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DEVELOPMENT OF THE TWO-DIMENSIONAL DENSITY MODEL
OF THE EEARTH’S CRUST AND SUBCRUSTAL MANTLE
OF KAZAKHSTAN

Abstract. The two-dimensional density models of the Earth's crust and subcortical mantle of Kazakhstan and
adjacent territories in numerical and graphical forms were developed with the method of Seismogravitational
Modeling on the basis of materials of basic and applied researches concerning the deep structure and geodynamics of
the lithosphere of seismically active and aseismic areas of Kazakhstan. The density model of the lithosphere of
Kazakhstan with respect to horizontal and vertical sweep efficiency and volume of the used primary materials has
been created for the first time. The technique of seismogravitational simulation is based on the technology of the
iterative construction of the two-dimensional density models of gradient-layered medium, basing on detailed speed
sections as well as the gravitational effect from the entire studied environment. The description of the four density
models designed lengthways profiles located in the Caspian region, in South-East, the central and the northern parts
of Kazakhstan. Density models have been described according to structural and compositional complexes of the
stratified and geophysical layers of the Earth’s crust and the outer mantle. The designed models have made it
possible to detail essentially deep structure of geophysical heterogeneities of medium investigated. The features and
behavior of density structure of medium investigated were found out based on new results seismogravitational
modeling to assess the seismic hazard in Kazakhstan on quantitative geological and geophysical basis. It has been
confirmed that density heterogeneities the Earth’s crust and the upper mantle of platform and orogenic segments
essentially differ from each other. The model is applicable to regional geophysical modeling, enables comparative
analysis and interpretation features of the density structure of the crust and the transition zone of the crust-mantle.
The model significantly increases the informative value and reliability of the detection of petrophysical, tectonic and
geodynamic criteria for generalizations and zoning directed to the problems of forecast of deep-seated deposits of
minerals and seismic zoning.
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PA3BPABOTKA IBYMEPHBIX INIOTHOCTHBIX MOJEJIEN
3EMHOMU KOPbI 1 ITOAKOPOBOUN MAHTHUUN KA3AXCTAHA

AHHOTAIMSI. METOI0M CeHCMOTPaBUTALMOHHOTO MOACIMPOBAHKSA Pa3pab0TaHbl JBYMEPHBIC ILIOTHOCTHBIC MO-
JIeTI 3EMHOH KOPBI ¥ MOJAKOPOBOK MaHTHH KaszaxcraHa M NMPHJICTAOLIMX TEPPHTOPUH B HU(POBOM H rpaduucckom
BAPHUAHTAX HA OCHOBC MATCPHAJIOB (I)y HIAMCHTAJIBHBIX U NPUKIATHBIX I/ICCJ'[CJIOBaHI/IfI 0 U3YUYCHHIO TIY OHUHHOTO
CTPOCHHS M TCOAHHAMHKH JTUTOC(EPbI CEHCMOAKTUBHBIX H ACCHCMUYHBIX paiionos Ka3axcrana.

ITnorHOCTHAA Moaens nuroc(epsl Kazaxcrana mo oXBaTy TEPPHTOPHH IO JIATCPATH U BEPTUKATH H 00BEMY
HCTIOIb30BAHHBIX NMEPBUYHBIX MATEPHAIOB CO3JaHA BIIEPBbIC. MeTOAMKA CEHCMOIPABUTALIMOHHOTO MOJCIMPOBAHUSA
OCHOBAHA HA TCXHOJOTHH HTCPALIMOHHOTO MOCTPOCHHUA ABYMEPHBIX IUVIOTHOCTHBIX MOJENECH IPaIHCHTHO-CIOMCTOH



H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

Cpeapl, ONMHMPAIOIIMXCS HA JCTAJbHBIC CKOPOCTHBIC PA3pPE3bl, a TAKKE HA TPABUTALMOHHBIN 3PQEKT 0T BCeH M3ydac-
MOH CpeapL

HpI/IBOI[I/ITC}I OMUCAHUC YCTHIPEX ITOTHOCTHBIX MOZ[GJ'IGfI, TOCTPOCHHBIX BOOJIb TCOTPABEPCOB, PACIIOIOKCHHBIX
B [Ipukacnum, Ha FOTO-BOCTOKE, B IICHTPAILHOM 1 ceBepHOI yacTsax Kazaxcrana.

[T10THOCTHBIC MOJENN OMMCAHBI B COOTBETCTBHH CO CTPYKTYPHO-BEIICCTBCHHBIMH KOMIUICKCAMH CTpaTH(u-
IOUPOBAHHBIX U TeO(PH3MICCKUX CIOCB KOPBHI M BEpXHEH MaHTHHU. Pa3paboTaHHBIC MOJCIH MO3BOJIIIIN CYIICCTBEHHO
JCTATH3HPOBATH TIIYOHHHYIO CTPYKTYPY TeO(DH3HICCKAX HCOTHOPOTHOCTCH HCCICAYCMOH CPEaBL.

BrLiBreHbI 0COOCHHOCTH M 3aKOHOMEPHOCTH IUTOTHOCTHOM CTPYKTYPBI HCCIIETyEMOH Cpeabl HA OCHOBE HOBBIX
PE3yIbTATOB CEHCMOTPABHTANMOHHOTO MOACTHPOBAHMUS Ul OLICHKH CEHCMHYECKOM OMACHOCTH TeppuTopun Kazax-
CTaHA HA KOJIMYCCTBECHHOM I€ONOro-reopu3macckoii ocHose. [loaTBEp)KACHO, YTO MO IDIOTHOCTHBIM HEOJTHOPOI-
HOCTAM 3€MHAA KOPA U BEPXHAA MAHTHA l'IJ'IaT(I)OpMeHHBIX 1 OPOTCHHBIX CCTMCHTOB CYIICCTBCHHO OTJIUYAKOTCA APYT
oT apyra. Mozens IpUMEHHUMA JJII PETHOHAIBHOTO Te0(hU3MICCKOTO MOJCINPOBAHMUS, 00CCIICUHBACT BO3ZMOKHOCTD
TIPOBEACHHUS COMOCTABHTEIBHOTO AHAIN3A M MHTEPIPETANNH OCOOCHHOCTEH IUIOTHOCTHOH CTPYKTYPBI 36MHOH KOPBI
H 30HBI ICPEX0OaA KOpa-MaHTHA. MOZ[GJ'H) SHAYHUTCJIBHO YBCIU'IUBACT I/IH(I)OpMaTI/IBHOCTI) U HAACKHOCTDH BBLABJIICHHUA
neTpo(PU3MIECKUX, TCOTEKTOHMYCCKAX M TCOANHAMUYCCKIX KPHTCPHEB NMPH O0OOOMICHUIX W PaHOHMPOBAHMAX, HA-
NPAaBJICHHBIX HA PCIICHUC 3a4a' I'Ty OHHHOTO TPOrHo3a MGCTOpO)KL[eHI/II\/II MOJIC3HBIX HCKOIMACMBIX H CCHCMHYCCKOTO
paliOHHPOBAHMSL.

KimoueBbie ciioBa: 3eMHas KOpa, aKTHBHAS MAHTHS, CCHCMOTPABUTAIIMOHHOE MOJACIMPOBAHUE, IOJIC CHIIBI
TSDKECTH.

Baezenne. I110THOCTD, KaK U3BECTHO, SBISIETCS OJIHUM U3 BaKHEHIIUX re0QU3MIECKUX [TapaMeTpoOB, XapaKTePU3YIOIIHX
T€0IOMUECKYIO CPEly: Bee IIPOITECCHI, IIPOUCXO SIS BHY TPH U Ha IIOBEPXHOCTH HaIleH IUIaHETHI, TaK WM HHAYe CBSI3aHbI C
HEpaBHOBECHBIM paclpe/ielieHneM Macc. OIHaKo, IPSIMOMY OIPE/IeIeHHIO JaHHBIN ITapaMeTp He Beerja ojaercs. JIub B
BepXHEH YacTH 3eMHOM KOPBI MBI MOKEM H3MEPHUTH ITIOTHOCTH 110 00pasiiaM, IOy UYeHHBIM B IIPOOYPEHHBIX CKBaKHHaX. B Gonee
IIyOOKHX YacTsIX 3eMIH OHA OIIPe/IEISIETCs TI0 CKOPOCTIM celeMUUYecKX BOIH. HoBBIe ceficMutiecKue JIaHHbIE, IOy -UEHHBIE 3a
TIOCTIE/THUE TO/IBI, CO3/Ia)IM OCHOBY JIISI IIOCTPOEHHUS CYITIECTBEHHO Gollee JIeTalbHON MO/IENN KOPBL, KOTOPast BKIIFOUaeT
pactpesieNieHue INTOTHOCTEH B OT/IETBHBIX €€ CIIOSIX ¥ MOKeT OBITh HCIIOIh-30BaHa I IPABUTAIMOHHOTO MOIETHPOBAHUSL.

Hna Kazaxcrana wsydeHHE TIYOHMHHOTO CTPOCHHUS ITUTOC(EpH OCOOCHHO AaKTValbHO, TaK Kak
3HAYHTE]IBHAS YaCTh €r0 TEPPUTOPUH, OCOOCHHO FOTO-BOCTOK, XapaKTCPHU3YETCs BRICOKOH ceHCMUUCCKOH
AKTHBHOCTBIO, 2 063 3HAHUS CBOWMCTB CPElbl, B KOTOPOH (GOPMHUPYIOTCS OUard 3eMICTPICCHHH, HEBO3MOK-
HBl MICCIEOBAHMS CCHCMHUYCCKOTO MPOLIECCa, BKIIOYAIOIIETO B ¢e0s MOATOTOBKY U MPOSBICHUE CEHCMU-
YECKHX COOBITHH, a Taioke MX MporHo3. C 3TOW MO3WLIMH, B MEPBYIO OUCPEAb, HCCICIOBAHMS JOJKHBI
BKIIIOUATh B ce0s CCHCMOTIPAaBUTALMOHHOE MOJCTHPOBAaHHE Ha 0a3¢ HMHCTPYMCHTANBHBIX TPaBHMCT-
PHUECCKHX AAaHHBIX H APYrod reonoro-reodusnieckoil nHGOPMALUH, BOXHOH COCTABIAIOICH KOTOPOI
SIBJISTEOTCSI CBEACHUS O P-CKOPOCTHOU CTPYKTYPE UCCICAYCMON CPEIBI.

MeTtoamnka ceWCMOTPaBUTAITHOHHOTO MOJCIHPOBAHMA OCHOBAaHA HA TEXHOJIOTMHM HTEPAIIOHHOTO
IMOCTPOEHUS JBYMEPHBIX IUIOTHOCTHBIX MOJECIEH CJIOKHBIX I'PAaJUCHTHO-CIOHUCTBIX CPEJ, OTMPAIOIIHXCS
Ha JETATbHBIC CKOPOCTHBIC PA3pesbl, a TAKKE HAa TPaBUTALMOHHEIN 3¢ dekT oT Bcel nzyuaemoii cpeasl. Ho
€CITH CKOPOCTHYIO XapaKTCPUCTUKY TOPHBIX MOPOA TIYOHHHBIX FOPH30HTOB B CCHCMOMETPHH U CEHCMO-
JIOTUH MOXKHO OINPEICIATh MO PE3VNIbTaraM INTyOWHHOTO CEHCMHYECKOTO 30HIUPOBAaHUS U NPOQUIbHOU
tomorpaduu [1, 2], To B rpaBUMETPUN HA MOBEPXHOCTH HAOIIOACHUM PETHCTPUPYETCS TOIBKO IPaBHTA-
LHOHHOE BIMSIHAE COBOKYIHOCTH IFIOTHOCTHBIX HEOJHOPOTHOCTEH TMYOMHHEBIX TOJL. JTH MaTcpHaibl B
MPSMOM BHJE HE COACPKAT HH(POpMALMHU O IIIOTHOCTH MOPOA, HA MX OCHOBAHHH MOYKHO CYJHUTh TOJBKO O
Ka4YCCTBCHHBIX OTIMIMAX WK MOXOOUH OCPEAHCHHON INIOTHOCTHOHN XapaKTCPUCTHKH PA3TUUHEIX OJIOKOB,
[O3TOMY IS M3YYEHNSA TUIOTHOCTH TIOPO BCEH TOJIIIM 36MHON KOPBI M BEPXHEH MAaHTHH ITEPBOCTEIICHHOE
3HAUCHUE MMEET BBISABICHHE CBA3H MEXAY ILIOTHOCTBIO P M CKOPOCTBIO PACHPOCTPAHCHHS IMPOJOIBHBIX
BOJIH V,,, KOTOPBIE OTIPEAENAIOTCA TI0 JAaHHBIM ceicMoMeTpuH [3-3].

Ilpm cozganny TIOTHOCTHBIX MOJAEICH METOJOM CEHCMOTPABHUTAIIMOHHOIO MOJESIMPOBAHHSA JAOKEH
ObITh BBIOpPaH COUHBIM 3aKOH MEPEX0oJa OT CKOpocTH K miaoTHocTH. Jms 3emHoit xopwl Kazaxcrana,
KOTOpas SABIACTCS KOPOH KOHTHHEHTAIBHOTO THITA, PUHATA 3aBUCUMOCTS [6]:

p=2.7+025(V,6).

[To aTo0ii dopmyse OBITH BEIMHUCICHBI 3HAYCHHUS IUIOTHOCTH /1 OCHOBHBIX I¢O(U3HICCKHX CIOCB,
BBIICJICHHBIX B 36MHOM KOpe M BepxHEH MaHTHH KazaxcraHa ¢ HCIOIB30BAaHHEM CKOPOCTHBIX MOJAENCH
JUTSL TEOTPABEPCOB, PACIOJIOKECHHBIX HA HCCIEAYEMOM TeppHUTOpHH. UHCIEHHBIE 3HAYCHUS CKOPOCTH H
IUTOTHOCTH ISl PA3MTUYHBIX CTPYKTYPHBIX STKCH KOPBI U MaHTUH MpuBeAcHH B Tadmuue [7]. Kayectso
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