the roots of this system of equations are obtained for
the case when the layers are horizontal. The theory is demonstrated on various examples of calcu-
lating the reflection and refraction coefficients.

Key words:periodical solid-fluid medium, dispersion equation, scattering, reflection and refrac-
tion coefficients.
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Tethyan evolution and continental collision in SW Caucasus
(Georgia and adjacent areas)
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Georgia, the westernmost part of the
southern Caucasus located at the junction
of European and Asiatic branches of the Al-
pine-Himalayan orogenic belt represents an
areawhere the Tethys Oceanwas completely
closed only in the late Cenozoic as a result of
prolonged convergence between the Eurasian
and Africa-Arabian plates.

During the Neoproterozoic—early Ceno-
zoic, the territory of Georgia and the adja-
cent area of the Black Sea-Caspian Sea region
were parts of the Tethys Ocean and its north-
ern and southern margins. The Prototethys-
Paleotethys-Tethys was not a single continu-
ous oceanic plate, but rather developed in
branches separating continental terranes of
different sizes, which rifted and drifted away
from the Gondwana margin and eventually
collided with Laurasia. Prior to the final col-
lision in the late Cenozoic, the region hosted
systems of island arc, intra-arc, and back-arc
basins located between the East European
(Baltica) continent and Gondwana. Integra-
tive geological and paleogeographical stud-
ies show a collage of several tectonic units
(terranes) in Georgia and adjoining areas
that have distinctive geological histories with
Tethyan, Eurasian, or Gondwanian affinities.
These include the Scythian platform, the Cav-
casioni (Great Caucasus), the Transcaucasus-
Pontides, and the Lesser Cavcasioni (Cauca-
sus)—Alborz—West Iran regions. Their posi-
tion between the Africa-Arabian and Eurasi-
atic continents provides a reason for grouping
them into the Northern Tethyan (Eurasian)
and Southern Tethyan (Gondwanian) do-
mains. The Scythian platform, Caucasioni,

78

and Transcaucasus-Pontian belts are of North
Tethyan origin while Anatolia, Taurus, Iran,
and the southern Lesser Caucasus belong to
the South Tethys.

The Arabia-Nubian Shield, at the end of
the Proterozoic, experienced basement con-
solidation related to the final stages of the
Pan-African cycle of tectogenesis. In contrast
to the southern Lesser Caucasus (Daralagdz),
the Transcaucasus did not undergo this pro-
cess because it broke away from the Arabia-
Nubia Shield and, during Cambrian—Devo-
nian, drifted deep into the Prototethys toward
the northern (Baltica) continent.

During the early—middle Paleozoic in the
wake of northward-migrating Gondwanian
fragments, the Paleotethyan basin formed,
and, in the Ordovician, along its border with
the Transcaucasus, subduction of oceanic
crust occurred, accompanied by suprasu-
bduction volcanic eruptions. Northward mi-
gration of the Transcaucasus throughout the
Paleozoic caused narrowing of the Protote-
thys and its transformation into an oceanic
back-arc (Dizi) basin. Fragments of paleoce-
anic crust are found along the southern bor-
der of the Transcaucasus, within accretionary
complexes of the Lesser Caucasus ophiolite
suture, and in the Pontides, also in lranian
Garadagh. During the late Paleozoic—early
Mesozoic, the oceanic basin separating the
Africa-Arabian continent from the Taurus-
Anatolian-Iranian platformal domain gradu-
ally extended. During this phase, only the
Central Iranian terrain separated from Gond-
wana, drifted northward, and collided with
the Eurasian continent in the Late Triassic.
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The Taurus-Anatolian terrane separated from
Gondwana later, in the Early-Middle Jurassic.
During the Mesozoic—Cenozoic, Daxalagoz
represented the northwestern most margin of
the Central Iranian platform and was sepa-
rated from the North Anatolian platform by an
oceanic or back-arc basin (Khoy basin), which
within the modem structure is represented by
Mesozoic— Cenozoic ophiolites of Urumieh-
Khoy (Iran) and Van (Turkey).

The Paleozoic-Eocene evolution of the
North Tethyan domain was marked by major
magmatic events corresponding to the Pacif-
ic-type and Mediterranean stages of Tethyan
development. The precollisional magmatic
assemblages reflect avariety of paleotectonic
environments. They are indicative of a west
Pacific-type oceanic setting in which a ma-
ture, Andean-type continental arc developed.
Therewere several episodes of oceanic litho-
spheric obduction onto the continental ter-
ranes of the region: the middle-late Paleozoic,
during which basite-ultrabasite complexes
were thrust over the island-axe system of the
Transcaucasus and the Main Range zone of

36°E

42°N

36°N

Caucasioni; pre-Late Triassic obduction in
the Lesser Caucasus; and pre-Late Jurassic
obduction duringwhich ultrabasic rocks were
thrust over the continental unit of the Artvin-
Bolnisi Block ofthe Somkhet-Garabagh zone.
The metabasites apparently represent Paleo-
tethyan fragments.

Duringthe Oligocene, marine Tethyan ba-
sins were replaced by euxinic basins, which
are considered to represent the beginning
of syncollisional development between Ara-
bian and Eurasian plates in the region. On-
going collision during Miocene—Quater-
nary caused inversion of topography such
that fold-and-thrust mountain belts of the
Cavcasioni and Lesser Cavcasioni, and the
intermontane foreland basins in between
were formed. In the late Miocene, coeval with
molasse deposition in the foreland basins,
subaerial volcanic eruptions occurred, char-
acterized by intensively fractionated magma
of suprasubduction-type calc-alkaline series
from basalts to rhyolites.

Inaddition tovolcanism, earthquakes indi-
cate active tectonics in Georgia. Some of the

48°E 54°E

Fig. 1 Map showing global positioning system (GPS) velocities with respect to Eurasia and 95 % confidence ellipses for the
eastern Black Sea—Caucasus—Caspian region [Vemant et al,, 2013].
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major earthquakes have proven to be devas-
tating; i.e., the Racha earthquake of 29 April
1991, with Ms=6.9, was the strongest ever re-
corded in Georgia. The fault plane solution
data for 130 earthquakes show that the terri-
tory of Georgia is currently under latitudinal
compression, longitudinal extension, and an
overall crustal thickening. Acomplex network
of faults divides the region into a number of
separate blocks. Three principal directions of
active faults compatible with the dominant,
near N-S compressional stress produced by
northward displacement of the Arabian plate
can be distinguished: one longitudinal, trend-
ing WNW-ESE or W-E, and two transversal,
trending NE-SW and NW-SE. The first group
(WNW-ESE), the so-called «Caucasian»
strike, is composed of compressional struc-
tures, including reverse faults, thrusts, thrust
slices, and strongly deformed fault-propa-
gation folds. The transversal faults are also
mainly compressional structures, but they
contain considerable strike-slip components
aswell. The tensional nature of submeridional
faults is associated with intensive Neogene-
Quaternary volcanism in the Transcaucasus.
The NE-SW left-lateral strike-slip faults are
the main seismoactive structures in the west-
ern Transcaucasus, while right-lateral strike-
slip faults are developed in the southeastern
Transcaucasus. Considerable shortening and
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deformation of the crust and lithosphere of
the region have taken place via compres-
sional structures, as well as lateral tectonic
escape. The geometry of the topography and
tectonic features is largely determined by the
wedge-shaped rigid Arabian block (indentor)
and by the configuration of the oceanic-sub-
oceanic lithosphere (buttresse) of the eastern
Black Sea and south Caspian Sea, all of which
cause bending of the main morphological and
tectonic structures of the region around the
strong lithosphere (Fig. 1).

Large-scale intraplate deformation of the
lithosphere of the region as a result of the in-
dentation of Arabian and Indian plates result-
ed in Late Cenozoic shortening and uplift of
the mountain belts of the region, subsidence
acceleration of the Black Sea—South Caspian
crust, formation of submeridional, transversal
megastructure of the Caspian Sea that evi-
dence for interference of lithospheric folding
patterns induced by the Arabian and Indian
collision with Eurasia [Smit et al., 2013].
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Structural architecture of the eastern Achara-Trialeti fold and
thrust belt, Georgia: Implications for kinematic evolution
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We introduce atectonic model of the east-
ern Achara-Trialeti fold and thrust belt (AT-
FTB) based on the recent field data, inter-
preted seismic reflection profiles and regional
balanced cross section from northern part of
Lesser Caucasus orogene. Like other collision-
induced Alpine-type fold-thrust belts (e.g.
[Naylor, Sinclair, 2008]), the Lesser Caucasus
is a typical doubly-vergent orogenic wedge
represented by pro and retro wedges and
ATFTB is a constituent part of retro wedge
[Alania et al., 2017].

The seismic interpretation presented here
is further constrained by surface geology and
subsurface geology revealed by several well
penetrations. Fault-related folding theories
were used to constrain the seismic interpre-
tation and of the regional balanced cross-sec-
tion [Suppe, 1983; Shawetal., 2005]. Seismic
reflection data reveals presence of basement
structural wedge, south-vergent backthrust,
north-vergent forethrust and some structural
wedges.

Stratigraphy in the ATFTB records the
evolution from the extensional Achara-
Trialeti Basin to Kura foreland basin of the
Arabia-Eurasia collision zone. The rocks in-
volved in the deformation range from Paleo-
zoic basement rocks to Mesozoic-Neogene
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strata. The growth of eastern Achara-Trialeti
thick-skinned structures at northern part of
the Lesser Caucasus, formed by basement
wedge that propagated along detachment
horizons within the cover generating thin-
skinned structures. The kinematic evolution
of south-vergent backthrust zone is related
to northward propagating thrust wedge.
The main style of deformation within the
backthrust zone is a series of fault-propa-
gation folds and are developed in Cretace-
ous-Paleogene strata. Frontal part of the
eastern ATFTB is represented by triangle
zone [Alania et al., 2016; Sosson et al., 2013,
2016].

On base of published information about his-
torical and recent earthquake data [Tsereteli et
al., 2016; Varazanashvili et al., 2011], absolute
ages of deformed volcanic rocks (Pliocene-
Quaternary) from southern part of study area
[Lebedev et al., 2007] and syntectonic units
from frontal part of eastern ATFTB [Alania
et al., 2016] we conclude that compressive
deformation started in Middle Miocene and
continues today.

Acknowledgments. This work was funded
by GDRI-IRG (Project #04-45) and Shota
Rustaveli National Science Foundation (SRN-
SF) (grants YS15 2.1.5 78 and 217942).

Structural model of the eastern Achara-Trialeti fold
and thrust belt using seismic reflection profiles.

81



INTERNATIONAL RESEARCH GROUP PROJECT

19th EGU General Assembly, EGU2017, proceed-
ings from the conference held 23—28 April, 2017
in Vienna, Austria, p. 5064.

Alania V., ChabukianiA., ChagelishviliR., Enukidze O.,
Gogrichiani K., Razmadze A., Tsereteli N., 2016.
Growth structures, piggyback basins and growth
strata of Georgian part of Kura foreland fold and
thrust belt: implication for Late Alpine kinematic
evolution. In: m . Sosson, R. Stephenson, Sh.Adamia
(eds.). Tectonic Evolution of the Eastern Black Sea
and caucasus. Geol. Soc. London Spec. Publ. 428.
doi: 10.1144/SP428.5.

Lebedev V A.,, BubnovS. N., Dudauri O. Z., Vashakid-
ze G. T., 2008. Geochronology of Pliocene Volcanism
in the Dzhavakheti Highland (the Lesser Caucasus).
Part 2: Eastern Part of the Dzhavakheti Highland. Re-
gional Geological Correlation. stratigr. Geol. Correl.
16(is. 5), 553—574. doi: 10.1134/S0869593808050080.

Naylor M., Sinclair H. D., 2008. Pro- vs. retro-foreland
basins. Basin Research 20(|S 3), 285—303. doi:
10.1111/j.1365-2117.2008.00366.X.

ShawJd., Connors C.,Supped. (eds.), 2005. Seismic inter-
pretation of contractional fault-related folds. AAPG
Studies in Geology 53, 156 p.

Sosson M., Adamia Sh., Muller C., Rolland Y.,Alania V,

82

Enukidze O., Sadradze N., HSssig M., 2013. From
Greater to Lesser Caucasus: new insights from sur-
face and subsurface data along a N-S trending tran-
sect (Georgia): Thick-skin versus thin-skin tecton-
icS. Darius News (3), 5—7.

Sosson M ., Stephenson R., SheremetY.,Rolland Y.,,Ada-

mia Sh., Melkonian R., Kangarli I, Yegorova T.,
Avagyan A., Galoyan Gh., Danelian T., Hassig M,
M eijers M., Milller C., Sahakyan L., Sadradze N.,
Alania V., Enukidze 0., M osarJ., 2015. The Eastern
Black Sea—Caucasus region during Cretaceous:
new evidence to constrain its tectonic evolution.
ComptesRendu Geoscience 348,23—32. https://doi.

org/10. 1016/j.crte.2015.11.002.

supped., 1983. Geometry and kinematics of fault-bend
folding. Amer. 3. sci. 283, 684—721. doi: 10.2475/
ajs.283.7.684.

TsereteliN., TibaldiA , Alania V., GventsadseA., Enukid-
ze O., Varazanashvili O., Milller B. I. R., 2016. Ac-
tive tectonics of central-western Caucasus, Geor-
gia. Tectonophysics 691, 328—344. doi: 101016/]
tecto.2016.10.025.

Varazanashvili O., Tsereteli N., Tsereteli E., 2011. HiS-
torical earthquakes in Georgia (up to 1900): source
analysis and catalogue compilation. Thilisi: Publ.
House. MVP, 77 p.

Teo(pu3UHecKuH MypHOANe 4, T. 39, 2017


https://doi

SOUTH CAUCASUS GEOSCIENCES

Evidence of volcanic eruptions witnessed
by prehistoric man in Armenia and Argentina
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Prehistoric petroglyphs (rock-carvings,
rock engravings) are widely spread from
Europe to the Far East, Central Asia, Africa,
Australia and Americas. Tens of thousands
of petroglyphs have been discovered in the
Armenian Highland, at elevations ranging in
from 600 to 3300 m a.s.l. Strikingly, two rock-
art sites, although located thousands km
away from each other (Armenia in Eurasia,
and Argentina in South America) exhibitwell
pronounced similarities in content and style.
Geological evidences indicate that both areas
were affected by recent volcanic eruptions.
In both sites, interpretation of the pictures,
as well as historical and archaeological data,
strongly suggest that the engraved images
may depict volcanic eruptions.

Inthe Armenian site, situated on the bank
of a small river in Syunik volcanic upland, sev-
eral petroglyphs are engraved on ca. 1.5 m
diameter basalt boulders. The ancient artists
have represented splashing lava fountains
with volcanic bombs similar to volcanic erup-
tion of Strombolian type. Depiction of such
geological phenomenon found in Armenia, is
unique for the entire region, including East-
ern Turkey, Transcaucasia and Iran. This fact
can be an indication, that our prehistoric an-
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cestorswitnessed volcanic eruption in Trans-
caucasia.

There are several direct and indirect tech-
niques to date petroglyphs. The relative-
comparative methods based on the analysis
of content, style and carving technique with
related archaeological monuments give ap-
proximate age estimations. The precise dat-
ing of petroglyphs is quite difficult, since the
nature of the material to be dated is rarely
suited to apply the whole variety of traditional
physical dating methods.

In this contribution we focus on an in-
direct dating technique, by first dating the
main lava-flow surrounding the petroglyphs
site.

Geochronological dating techniques: cos-
mic ray exposure dating with 3He and Ar/Ar
were applied in parallel, along with the clas-
sical geological and geomorphological char-
acterization. About 35 samples were collected
for cosmogenic 3He exposure dating, from
different lava flows. The eruption of Porakvol-
cano, situated 11 km NNW from the rock-art
site, indicates an age of 2846 Ka (la). Another
source of lava flow in the Karkar plateau situ-
ated about 25 km to the SSE yields younger
ages 0f9.4+1.2 Kaand 5.2+0.4 Ka. Cosmogen-
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ic He dating of boulders samples at the site
where the Armenian petroglyph was discov-
eredyield exposure ages comprised between
15 and 30 Ka. A global analysis including the
geological, geomorphological and glaciologi-
cal data supports the reliability of these new
geochronological data and makes possible

to establish a first time frame for the age of
these petroglyphs: theywere probably carved
between 30 and 5 Ka. In order to obtain more
precise age of the engraving, we will carry
out further cosmogenic 3He dating and OSL
dating (surface age) of basaltic boulders at
the petroglyph site.

New data on the tectonic evolution of the Khoy region,
NW Iran
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The Khoyregion (NW Iran)isimportant
in the clarification of the structural frame-
work of the Alpine Belt between the Tau-
rides, the Lesser Caucasus and the NW Iran
belt. Thisareaiswell known forits ophiolit-
icunits. We presenthere new stratigraphic
and structural data that can be used to
reconstruct the tectonic evolution of this
region and then to establish connections
between these belts. According to new data
from nannoplankton assemblages, the ob-
ducted ophiolite ofthe Khoycomplexwas
thrusted over asheared Campanian olisto-
strome and lenses ofamphibolite included
within the contact. The obduction event
isalso marked by erosion of the ophiolitic
unitand the deposition of conglomerates,
shales, sandstones and siltstones. Poorly
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extended Paleocene detrital deposits cover
the Campanian-Maastrichtian rocks. The
Eocene formations characterize a basin
filled with volcanogenic and sedimentary
layers. The Middle and Upper Eocene se-
riesunconformably overlie the ophiolites,
their Campanian-Maastrichtian cover and
Paleocene deposits. This correspondsto a
syn-orogenic basin formed after the col-
lision between Eurasia and the Taurides-
Anatolides-South Armenian microplate.
The Oligocene-Miocene Qom Formation
with basal conglomerates unconformably
covers all the earlier formations, includ-
ing the Palaeozoic formations, indicating
intense shortening before its deposition.
Compression deformationis currentlyon-
going and is manifested by numerous folds,
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mainly west-dipping thrusts and reverse
faults cutting the Qom Formation, and by
recent NW-SE dextral strike-slip faults.
This illustrates the continuous shortening
and uplift (with intense erosion) resulting
from the advanced stage of the collision
between Arabiaand Eurasia. The structural

location of the tectonic units suggests that
the Khoy

Gondwana-related basement was part
of the South Armenian Block and that the
Khoy allochthonous ophiolites were ob-
ducted on it from the Amasia-Stepanavan-
Sevan-Hakari suture zone.

Reverse and thrust tectonic heritage in the south-east
intermountain Ararat depression (Armenia)

©A, AvagyanlM. Sosson2 L. Sahakyanl S. Vardanyanl?2, Y. Sheremet2
M. Martirosyanl C. Muller3 2017
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The studies of the south-eastern part of the
Ararat basin and neighboring mountain and
intermountain depressions of the Republic
of Armenia, allow reevaluating of previous
researches and revealing tectonic processes
developed since the Late Cretaceous conti-
nental collision according to recent geody-
namic concepts. The Ararat basin structural
setting and tectonic evolution investigation
is perspective for hydrocarbon traps identi-
fication.

The thrust and reverse stress regime of the
study area was dominant during long period
from collision initiation, influencing farther
tectonics, complicated by strike-slip faulting.
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The secondary normal faults, superimposed
gravitational slopes processes and selective
erosion complicate moreover the overall
structure pattern. These processes continue
up to date.

The thrust and reverse tectonics form and
develop asymmetric, oblique, fold structures,
cuestas with structural slops in back-limb and
intensive weathered foreland in fore-limb.
The result of these faults activity is seen in
the Paleozoic substratum, newly discovered
volcanic rocks (OIB type, probably associated
with the ophiolites) outcropping from Ararat
depression alluvial and lacustrine Quaternary
cover.
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Preliminary results of paleomagnetic study
of flysch sequences in Eastern Crimea mountains
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The new dating of the Tavric flysch com-
plex at the Eastern Crimean Mountains
[Sheremet et al., 2016] requires independent
age determination of Crimea flysch sequenc-
es. Ithasbeen proposed to use the paleomag-
netic method taking into account that recent
paleomagnetic data from Crimea had been
successfully applied both for tectonics [Qinku
et al., 2013] and magnetostratigraphy [Gu-
zhikov et al., 2012; Bakhmutov et al., 2016].
The key task of our study is to distinguish the
paleomagnetic zones of normal and reverse
polarity and their binding to the geological
time scale considering the paleontological
and lithological markers. But the analysis of
new data of micropaleontological complexes
without additional geological information,
taking into account the frequent changes in
magnetic polarity in the Jurassic-Early Creta-
ceous time span, shows some difficulty of this
approach for our study. We have proposed
another approach — to distinguish the pri-
mary magnetization and calculate paleopoles
that are compared with expected reference
apparent polar wander path (APWP) of Eur-
asia. Thus, we consider the main purpose of
our paleomagnetic studies is the definition of
paleo-latitudes of flysch sequences in Crime-
an Mountains.

The second objective of our research re-
lates with study of anisotropy of magnetic
susceptibility (AMS). Due to the presence
of ferromagnetic particles of non-isometric
form, it is assumed that magnetic structure
was formed under the influence of some fac-
tors, such as bottom currentsdn structural ap-
plications, AMS have been used to examine
patterns of strain. An oversimplified view is
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that elongate ferromagnetic grains are pas-
sively rotated during deformation of rocks.

Palaeomagnetic measurements were car-
ried out in the laboratory of the Institute of
Geophysics of the National Academy of Sci-
ences of Ukraine in Kiev. Specimens were
stepwise thermally demagnetized using an
MMTD80 oven up to 600 °C. The demagne-
tization of specimens (thermal and alternating
field (AF)) and all measurements were made
inside magnetically shielded rooms to mini-
mize the acquisition of present-day viscous
magnetization. After each heating step, the
magnetic susceptibility (k) at room tempera-
ture was measured by a MFK1 Kappabridge
to estimate possible mineralogical changes.
Duplicate specimens were subjected to AF
demagnetization up to 100 mT using a LDA-
3Ademagnetizer. Demagnetization steps were
adjusted during thermal or AF procedures
from 10° to 50 °C and 10—20 mT, respec-
tively. The natural remanent magnetization
(NRM) of specimens was measured by JR-6
spin magnetometer. Demagnetization results
were processed by multicomponent analysis of
demagnetization path [Kirschvink, 1980] us-
ing Remasoft 3.0 software [Chadima, Hrouda,
2006]. AMS was measured by MFK-1Kappa-
bridge, and magnetic anisotropy parameters
were calculated with the Anisoft program.

During 2015—2016 field expeditions in
Crimean Mountains we have examined 15
sites, and from 10 of them have collected
the sandstones and argillites from flysch se-
guence of Tavric(?) series for paleomagnetic
analysis. Results from 7 sites (their location
is shown in Fig. 1), mainly of 2015 collection,
were taken for further interpretation.
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In general, the samples from differentsites
have different magnetic parameters and sta-
bility to thermal and AF demagnetization

67V

After removal of thisweak overprint, a second
componentwith unblocking temperaturesbe-
tween 300 and 400—480 °C was calculated

Dvmerji
Privelnoye
Vcseloye

Zelonognrio
Losiioye

Black Sec

20 km D MMjanoni

Feodosiya

Fig. 1. Sites of sampling for paleomagnetic study in Eastern. Crimea Mountains.

showing no common regularities. So, during
next data processing and selection of mag-
netization components, some samples were
excluded from the data base and were taken
not suitable for further interpretation due to:
1) weak NRM (<0.001 mA/m); 2) large MAD
(>10°) of selection component; 3) unstable
behavior during demagnetization; 4) strong
inconsistency to the rest of samples in the
group. Despite the number of samples from
each site was enough, the Q index of [Van
der Voo, 1990] could notbe satisfied for most
sites. Many samples show dramatic increase
of susceptibility during thermal demagneti-
zation in the range 300— 400 °C. Some of the
samples are characterized by a peak of the
NRM at different temperatures, which indi-
cates significant changes in magnetic miner-
als behavior during heating.

Usually two NRM components could be
distinguished during demagnetization. Alow
unblocking temperature component, record-
ing probably a minor viscous origin, is re-
moved between 100—200 °C. The directions
of this component are scattered, but the mean
close to the present Earth's magnetic field.

Meodgomsnyeckuii xxypHan Ne 4, T. 39,2017

from the vector that decays linearly close to
the origin. Several samples have unblocking
temperature more than 500 °C. Taken into
account the high increases of susceptibility
above 400 °C we can't extract the more stable
component decays linearly to the origin. So
the ChRM (characteristic component of rema-
nent magnetization) direction was calculated
from the vector that decays linearly to the ori-
gin of the orthogonal vector plots.

Five sites (numbers 1—5in the Fig. 1) show
the ChRM direction corresponding to normal
polarity; after correction for fold bedding ele-
mentsitbecomes more scattered. Palaecomag-
netic fold test show that all palaeomagnetic
groups carry apost-folding remanentmagne-
tization. This result confirms the Early Cre-
taceous remagnetization of sediments from
other sites in Crimean Mountains reported
by [Qnku et al., 2013].

The ChRM-directions of samples from
sites 6 and 7, obtained from both high un-
blocking temperature and high coercive com-
ponents, show normal and reversed polarities.
The correction for folding suggests that the
magnetization is primary. Site 7 was dated as
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Tithonian-Berriasian boundary, the ChRM-
directions have normal and reverse polarities
and confirmed the result of [Guzhikov et al.,
2012] about primary magnetization of Titho-
nian flysch near Feodosiya.

The tectonics implication of our results
is not clear because of the data shortage.
Meijers et al. (2010) considered the ChRM
magnetization is primary and reported the
Upper Jurassic palaeolatitudes in Crimea,
which is inconsistent with the paleolatitudes
obtained in [Einku et al., 2013], which used
age and refernece palaeolatitude curve de-
rived from the APWP paths of Eurasia and
Gondwana. Comparison of the average
mean palaeomagnetic poles in the Triassic—
Upper Jurassic units of Crimea with that ex-
pected for the Eurasian APWP, suggests an
age as post-Berriasian. For the most cases
the mean remagnetization directions are de-
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Mesozoic geodynamic and paieoenvironmental evolution of
the Tethyan realm preserved in the Lesser Caucasus
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In the Lesser Caucasus (Armenia and South-Armenian Block, a Gondwana-derived
Karabagh; Fig. 1) can be found remnants of terrain considered as the eastern extension
a Tethyan oceanic realm that existed dur- of the Tauride-Anatolide plate. The Tethyan
ing the Mesozoic between Eurasia and the remains in the Lesser Caucasus are part of
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Fig. 1. Geological map of the Lesser Caucasus (after [Sosson et al., 2010], modified), including the location of the

key studied areas: A— Old Sotk Pass; B— Amasia; C — Dali.
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an over 2,000 km long suture zone, running
through the northern part of Turkey towards
Iran. As it is often the case, radiolarites are
here associated with submarine lavas that are
considered to be part of an ophiolitic com-
plex. Radiolarian biochronology of radiola-
rites, combined with petrographic observa-
tions and geochemical analyses of ophiolitic
lavas, helps us to improve our understanding
of the geodynamic and paleoenvironmental
evolution of this geologically complex region.

Fig. 2 synthesizes all available radio-
metric and biochronological data from the
Lesser Caucasus. It is likely that oceanic
floor spreading was taking place during the
Middle/Late Triassic between the South Ar-
menian-Tauride-Anatolide plate and Eurasia.
This is suggested by upper Triassic gabbros
dated in Karabagh [Bogdanovski et al., 1992]
and an upper Triassic-Liassic deep-sea sedi-
mentary sequence dated in the same area by
radiolarians [Knipper et al., 1997]. Based on
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Fig. 2. Synthesis ofall known ages (both biochronological and geochronological) for the ophiolitic rocks and their
sedimentary cover in the Lesser Caucasus (after [Danelian et al., 2016], modified).
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our own investigations along the Old Sotk
Pass (Fig. 1, A) radiolarian-rich cherts or sili-
ceous claystones occur as large blocks pre-
served in a mélange, together with basic ig-
neous lithologies and carbonate blocks with
Triassic conodonts. Recent results point to
the presence of Bajocian radiolarian cherts
andAlbian siliceous claystones, both ofwhich
contain evidence of fine volcanoclastic input
from subaerial volcanic activity. Based on all
the radiolarian ages obtained on siliceous
tuffs found in the sedimentary cover of the
Amasia-Sevan-Hakari ophiolitic zone (Ama-
sia, Sarinar, Old Sotk Pass) there is now good
evidence that subaerial volcanic activity was
underway for most of the Middle Jurassic to
Lower Cretaceous (Bajocian/Bathonian to
Albian).

Radiolarites are in general the sedimen-
tary product of moderate levels of radiolarian
productivity in apelagic environment starved
of any terrigenous or carbonate input; in the
Lesser Caucasus radiolarites are either the
sedimentary cover of ophiolitic lavas or inter-
calated in them. A synthesis of all currently
available data suggests that radiolarian cherts
accumulated more or less continuously dur-
ing the Bajocian to Cenomanian time interval
in the Tethyan oceanic realm preserved in the
Caucasus.

Bajocian cherts are now discovered throug-
hout the Lesser Caucasus (Vedi, Sevan and
Hakari ophiolites); on the contrary, Cenoma-
nian cherts are known for the moment only
from Amasia (NW Armenia; Fig. 1, B).

The Dali outcrop, situated east of Lake
Sevan (Fig. 1, C), bears a particular geody-
namic significance. Itexposes a thick basaltic
sequence that overlies layered dioritic cumu-
lates intruded by a small plagiogranite body.
Based on igneous mineral chemistry and
bulk rock geochemistry three major basaltic
groups were identified; itis likely thatthey are
separated by thin thrust zones. The contact
between the diorites and the overlying basalts
is cataclastic and underlined by hydrothermal
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deposits of epidote and quartz; epidotization
also affects the base of the basalts. Those are
aphanitic tholeiites that display a clear is-
land arc signature. They are overlain in their
turn by lavas transitional between tholeiitic
and calk-alkaline, partly recrystallized into
chlorite, albite, titanite and minor calcite
and quartz. They show various textures and
mineralogy (aphyric or with phenocrysts of
plagioclase + augite £ amphibole or olivine +
Cr-spinel £ augite) and coarse vesicles filled
with calcite. The sequence ends with alkaline
basalts, containing abundant phenocrysts of
amphibole + diopside or diopside * olivine
and Cr-spinel, and rich in calcite replacing
the mafic minerals and filling vesicles. The
Dali volcanic sequence is characterized by a
progressive enrichment in incompatible ele-
ments from the base to the top. In the tho-
leiitic/calk-alkaline and alkaline basalts the
Nb/La ratio is very variable (amphibole-rich
alkali-basalts have negative Nb anomaly), and
all units show evidence supporting hydrous
magmas (amphibole, coarse and abundant
vesicles). Overall a subduction-related envi-
ronment is suggested for the Dali magmatic
rocks. The calk-alkaline lavas are overlain by
radiolarites that are dated as late Tithonian-
Berriasianin age [Asatryan et al., 2012]; blocks
of oolitic grainstone with crinoid bioclasts in-
tegrated in the radiolarite sequence attest for
the presence of shallow water carbonate sedi-
mentation in the neighboring realm. A sec-
ond interval of radiolarian cherts, intercalated
between the alkaline lavas are Valanginian
in age; the cherts do not contain the above
mentioned limestones and are much darker
in color (more Mn-rich?).

Finally, the microfossil record preserved
in both the uppermost part of the shallowwa-
ter carbonate sequence and overlying flysch
that crop out in the Vedi area (SE of Yerevan;
Fig. 1) establish that the initial stages of ob-
duction of ophiolites onto the South-Arme-
nian Block took place during the Cenoma-
nian (see [Danelian et al., 2014, 2016]).
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The obduction process: What extent? What timing? What
cause(s)? The study of the northern branch of Neotethys in
Anatolia and the Lesser Caucasus (Turkey and Armenia)
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department of Earth Sciences, University of Geneva, Geneva, Switzerland
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Worldwide within mountain ranges the
presence of slivers of preserved oceanic lith-
osphere known as ophiolites evidence a tec-
tonic process responsible for their emplace-
ment on top of the continental crust called
obduction. The first order anomaly inherent
to this phenomenon is that dense rocks (p>3)
end up on top of less dense rocks (p«2.7). The
driving forces responsible and consequent/
accompanying processes for such a tectonic
oddity remain uncertain. The ophiolites of the
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Lesser Caucasus and NE Anatolia are prime
examples of this phenomenon with tectonic
transport (> 150 km) of fragments of oceanic
lithosphere towards the south on top of the
South Armenian Block-Tauride-Anatolide
Platform along the entire continental marge
(>1000 km) (Fig. 1). The multidisciplinary ap-
proach used throughout the study of these
ophiolitesyielded clues specifying the evolu-
tion ofthe Northern Neotethys Ocean before
and around the time of ophiolite emplace-
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Fig. 1. Tectonic map of the Middle East-Caucasus area, showing the main blocks and suture zones, and corre-
sponding crustal-scale section showing the obduction, after [Hassig et al,, 2013]: EAF — East Anatolian Fault;
IAES — lIzmir—Ankara—Erzincan Suture; KB — Kirshehir Block; MM — Menderes Massif; NALC — North-East
Anatolia—Lesser Caucasus domain (zone of ophiolite obduction); SAB — South Armenian Block; V — volcanic
arc of Eurasian margin of Pontides. *position of cross-section (below). Lower panel: Upper-crustal-scale geological
section of the NALC showing the geometry of the obduction front propagated towards the south and its rooting
into the Sevan Akera suture to the north, below the Eurasian margin (see [Rolland et al., 2012]).
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N
Lesser Caucasus-Pontides

Fig. 2. Conceptual model of the obduction process in the NALC: a — situation in the Early Cretaceous showing
the convergence of SAB—TAP (South Armenian Block.—Taurides Anatolides) with the Eurasian margin, the onset
of mantle upwelling and heating of the oceanic lithosphere at 115 Ma, » — triggering of obduction, due to the
blocking of the northern subduction zone and the increase in buoyancy of the oceanic lithosphere, c— thickening
of the continental crustbelow the obduction, erosion and the onset of passive obduction [Lagabrielle etal., 2013] by
gravity sliding of the ophiolites on the flexural basin, d — transition from a contractional to an extensional regime
due to renewed subduction. Mantle thinning and withdrawal leads to the exhumation of the continental crust.

ment (90 Ma), consequently the obduction
event. Our findings strongly suggest common
emplacement of all the ophiolites of the study
area as athrust sheet of Middle Jurassic oce-
anic lithosphere, ~70—80 Ma old at obduc-
tion onset. This would be one of the biggest
preserved ophiolite nappe complexes in the
world (outcropping in a mountain range).
Numerical modelling validated, firstly, the
hypothesis thatemplacement of such an ophi-
olitic nappe is due to particular thermal con-
ditions. For old oceanic lithosphere to obduct
it needs to be in athermal state close to that of
young oceanic lithosphere (0—40 km thick).
Secondly, numerical modelling showed that
the progression of obduction over agreat dis-
tance and current position of the ophiolites
far over the continental margin could be ex-
plained by post-compression extension. This
switch in tectonic regime is responsible for

94

the thinning of the ophiolitic nappe, under-
plating of underthrusted continental litho-
sphere and exhumation of continental crust.

Thermal rejuvenation is supposed for the
ophiolites of the Caucasus s.l. argued by al-
kaline lavas emplaced on the sea floor prior
to the obduction event during the Late Cre-
taceous (117 Ma). The resulting seamounts
and/or oceanic plateaus of this magmatism
would then have blocked the north-dipping
subduction zone father north under Eurasia
upon their entree and this until the end of the
obduction event. The obduction event on the
South Armenian Block—Tauride—Anatolide
Platform is synchronous along the Eurasian
margin from the Pontides to the Somkheto-
Karabakh. Reactivation of the north-dipping
subduction zone under Eurasia is compat-
ible with traction on the obducted oceanic
lithosphere responsible for its mantle thin-
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ning, continental lithospheric underplating
and continental crust exhumation. Thus the
propagation of thin obductions according to
the «flake tectonics» concept over an eclog-
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Ore-forming processes in basite-ultrabasite complexes
of ophiolites of the Lesser Caucasus

© A. Ismail-zade, T. Kangarli, 2017

Institute of Geology and Geophysics, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

The basite-ultrabasite complex of ophiol-
ites was formed in the result of many-stage
mantle-crust evolution of mantle substance.
All this was stipulated by different genesis
processes forming deposits of chromite, gold
and mercury Magmatic chromites are connected
with mantle ultrabasite part of ophiolite profile
formed in the process of oceanic crust forma-
tion accompanied with gabbro and tholeitic vol-
canism. Mantle differentiation of ultrabasite
substance in the process of its high-tempera-
ture viscous displacement was one of the fac-
tors of chromite isolation. Gold deposits in
basite-ultrabasites of ophiolites are related
to autometamorphic process and lay on hydro-
thermal metasomatic processes. Combination
of these processes caused extraction of gold
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out of ultrabasites at early mantle metamor-
phism and is reaccumulation under the hydro-
thermal solutions of gabbro-plagiogranite
intrusive. Mercury deposits in ultrabasites
complex are of hydrothermal type. Deep
faults of this belt activation in postcollision
period serve as leading channels of Mio-
Pliocene acid volcanism and mercury-con-
tent hydrothermal solutions. Serpentinized
peridotites in these processes played the
role of a screen. However regeneration of early
deeper deposits could also occur. Different types
of ore-foimingactivity connected with forming of
ophiolites reflect the complex spatial correlation
between the processes of ore formation, evolu-
tion of ultrabasits and geodynamical regime of
the region.
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Petrology and geochemistry of basaltic series
in Cenozoic volcanic belts of Gaucasus

© A Ismail-zade, T. Kangarli, 2017

Institute of Geology and Geophysics, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

Alpine stage of tectonic-magmatic de- cient lithospheric plates of Eurasia and
velopment of Caucasus is considered in Afroarabia. As Mesozoic-Cenozoic pe-
sphere of complete geodynamic process riod is characterized by the manifestation
caused by the correlation of Tethys oce-
anic crust with continental margins of an-

Fig. 2. Normalized multicomponent diagram of the
volcanic rock complexes of the Middle Eocene (Talish,

Fig. 1. Normalized multicomponent diagram of the  Adjara-Trialety and Geychay-Akerin zones): 1 — tole-
volcanic rock complexes of the Middle Eocene (Yere- itic basalt, middle (16); 2 — sub-alkalinetrekhibasalt,
van-Ordubad zone): 1 — toleitic basalt (13); 2 — calc-  middle Eocene (17); s — alkaline melafonolite, Oligo-
alkaline basalt (14); 3 — Trakhibasalt (15). cene—Miocene (18).
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of riftogenic and island arc volcanism, so
Cenozoic one is noted by the regime com-
bination of active continental margins com-
pleted by continental rift with activation re-
gime for area of completed folding. Three
active phases can be distinguished for
Cenozoic volcanism fully manifestated in
Lesser Caucasus: 1) Eocene; 2) Miocene—
Early Pliocene; 3) Late Pliocene—Quater-
nary (Fig. 1—4).

At Paleogene stage there was formation
of two symmetrically situated volcanic belts
on both continental marginswhich are close
according to their content and consist of sep-
arated by Zangazur geosuture zone. Basalts
of these belts with low content of K, Rb, at
La/Yb = 3 and not so high of Ni, Cr corre-
spond to tholeitic basalts of island arcs. This
stage includes two regions of alkaline basal-

Rb K La Nd Hf Ti Yb Co Cr_
F——FE R EFRERI

Ba Sr Ce Sm Eu Tb Lu Ni

Fig. 3. Normalized multicomponent diagram of the
volcanic rock complexes of the Neogene (Yerevan-Or-
dubadzone): i — andesidasite (19); 2 — andesite (20).
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toid volcanism corresponding to inside arc
riftogenesis with basalt with La/Yb = I1h15
and high content of K, Rb, Ni, Cr.

At Neogene stage volcanism is manifestat-
ed in two series: calcalcali, andesite-dacite-
rhyolite developed in Paleogene depression
ofboth continental margins and trachybasalt-
phonolite developed within rises. Middle
members of the first series (La/Yb = 30-5-40)
are characterized by high K, Rb, Ba, Sr, light
REE, lowNi, Co, Crand correspondto residual
melting in Paleogene chambers, are subjected
to differentiation in the crust. In subalkalrne
series the middle differentiation on high K,
Rb, Ba, Sr, light REE, Co, Ni, Cr correspond
to basalts of riftogenic zones.

Fig. 4. Normalized multicomponent diagram of the vol-
canic rock complexes of the Late Pliocene - Holocene:
1 — low potassium dolente, Trans-Caucasus rise (21);
2 — trakhiandesibasal, Gegam (22); 3 — trakhiandesi-
basal, Kelbajar(23); 4 — basanite, Kafan, Zangezur su-
ture zone (24).
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Fig. 5. Correlation of rare elements in Mz (a) and KZ (», ¢) in basites of the Lesser Caucasus.

At Late Pliocene—Quarternary stage
volcanism is presented by tholeitic
(La/Yb=7.5), subalkaline (La/Yb=40.5)
and alkaline (La/Yb=66-s-70) basalts which
are characterized by the increazing accu-
mulation of K, Rb, Ba, SrFlight REE, Ni,
Co, Cr. Information of them one can observe
the change of fusion level of magmatic melt
from mantle for the first (tholeitic basalt, ol-
ivine basanites) to the mantle crustal, inter-
mediate — trachyandesite-basalts (Fig. 5).

Change of low-potassic low-Ti, deplited
by light REE of Early Cenozoic volcanites by
rather enriched light REE and elements with
large ionium radiiof Late Cenozoicvolcanites
canbe connected with the change of geodin-
amics of the region from the active continental
margins to activized area of completed old-
ing, accompanied by the rise of fusion front,
transported from depleted abnormal mantle in
the sphere of metasomatically overdone up-
per mantle in the base of lithospheric plates.

Active geodynamics of the Caucasus

© F. Kadirov, S. Mammadov, R. Safarov, 2017

Institute of Geology and Geophysics, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

We present GPS observations of crustal
deformation in the Africa-Arabia-Eurasia
zone of plate interaction, and use these
observations to constrain broad-scale tec-
tonic processes within the collision zone
of the Arabian and Eurasian plates. Within
this plate tectonics context, we exam-
ine deformation of the Caucasus system
(Lesser and Greater Caucasus and inter-
vening Caucasian Isthmus) and show that
most crustal shortening in the collision
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zone is accommodated by the Greater
Caucasus Fold-and-Thrust Belt (GCFTB)
along the southern edge of the Greater
Caucasus Mountains (Fig. 1).

The eastern GCFTB appears to bifur-
catewest of Baku, with one branch follow-
ing the accurate geometry of the Greater
Caucasus, turning towards the south and
traversing the Neftchala Peninsula. Asec-
ond branch (or branches) may extend di-
rectly into the Caspian Sea south of Baku,
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Fig. 1. GPSvelocities and 95 %confidence ellipses w.r.t. (with respect to)
Eurasia for the eastern AR-EU collision zone.

likely connecting to the Central Caspian
Seismic Zone (CCSZ). We model defor-
mation in terms of a locked thrust fault
that coincides in general with the main
surface trace of the GCFTB. We consider
two end-member models, each of which
tests the likelihood of one or other of the
branches being the dominant cause of ob-
served deformation (Fig. 2).

Our models indicate that strain is ac-
tively accumulating on the fault along
the ~200 km segment of the fault west of
Baku (approximately between longitudes

Teo(pU3iiHecKtiU xypHOA Ne 4, T. 39,2017

47—49°E). Parts of this segment of the
fault broke in major earthquakes histori-
cally (1191, 1859, 1902) suggesting that
significant future earthquakes (M-6-J-7)
are likely on the central and western seg-
ment of the fault. We observe a similar
deformation pattern across the eastern
end of the GCFTB along a profile cross-
ing the Kur Depression and Greater Cau-
casus Mountains in the vicinity of Baku.
Along this eastern segment, a branch of
the fault changes from a NW-SE striking
thrust to an N-S oriented strike-slip fault
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Fig. 2. Plots of transverse (A) and parallel (B-E) components of velocities versus distance along the profilesshown
in Fig. 1.

(or in multiple splays). Similar deforma- that major earthquakes may also occur in
tion pattern along the eastern and central eastern Azerbaijan. However, the eastern
GCFTB segments raises the possibility segment of the GCFTB has no record of
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large historic earthquakes, and is char-
acterized by thick, highly saturated and
over-pressured sediments within the Kur
Depression and adjacent Caspian Basin
that may inhibit elastic strain accumula-
tion in favour of fault creep, and/or dis-
tributed faulting and folding.

Thus, while our analyses suggest that
large earthquakes are likely in central

and western Azerbaijan, it is still uncer-
tain whether significant earthquakes are
also likely along the eastern segment,
and on which structure. Ongoing and
future focused studies of active deforma-
tion promise to shed further light on the
tectonics and earthquake hazards in this
highly populated and developed part of
Azerbaijan.

Active tectonics and focal mechanisms of earthquakes
in the pseudosubduction active zone of the North- and
South-Caucasus microplates (within Azerbaijan)

© T. Kangarli, F. Aliyev, A. Aliyev, U. Vahabov, 2017

Institute of Geology and Geophysics, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

The Greater Caucasuswas formed dur-
ing the last stage of tectogenesisinageo-
dynamic environment of the lateral com-
pression, peculiar to the zone of pseudo-
subduction between Northern and South-
ern Caucasian continental microplates. Its
present structure was formed as a result
of horizontal movements during different
phases and sub-phases of Alpine tecto-
genesis (from late Cimmerian to Walakh-
ian). The Greater Caucasus is generally
considered as azone where (along Zangi
deformation) the insular arc formations of
the Northern edge ofthe South Caucasian
microplate thrust under thick Mesozoic-
Cenozoic complex composed of marginal
sea deposits of Greater Caucasus. The
last, in its turn, has been pushed beneath
the North-Caucasus continental margin
of the Scythian plate (Epihersinian plat-
form) along the Main Caucasus Thrust.
As a result of the underthrusting, the ac-
cretion prism compressed between the
indicated faults, was formed.

Teo(pu3UHecKui xypnoA Ns 4, T. 39, 2017

W ithin the territory of Azerbaijan the
tectonic stratification of the Greater Cau-
casus marginal sea alpine complex is dis-
tinguished in the structure of the South-
ern Slope zone (megazone). Within the
megazone different-scale and different-
age cover-thrust complexes — Tufan, Sa-
rybash, Talachay-Duruja, Zagatala-Dibrar
and Govdagh-Sumgayit— were identified
and described. Allocated beneath accre-
tionary prism of the Southern Slope, the
autochthonous bedding is presented by
Mesozoic-Cenozoic complex of the north-
ern Vandam-Gobustan margin (mega-
zone) of the South-Caucasus microplate,
which is in its' turn crushed and lensed
into southward shifted tectonic micro-
plates gently overlapping the northern
flank of Kura flexure along Ganykh-Ay-
richay-Alat thrust.

Formation of folded-cover structure
of the Greater Caucasus accretionary
prism is studied within the geodynamic
model of intracontinental C-subduction
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(pseudo-subduction) under pressure of
the advancing northward Arabian plate.
This concept for the Caspian-Caucasian-
Black Sea region is justified by a number
of researches of the region. The described
process continues up atthe present stage
of alpine tectogenesis as demonstrated by
real-time GPS survey. Monitoring of the
distribution of horizontal shift velocity
vectors, produced during 1998—2016 by
GPS geodesic stations in Azerbaijan, in-
dicates considerable (up to 29 mm/year)
north-northwestward shifting velocity
of the southwestern and central parts of
South-Caucasus microplate, including
territories of the southeastern part of Less-
er Caucasus, Kura depression and Talysh.
At the same time, within the microplate’s
northeastern flange confined to Vandam-
Gobustan megazone of Greater Caucasus,
velocity vectors reduce by 6— 13 mm/year,
while further to the north, on a hanging
wall of Kbaad-Zangi deep underthrust,
e.g. directly within the boundaries of ac-
cretionary prism the velocity becomes as
low as 0—6 mm/year (2010—2016 data).
In general, the belt's earth crust reduc-
tion is estimated as 4— 10 mm/year. This
phenomenon reflects consecutive accu-
mulation of elastic deformations within
pseudo-subduction interaction zones
between structures of the northern flank
of South-Caucasus microplate (Vandam-
Gobustan megazone) and the accretion-
ary prism of Greater Caucasus.

The ongoing pseudo-subduction is in-
dicated by unevenly distributed seismici-
ty by depths (seismic levels of 2—6,8— 12,
17— 22 and 25—45 km): distribution anal-
ysis of the earthquake cores evidences the
existence of structural-dynamic interre-
lation between them and the subvertical
and subhorizontal contacts in the earth
crust. Horizontal and vertical seismic zon-
ality is explained from the viewpoint of
block divisibility and tectonic stratifica-
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tion of the earth crust, within the structure
of which the earthquake cores are con-
fined mainly to an intersection knots of
the ruptures with various strike, or to the
platitudes of deep tectonic failures and
lateral shifts along unstable contacts of
the substantial complexes with different
competency.

Types of focal mechanisms in general
correspond to the understanding of geo-
dynamics of the microplates convergent
borders, where the entire range of focal
mechanisms, from normal-fault to up-
thrust, is observed. At the contemporary
stage of tectogenesis the maximum seis-
mic activity is indicated in structures of
the northern flank of South-Caucasus mi-
croplate controlled by Ganykh-Ayrichay-
Alatdeep overthrust of the «general Cau-
casus strike» in the west, and submeridi-
onal right-slip zone of the West-Caspian
fault in the east of the Azerbaijani part of
Greater Caucasus.

Under lateral compression the small-
scale blocks that constitute the earth crust
in this region become reason for the cre-
ation of transpressive deformations, which
combine shift movements along limiting
transversal deformations with compres-
sion structures to include general Cau-
casus strike ruptures. Such regime leads
to the generation of multiple concentra-
tion areas of the elastic deformations con-
fined to mentioned dislocations and their
articulation knots. Itisjustthe exceeded
ultimate strength of the rocks that causes
energy discharge and brittle destructions
(according to stick-slip mechanism) in
such tectonically weakened regions of
the southern slope of Azerbaijani part of
Greater Caucasus.

At the contemporary stage of tecto-
genesis the maximum seismic activity is
indicated within northern flank of South-
Caucasus microplate controlled by Gan-
ykh-Ayrichay-Alat deep overthrust of the
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Fig. 1. Allocation of earthquake foci zones of the North-Western Azerbaijan.

«general Caucasus strike» in the west, and
submeridional right-slip zone of the West-
Caspian fault in the east of the Azerbai-
jani partof Greater Caucasus. This fact is
particularly proved by earthquakes which
took place in May and December, 2012 in
Zagatala, Shaki and Balakan (Fig. 1).

Zagatala earthquake. Focal zone of
the earthquake is confined to a complex
intersection knot of different strike faults,
and is located in Pre-Jurassic basement.
The main shock is related with activity
of Zagatala faultwith northwestern strike
which caused activation ofconnected dis-
locations.

Balakan earthquake. Focal zone of the
earthquake is confined to a complex in-

reo(pU3UHecKiifl JKypHOA Ne 4, T. 39,2017

tersection knot of the faults with various
strikes, and is located in the upper part
of Pre-Jurassic basement. Seismic event
is mainly related to activity of Khimrikh-
Khalatala faultwith submeridional strike,
which in turn led to activation of connect-
ed northeastern Balakan and sublatitudi-
nal Mazymgaryshan-Katekh dislocations.
Discharge of seismic energy occurred in
most granulated zones confined to the in-
tersection knots of these dislocations with
faults of the general Caucasus strike.
Shaki earthquake. The focal zone of
the earthquake located in the upper part
of Pre-Jurassic basement. Seismic event
is connected with activity of subvertical
faultswith northeastern strike. Discharge
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ofseismic energy occurred in most granu-
lated zones confined to the intersection
knots of these dislocations with faults of
the general Caucasus trace.

On the basis of the spatial-temporal
analysis of the earthquake foci distribu-
tion with M £ 3 for the instrumental pe-
riod of observations (1902—2013), we es-
tablished the dynamics of seismic activity
on the southern slope zone of the Greater
Caucasus the following are defined:

- the epicenters spatial distribution
demonstrates that the above mentioned
events are confined to the transverse
(northwestern, northeastern, and sub-
meridional strike) disjunctive disloca-
tions. However, epicentral zones are of a
General Caucasus strike, dislocated along
and to the north of the deep upthrust. Both
transverse and longitudinal dislocations
are mapped by acomplex of seismic and
electrical reconnaissance methods. They
are characterized as a natural southern ex-
tension of the fault-slip type disjunctive
zones thatoutcrop inthe mountainous area
where structural-substantial complexes of
an accretionary zone come to the surface;

- focal mechanisms of events in the
separate groups reveal different, mainly
close-to-vertical, planes of fault and fault-

slip type movements in the earthquake
foci. Only in four cases were strictly up-
thrust and upthrust-overthrusttype move-
ments established;

- hypocenters of major seismic impacts
(M=4.546.7) and the absolute majority of
aftershocks are confined to the surface of
the pre-Jurassic basement or its depths
(up to 20 km);

- mostofhypocenters are confined to a
sloping strip which subsides in the north-
ern azimuths, identified with the zone of
Ganykh-Ayrichay-Alat deep overthrust
and its flakes;

- in general, the seismic activity of a
mentioned period is explained by accu-
mulation of lateral compression stresses
and their later discharge in an under-
thrust articulation line from the Middle
Kurand Vandam tectonic zones along the
Ganykh-Ayrichay-Alat deep overthrust;

- lateral compression first contributed
to the creation of transpressional failures
along the displacement planes of vari-
ous-strike transverse dislocations, and
the energy discharge in most granulated
and weakened areas was confined to the
intersection knots of these dislocations
between each other and with the deep
overthrust with its northern rear flakes.

Active tectonics and focal mechanisms of earthquakes
in the pseudosubduction active zone of the North
and South Caucasus microplates (within Azerbaijan)

© T. Kangarli, F Aliyev, A. Aliyev, Z. Murtuzov, 2017

Institute of Geology and Geophysics, National Academy of Sciences of Azerbaijan,
Baku, Azerbaijan

The Greater Caucasus was formed during
the last stage of the tectogenesis in a geody-
namic environment of the lateral compression,
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peculiar to the zone of pseudo-subduction be-
tween the Northern and Southern Caucasian
continental microplates. Its present structure
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was formed as a result of horizontal move-
ments during different phases and sub-phases
of Alpine tectogenesis (from late Cimmerian
to Valakhian). The Greater Caucasus is gen-
erally considered as a zone (along Zangi de-
formation) where the insular arc formations
of the Northern edge of the South Caucasian
microplate thrustunder thick Meso-Cenozoic
complex composed of marginal sea deposits
of Greater Caucasus. The latter in its turn,
has been pushed beneath the North-Cauca-
sus continental margin of the Scythian plate
along the Main Caucasus Thrust. As a result
of the underthrusting, the accretion prism
compressed between the indicated faults,
was formed.

Within the territory of Azerbaijan the tec-
tonic stratification of the Greater Caucasus
marginal sea alpine complex is distinguished
in the structure of the Southern Slope zone
(megazone). Within the megazone different-
scale and different-age cover thrust com-
plexes — Tfanskiy, Sarybashsky, Talachay-
Durudzhinskiy, Zagatala-Dibrar and Govdag-
Sumgayit — were identified and described.
Allocated beneath the accretionary prism of
the Southern Slope, the autochthonous bed-
ding is presented by Meso-Cenozoic complex
of the northern Vandam-Gobustan margin
(megazone) of the South-Caucasian micro-
plate, which, in its turn, crushed and lensed
into southward shifted tectonic microplates
gently overlapping the northern flank of Kura
flexure along the Ganykh-Ayrichay-Alyat
thrust.

Formation of the folded-cover structure
of the Greater Caucasus accretionary prism
is studied within the geodynamic model of
intracontinental S-subduction (pseudo-sub-
duction) under pressure of the advancing
northward Arabian Plate. This concept for the
South-Caspian-Caucasian-Black Sea region
is justified by a number of researches of the
study region. The proposed process continues
up to the present stage of Alpine tectogenesis
as it follows from real-time GPS survey [Kad-
irov et al., 2008]. Monitoring of distribution
of horizontal shiftvelocity vectors, produced
during 1998—2012 by GPS geodetic stations
in Azerbaijan, indicates considerable (up to
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17— 18 mm/year) north-northwestward shift-
ing velocity of the southwestern and central
portions of the South Caucasus microplate,
including the areas of the southeastern part
of the Lesser Caucasus, Kura depression and
Talysh. At the same time, within the micro-
plate northeastern flange confined to Van-
dam-Gobustan megazone of Greater Cau-
casus, velocity vectors reduce by 8—12 mm/
year, while further north, on a hanging wall
of the Kbaad-Zangi deep underthrust, e.g.
directly within the boundaries of the accre-
tionary prism, the velocity becomes as low as
0—4 mm/year (2010—2012 data). As awhole
the Earth's crust contraction within this belt
is estimated equal to 4— 10 mm/year.

This phenomenon reflects consecutive
accumulation of elastic deformations within
pseudo-subduction interaction zones be-
tween structures of the northern flank of the
South Caucasus microplate (Vandam-Gobust-
an megazone) and the accretion prism of the
Greater Caucasus.

The ongoing pseudo-subduction is indi-
cated by unevenly distributed seismicity by
depths (at2—6, 8— 12,17—22 and 25—45 km
depth): distribution analysis of the earth-
guake foci evidences the existence of struc-
tural-dynamic relation between them and the
subvertical and subhorizontal contacts in the
Earth's crust. Horizontal and vertical seismic
zoning is explained from the viewpoint of
block structure and tectonic stratification of
the crust, where the earthquake foci are con-
fined mainly to intersection nodes of faults of
different strike, or to the planes of deep tec-
tonic faults and lateral displacements along
unstable contacts of substantial complexes
with different competency.

Types of focal mechanisms in general cor-
respond to the understanding of geodynam-
ics atthe convergent margins of microplates,
where the whole range of focal mechanisms,
from normal faults to overthrusts, is observed.

Under lateral compression the small-scale
blocks that constitute the crustin this region
become a reason for creation of transpres-
sive deformations, which combine strike-slip
movements along transversal faults limiting
the blocks with compression structures to
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include general Caucasus strike faults. Such
a regime leads to generation of multiple
places of localization of elastic deformations
confined to mentioned dislocations and their
articulation nodes. Itisjustthe exceeded ulti-
mate strength of the rocks that causes energy
discharge and brittle deformations (according
to strike-slip mechanism) in such tectonically
weakened regions of the southern slope of
Azerbaijan part of the Greater Caucasus.

At the contemporary stage of tectogene-
sis the maximum seismic activity is released
within the structures at the northern flank
of South Caucasus microplate controlled by
Ganikh-Ayrichay-Alyat deep overthrust of
«general Caucasus strike» in the west, and
by ~N-S right-slip zone of the West-Caspian
fault in the east of the Azerbaijan part of the
Greater Caucasus.

This fact is particularly proved by the
earthquakes which occurred in May and De-
cember, 2012 in Zagatala, Sheki and Balakan.

Zagatala earthquake. Focal zone of the
earthquake is confined to a complex inter-
section knot of different strike faults, and is
located in the Pre-Jurassic basement. The
main seismic event is related with activity of
Zagatala fault of northwestern strike which
caused activation of connected dislocations.

Balakan earthquake. Focal zone of the
earthquake is confined to a complex intersec-
tion knot of the faults with various strikes, and
is located in the upper part of the Pre-Jurassic
basement. Seismic event is mainly related to
activity of Khimrikh-Khalatala fault of ~N-S,
strike, which, in turn led to activation of re-
lated N-E Balakan and ~ E-W Mazimgarishan-
Katekh faults. Release of seismic energy oc-
curred in most granulated zones confined to
the intersection nodes of these dislocations
with faults of general Caucasus strike.

Sheki earthquake. The focal zone of the
earthquake is located in the upper part of the
Pre-Jurassic basement. Seismic event relates
with activity of subvertical faults of NE strike.
Discharge of seismic energy occurred in most
granulated zones confined to the intersection
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knots of these dislocations with faults of the
general Caucasus trace.

Study of the space-time sequence of the
earthquakes of different magnitudes in each
seismic zone allows us to draw the following
conclusions:

- the spatial distribution of foci demon-
strates that the earthquakes are confined
to the transverse (NW, NE and ~NS strike)
faults. However, the epicentral zones have a
general strike similar to that of Greater Cau-
casus, dislocated along and to the north of the
deep overthrust. Both transverse and longitu-
dinal dislocations are mapped by seismic and
electrical surveys. They represent the south-
ern extension of the fault zones that outcrop
in the mountain area where accretion zone
rock complexes come to the surface;

- focal mechanisms of events of separate
groups reveal different, mainly near vertical,
planes of fault in the earthquake foci. Only
in four cases there were determined the over-
thrusts strictly directed upwards;

- the foci of major strong earthquakes
(M=4.546.7) and the majority of the after-
shocks are confined to the surface of the
pre-Jurassic basement at the depths down to
20 km;

- most of foci are confined to a sloping
stripwhich subsides in the northern direction,
identified with the zone of Ganikh-Ayrichay-
Alyat deep overthrust and its flakes;

- in general, the seismic activity of the men-
tioned period is explained by accumulation
of lateral compression stresses and their later
discharge in the junction zone of the Middle
Kura and Vandam tectonic zones along the
Ganikh-Ayrichay-Alyat deep overthrust;

- lateral compression first contributed to
the creation of transpressional failures along
the displacement planes of various strike
transverse dislocations, and the energy dis-
charge in most granulated and weakened
areas was confined to the intersection nodes
of these dislocations between each other and
with the deep overthrust with its' northern
flakes.
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Paleo- and recent stress regimes of the Crimea Mountains
based on micro- and macroscale tectonic analysis and
earthquakes focal mechanisms
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The Crimea Mountains (CM) belongs to
the northern branch of the Alpine Belt. Being
the northwestern continuation of the Great-
er Caucasus (GC) and a part of the inverted
northern margin of the Black Sea (BS), the
CM region shows the similarities in structural
development of both the domains, implying
the common tectonic evolution of the GC —
Eastern BS area.

Inthe current study, we focus on the Meso-
Cenozoic time-span of tectonic evolution of
the CM and the adjacent BS margin in order
to define paleo- and recent stress regimes
alternated during its tectonic history, based
on the recent geological field observations,
the results of structural analysis, the micro-
tectonic data and the analysis of focal mecha-
nisms of the earthquakes. Thus, the main pur-
pose of our study is to find and investigate
the correlation between the stress field and
the large-scale deformation structures with
subsequent determination of major tectonic
events.

The Cenozoic compression. The major
direction of the shortening during the Ce-
nozoic was defined in regards of main ori-
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entation (trends) of the thrusts and fold axis
developed in the Eastern CM and its nearest
offshore area [Sheremet et al., 2016a, b]. Thus,
the westernmost part of the Eastern CM is
characterized by the NW-oriented compres-
sion, while its eastern part is characterized by
NNW-SSE direction of the shortening. Two
stages of the shortening during the Cenozo-
ic were defined based on the major Middle
Eocene unconformity: the age-frames of the
earliest compression stage is defined as the
Paleocene—Middle Eocene time, whereas the
youngest compression is suggested in the Oli-
gocene—Middle Pliocene.

Reverse regime. For the majority of sites
in the CM we obtained the large display of
reverse regimeswith Oj trending N-S, NNW-
SSE and NW-SE. According to orientation of
the thrust front defined offshore, the NW-SE
orientation of the Oj compressional axis pre-
vails in the CM during the formation of the
main compressional structures. It also has a
point for the NE-SW oriented structures of the
southwestern part of the Kerch Peninsula (KP).

In the area of Sudak the N-S shortening
was defined. This N-S and NNE-SSW trend of
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shortening can be traced in KPwhere the cor-
responding structures overthrust those, which
were formed under the NW-SE compression.
Moreover, the reverse regimes with Oj trend-
ing NNE-SSW characterize the structures of
the Western CM. Thus, the first compression,
which follows the Cretaceous extension stage,
was the one of, mainly, NW-SE orientation.

Strike-slip regime. The analysis of the
structural patterns in the Eastern CM re-
veals several faults of NE-SW and NNE-SSW
trends with left-lateral strike-slip movements
along them. These strike-slip faults cut sev-
eral thrusts and displaced laterally the thrust
front in several places. In other cases, there
is a right-lateral displacement along NW-SE
strike-slip faults. These strike-slip faults also
expressed in the youngest deposits of the
Miocene-Pliocene age.

For the westernmost part of CM the strike-
slip regimeswith NE-SW orientation of Oj axis
were obtained. We consider their relation with
the activity along the Western Crimea dex-
tral strike-slip fault. This is confirmed by focal
mechanisms of the earthquakes occurred at
recent tectonic stage in the Western Crimean
Seismic Zone [Gobarenko et al., 2016].

A strike-slip regime with N-S orientation
of the CJj axis was also detected in the east-
ernmost part of the Eastern CM. We relate
some NNE-SSW-oriented left-lateral strike-
slip faults during the Miocene-Pliocene, in
agreement with [Saintot et al., 1999], to the
latest transtensional regime with E-W orien-
tation of a3 axis. Thus, the N-S trend of the
compression characterizes the youngest tec-
tonic stage of the CM evolution resulting in
a numerous strike-slip faults in the Eastern
CM and folding of E-W trend in KP.

Normal regime. A large variety of data re-
lated to the normal faulting type regimes were
obtained in the CM. Based on the structural
analysis and field observations two types of
normal regimes have been defined in the area.

1. Extensional deformations in regards to
the rifting stage of the BS during the Cre-
taceous. These normal faults, containing the
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relict slickensides, tectonic breccias and trac-
es of attached marine organisms, confine the
Early Cretaceous depressions within the CM.
The corresponding stress fields are character-
ized by N-S and NNE-SSW trend of the a3
extensional axis in the Western Crimea and
by the NE-SW orientation of the a3 axis in
the Eastern CM. New stratigraphy dating and
structural analysis in the Western CM indi-
cate alater extensional stage for the Western
BS (Valanginian-Barremian) [Murovskaya et
al., 2014] than for its Eastern part when the
latter experienced the loading of the GC ba-
sin since the Middle Jurassic.

2. The second type of extensional deforma-
tions corresponds to the NW-SE orientation
of a3 axis perpendicular to the NE strike of
the compressional structures, which is mani-
fested in the main scarp of the slope offshore
the Eastern CM. We relate it with a gravita-
tional effect (sliding) that occurred during
the uplifting of the Crimea due to the short-
ening, thus, some structures, formed under
the compression, underwent the extension.
It also finds the support in the orientation
of the Eocene extensional syndepositional
faults. Possibly, they relate with the formation
of the piggy back basin on top of the highest
allochtonous unit northwards.

Recent regime. Along the northern margin
of the BS (the Crimea-Caucasus coast), the
main structures of shortening are marked by
an active Crimea Seismic Zone (CSZ). The
analyses of the focal mechanisms of 31 strong
earthquakes during 1927—2013 reveals the
recent transpression regime in the western
part of the CSZ whereas in its eastern part,
according to seismicity, gravity field, modes
of deformation and the velocity model, it is
possible to suggest the present day compres-
sional regime. The latter demonstrates: 1) the
reactivation of basement faults that, accord-
ing to [Sydorenko et al., 2016], related to the
formation of the Triassic basin, and 2) indi-
cates the underthusting of the East BS highly
extended crust under the Scythian Plate con-
tinental crust.
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based on micro- and macroscale tectonic analysis
and earthquakes focal mechanisms

© A. Murovskayal, Ye. Sheremet2 M. Sosson2, O. Gintov], T. Yegoroval, 2017

institute of Geophysics, National Academy of Sciences of Ukraine, Kiev, Ukraine
2Université Cote d'Azur, UMR Géoazur, CNRS, Sophia Antipolis, France

The Crimea Mountains (CM) belongs to
the northern branch of the Alpine Belt. Being
the northwestern continuation of the Great-
er Caucasus (GC) and a part of the inverted
northern margin of the Black Sea (BS), the
CM region shows the similarities in structural
development of both the domains, implying
the common tectonic evolution of the GC —
Eastern BS area.

Inthe current study, we focus on the Meso-
Cenozoic time-span of tectonic evolution of
the CM and the adjacent BS margin in order
to define paleo- and recent stress regimes
alternated during its tectonic history, based
on the recent geological field observations,
the results of structural analysis, the micro-
tectonic data and the analysis of focal mecha-
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nisms of the earthquakes. Thus, the main pur-
pose of our study is to find and investigate
the correlation between the stress field and
the large-scale deformation structures with
subsequent determination of major tectonic
events.

The Cenozoic compression. The major
direction of the shortening during the Ce-
nozoic was defined in regards of main ori-
entation (trends) of the thrusts and fold axis
developed in the Eastern CM and its nearest
offshore area [Sheremetetal., 2016a, b]. Thus,
the westernmost part of the Eastern CM s
characterized by the NW-oriented compres-
sion, while its eastern part is characterized by
NNW-SSE direction of the shortening. Two
stages of the shortening during the Cenozo-
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ic were defined based on the major Middle
Eocene unconformity: the age-frames of the
earliest compression stage is defined as the
Paleocene—Middle Eocene time, whereas the
youngest compression is suggested in the Oli-
gocene—Middle Pliocene.

Reverse regime. For the majority of sites
in the CM we obtained the large display of
reverse regimes with Oj trending N-S, NNW -
SSE and NW-SE. According to orientation of
the thrust front defined offshore, the NW-SE
orientation of the (j compressional axis pre-
vails in the CM during the formation of the
main compressional structures. It also has a
point for the NE-SW oriented structures of
the southwestern part of the Kerch Peninsula
(KP).

In the area of Sudak the N-S shortening
was defined. This N-S and NNE-SSW trend of
shortening can be traced in KPwhere the cor-
responding structures overthrust those, which
were formed under the NW-SE compression.
Moreover, the reverse regimes with Oj trend-
ing NNE-SSW characterize the structures of
the Western CM. Thus, the first compression,
which follows the Cretaceous extension stage,
was the one of, mainly, NW-SE orientation.

Strike-slip regime. The analysis of the
structural patterns in the Eastern CM re-
veals several faults of NE-SW and NNE-SSW
trends with left-lateral strike-slip movements
along them. These strike-slip faults cut sev-
eral thrusts and displaced laterally the thrust
front in several places. In other cases, there
is a right-lateral displacement along NW-SE
strike-slip faults. These strike-slip faults also
expressed in the youngest deposits of the
Miocene-Pliocene age.

For the westernmost part of CM the strike-
slip regimes with NE-SW orientation of Oj
axiswere obtained. We consider their relation
with the activity along the Western Crimea
dextral strike-slip fault. This is confirmed
by focal mechanisms of the earthguakes oc-
curred at recent tectonic stage in the West-
ern Crimean Seismic Zone [Gobarenko et al.,
2016].

A strike-slip regime with N-S orientation
of the cjj axis was also detected in the east-
ernmost part of the Eastern CM. We relate

no

some NNE-SSW-oriented left-lateral strike-
slip faults during the Miocene-Pliocene, in
agreement with [Saintot et al., 1999], to the
latest transtensional regime with E-W orien-
tation of a3 axis. Thus, the N-S trend of the
compression characterizes the youngest tec-
tonic stage of the CM evolution resulting in
a numerous strike-slip faults in the Eastern
CM and folding of E-W trend in KP.

Normal regime. A large variety of data re-
lated to the normal faulting type regimes were
obtained in the CM. Based on the structural
analysis and field observations two types of
normal regimes have been defined in the area.

1. Extensional deformations in regards to
the rifting stage of the BS during the Cre-
taceous. These normal faults, containing the
relict slickensides, tectonic breccias and trac-
es of attached marine organisms, confine the
Early Cretaceous depressions within the CM.
The corresponding stress fields are character-
ized by N-S and NNE-SSW trend of the a3
extensional axis in the Western Crimea and
by the NE-SW orientation of the a3 axis in
the Eastern CM. New stratigraphy dating and
structural analysis in the Western CM indi-
cate a later extensional stage for the Western
BS (Valanginian-Barremian) [Murovskaya et
al., 2014] than for its Eastern part when the
latter experienced the loading of the GC ba-
sin since the Middle Jurassic.

2. The second type of extensional deforma-
tions corresponds to the NW-SE orientation
of a3 axis perpendicular to the NE strike of
the compressional structures, which is mani-
fested in the main scarp of the slope offshore
the Eastern CM. We relate it with a gravita-
tional effect (sliding) that occurred during
the uplifting of the Crimea due to the short-
ening, thus, some structures, formed under
the compression, underwent the extension.
It also finds the support in the orientation
of the Eocene extensional syndepositional
faults. Possibly, they relate with the formation
of the piggy back basin on top of the highest
allochtonous unit northwards.

Recent regime. Along the northern margin
of the BS (the Crimea-Caucasus coast), the
main structures of shortening are marked by
an active Crimea Seismic Zone (CSZ). The
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analyses of the focal mechanisms of 31 strong
earthquakes during 1927—2013 reveals the
recent transpression regime in the western
part of the CSZ whereas in its eastern part,
according to seismicity, gravity field, modes
of deformation and the velocity model, it is
possible to suggest the present day compres-
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Magmatism and ore formation on the example of Upper
Cretaceous Bertakari and Bneli Khevi Ore deposits,
Bolnisi ore district, Georgia
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Magmatic evolution is an important event
in the formation and development of the geo-
logical structure of Southern Georgia, where
several reliably dated volcanogenic and
volcanogenic-sedimentary formations are
established. The region represents amodem
analogue of continental collision zone, where
subduction-related volcanic activity lasted
from Paleozoic to the end of Paleogene. After
the period of dormancy in the Early-Middle
Miocene, starting from the Late Miocene and
up to the end of the Pleistocene, syn-postcol-
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lisional primarily subaerial volcanic eruptions
followed by formation of volcanic highlands
and plateaus occurred in the region.

The Artvin-Bolnisi unit forms the north-
western part of the Lesser Caucasus and
represents an island arc domain of so-called
the Somkheto-Karabakh lIsland Arc or Bai-
burt-Garabagh-Kapan belt. It was formed
mainly during the Jurassic-Eocene time in-
terval on the southern margin of the Eurasian
plate by north-dipping subduction of the
Neotethys Ocean and subsequent collision
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and fine-grained volcanoclastic rocks of
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K2sh VVVVVVVVVVVVVVVVVV V basaltic composition;
interlayers of limestones, marls and
epiclastic deposits
Extrusive, coarse-grained, medium-grained
. and fine-qrained volcanoclastic rocks of
Gasandami 150-600 m calc-alkaline dacite-rhyolilic composition;
K2gs interlayers of limestones, marls and
epiclastic deposits
AATTAAAAAAAAaT ITAAAA
IVVUIfVVKVVIVI'VVVVVV
AAAAAAAAAAAAAAAAAA . . . .
'UUUU\ﬁﬂ\””” Extrusive, coarse-grained, medium-grained
i and fine-qrained volcanoclastic rocks of
? Tandzia 150-700 M  aaaaaaaaaaaaaaaaaa Calc-alkaline andesite-basaltic composition;!
K 2tn »vvvvvvvvvvvvvvvvvy o rare interlayers of limestones, marls and
b epiclastic deposits
Extrusive, coarse-grained, medium-grained
and fine-qrained volcanoclastic rocks gf
calc-alkaline dacite-rhyolitic composition;
interlayers of carbonate and
epiclastic deposits
89,8
Extrusive, coarse-grained and fine-grained
volcanoclastic rocks of andesite-basaltic
composition;
interlayers of limestones, marls and
epiclastic deposits
Extrusive, medium-grained and fine-grained
volcanoclastic rocks of dacite-rhyolitic
composition;
interlayers of limestones and
epiclastic deposits
1 60 70 m Conglomerates, gritstones, sandstones,
'«p limestones and fine-grained volcanoclastic
100.5 rocks

Fig. 1 Lithostratigraphic column of the Upper Cretaceous deposits of the Bolnisi ore district, modified by [Adamia

eta]., 2016].

of the Anatolia-lranian continental plate.

The Artvin-Bolnisi tectonic unit, includ-
ing the Bolnisi ore district, was developing
as a relatively uplifted island-arc type unit
with suprasubduction magmatic events. Vol-
canogenic complexes are characterized by
variable lateral and vertical regional strati-
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graphic relationships and are subdivided into
several formations due to their composition.
Volcanics are attributed to calc-alkaline-sub-
alkaline series. Depositional environment of
the Upper Cretaceous volcanic formations
varies from shallow-marine to subaerial set-
tings. Mafic to intermediate volcanic rocks
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Fig. 2. Types of hydrothermal breccias: a — hydrothermal breccia, Bneli Khevi outcrop: b — pseudobreccia, Bneli
Khevi outcrop; c — hydrothermal breccia, Bertakari, Kldovani Ubani, core image BK 822, 228—231 m; ¢ — pseu-
dobreccia, Bertakari, Kldovani Ubani, core image BK 875, 260—263 m.

are in subordinate amount. Felsic formations
(Mashavera and Gasandami) are the major
hosts of numerous ore deposits (Madneuli,
Sakdrisi, Bertakari, Bneli Khevi etc.) within
the ore field (Fig. 1).

The common consent of the researchers
exists about the genetic link of the Bolnisi ore
field gold-polymetallic ore-forming proces-
ses with the late Cretaceous suprasubduc-
tion magmatism. The latter is related to the
north-dipping subduction zone of the Lesser
Caucasus which conditioned island-arc type
volcanic activity and mineralization of the
late Cretaceous Tethys and its northern ac-
tive margin.

Campanian nannoplankton fossils have
been discovered in hydrothermally slightly
altered rocks (pelitic tuffs, tuff-argillites, tuff-
sandstones) of Bertakari area.

The peculiarities of magmatic activity
and geodynamic development of the region
stipulated synchronous formation of signifi-
cantbase and precious metals deposits of the
Bolnisi ore district.

Within the Bolnisi ore district, Bertakari
and Bneli Khevi deposits host lithofacies and
spatial distribution of associated mineraliza-
tion that has been studied. The outcrops and
drill cores visual observations as well as thin
section microscopy has revealed the link of
the mineralization to various types of breccias
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(phreatic, phreatomagmatic and hydrother-
mal) within Bertakari and Bneli Khevi.

Itis noteworthy the recognition of hydro-
thermal breccias with jigsaw-fit clast textures
(Fig. 2, & b) and pseudobreccias (Fig. 2, c, d)
in the mentioned above deposits [Gelashvili
et al., 2015; Lavoie, 2015]. Pseudobreccias are
resulted from diffusive/selective alteration of
intrusive, subvolcanic orvolcaniclastic rocks.
Development of jigsaw-fit clast textures in
breccias is induced by hydraulic brecciation
[Cas et al., 2011].

The deposits are hosted by Gasandami for-
mation thatis represented by following lithofac-
es types: felsicvolcanic lapilli tuffs, ignimbrites,
pumice tuffs and reccias and rhyodacitic dome.
The existence of epigenetic hydrothermal
brecciabodies is the common feature of ma-
ny geodynamic setting types, especially of
island-arcs, and is the substantial part of the
long-lasting history of magmatic-hydrother-
mal activity [Howard et al., 2015].
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Paleogene sedimentary development and tectonic conditions
of shagap piggyback basin (Armenia)
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Shagap syncline is elongated asymmetric
basin presented by Paleogene deposition of
about 1.5km thicknesses. Sedimentation took
place after collision of Eurasian plate and
South Armenian Microcontinent (SAM). In
Middle Eocene—Oligocene time piggyback
basin by slope deposition and turbidite accu-
mulation, controlled by gravitational process-
es, was formed. Lithologically different type
of deposition in this partly isolated basin is
the result of constant input of terrigenous ma-
terial, volcanism and palaeoclimate changes.

Discocyclina-Nummulitic limestones
(packstone/grainstone) without micrite and
cement evidence shallow marine slope en-
vironment where regular flow was available.
Nummulite and red algae (Lithothamnion)
limestones show relatively low light sea en-
vironment (oligophotic zone). Coralline built
with nummulitides were formed in-situ indi-
cating accumulation in a shallow condition
with intense light (photic zone).

114

Trachyandesite dikes and sills (ALI1O-14 —
N 39°57.296', E44° 51.195") were injected into
Lower Paleocene—Lower and Middle Eocene
sedimentary rocks.

Shoshonite series trachyandesites nor-
malised by chondrites have mobile elements
enrichment (Rb, Ba and Th) with negative
HFSE (Nb, Ta) anomalies. The (La/Sm)CNratio
yield 6.84 value butthe (La/Yb)” ratio is 38.17,
suggesting the presence of residual material
from the deep magmatic source. Neodymium
and strontium isotopes yield low ENd™45ve™
and high 87Sr/86Sr{145MB) ratios, respectively
-0.4 and 0.7054. Initial Pb/Pb isotopic ratios
yield 20/Pb/204Pb(i) — 15,67; 208Pb/204Pb(i) —
39.05, suggesting EM2, slab-component con-
tribution and crustal contamination.

The obtained U-Pb zircon age for trachy-
andesites is 14.5+0.2 Ma, which is coincident
with magmatism reactivation in the Middle-
Upper Miocene, after Arabian-Eurasian plates
collision in the Upper Eocene-Oligocene.
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Tectonic evolution of the Crimean Mountains since the
Triassic: Insight from the new dating and on-and-offshore
structural data (macro- and microscale), In general tectonic
context of the Greater Caucasus-Black Sea domain
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The Crimea, being a part of the Black
Sea-Greater Caucasus system (BS-GC),
owes its origin to the subduction of the
Neotethys beneath the Eurasian margin
which is the main geodynamical process
that had a significant influence on the de-
velopment of the Crimea and changed the
tectonic conditions during its geological
history

Two main tectonic stages were record-
ed in BS-GC region concerning the sub-
duction of the Neotethys and its closure:
1) the opening of the BS and the GC ba-
sins in a back-arc position, starting from
the Early-Middle Jurassic and then after
during the Early to mid-Cretaceous and in
the Paleocene-Eocene times; 2) the con-
tinental collision between the Eurasian
margin with the Taurides-Anatolides and
the South Armenian Microplate (TASAM)
and then with Arabian plate. This colli-
sion triggered the shortening of the BS
Basins, thus, the inversion structures have
been described all around the Black Sea
(Pontides-Balkanides orogens, Romanian
shelf and the area of Odessa Shelf—
Crimea—Greater Caucasus).

The presence of two flysch units of dif-
ferent ages (Tauric Gp and Cretaceous ba-
sin deposits) that are outcropping in the
CM reveals a period of subsidence. That
allows the conclusion about the formation
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of the Triassic Trough (Basin) within the
southern margin of Laurasia in the fore/
back-arc position. The normal faults in the
basementwhich have been formed during
this period in consequence will be reacti-
vated during the following BS rifting stage
and the Cenozoic shortening [Sydorenko
etal., 2016)).

The enigmatic Cimmerian deforma-
tions, in addition to other well-known
stated versions, one can suggest a slab
shallowing during the Early Jurassic that
could resultin compression (accretion) of
basin sediments.

The extensional stage, in the Crimea
region, was followed by the development
of the GC back-arc Basin in the Early-
Middle Jurassic and capped by back-arc
magmatism of the Middle Jurassic related
to the subduction (40Ar/2Ar dating and
the geochemical analysis of magmatic
rocks, according to [Meijers et al., 2010])
in both future mountain systems.

The Jurassic period is characterized by
wide distribution of massive carbonated
platforms and reef limestones on top of the
deformed basinal deposits of the Triassic-
Middle Jurassic age (the carbonate build-
up are known in the GC, and evidential
from the seismic data on the Shatskiy
Ridge). These carbonated facies, much of
them are platform, continued through the
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entire Late Jurassic-Berriasian time span
(till the Hauterivian) in the central CM.
The olistoliths origin of large carbonated
Plateaus in the Crimea is not confirmed
during the field observations.

During the Early Cretaceous the BS
basin (a back-arc basin, north of the
subduction zone of Neotethys beneath
Eurasia) was initiated by rifting and then,
a probable spreading center produced
the oceanization of this basin [Sosson et
al., 2016]. Subduction of the spreading
center of the north branch of Neotethys
formed an asthenospheric window. It
could produce heating and, as the result,
the weakening of the strong lithosphere
of Eurasia. This process should initiate
the rifting of the Eastern BS during the
Early Cretaceous, and then, as mentioned
by [Stephenson, Schellart, 2010]), the roll
back of the slab should favor the opening
of this small oceanic basin probably dur-
ing the time limit between Early and Late
Cretaceous.

The inversion of the North Eastern
BS margin is also the result of the evolu-
tion of the Neotethys subduction zone.
During the Latest Cretaceous—Middle
Eocene period (74—40 Ma), collision be-
tween a continental microplate (TASAM)
with the Eurasia initiated in the Lesser
Caucasus and then continued westward
during the Eocene. The inversion of the
CM commenced during the Paleocene
[Sheremet et al., 2016a, b]. Thus, we
suggest that the collisional process to
the south of the Eastern BS initiated the
compression in the CM by reactivation
of the Late Triassic-Early Jurassic normal
faults in the basement. Then, after a pe-
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riod of a low rate compression (Middle
Eocene), the inversion since the Latest
Eocene has been renewed. Probably,
this second period of shortening in the
Crimea could be explained by initial col-
lision of the Arabian plate with Eurasia
since they coincide in time. The very ex-
tended (sub-oceanic) crust, created dur-
ing the Cretaceous by the latest period of
shortening (latest Eocene-Miocene time
span) have been already cold enough and,
therefore, mechanically stronger in or-
der to affect the continental margins and
produce the compressional deformations.
The Shatskiy Ridge plays as indenter in
the underthrusting of the Eastern BC mar-
gin. Thus, the CM have been occurred as
aresult of athin skin tectonic offshore and
both thick- and thin-skin tectonic on land
[Sheremet et al., 2016a].

In the Latest Miocene the Messinian
sea level drop, recorded in the significant
erosion surface offshore, against the back-
ground of continuing shortening, most
likely triggered the mud volcano activity
that at presentis the distinctive feature of
the BS topography.

The current stage of the CM is char-
acterized by the seismicity of magnitude
4—6 located in lower crust and upper
mantle at depth between 30 and 38 km
showing, mainly a north dipping plan
of its distribution in the Eastern CM
[Gobarenko et al., 2016]. The reverse
faults in the basement, as well as strike
slip faults, reactivated by the inversion of
the BS (Alushta-Simferopol fault, Western
Crimea dextral strike-slip fault), should
be responsible for the main seismic activ-
ity in Crimea.
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Initiated in collaboration within the frame-
work of projects funded by the European prog-
rammes INTAS, Erasmus Mundus and PICs,
LLA programmes of the CNRS/INSU, three
French laboratories (Geosciences of Mont-
pellier, Geoazur of Nice Sophia Antipolis and
Evo-Eco-Paleo of Lille), and Institutes of Aca-
demiesof Sciences and Universities of Armenia,
Azerbaijan, Georgiaan International Research
Group (IRG: GDRI de CNRS/INSU) «South
Caucasus Geosciences» were founded in 2010.
Ukraine, presented by Institute of Geophysics
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ofthe Academy of Science of Ukraine, became
one of the partners of IRG in 2014,

With a support of Middle East Basins
Evolution and DARIUS programmes (con-
sortium of oil companies, Univ. Pierre et
Marie Curie Paris VI, and CNRS/INSU) this
IRG aimed at solving the Earth Sciences
guestions, mainly in resources and hazard
fields, in the Caucasus-Eastern Black Sea
Domain (CEBSD) that has a high potential
in research since this part of the Alpine belt
evolved during the long-lived subduction of
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the Neotethys ocean due to its closure (see
for a review e.g. [Sosson et al.F2010, 2016]).
The main issues to solve in the eastern
Black Sea and Caucasus realm in this geo-
dynamic context are: 1) the time-space evo-
lution of geodynamic processes (subduction,

oped in these tectonic settings; 3) the rela-
tion in time and the continuity of structures
between the eastern Black Sea, the Greater
Caucasus, the Lesser Caucasus and those of
the Taurides-Anatolides, Pontides belt and of
the NW Iran as well.

0 km ao0 _45°N
Eurasia
Scythian Platform
45°N
35°N
Arabian Platform
35°N Arabia
30(E 35°E 40°E 45°E 50°E

Crimea-Greater Caucasus mountain bell

European margin (Pontides, Somkheto-Karabakh) with magmatic arc

Lesser Caucasus units (including! ophiolites)

Sakarya accreted terrane

Taurides-Anatolides/South Armenian accreted terranes, with

ophiolites (olive)

Iran accreted terrane (Eo-Cimmerian)

Metamorphic massifs

Taurides-Anatolides including allochthonous nappes and obducted

ophiolites

Fig. 1. Tectonic map of the Black Sea-Caucasus domain and surrounding areas, modified from [Sosson et al.,
2016, 2017], showing the main field locations of IRG studies.

obduction, collision) responsible for the clo-
sure of the northern and southern branches of
Neotethys; 2) the timing of deformation and
the evolution of the back-arc basins devel-
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An integral part of the project, exchange
of scientists, apart from the important role
ofjointresearch, favored to the development
of its international level, giving the birth to a
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new generation of scientists able to provide
the research in the good tradition of French
(European) geological school (Masters, PhDs,
postdocs).

A significant part of these valuable re-
sults constitute: two volumes of Special
Publications of the Geological Society of
London (Vol. 340 and 428), they have been
published in the international and local edi-
tions, as well as presented in Ph.D Thesis. It
is a multidisciplinary study covering topics
in structural geology/tectonics, passive and
active source seismology and seismic profil-
ing, deep Earth's structure (seismic images),
geochemistry, palaeontology, petrography,
paleomagnetism, geochronology, sedimen-
tology and stratigraphy, reporting results ob-
tained during the DARIUS programme and
related projects in the eastern Black Sea and
Caucasus realm.

During 2014—2017 our IRG group worked
in the region north of the Eastern Black Sea
Basin (Crimea), in the Greater Caucasus
(Georgia and Azerbaijan), and in the Lesser
Caucasus (Armenia, Azerbaijan and Georgia)
aiming to precise the evolution of the Eastern
Black Sea-Caucasus realm primarily during
the Mesozoic-Cenozoic time span.
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During this time the tectonic setting of the
area can be characterized as one of general
plate convergence as the Neotethys Ocean (or
branches of a Neotethys Ocean system) was
subducted and eventually closed. The geo-
logical record is essentially one of sedimen-
tary basins being formed in an extensional
back-arc setting and through to the compres-
sional deformations (inversion) of these ba-
sins linked to the Neotethys closure and the
consequences of the related deformations.
The inversion of basins has roughly occurred
in two main phases: 1) from Late Cretaceous
to Early Eocene linked broadly to the closure
ofwhat is referred to as the northern branch of
Neotethys, and 2) from Oligocene to recent,
linked broadly to the closure of what is re-
ferred to as the southern branch of Neotethys,
which corresponds to the eventual suturing
of the Arabia with Eurasia.

The main directions of our activity within
the IRG project: 1) onshore geological studies
from Georgia, Azerbaijan, Armenia and lran;
2) onshore geological studies from the Black
Sea margins of Crimea and Turkey as well as
geophysical data and other subsurface data
from the eastern Black Sea and its northern
margin.
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Deep crustal structure of the transition zone of the Scythian
Plate and the East European Platform (DOBRE-5 profile):
consequences of the Alpine Tectonic evolution

©V. Starostenkol M. So son 2, LgFarfuIyakl 0. Gintovi T. Yegorova 1,
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In 2011 an international team carried out
the DOBRE-5 WARR (wide-angle reflection
and refraction) seismic profile [Starostenko
et al.,, 2015]. Its major part runs in the W-E
direction through the Scythian Plate in the
northwestern shelf of the Black Sea (BS) and
the plain Crimea. The velocity section on the
profile indicates a seismic boundary inclined
eastwards with a low angle. The boundary is
traced atthe depth of ~2 km near the Zmeinyj
Island then it goes below the northwestern
shelf (Karkinit Trough) and beneath the plain
Crimea, and plunges to a depth of 47 km at
the transition to the Kerch Peninsula. This
zone is interpreted as a transition zone (TZ2)
between the Eastern European platform (EEP)
and the SP, naimely on the seismic profile we
the projection of this zone [Starostenko et al.,
2015] .

A geodynamic interpretation of this tec-
tonic zone, proposed by Farfulyak [2015],
considers it as the Paleozoic North Crimean
suture of Yudin [2008], formed as a result of
the closure of the Paleotethys ocean during
the Paleozoic-Triassic time span.

New results, obtained in the framework
of our IRG project in regards to the northern
margin of the BS: 1) The new onshore struc-
tural data in the Crimean Mountains (CM)
[Murovskaya et al., 2014; Sheremet et al.,
2016b] and 2) the new structural offshore data
(Sorokin Trough and Kertch Taman Trough)
[Sheremet et al., 2016a; Sydorenko et al.,
2016] allowed us to identify the structures
developed in the CM and the northern mar-
gin of the BS in the context of two generalized

120

phases of evolution: Mesozoic extension and
Cenozoic compression.

In the current presentation we propose an
interpretation of the DOBRE-5 seismic model
and show the development of the TZ between
the EEP and SP during the Alpine orogenesis
in the frames of the Crimean-BS evolution.

Mesozoic extension. The red dashed line
on Fig. 1shows the projection of the transi-
tional zone (TZ) between EEP and SP on the
DOBRE-5 profile; the zone itself is located to
the north and has a ~W-E strike. According
to the interpretation, the Paleozoic-Mesozoic
basement of the SP is displaced by the gen-
tly dipping normal fault, reaching the Moho
boundary: the thickness of the Paleozoic-Me-
sozoic deposits is twice thicker on the footwall
than on the hanging wall of this fault.

We suppose, that this listric fault (outlined
by 1in Fig. 1) plays an active role (also?)
during the Cretaceous rifting. Itis found the
support in presence of a high-velocity body
(HVLC in Fig. 1) detected in the lower crust
in the area of Karkinit Trough. Such HVLC
bodies are very typical for the rift zones.

Cenozoic compression. The Paleozoic-Me-
sozoic basement of the SP (the Central Crime-
an uplift) includes the layers of increased
velocities (FP=6.2276.3 km/s) at the depth of
4—15 km (See Fig. 1), which we interpret as
the parts (blocks) of the pre-Riphean base-
ment, involved in the thrusting. The age of the
compression postdates the Mesozoic, since
the Mesozoic strata is affected by thrusts.

Several detachments of gentle dipping
at the depths of 15 and 7 km (denoted by 2
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Fig. 1 Interpreted seismic model on the DOBRE-5 profile.

and 3 in Fig. 1) we relate with the Cenozoic
compression that most likely was released
in two-stages: 1) during the Paleocene-Early
Eocene, revealed by the recent structural
and geological studies, onshore and offshore
[Sheremet et al.(2016a, b; Sydorenko et al.,
2016] and 2) in the latest Eocene — Pliocene
which is also evident on many seismic profiles
from the western and northwestern shelf of
the BS [Khriachtchevskaia et al., 2010; Mo-
rosanu, 2012; Dinu et al., 2005; Munteanu et
al., 2013; Sheremet et al., 2016a; Sydorenko
et al., 2016].

In the upper part of the interpreted cross-
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section (See Fig. 1) we distinguished sev-
eral normal faults that affected the middle
Miocene-Quaternary sediments, which we
associate with the continuing loading of the
western BS. Inregards to the Eastern BS, here
we observe the uplifting of the CM due to
the collisional processes [Murovskaya et al.,
2014; Gobarenko et al., 2016].

Detailed interpretation of the DOBRE-5
profile allowed clearing up the long tectonic
evolution of the EEP with the formation of
the TZ to the SP during the closure of the Pa-
leotethys Ocean thatimprintsthe Cretaceous
extension and the Cenozoic compression.
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Intraplate orogenesis

© R. Stephenson, 2017
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Plate tectonics has it that major orogens
form at plate boundaries, specifically in re-
sponse to collision of continental lithos-
pheric plates with other continental lithos-
pheric plates or island arc terranes and so
on. A multitude of schematic diagrams have
been published in the last 50 years showing
black-coloured oceanic crust being sub-
ducted under white-coloured continents,
continental fragments, other pieces of oce-
anic crust, often with subduction polarity
flipped from one panel to another. Lately,
abundant evidence, and a theoretical basis
for it, has been published showing that many
orogenic belts involve extreme shortening of
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previously severely thinned and often signif-
icantly intruded and infiltrated continental
lithosphere but, nevertheless, continental
lithosphere that was not breached or broken
in a plate tectonic sense to produce a new
lithospheric plate boundary at which new
oceanic lithosphere is accreted. Although
there are semantics involved, this cannot
count as orogenesis at a plate boundary: it
is, accordingly, «intraplate orogenesis». It
seems likely to me that much of the large-
scale compressional deformation recorded
in the Alpine-Tethys belt might qualify as
«intraplate orogenesis» in this regard and
that many (if not all?) ophiolite complexes
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ubiquitous in this belt do not represent ob-
ducted crust of oceanic lithospheric affin-
ity but rather remnants of highly deformed,
infiltrated and magmatised crust of conti-
nental lithospheric affinity. I'll review the lit-

erature published during the last years that
supports this model and try to demonstrate
some of the as yet not fully explored impli-
cations of such a model for the geodynamics
of «intraplate orogenesis».

Seismicity and crustal structure of the Southern Crimea
and adjacent Northern Black Sea from
local seismic tomography

© T. Yegoroval, V. Gobarenkol R. Stephenson2 M. Sosson3, 2017

Institute of Geophysics, National Academy of Sciences of Ukraine, Kiev, Ukraine
School of Geosciences, Geology and Petroleum Geology, Meston Building,
King's College, University of Aberdeen, Aberdeen, UK
3Université Cote d'Azur, UMR Géoazur, CNRS, Sophia Antipolis, France

The Greater Caucasus and the Crimea
Mountains constitute a fold-and-thrust belt
that formed near the southern margin of Eur-
asia as aresult of Cenozoic collision between
Eurasia and the Africa—Arabian Plate. The
Main Caucasus Thrust (MCT), which marks
the southern boundary of the Greater Cauca-
sus orogen, can be traced westward along the
northern margin of the Black Sea and coin-
cides at depth with a zone of seismicity called
the Crimea Seismic Zone (CSZ).

The CSZ is characterized by earthquakes
of M=3"5with foci in the crust and uppermost
mantle with abundantweak seismicity (MS3).
The latter was used to recover the velocity
structure of the crust of southern Crimea
Peninsula and adjacent northern Black Sea
employing local seismic tomographic tech-
niques. Events were recorded during 1970—
2013 by nine stations on the Crimea peninsula
(Crimea Seismic Network; CSN) and by one
station (Anapa) on the Caucasus coast of the
eastern Black Sea. Data for the tomographic
modelling, earthquake hypocentres, were
relocated for the P- and S-wave arrivals at
all permanent stations of CSN. Earthquake
relocation was done via error minimisation
starting with a ID reference velocity model
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based on seismic surveys (active and passive)
in the study area.

The distribution of determined hypocen-
tres indicates three main seismicity subzones:
1) the Kerch-Taman subzone, which dips north-
ward at an angle of ~30° to a depth of 90 km;
2) the South Coast (or Yalta-Alushta) subzone,
which dips to the southeast at an angle of ~18°
with earthquake foci dominantly at depths of
10—25 km; 3) the Sevastopol subzone, which
is orthogonal to the South Coast subzone and
confines it from the west, characterised by dif-
fuse seismicity to a depth of ~40 km.

The new local tomographic results docu-
ment significant P- and S-wave velocity het-
erogeneities in the depth range 10—30 km.
Stable solutions have been obtained for
depths of 15, 20 and 25 km. A distinctive fea-
ture of the crust of Crimea Mountains (west-
ern Crimea) is the presence of a high-velocity
(6.7—6.8 km/s) domain of complex configura-
tion, comprising a number of separate bodies.
Itis separated from the more eastern Crimea
and Kerch peninsula by a linear low-velocity
zone of ~N-S strike (in the Sudak area) in-
terpreted as a manifestation of a weakened
crustal zone, possibly associated with the
Feodosiya Fault expressed at the surface,
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which, in turn, could be linked to a collinear
Proterozoic N-S trending fault zone in the
Ukrainian Shield. From other side, it could
be indication of a normal fault zone related
to the Early Cretaceous rifting and opening
of the East Black Sea Basin. To the east of this
low-velocity zone the crustal structure lacks
notable velocity anomalies.

Preliminary interpretation of velocity
anomalies suggests that complex 3D crustal
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geometries are involved. The relocated hy-
pocentres in combination with the tomogra-
phy models show that there is a change of
underthrusting polarity in the western Crimea
Mountains crust compared to eastern Crimea.
This may be a reflection of structural inheri-
tance and reactivation during compression of
the same deeper structures that earlier con-
trolled formation of the mid-Black Sea Rise
during Black Sea extension.
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FOBUNTEW

CtaHucnaBy lNeTpoBuyy MnateHko —80 neTt

Poaunca CtaHucnas NMeTpoBuY naTeHKo
12 Hosbps 1937 r. B 1. HoBaa Ogpecca
Hwukonaesckol 06n. Mocne OKOHYaHMA CO-
NOTBUHCKOW cpeaHel wKonbl (3akapnartbe)
B 1954 r. noctynun B KuesCcKuii reonoro-
pa3BefOYHbIA TEXHUKYM Ha reou3nyeckoe
oTgeneHue. B 1957T., M0 OKOHYaHUU TEXHUKY -
Ma, Hayan cBOM TPYAO0BOW NYTb Ha4YaIbHUKOM
rpaBMMETPUYECKOTO OTPSija B CAMOW HOXXHOW
Touke TypkmMeHMn — noc. Kyuwka. 3a Bpems
pa6oTbl B TypkmeHun CtaHucnas MeTposuy
3a04YHO OKOHUM/ MHCTUTYT N acnupaHTypy.
OCHOBHbIM HanpaBneHWEM CBOeli byayLlel
Hay4HOW paboTbl OH BbIGpan HeTPagNLLNOH-
Hble MEeTOo/Abl MPOrHO3NPOBaHUSA U NMOUCKOB
MeCTOPOXXAEHNSA BCeX TUMOB NOJIe3HbIX UC-
KOMaemblX C NMOMOLLbIO TeoU3nYeckKux u

leodhmanyeckmnin >kypHan Ne 4, T. 39,2017

APYTuX gaHHbiX. Yepes 10 net, 6yayunm Ha-
YaNbHMKOM CaMOW KPYnHOI reoyn3nyecko
napTvu B TYPKMeHUKN, OH 3aBepLU N/ YBA3KY
MOPCKOM lpaBUMETPUYECKON CHEMKMN 3aNM-
Ba Kapa-boras3-f'on ¢ Ha3eMHOIn CbeMKOIA,
nponaa nyctelHo Kapa-Kym, oT r. Kyuwika
[0 3anumBa.

B aneape 1967 r. C. . MnaTeHKO 6bIN OT-
KOMaHAnpoBaH Ha Kyby B KayecTBe r1aBHOro
WMHXXeHepa-rpaBMMeTpUCTa.

CHavana KybuHuam 6b1710 MpeanoXeHo
npobypuTb CKBAXWHbI Ha BCeX pasnomax,
naywmnx ¢ Mopa Ha cywy. B pesynbtarte Ha
Ky6e BnepBble nosBmiacb He(Tb, XOTb U B He-
6onbwnX 06bemax, Ho ceos. C. . MnaTeHKo
cobpan 60/bIOE KONNMYECTBO MaTepuana u
BbIMOMIHUA CTAaTUCTUYECKUI aHanm3 B3au-
MOCBA3M 3HAYEHUI CUNbI THKECTU, FNyOuH
[0 MoBepXHOCTU pasfena MoxXo U 0TMeTOK
penbeda. bbinn chenaHbl BbIBOAbI O BbICO-
KOl He(pTerazonepcnekTMBHOCTM 0-Ba Ky6a,
00yCNOBJIEHHble HanMuMeM Noj KpucTanium-
YeCcKMMU NOpPoAaMUN MOLLHBIX TO/LL 0Caf0ou-
HbIX MOPOA,.

Mo Bo3spaweHun u3 Kybbl B fHBape
1971 r. C. M. naTeHKo paboTan B JO/HKHOCTHU
rnaBHOro reousvka BonblHCKON reousn-
4ecKoi napTum KuneBCKON reodumsnyeckon
akcnepuuumn, rae npopaboTan Ao yxoga Ha
MEHCUIO B CBA3W C NUKBUAALMEA napTun B
2002r.

Pa6oTas B YKpanHe, CTaHucnas NeTpoBuy
cHoBa nonapgaeTr Ha Kyb6y, rge ¢ 1980 no
1984 r. ycnewHoO BHeApAeT CBOW HayuHble
pa3paboTKKu, 4TO NPUBOAUT K A06blYe Hed-
TV cBbliwe 3 MAH T/rog. OLHOBPEMEHHO B
YKpavHe OH MPOrHO3MPYyeT LWecCTb HOBbIX
He(hTerasonepcneKTUBHbLIX NPOBUHLUIA 3a-
KpbITOr0 TUna B panoHax, rge ocajouyHble
nopofabl MepeKkpbITbl CBEPXY KpuUcTanamye-
CKUMW MopojamMun B npegenax Y KpanHckoro
wuTa. 3a aTy paboTy rpynna cnewnanmcTos
BO rnaee ¢ C, . MnaTeHKO 6Gblna npeacras-
NneHa 0gHUM N3 KOMUTETOB BepXxoBHO Pagbl
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Ha coumcKaHue FocyfapCTBEHHOM NMpemMuun B
2005 r. KoHKypc paboTa He npowia BBUAy
HejocTaTKa MaTepuanoB 0 r1y6MHHOM CTpoe-
HUW PEKOMEHAYEMbIX PalioHOB.

B ntore no nHnumatuse C. IN. MinaTeHKO
HAK «HagToras YkpauHbl» Bblgenunnacpes-
CTBa Ha NPoOn3BOACTBO CreynanbHbIX paboT
MT3 B XKuToMunpckoi o6n. ByxneTHue no-
neBble paboTbl 6necTAWwe NOATBEPANIN Ha-
Nn4mne MOLHbIX TONLW, HU3KOOMHbIX NMOPOA C
60NbWINMK MepcneKTUBamMn HepTerasoHoc-
Hoe™ noj KpuUcTan/iMyecKMMU nopojamu
YKpanHcKoro wmuta. Tenepb — fAeno 3a 6y-
peHueM. lMepByl CKBaXWHY, KaK cyUuTaet
CtaHucnas leTpoBuY, Jo/HKHA NPoOypUTH
rocyfapcTBeHHas reosiormyeckas cryxoa,
TaK KaK 3Tu JaHHble HE06X0AUMbI BCEM Fe0-
noram. CerogHsi B pacrnopsiKeHUm 4acTHOMA
npmbl OO0 «YKpHagpocepBUC-rpynn», rae
6UNAp B TedeHMe 16 NeT ABNAETCHA rNaBHbIM
cneymanncTomMm, Haxogutca 38 MeCTOPOX-
JeHWi HeTU M rasa, NPOrHO3UPYEMbIX MO
pesynbTtatam paboT BCEMU reon3NYeCcKun-
MW MeToAaMu TOoNbKo No XXMTOMUPCKOIA
06n. B npegenax oCTasibHON TeppuUTOpUM
YKpanHCKOro uimMta ux HacumTbliBaeTcs 60-
nee 200.

Ona nporHosMpoBaHMA MNEPCNeKTUB py-
LOHOCHOCTU YKpaunHckoro wuta C. . Nna-
TEHKO wu36pan HeTpPagULUOHHLIA MOAXOA.
YcTaHoB/IeHa cTaTUCTUYeCKasa B3auMOCBS3b
BCEX W3BECTHbIX B MWpPE MECTOPOXAEHWNA
UBETHbIX, peAKUX U AparoLeHHbIX MeTas/10B,
a TaKXXe a/IMa3oB CO 3HAYEeHUAMU aHOMaNunii
Byre, MarHUTHbIX U JTOKa/IbHbIX FPaBUTaLLMOH-
HbIX aHOMasnii. BbIACHUMOCK, YTO B Npegenax
NONOXMNTENbHbIX aHOMannin byre B Mupe HeT
HW OHOr0 M3 yKa3aHHbIX TUNOB MeCTOPOX-
OEHWIA, a B MAarHUTHOM U JIOKaSIbHOM FpaBu-
TauMOHHOM MNOJIAX U3BECTHbIE MeCTOpPOXe-
HUA U PYyLONPOABNEHUSA KOHLEHTPUPYIOTCA
B MecTax pacrnoslioXeHUs HY/eBbIX 0OTMETOK
noneii. C y4yeToM YCTaHOB/IEHHbIX KpUTe-
pues C. I'l. inaTeHKO BbIAe/INA B CEBEPO-
3anafHoOi 4YacTM YKpPauHCKOro LwuTa LeH-
TPpasibHYI0 CTPYKTYPHO-MeTas/1IoreHN4YecKyto
30HY, CeBepo-YKpanHCKY asiMa3oHOCHY0
NMPOBUHLUMWIO N B UX npegenax 232 nepcrek-
TUBHbIX reon3nyvecKnx o6beKTa, ansa KoTo-
pPbIX HEOO6XOAMMbI AON3yYeHUE N BypeHue.

126

C. M. "naTeHKO HeO4HOKpaTHO obpalyancs
KMNpe3nieHTaM 1 NpaBuUTe/IbCTBAM CTPaHbI Mo
nosojy Nary6HoCTW NPUOCTAHOB/IEHUS NOUC-
KOBbIX reoyn3nveckmx pabort.

PesynbTaTbl CBOMX Hay4YHbIX pa3paboTok
C. I'. naTeHKO M3/10XXNN B KHUre «Hosoe
0 hnsuke 3emnnm» («Feon3nUecKnii Xyp-
Han» Ne 2 3a 1995 1. n Ne 13a 2012 r.), B KO-
TOpoii 060CHOBasT pacLlUpPeHre MOBEPXHOCTH
3eMM 3a cUeT fHAa OKeaHOB MOJ feACTBMEM
Beca Bofbl. Takmm o6pasom 06mMnsap gokasan
HEeCOCTOATE/IbHOCTb KOHUEMUUN TEKTOHUKN
nanT, Tem 60/1ee YTO B 3TOW XXe KHUre pac-
yeTaMun LOKa3aHO, YTO 3eM/iA ABMAETCA XO-
NofAHbIM TesioM. KHura npowusia aKcnepTusy
B MockBe BAO «BHUWNTeohmsnka», oTKyaa
6bln1a HanpasfieHa B CTOKIo/ibM /19 yyacTus
B KOHKYpPCe Ha COMCKaHue 3BaHnA slaypeara
Hob6eneBcKoii npemnmn B 06nacTn GU3NKnM oT
YKpanHbl. CtaHucnas [eTpoBUY MNOMAYyYHUN
KOMMUIO CONPOBOAUTENIbHOIO NMNUCbMa, CBUJe-
Te/IbCTBYIOLLLEr0, YTO OH CTasl KAHAUAATOM B
naypeaTbl Hobe1eBCKOI NPeMUN 0T YKpauHbl.

He obowen BHNMaHWeM NccnefoBaTesb U
caMble KPYMHble JUCKYCCUOHHbIE BOMPOCHI
COBpeMeHHOI HayKkun. Kak Bcerga, ero rmno-
Te3bl HETPALNLUOHHDLI. Tak, OH CUMTAET, YTo
nocne bonbworo B3pbiBa B Kocmoce o6paso-
Baslocb He 04HO 061akKo, aaBa. MepsBoe 06na-
KO ropsiuee ¢c TeMnepaTypoii Nc MU/I/IMOHDI
rpagycos, BTOpoe 06/1aK0 TEMHOE U X0104HO0e
C TeMMepaTypoil MUHYC MUIIMOHbI FPajycoB.
O6a obnaka, corfacHo runoTese ee aBTopa,
COCTOAT M3 MEPBUYHbLIX MaTepuanbHbIX Ya-
CTUL, 3HEPTrUN, KOTOPbIE HEAEe/IMMbI, UMEIOT
CTPOro 3ahMKCUPOBaAHHYIO Maccy U TeMrepa-
TYpy — MONOXUTENbHYIO B ropsvemM obnake
N OTpUUATe/IbHYIO B X0/I04HOM. [TOCKONbKY B
TaKoM BU[Ee OHW paccMaTpuBalTCA BMepBble,
C. 1. MnaTeHKO Ha3Ban Tensible YacTuybl Te-
NJ0TPOHaMM, a X0N04Hble — XOJ/IOTPOHAMMU.
Bnyxpnaa no Kocmocy MHOorne munanapibl
NeT, NepBUYHbIE YaCTULbI CTPYNMNMPOBaInUCh
B OT/Ae/IbHble AApa, CTaBLUMe BMOCNELCTBUN
3Be3famu — cBeT/ibiMU, TUNa ConHua, N Tem-
HbIMW, KaXXAas U3 KOTOPbIX UMEET CBOW MJia-
HETbl U CMYTHUKW MNJ1aHeT.

MNepemMeLwanncb CBET/IblE N TEMHBbIE 3BE3[bl,
Mo MHEHUIO aBTOpa, B Ky6nUecKon CTPyKType
— B UeHTpe Kyba HaxoAuTca ofHa cBeTnas
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3Be3/a, a rno BepwmnHaMm — BOCEMb TEMHbIX,
M Hao6opoT. TakMm 06pasom, cornacHo rmno-
Te3ze C. IN. NnaTeHKo, Hawa 3emnsa obnyva-
eTca TennoTpoHaMmu ConHua v Xo/10TpoHaMu
BOCbMMW JaneKNX TEMHbIX 3Be3[, KOTOPbIE He
BUAHbI Ha hoHe TeMHoro Kocmoca. CTtaHucnas
MeTpoBMY 060CHOBAHHO MNpejnosaraeT, 4YTo
Ha 3em/ie BO BpeMeHa eruneTckux gapao-
HOB MO6bIBaNM NpuLenblbl C O4HOW NaHe-
Thbl, BpalllaloLleincss BOKPYr 0fiHOM N3 BOCbMU
6nmKanwunx TeMHbIX 3Be3. Boopy>XeHHble
nasepHbIMN pe3akaMu M aHTUTPaBUTALMOH-
HbIMM NPOKIaLKaMu, OHY MOMOT IV MOCTPOUTb
ernneTcKMe Nupamufibl, KUTANCKYK CTEHY,
ropogok Mauy-INunkuy n Bce octasibHble 06b-
eKTbl, OTHOCMMbIE CEr0fHA K Yyjecam cBeTa.

YuunTtbiBas CBOI 60raTblii XXU3HEHHbIN U

Feochusmyecknii >xypHan Ne 4, T. 39, 2017

Hay4HbIA ONbIT, LL6MNAP YBEPEHHO Npeamno-
naraeT, YTo BOKPYT Hac LUMPOKO pacnpocTpa-
HEHO TaKoe ABMIeHMe, KaK YaCTUYHbIN pacnag
aTOMOB Ha Ten/JI0TPOHbI NPU FOPeHUn N pas-
NINYHBIX PE3KUX PU3NUYECKNX BO3JEICTBUSX,
B TOM YucC/ie TEKTOHNYecKuX. locnegHee, Kak
OH CUMTaeT, ABNSAETCA MPUYNHON BOSHUKHO-
BEHWS BYJIKAHOB W rein3epos.

NckpeHHe >kenaem CTtaHucnasy [let-
pOBMYY KPErnKoro 340p0BbA U J0XAaTbCA TOro
BpeMeHU, Korja Halle NnpaBUTeNbLCTBO HAYHET
BblAensaTb cpeactBa T «YKpreogpusmka»
[ONA NMPOM3BOACTBA NOUCKOBbLIX U Freon3mnye-
CKMX paboT 1 Korja HauHeTCHA BO3POXeHMe
reo/IOrMYECKOM 0Tpacan YKpaunHbl.

Konnern n gpysbs
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MNOTEPNHAYKW

Mwuxaino IBaHoBUY ToONCTON
(03.03.1928-15.06.2017)

15 yepBHA 2017 p. reonoriyHa cninbHoTa
YKpaiHu 3a3Hasia Ba)KKoi BTpaTu. Y Biui 89
POKIiB MILLOB 3 XXMUTTS 3aCNyXXeHWn npodecop
KuWiBCbKOro HawioHaNbHOro YHIiBEpPCUTETY
iMmeHi Tapaca LLleBueHka Muxaiifno IeaHoBUY
ToncToii, NnaypeaTt YUNCNEHHUX HaLiOHaNbHUX
i MbKHapogHuX Big3HaK. [eKisibKa NoOKOJiHb
reosioriB YKpaiHm, 6/1M3bKOro i janiekoro 3a-
pyo6iXx>xsa 3Hann M. |. TONCToro AK BUAaTHOro
Jisiya ocBiTW, caMOBYTHLOr0 BYEHOro i 34i-
O6HOro opraHisatopa, YyjoBY MOANHY. 3 HUM
noB's3aHa Lina enoxa reonoriyHoi ranysi,
OCBITU Ta HayKu YKpaiHu.

Hapoaunsca Muxaiino IBaHoBuY 3 6epesHs
1928 p. y Knei. CTaHOB/IEHHS AOT0 AIKYUY€EHO-
roi BMknaga4vasifgbyBanocby HenpocTi vacu,
W0 NpuNanm Ha BOEHHI Ta MiCIABOEHHI POKMU.
L npoke Kono iHTepecis M. I. ToncToro, wo
oxonJtoBano yHAameHTasbHI | NpUKNagHi
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acnekTun reonorii, reoiankn, eKonorii, cqop-
MyBaJsiocs Nnif BNJNBOM MOTYXHOrO i TanaHo-
BMUTOro HaAyKOBOro OTOYEHHSA. Lle nepegycim
B. I, lyunubknin, €. C. bBypkcep (HayKoBuii
KepiBHUK), M. . CemeHeHKoO, B. O. MaBpy-
ceBud, B. b. Mopoip'es, aupekTop YKp4rPI
M. M, MypoBues, C. I. Cy660TiH.
MeparoriyHa Ta opraHi3aTopcbkKa Aissb-
HicTb Mwuxanna IBaHoBmMua ToncToro 6yna
TiCHO noB'sasaHa 3 KWIBCbKUM gepXXaBHUM
yHiBepcuteTtom (KAY) im. T. I'. LLleBueHKa.
CBilh NoTAr A0 NO0/bOBOT reon1oriyHol poboTun
BiH peanizoByBaB Nif Yyac YMC/EHHUX rocn-
JOTOBIPHMX pPO6GIT reosloriyHoOro Hanpsmy
Ta TeMaTU4HKUX pobiT (YKpaiHa, KasaxcTaH,
MiBHiuHNMI KaBkas, 3abaiikanns, BipmeHis,
KonbcbKuii niBocTpiB, CnoBavyvnHa, Yropuim-
Ha, XopBarTis, HimeyumnHa) y 1950— 1990 pp.
y CKnagi ekcriegmuiii Mpo6nemHoT HayKoBOI
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MUXAMNNO IBAHOBUY TOJNICTOWN

nabopaTtopii i3aMKO-XiMIYHUX AOCAIAKEHDb
ripcbkux nopig KAY. Llei nepioa xntra 6yB
HaA3BWYainHo NAigHniA: BuKNnagay B KAY (no-
ueHT (1964—1971), npodecop (1971—2003),
3aBigyBad Kadegpu reodisnkn ta reodisny-
HUX MeTOAIB MOLIYKIB POAOBULL, KOPUCHUX
KonanuH (1975—1981), npoBiAHW HayKoBUiA
cniBpob6iTHUK (2003—2016)); LOKTOpP reonoro-
MiHepanoriyHmx Hayk (1971), ronoBHuin pe-
JaKTop 36ipHMKa «[lMMpuknagHa reoximisa i
netpogisnka» (1974—1991), ronosa MeTpo-
isnuHoi Komicii AH CPCP (1983—1991), ro-
no.a cekuyii reonorii HTC MiHBY3y YKpaiHu
(1980— 1991).

HaykoBuii 3406yToK Muxaiina IBaHoBMYa
Tonctoro cknagaeTbca 3 6inbw AK 250 cTa-
Teit, 12 MOHOTpagiil, 6 HaBYa/TbHUX MNOCIOGHN-
KiB, 4 nigpyyHukie, 12 BuHaxogis, 1 HayKo-
BOro BigkpuTTS. i N0ro KepiBHMLUTBOM 3a-
XML EeHO 16 KaHANAATCbKUX i 14 AOKTOPCbKUX
ancepTauiii. BiH po3po6uB i BUKNagaB noHag
5 neKUinHUX KypcCiB.

Feochusmyecknii >xypHan Ne 4, T. 39, 2017

Barato xTo 3Hae Muxalina IBaHoBMYa
K TaNaHoBUTOro negarora, opraHi3aTo-
pa i Konery, sKuii gonomaraB y HayKoOBili i
OCBITSAHCbKIl AiSNbHOCTI, | He NuLWwe B ranysi
reonorii. 3i cTBOpPeHOT M HayKOBOI LUKOIN
«KinbKicHM po3nogin XiMiYHUX eNeMeHTIB
i Qi3MUYHMX BNACTUBOCTEN B MarMaTUUYHMX
YTBOPEHHAX» Yy CBIili 4yac BuiAlINO 6araTo
pocnigHukie (npodecopn B. I MonsiBKo,
I T. MNpopaneoaa, M. H. )KXyKoB, [0OLEHTH
I. M. OcTadniiiuyk, A. B. Cyxopaga, A. IN. Io-
XUK, A. HO. Cepra, B. M. KagypiH Ta 6arato
iHWwKX). Cnig Big3Ha4YNTKX Aoro cniBnpado 3i
cniBpob6iTHMKaMu IHCTUTYTY reogismkn HAH
Ykpainum (B. I. CtapocTeHko, B. . Ko6ones,
T. C. NNe6epges, M. I. Opniok, B. FO. Makcum-
yykK, C. I. LLenenb Ta iH.).

CgiTna nam'aTb BUeHOMY, 3aCny>XXeHOMY
npodecopy KMiBCbKOro HaLioHanbHOro yHi-
BepcuTeTy iM. Tapaca LLleByeHka Muxainy
IBaHOBMYY Tonctomy. Bucnosnwemo cnie-
YyTTA A0r0 PiAHUM | 6NN3BbKUM.

B. 1. CTapocTeHKO
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BHUMaHUIO ynTaTenen!

MHpekec 74116

BUWHCTUTYTE T’EO®PUN3NKN .
M. C. . CYBBOTUHA HAH YKPAVHbBLI N3OAETCA PELLEH3VPYEMbIV

FEOPUINYECKNN XKYPHAI

co3faHHbIv B 1979 r. Ha 6a3e ocHOBaHHOMO B 1956 I. 1 ny61nkKoBasLlerocsi IHCTUTYTOM reo-
(hm3nkn HAH YkpaunHbl «I"eodm3nyeckoro c6opHrKka». Ha cTpaHuLax aToro XXypHana ocseLla-
tOTCA HOBble JaHHbIe TEOPETUYECKNX N IKCMEPUMEHTa/IbHbIX Fe0PU3NYECKUX UCCNe0BaHNM,
maTepuasibl 0 3aKOHOMEPHOCTAX pacrnpejeneHns pasinyHbIX PU3nYecKux nonein 3emnum, Bonpo-
Cbl KOMIM/IEKCHOI0 N3YyYeHUs rNy6NUHHOTO CTPOEHUA NUTOCHEPbl, COBPEMEHHOW reofMHaMUKM
¥ NPOrHO3a 3eMNeTPACEHWNIA, pe3y/bTaTbl UCCNEef0BaHUA PU3NYECKUX CBONCTB MUHEPIbHOTO
BeLLLeCTBa B pa3/INyHbIX PT-ycnosusx, paboTbl B 061aCTV reoTepMunm, nasieoMarHeT3ma, reo-
(13K MUpPOBOro OKeaHa, MOUCKOB Y pa3BefKM Mose3HbIX NCKOMAaeMbIX reotn3nyecKumu
meTogamm 1 p. My6nmnkyoTcs TakKe METOANYECKIME M annapaTypHble pa3paboTku, MaTepuasibl
AMCKYCCUI, peLieH3nK, COO6LLEeHNS O HAyYHbIX COBELLAHWAX W Apyras MHpopMaLus.

* PaccuuTaH Ha LUMPOKWI KPYT reor3MKOB 1 Fe0/0roB: Hay4YHbIX paboTHU-
KOB, MmpernofjasaTesiei, NHXeHepoB, acn1paHToB, CTy/[|eHTOB, PabOTHMKOB Mo-
MCKOBbLIX MapTUiA 1 3KCreanLum.

 Cratbm Ny6/MKYHOTCA Ha PYCCKOM, YKPaUHCKOM WM aHT IMACKOM A3bIKax.

* [MepnoamyHoCTbL — pa3 B [iBa MecALa.

» CBUWAETEeNLCTBO rOCyAapCTBEHHON perucrpaumu,

cepus KB Ne 12952-1836 IMP ot 20.07.2007 T.

* HAekc 74116.

* TONbKO CBOEBPEMEHHO OOPMI/IEHHAA MOAMUCKA UK 3aKasbl B HaLLei
efakumn n OHTA I/IHCTMT)&ra reogmsnkn HAH YKpavHbl MOTYT rapaHT1poBaThb
aMm nosyyeHune xypHana. Kpome Toro, BO3MOXHO NpuobpeTeHne ero oTaenb-

HbIX HOMepOB 3a NPoLLble rogbl. Mognucky Ha «Feol§|/|3mqe0|<w7| XypHa» ans

Ja/IbHEro 3apy6exkbsi MOXHO 0thopMUTb Ha caifTe A «Mpeca» www.presa.ua.

MognucbiBaTeCh M 3aKa3blBanTe
«[eonanyecknii xypHan»!
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