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RELATIONSHIP BETWEEN ROCK DEFORMATION AND THE GEOPHYSICAL
AND FLUID PROCESSES OF THE EARTH’S CRUST

Abstract. Tien-Shan seismogen (TSS) is the modern mobile macro-fissure structural heterogeneity of
lithosphere within which geodynamical processes occur accompanying intensive tectonic movements in
earth’s crust and seismic phenomena [10]. The TSS is distinguished as a whole structural formation in the area
of the joint structure of the Urals and Western Siberia with the structures of Central Asia by means of a complex
of interpretation and analysis of a whole range of materials: geological, geophysical, etc. [1]. In order to study
the current geodynamics of the structural irregularities of the Earth’s crust in the territory of North Tien Shan,
which is the most seismically active in Central Asia, comprehensive geophysical studies are being conducted.
Monitoring consists of three permanent observation points with a 24-hour programme. Those points are
situated on seismic active part of Northern Tien-Shan. Kurty point is located in flat part of monitoring area
(area with weak seismicity of the earth’s crust) and other points, Turgen and Medeo are located in seismic
active part of Tien-Shan.

Strainmeters are oriented in the North-South and East-West directions. Based on the experimental data
obtained at Kurty, Medeo and Turgen points the bank of data was created. It contains hourly, daily, monthly
and annual average values of deformations calculated by directions C-Y and B-3, as well as their modules.

In this paper, the link between the deformation of rocks and atmospheric processes (the link between
rock deformation and concentration density of electrons in ionospheric layers) are researched.

According to trends, electron concentration in E layer increases but in higher layers decreases. Rock
deformation in Medeo and Turgen area changes synchronously with the dynamics of the electron concentration
in E layer and in Kurty area is antiphase.

As a result, it is possible to trace the dependencies and links between the deformation of rocks and the
geophysical and fluid processes of the Earth's crust, which, after analyzing and interpreting the data obtained
experimentally, can be traced.

Keywords: Rock deformation, structural heterogeneities, earth’s crust, deformography observations,
geophysical process.

Introduction. For research purposes of modern geodynamics of earth’s crust structural
heterogeneities on Northern Tien-Shan territory which is the most seismic active in Central Asia
comprehensive geophysical surveys are being conducted. Deformography observation monitoring
was created including three observation points Kurty, Medeo and Turgen. In more than three decades
at these observation points was collected a big amount of experimental materials about the current
deformation of rocks formations. However, the physical nature of the deformations observed under
natural conditions has not been investigated. In this paper for the first time was researched the fine
structure of rock deformations in details and were identified the sources of the interrestrial and
extraterrestrial energies under the influence of which changes the stress-strain state of the upper part
of the earth’s crust.

Connection between deformation and atmosphere processes. Atmospheric pressure and
concentration of electrons in ionospheric layers E, F;, F,. can be taken as indicator of changes in
atmospheric processes

Connection between solid deformation and electron density in ionospheric layers. The
ionosphere has three layers. The bottom layer E, in the middle part is layer F; and upper layer is F,.

In figure 1 graphs of electron density change in all of the layers are introduced (materials are
provided by Institute of lonosphere MES RK). The observations are made from Almaty observatory.
According to trend components electron concentration in E layer increases and in top layers
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decreases. Solid deformation in Medeo and Turgen areas changes synchronically with dynamic of
electron concentration in E layer (figure 1) and in Kurty area out of phase.

1 Y T r
: —— TypreH.c-3 3 | =]
0,033 ’/K\J i\
0,022 1 -
s 0011 | o= 0305
. PR U N NI U I S R B |
9 2059 —— Typrex.c8_2 | / j
0,042
0,028 | //A
0.014 [ /\/‘/\QLW\A/\/V\ ”\//Lms
72[L—F2] fr |16623| 1
60 [ r\ f\/\ / 1\ ] '
48 L VL ,_-———-";"f‘y\ ! ] 08 o ebopuan_womme_rpms
L -*v) -\s/ \J‘Jr\/\/\’ \\f’ 4 _Iugp AR MORYNE_ MEAso
36 by 1 - il A i
) 46 8 :_ A /\/\ 4 737 t 0.6 4~ meanenie_weseo
g 429 ‘\ / / / - 1
& 30f V\ \‘\7’\/1 f\/\pﬁ 1 o4
23,0 " Rl [ T I ]
319-E 3224_ 024
29,0 «u\ - 1
m1uwx~ﬂw% FENE AR AVE /NN
= 2005 2006 2007 2008 2009 2010 2011 2012
23 2+ | i Bpemn, rog
2005 zooe. 2007 zooa 2009 2010 zmw zmz 2013 201
Bnema ron
Figure 1. Graphs of average monthly Figure 2. Graphs of changes in time of deformation
deformational measurements on Turgen station modulus, electron concentration in E layer and
and electron concentration of E, F,, F,on Almaty atmosphere pressure.
station

Connection of deformation and atmosphere pressure. Values of deformation modules,
according to trend components, vary from -1.45%107° to +16 = 10~°. Deformation is calculated by
average monthly data on Kurty and Turgen stations in 2005-2011 and synchronically decreased with

a velocity 6.6*10718 1/Sec, while on Medeo station it was increasing with a velocity
7.3*10717 1/, . (figure 3).

Increments Aar_g, Aay_g in the same years have been increased.

Atmosphere pressure on Medeo station where «,, increased in 2005-2011 period, increased
with a velocity 1.81*1078 1/Sec. On Kurty and Turgen stations where a,, decreased pressure
decreased. Values of deformation a,, by average annual data on stations change from -1.6*1073 to
14.6*1073(figure 4). On Kurty and Turgen stations a, decreased with a velocity from
7.2%10718 1/, down to 5%10717 1/,.. Increments Aa”, ¥ and Aa~¥ have been increasing with

a velocity up to 1.2*1071¢ 1/sec. Thus, dependence of a,, on atmosphere factors doesn’t cause any
doubt.
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Figure 3. Average monthly data of deformation modulus, deformation differences of temperature modulus
(T, °C) and pressure (P, mm Hg).

Table 1. Solid deformation velocity

Station Deformationa, velocityo/t, 1/sec

aC-10 a/t, 10°Y aB-3 a/t, 10°Y oM a/t, 10°Y
-1.19-1078 -5.9-107° -

Kurty -1.2:1078 -3.8 -6-107° -34 -1.4-107° -1
-8.5-107° -7.6-107° -1.6-107°
2.7-107° 1.9* 1078 -

Medeo | 2.3-107° 2.10 1.8-1078 7 1.6-1078 7
4.3-107° 151078 151078
3.7-107° -7-107° -

Turgen | 3.9-107° 1.3 -6.8-107° -3 -1.4-107° -5
2.8-107° -6-10~° -1.1-10°8

Solid deformation velocity calculated by average annual trend a,, vary from -5*10~17

1/socup to 7510727 1/;, .. The velocity of pressure change varies from -2*10~8mm up to
1.7*10~° mm. Average annual atmosphere pressure on Kurty and Turgen stations increased but a,,
deformation decreased.
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Figure 4. Graphs of average annual modules of deformation data, temperature and pressure on Turgen,
Kurty and Medeo stations

Connection between deformation and earth processes. As an indicator of deformation
processes change were used:
seismic energy of earthquakes with K>5.0 happened in 2005-2013 years on 410-440 of northern
latitude and 760-790 of eastern longitude coordinates territory;

relations of V, and V; velocities Z—” calculates by earthquakes data on 410-440 northern latitude

and 760-790 eastern longitude territory;
the change of the groundwater level.
Connection between deformation measurements and earthquakes. Between deformation
measurements and amount of weak earthquakes the synchronicity in their dynamic is observed (figure
5.26). However, dependence of seismic energy on solid deformation is not established.

Figure 5.
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Connection between solid deformation and relations of velocities V—” In figures 6-7 is seen
S

that between «a,, on Kurty and Turgen stations and relation of velocities ? the connection is not

N

observed.
1 I 1 1 | | | 1 I
1,720 | , ! A LM a o
i

1,715 | 0,0022 | 7]

i | —— VpWVs k>7 |

1,100y

0,0410 |- -

0,0328 |- -

_0,0246 |- — e -

= | —— KypTbl-M0aynb

% 00164 -| | y}.j I .y I l P | i | 1

0,064 -\ —— TypreHb-Moaynb | 00325 -

0,048 |- | _

0,032 | =

BB L e sl s sl el o eoril ik uel
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Bpewms,rog
Figure 6. Graphs of average monthly % for K>7 deformation modules on Turgen and Kurty stations
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Figures 7. Graphs of average annual ‘;—p for K>7 deformation modules on Turgen and Kurty stations

Tight connection between solid deformation and the groundwater flow rate is distinctively seen in figure 8.
Correlation coefficients between deformation components and water flow rate reaches up to 0.8-0.9.
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Figure 8. Average monthly deformation modules on Turgen station and water flow rate in
the Tau-Turgen well.
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Figure 9. Average annual differences observed deformations on Kurty-Turgen stations and flow rate of
water on Tau-Turgen station.

Conclusion. Thus, as a result of research it was established that on temporal dynamics of
deformation of structural heterogeneities of the earth’s crust prevailing influences are physical
phenomena occurring on the earth’s surface being influenced of atmosphere masses circulation and
changing the constituent elements of the gravitational field. The role of this kind of force factors
prevail over the stress effects created in the focal zones of strong earthquakes by tectonic processes.
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Figure 10. Vectors of observed deformation on Kurty, Medeo and Turgen in 2005-2013 years.
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Figure 11. Seasonal changes of observed deformation on Kurty,
Medeo and Turgen stations in 2005-2013 years.
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Figure 12. Vectors of observed deformation on Medeo and Turgen stations relatively to vectors of observed

deformation on Kurty station in 2005-2013 years
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TAY KbIHBICTAPBIHBIH JE®OPMALIIUACHI MEH KEP KbIPThICBIHBIH
TF'EO®U3UKAJIBIK /KOHE ®JIIOUATIK TIPOUECTEPI APACBIHJAAT'BI BAUJIAHBIC

Anparna. Tsauap-llans ceficmoreni (TIIC) — skep KBIPTHICHIHAA KAPKBIHABI TEKTOHHKAJIBIK
KO3FaJILICTAPMEH JKOHE CEHCMMKAJIBIK KYOBUIBICTAPMEH 1J1ece KYPETiH Te0JUHAMUKANBIK MPOLECTEP KYPETiH
nuTocepaHblH Ka3ipri 3aMaHFbl YTKBIP MaKpOKPEKUHATTHI KypbUIbIMIBIK apTektiniri [10]. TILIC Gipkarap
MaTepHaIap/ibl: TeOJOTHSIIBIK, TeOPU3UKAIBIK )KOHE T.0. TYCIHAIPY jKOHE Taliay KEIIeHIH KOJIZIaHa OTHIPHII,
Opan meH bateic Cibip KypbuibIMAapeiH OpTa A3us KYPHUTBIMIAPEIMEH OalIaHBICTHIPY CaJachIHAAFbl TYTAC
KYPBUIBIMIBIK KYPBUIBIM peTiHae epekuieneHeni [1]. Opranblk A3usiia HEFYpiIbIM CEHCMUKAJIBIK OeICceH Il
Ooomein  TaObmaTeiH ConTycTik Tsaub-lllans aymMarbIHOAFBl JK€p KBIPTHICBIHBIH KYPBUIBIMABIK OipTeKTI
E€MECTITIHIH Ka3ipri 3aMaHFbl TCOMUHAMUKACHIH 3ePTTEY MaKCaThIHAA KEIICHII Teo()H3UKAIBIK 3EPTTEYIep
Xyprizineai. Moantopunr 24 caraTTeIK Oargapiama OOWBIHIIA OaKbUIAY KYPTi3ijeTiH YII TYPaKThl ITyHKTTEH
typassl [Iyakrrep Conrtycrik Tsaub-I1llaHbHBIH celicMUKaNBIK OeceH/ i Oeirinae opHaiackaH. KypTi myHKTI
MOHHTOPHHTTIH jKa3bIK Oeirine (>kep KBIPTHICBIHBIH 9JICi3 CEHCMUKAIIBIFRI 0ap ayaH) opHaixackaH, Typred
xoHe Megey nyHkrTepi Tsub-11IaHEHBIH celicMUKaNBIK OelceH 1l OOIiriHe OpHATacKaH.

Hedopmorpadtap CONTYCTIK-OHTYCTIK OHE IIBIFBIC-0aThIC OaFbITTaphl OOMBIHINIA OarbITTAIFAH.
KypTte1, Meney xone TypreHn keHTTepiHIEe OaifkaaraH SKCIEPUMEHTTIK JAepekTep OazachiHaa AepeKTep OaHKi
kypbuiapl. Ouga C-O sxoHe B-3 OarpiTrapbl OoifbiHIIA ecenTenreH AeOpPMAalUsHBIH OpTalla CaraTThIK,
opTallia TOYIKTIK, OpTaIlla alJIbIK XKOHE OpTallla KbUIIBIK MOHJIEPi, COHIal-aK OJIapIbIH MOAYJIbIEpi Oap.

Bynt skymbIcTa Tay KBIHBICTAPBIHBIH JeGOopMaIisIchl MEH aTMOC(epalblK MpPOIECTep apachIHIaFbl
Oaianbic  (Tay OSKBIHBICTAPBIHBIH Je(OpMANUsACHl MEH HOHOC(EepanblK KabaTTapaarbl 3JIEKTPOHIAP
KOHIICHTPAIUACHIHBIH THIFBI3JIBIFBl APAChIHIAFEl OallaHbIC, AeQOPMAIUSIHBIH aTMOC(EpasibK KhICHIMMEH
0aliIaHBICHI),JKEP CINKiHICI JKOHE JKep aCThl CYJapbIHBIH aFBIMBIHBIH ©3repyi CHAKTHI aJeGOopMaIiis MEH Kep
TIpoIIeCTePi apachIHAAFbl OAUIAHBIC 3EPTTEICII.

Tpenn koMmnoHeHTTepiHEe cyiieHceK, E KabaThIHAAarbl 3JEKTPOHAAPIBIH KOHUIEHTPALUAICH apThIIl,
JKOFaprbl KabatTapia asasabl. Meney skoHe TypreH aydaHIapbIHAArbl KbIHBICTApABIH Aedopmanuscel E
KabatbiHaars! (3.5 — cyper) 3JIeKTPOHIBIK KOHIIEHTPAIHS THHAMHUKACBIMEH CHHXPOH/IBI ©3repeli, all KYpThl
aynaHbIHAa-(ha3ara KapChl e3repei.

Hortmxkecinne Tay KbIHBICTAPBIHBIH Je(QOPMAIUACEI MEH KE€p KbIPTBICHIHBIH T'eO(DH3UKAIBIK JKOHE
CYMBIK IIPOIIECTEepl apachlHIarbl OaijlaHBIC IIEH OalIaHbICTBI Oalikayra OoJaabl, Ojap SKCICPUMEHTTIK
JKOJIMEH aJIbIHFaH MAIIMETTEP/Ii Tajfay MEH TYCIHIIPYACH KeiiH OaliKaiaibl.

Heri3ri ce3mep: >KbIHBICTApIBIH JedOpPMALUAICH], KYPBUIBIMABIK TETEPOTEHALNIr, ep KBIPTHICHI,
nedopmorpadusubIK 6aKpuIaynap, reoru3nKaibIK IpoLece

K.K.Konymo6eroBa™
TOO «MuctutyT ceiicmomorumn», AnMatsl, Kazaxcran
*e-mail: kolumbetova@gmail.com

CBA3b MEXKJIY IE®OPMAIMEN IIOPOJI 1 TFEQOPU3NYECKUMA U ©®JTIONTHBIMH
INPOIECCAMMU 3EMHOU KOPbBI

Annortauusi. Tsaap-Ulansckuit ceiicmoren (THIC) — coBpemeHHass MOOHMIIbHAS MaKpOTpPEIIMHOBATAS
CTPYKTYpHasi HEOTHOPOAHOCTh JIUTOC(EPDI, B IIpeiesiax KOTOPOH IPOUCXOAAT I'e0IMHAMUYECKHE IPOLIECCHI,
COIIPOBOXK/IAIOIINECS] MHTEHCUBHBIMU TEKTOHWYECKUMM JBHXECHUSMHUB 3€MHOI KOpe U CEeHCMHUYECKHMH
spnernsaMu[ 10]. THIC BiaeneH Kak LeJIOCTHOE CTPYKTYpHOE 00pa3oBaHue B 00JaCTH COUIICHEHHSI CTPYKTYP
Ypana u 3anagaoii Cubupu co crpykrypamu CpeaHeidl A3uu C TOMOIIBI0 KOMIDIEKCA WHTEPHpPETANA U
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aHaJM3a IIeJIOT0 Psjia MaTepPHANIOB: T'eOJOTHYECKUX, reodmsmueckux u ap. [1]. B memsx uccrenoBanus
COBPEMEHHOU I'eOIMHAMUKH CTPYKTYPHBIX HEOTHOPOTHOCTEH 3eMHOM KOpHI Ha Tepputopun CeBepHOTO TSHB-
[lans, senstomieiicss Hanboee celicMUUecKd akTHBHOU B LleHTpanmbHOM A3uM, TPOBOJSATCS KOMIUICKCHEIC
reou3nueckue uccaenoBaHus. MOHUTOPUHT COCTOUT U3 TPEX NMEPMAHCHTHBIX ITYHKTOB, HA KOTOPBIX BEIYTCS
HaOmoIcHUS 110 24-yacoBoi mporpamme. [IyHKTbI HaXOOATCS B CEHCMHUYECKH akTUBHOW 4yactu CeBepHOIro
Taup-11lans. [Tynkt KypTel HAX0AUTCS B pABHHHHOM YacTH MOHUTOPHHTA (PpaioH co ¢1a00i CeHCMHUYHOCTRIO
3€MHO# KOpBI), MyHKTH! Typrens 1 Meieo pactoyioxeHbl B CeHCMUYECKH akTUBHOM yacTu Tsaub-111ans.

Hebopmorpadpl OpUEHTHPOBaHBI 110 HAINPaBJIEHUSIM CEeBep-lOr, M BOCTOK-3amag.Ha 0Oase
IKCTIEPUMEHTAIILHBIX JJAHHBIX, HAOMroIeHHbIX Ha 1. KypThl, Meaeo u Typrens, co3ian 6aHK JaHHBIX. B HeM
COJZIEPIKATCS CPEHEUACOBHIE, CPETHECYTOUHBIE, CPETHEMECSIUHBIC U CPETHETOIOBbIC 3HAUSHUS 1ehopMaIuy,
paccunTanubsie o HanpasiaeHusM C-1O u B-3, a Taxxe ux Moaynu.

B nanHO# paboTe Hcciemyercs CBs3b MEXIy AedhopMaliyei mopoa U arMoc(epHbIMU MpOoIeccaMu
(cBs3b Mex Iy IedopMaliieii IMoOpo I ¥ INTOTHOCTHIO KOHIIEHTPAIMH 3JICKTPOHOB B HOHOC(HEPHBIX CIIOSX, CBA3D
nedopmariuu ¢ aTMoc(hEpHBIM JTaBICHUEM),CBS3b MEKTY e(hOpMaIIiei U 3eMHBIMH TPOIIECCAMU, TAKUMH KaK,
3eMJICTPSCEHUS M U3MEHEHHUE IeOnTa TIO3EMHBIX BOJI.

Cyns Mo TPEHIOBBIM COCTABJISIONINM, KOHIICHTpAIUA JJIEKTPOHOB B ciioe E Bo3pactaer, a B BEpXHUX
cnosix yoeiBaet. Jlepopmarus mopon B paitone Meneo u TypreHp M3MeEHSI€TCS CHHXPOHHO C JTUHAMUKON
AJIEKTPOHHOM KOHIeHTparuu B cioe E (pucyHok 3.5), a B patione KypTsl — B mpoTtuBodase.

B pesynbrare MOXHO MPOCICIUTH 3aBUCUMOCTH M CBSI3M MEXAy JnedopMmaiyeit mnopoja u
reo@u3nuecKUMU U (DIFOUIHBIME TMPOIECCAMH 3€MHOM KOPBI, KOTOpPBIE TOCJEe aHAIW3a W MHTEPHpETaIiH
JIaHHBIX, MTOJIYYEHHBIX KCIEPUMEHTAIbHBIM IIyTEM, POCIEKUBAIOTCS.

KiawueBbie caoBa: J[lepopmanuss mopon, CTPYKTYpHBIE HEOJHOPOJHOCTH, 3E€MHAas KOpa,
nedopMorpaduueckre HaOMIACHUS, reopU3NUESCKUN TIPOIIECC
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