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SOME ASPECTS OF FORMATION OF DEEP SALT DIAPIRIZM

A.A. Baymukhametov, N.I. Martynov,
M.A. Ramazanova, A.G. Tanirbergenov, B.A. Tanirbergenov

Institute of mathematics and mathematical modeling of CS MES RK, Almaty
nikmar50@mail.ru

Keywords: salt diaper, crust, sedimentary cover, thermal stream, thermogradient, gravitational instability,
convection.

Abstract. Some regularities and features of process of formation of a deep salt diapirizm based on results of
numerical modeling are discussed. It is shown that under certain conditions heterogeneity of a thermal stream from
the lower horizons of crust formation of salt columns is possible. Exponential dependence of dynamic viscosity on
temperature leads to formation of salt domes with "similar leaf of a tree" structure.

YK 551.24

HEKOTOPBIE ACIIEKTbBI ®OPMUPOBAHMUS I''TYBUHHOI'O
COJIAHOI'O INAIIMPU3MA

A.A.BaiimyxameroB, H.U.MapTbiHoB,
M.A.Pama3zanoBa, A.I'.'Tanupo6eprenoB, b.A.Tanupoeprenon

WuctutyT MaTeMaTuku U MmaremaTuueckoro mogenuposanuss KH MOH PK, Anmatst

KiitoueBble c10Ba: COJISIHOM AManup, 3eMHas Kopa, OCaOYHBIA 4Y€XO0J, TEIUIOBOM IMOTOK, TEPMOIPAaTUEHT,
TpaBUTAIIMOHHAS HEYCTOHYNBOCTD, KOHBEKIIUS.

AnHotanusi. OOCYXIalOTCS HEKOTOPhIE 3aKOHOMEPHOCTH W OCOOCHHOCTH Tmpolecca (hOPMHPOBAHUS
IITyOMHHOTO COJITHOTO AMANUpU3Ma, OCHOBAaHHBIE HAa pe3yJIbTaTax YMCIEHHOTo MozenupoBaHus. [lokazaHo, 9To
MIPH OTPEAETICHHBIX yCIOBUAX HEOJTHOPOTHOCTH TEIUIOBOTO IMTOTOKA C HIDKHUX TOPH30HTOB 3€MHOM KOPBI BO3MOKHO
00pa3oBaHUE COJISTHBIX CTOJIOOB. JKCHOHEHIMAJbHAas 3aBUCHMOCTh JWHAMHYECKOH BSI3KOCTH OT TEMIIEPaTyphl
MPUBOJUT K 00Pa30BaHUIO COJISTHBIX KYIIOJIOB C «JIMCThEOOPA3HOMN» CTPYKTYPOH.

Beenenue. bonee 70% MHUPOBBIX MECTOPOXKICHUH HE(PTH W rasa MPUXOAUTCS HA 0OJACTH COJISTHO-
KyIHOJNbHOW TEKTOHUKH. DOpMHpPOBaHME MECTOPOXKICHUH YIJIEBOJOPOAOB, HX paclpeleicHue B
MPOCTPAHCTBE U BO BPEMEHM IPOUCXOIUT B HEPa3phIBHOHM CBA3M W TOJ BIUSHUEM (popMHUpOBaHUSA
COJISTHO-KYMOJBHBIX CTPYKTYp, M3YYCHHIO KOTOPBIX IOCBSILEHBI T€0JOro-reopu3nieckue M3bICKAHHS,
nabopaTopHbIE U TeopeTHIecKre uccienoBanus [1-18].

B mocnexaHee Bpems MONy4eHbI NMPUHIWIIHANGHO HOBBIE TEOPETHUECKHE, 3KCIEPHUMEHTAlbHBIE U
HaTypHbIE JlaHHBIE, MOATBepkaatomue runotesy .M. MeHaeneeBa 0 HEOPraHUYECKOM MPOUCXOKACHUN
He(TH M YKa3bIBAalOLIUE Ha NEPCIEKTUBY €€ MOMCKa M JOOBIYM Ha OONbIIMX INTyOMHaX. DTO BBIABHUIAET
HOBBIE TPeOOBAHUS NP YUCICHHOM MOJIEJINPOBAaHUU (POPMHUPOBAHMS [ITyOUHHOTO COJITHOTO JUAIIUPU3Ma
Ha (U3MYECKYI0, MaTeMAaTUYeCKyl0 M TUCKPETHYIO0 Mojend. Takue MOenu, YYUTHIBAIOIINE TEIUIOBBIC
3¢ QeKThl U 3KCIIOHCHIMAIbHYIO 3aBHCUMOCTh JUHAMHYECKOH BSI3KOCTH OT TEMIIEPAaTyphl Ha OCHOBE
Peneit-TeimopoBckol HEYCTOWIMBOCTH B NPHOMMKEHUM byccuHecka, pa3pa0oTaHbl M OOOCHOBAaHHI B
paborax [19, 20].
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Uszeecmus Hayuonanvuot akademuu nayx Pecnyonuxu Kaszaxcman

Ilo Bcelt BumumocTH, TepBble pabOTBI 3TOTO HampaBieHus [21-28], yYWUTHIBaIOIIUE BIUSHHE
TEIUIOBBIX IOTOKOB HAa (DOPMHUPOBAHME COJIIHBIX AMAIIMPOB, BBHIIOJHEHBI CPABHUTEIBHO HEJABHO, B
Kazaxcrane. B HUX nuHaMuueckasl BSI3KOCTb NMPEANOJarajach HE3aBHCSILEH OT TeMIepaTypbl. TeM He
MeHee, NMOAO0OHAas MOJENb IO03BOJIMJIA YCTAaHOBUTH CYIIECTBEHHOE BIMSHUE TEPMOTPaJHEHTOB Ha
(bopMHpOBaHHE COJSIHO-KYNOJIBbHOM TEKTOHHKH. CJleoyeT TakkKe OTMETHTh, YTO paboThl, Oa3supyromuecs
Ha OoJyiee 0OMmIEH TEMIOBOW MOENH, YYHTHIBAIOMIECH SKCIIOHEHITHATBHYIO 3aBHUCHMOCTh THHAMHUYIECKOM
BA3KOCTHU OT TEMIIEPATypbl, MPaKTUUECKU OTCYTCTBYIOT B OTKPBITOH MUPOBOI Me4aTH.

B HacrosiieM HcclieIOBaHUM NPUBOISTCS HEKOTOPBIE PEe3yJIbTaThl YHCIEHHOIO MOAEIMPOBAHUS HA
OCHOBE OOIIEeH TEIIOBOW MOAENH (OPMUPOBAHMS TIIYOHHHOTO COJISTHOTO AMANHpPU3Ma, O00CYXKTAOTCS
HEKOTOPBIE 3aKOHOMEPHOCTH U 0COOEHHOCTH ero (pOpMHUPOBAHUS.

1. O HeKOTOpPBIX 3aKOHOMEPHOCTSAX (OPMHUPOBAHMA COJSIHBIX AuanupoB. PaGorer [21-24]
MOCBSIIIEHBl HMCCIEIOBAaHUIO BIMSHHUS TEIJIOBBIX IIOTOKOB Ha (hOpMHUpOBaHUE TITIyOMHHOIO COJISHOTO
IUanupusMa, a pa0botel [24-28] uccnenoBanuio GOpMHUPOBAHUS KOUIEKTOPOB (He(TEra3oBhIX JIOBYIIIEK)
HE(TH U ra3a Ha OCHOBE YIPOLICHHOW TETJIOBOM MOJCIIH.

B0  ycTaHOBIEHO, YTO TEMIIEPAaTypHbIE TPAaJUEHTHl CYLICCTBCHHO BIMSIOT Ha CTPYKTYpPY H
npodwi  GOPMHPOBAHUS CONSIHBIX KymojoB. OHH TakKe CYIIECTBEHHO BIHSIIOT Ha TPOGOHIH
(hopMUpOBaHUS MOACOJNEBOro JIoka (TIOIAKYIONBHOTO MpocTpaHcTBa). B pabortax [21-24] oueHuBanoch
HanpsDKEHHOE cocTosiHue. PacdeTsl mokasanu, 4TO BEJIMUYMHA KOMIIOHEHT HANPSDKEHWH U Pa3BUTOH
¢da3pl IpuMepHO B 2-2,5 pasa Ooible, 9eM ISl MeHee pa3BUTON (a3wl. BepxHsas 4acTh HAAKYIIOIHHOTO
MPOCTPAHCTBA M CAMOT0 KYIOJia MPEACTaBlIeHa PACTATHBAIOIIMMHU TOPH3OHTANBHBIMY HANPSHKEHUSIMHU U
CKMMAIOIIUMH BEPTUKAJIBHBIMU HAINpsDKEHUSAMHU. HIDKHAS dYacTh Kyrosia NMpencTaBiIeHa CKUMArOIUMU
HanpspKeHUsIMA. HIDKHSSL LeHTpajbHas dYacTh KyIoJla XapakTepu3yeTcs NPUMEPHO OIUHAKOBOH
MHTEHCHBHOCTBIO BEPTHUKAJIBHBIX HaNpsHKeHUH, a HauOobllee pa3indie B MHTEHCUBHOCTH XapaKTEpPHO
it e€ mepudepuitHo wacTh. BennunHa KacaTenbHBIX HampsDkeHWH BospactaeT B 1-1,5 pasza mo
CPaBHEHHMIO C YHCTO JUHAMHYECKOW MOJENbI0 (OTCYTCTBYIOT TEIUIOBBIE IOTOKH), YTO CBSI3aHO C
¢dbopmupoBaHueM BHXpeBOH 30HBI. CleqyeT OTMETUTh, YTO paclpelesicHHe HaNpsHKEHUH BO BPEMEHHU
COrJIacyeTcsl C MEXaHU3MOM U (OPMHUPOBAHUEM COJITHOTO KyToJia. AHaJIOTHYHast KapThHA HAOJogaeTcs B
obmactu QopmupoBanusi nepudepuiiHbIX KymosoB. PasBuras ¢aza CONSIHO-KYHONBHOTO IUANUpU3Ma
XapakTepusyeTcs 00jee HHTEHCUBHBIMU A€BUATOPAaMH KacaTeNIbHBIX HAIPSKEHUH 110 CPABHEHHIO C YHCTO
MMHAMAYECKON Mofenpio. OTINYNE MECTaMH COCTaBJISIET OT 3-X u Oojee pasa. [lpu HyneBoi HawaabHOU
TeMIlepaType B OCaJOYHOM 4YexXJie HM30TepPMbI M3rHOAlOTCsT B mporecce (OpMHUpOBaHUS AWANUPOB, HO
OCTAalOTCSl B Tele KYIOJOB. DTO TOBOPUT O TOM, YTO IPOLECC I'PaBUTALMOHHOM HEYCTOHYMBOCTU
mpeobiagaeT Hal KOHBEKITHUEH.

B paborax [24-28] oumeHuBamuch oOmactu (GOpMHUpPOBAaHUS HEPTEra3oBBIX JIOBYLIEK Ha OCHOBE
creayromux coodpaxenuii. Ha ¢pone rugpocraTiyeckoro AaBieHus, 00yCIOBIEHHOTO 3ale€raHueM CIOEB
TOPHBIX NOPOJ, Ipouecc (HOPMHUPOBAHHS CONSHOTO AWANMPH3MA IPOUCXOIUT 3a CUET M3MEHCHHSA BO
BPEMEHU HAaINpPsHKEHHO-Ae(pOPMHUPYEMOTO COCTOSHUS CJIOEB TOPHBIX TMOPOJ M COMPOBOXKIAETCS
o0pa3oBaHMEM TOBBIIICHHBIX M MOHW)KEHHBIX 30H KOHLEHTPALMH HamNpsHDKEHUH W aeopMariuid.
Kamennas comp (TamuT) mpeacTaBisieT cO0OM TOCTATOYHO IHIACTUYHBIH MaTepwuai. OcagouHbIA 9eX0 U
MOJICONIEBOE JIOXKE Ha HEOOJBIIMX OTpe3Kax BPEMEHHU  SBISAIOTCS XPYNKUMU TOPHBIMH IOPOIAMH,
MEXaHU3MOM  pa3pyLIeHHs  KOTOpPBIX  SBISIIOTCA ~ XpYIKOE  pacTpeckuBaHMe  (pa3pyllEHHeE),
COIIpoBOYXKAaroIIeecs: QuiatTancuei. IMenHo Gnaronapsi ToMy, 4TO TOpPHBIE HOPOABI 00Jalal0T XPYIKUM
paspylICHHEM, B 30HAaX IIOBBIIICHHBIX KOHLEHTPALUP HANpsOHKCHUI IPOUCXOOUT pa3pylLIeHUue ¢
o0pa3oBaHMEM IOPOBOIO IPOCTPAHCTBA, CHHUMAIOTCA W30BITOUHBIE HampspkeHUs. B pesynbrare
00pa3yloTcs JOKaJIbHbIE 30HBI MOHMKEHHBIX HANPSOKEHUH (HedTera3oBble JOBYILIKU), KyAa U MUTPHPYIOT
HaxoJIIuecs B IUIACTaX FOPHBIX MOPOJ YIIeBOAOpoAbl. OTMETUM, YTO 30HBI Pa3pyLICHUS OCAZOYHOTO
YexJia U MOAKYTOJIBHOTO MPOCTPAHCTBA BBIACISUINCH HA OCHOBE KPUTEPHs MPOYHOCTH TOPHBIX MOPOJ IO
MaKCHMAaJIbHBIM 3HAUEHUSIM JIeBHATOpa KacaTeIbHBIX HAIPSKEHHUM.

Kak moxkazamu pacuersr [24-28], 1 CONSIHBIX KYTOJIOB He(Tera3zoBble JOBYIIKH (OPMHUPYIOTCS B
o0jacTaX WX KpbUIbeB (HAAKPBUIOBOTO U MOJKPBUIOBOTO IPOCTPAaHCTBA), a Takke B oOjacTu
MOJKYTMOJBHOTO MPOCTPAaHCTBA MOACOJIEBOIO JIOXKA, YTO OBUIO OOHApyKeHO TIIyOMHHBIM OypeHHeM
COJISIHBIX KymnonoB. Kpome Toro, pacdersl mokasajid, 4TO 00JAacTH MOBBILICHHBIX TEPMOIPAIUETOB B
0CaZI0YHOM Y€XJIE U [OJCOJIEBOM JI0KE IPUYPOUICHBI K 00IACTSIM MOBBIIICHHBIX 1€BUATOPOB KacaTeIbHbBIX
HamnpsOKEHWH, T.e. K 00JacTsIM KOJUIEKTOpPOB He(pTH M Trasza. XOpOIIO H3BECTHO, HYTO BEJIWYHHA
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reOTePMHUYECKOTO TpajueHTa SBJSIETCS ONHUM M3 TIJIaBHBIX ITapaMeTpOB M MNPU3HAKOB TI'€HEepaluu
nose3HbIx uckonaeMbix [29]. IMosbnuenne temneparypbl Ha 10°C yBenuuuBaer ckopocTh XUMHYECKOM
peakuuu B JBa pasa B cpelax, OJarompusATHBIX IS BBIACICHUS YTJIEBOJOPOAHBIX COCAMHEHHWH, B TOM
yucne Hedtu. B padore [30] mocTpoeHBI KapThl paclpeie’eHnid TeOTEPMUIECKOTO TPaJHeHTa BepXHEH
YacTH 3eMHOH KOpPBI U TEIUIOBOro noroka Kazaxcrana. AHamu3 9THUX KapT IOKa3aj, YTO MECTOPOXKICHUS
3amagHoro Kazaxcrana u akBatopusi ApajlbCKOT0 MOPS PacroOkKeHbI B 30HaX C MOBBIIIEHHBIM YPOBHEM
TE€0TEPMHUYECKOT0 I'PaJHEHTa.

s oOmedl TemmoBoW MOJENM BEIMYMHBI XUMHUYCCKH-HEBO3MYIIEHHBIX IUIOTHOCTEH H
JUHAMUYECKUX BS3KOCTEH M MPOYMX IApaMeTpOB BHIOMPAIUCH TAKUMH JKe, Kak W B paborax [21-28],
BKJIIOYAsi COOTBETCTBYIOIINE HadalbHbIE U IPaHWYHbIE YCIOBHA. DHEprus akTUBalUM mojiaranack E=20
k/[x/mMonb, kak u B padote [20]. PacueTsl mokaszanu, 9YTO TEPMHUYECKUE TPAIUECHTHI TaK XK€ CYIIECTBEHHO
BJIMAIOT KaK Ha MPO(UIN CONISHBIX KyIOJIOB, HA UX PAaCHpeAeICHUE B IPOCTPAHCTBE, TAK U HA CKOPOCTh
(OpMHPOBaHHS COJSIHBIX JHANMPOB TIyOOKOTO 3ajeranus. [Ipolecc rpaBUTAMOHHON HEYCTOHUYHMBOCTH
Tarke  TmpeoOsazaeT Hax KoHBekuued. OCHOBHBIE 3aKOHOMEPHOCTH TakHe K€, Kak M B clydae
MOCTOSIHHBIX JMHAMHYECKHX BSI3KOCTEH CI0€B, HO OTIMYAIOTCS B KOJIMYECTBEHHOM OTHOIeHuH. [Iponecc
(OpMHPOBaHHS COJSTHBIX KYIOJOB 3aMeyIsieTcs B CHIIy TOTO, YTO JWHAMHUYECKas BA3KOCTH CPEIbl B
CpelHEM YyBennuMBaeTcs, (opMma KyMmoJIoB Oojiee BBITSHyTas B BEpPTUKAIbHOM HampasieHuu. OOmactu
¢dopMupoBaHHUs He(TETra30BBIX JIOBYIIEK HEMHOTO YMEHBINAIOTCS B CBOMX pa3Mepax, HO Oonee
BBIPaXKEeHBI.

2. OcoGennoctu GpopMupoBaHus coJsIHBIX Auanupos. Ha pucynkax la) -1c) mpu onpexneneHHON
HEOHOPOIHOCTH TEIUIOBOIO IOTOKA C HIDKHHUX CJIOEB 3eMiH (OT TpeX TeMIepaTyPHBIX BO3MYILECHHH
TEIUIOBOTO IIOTOKA) IOKa3aHO (OPMUPOBAHME COJSIHBIX KYIIOJIOB, KOTOpble (opMHUpYIOTCS B BHUAE
COJISIHBIX CTOJIOOB («COJISTHBIX MANbLEBY), PACCUUTAHHBIX Ha OCHOBE YIPOIICHHOW TEIIOBOH MOJEINH.
Hanuune OTHOCHTENBHO ONM3KOPACHOJIOKEHHBIX TEMIIEPATYpHBIX BO3MYILICHHI TEIUIOBOIO MOTOKA C
HIDKHUX TOPH30HTOB 3E€MHOM KOpBI M IIOCTOSHHBIX B KaXAOM CJO€ IUHAMUYECKUX BS3KOCTEH HE
MO3BOJIIIOT CPOPMHUPOBATBCS OKPYIIIBIM, TPUOOOOPA3HBIM CONISIHBIM CTpYKTypam. OHH MEIaroT JpyT
JIpyry cOopMUpPOBaThCs B TpO00Opa3HbIe CTPYKTYPHI, HO 32 CUET NEHCTBHUS apXHUMEIOBBIX CHII MPOLECC
BCIUIBITHS»  TajJUTa MPOAOJDKACTCS, M KaK pe3ynbTaT, 00pa3ylOTCsl COJSHBIC CTOJOBI. Panee
obpazoBaHne TOMOOHBIX CTPYKTyp [31] aBTOpamMm maHHOW pabOTHI OBLIO OOBSICHEHO 3a CYET
YCIIOKHEHHOH peoJoruu (BS3KO-IUIACTUYHAS MOJENb), KOTOpas O0JaJacT CBOWCTBAMU «IPOJOMOCTH
JKuakoctu BeiiccemOepra.

O Il —m— ——— — 0 b~
og/‘fi /_\%,§ o |
/_\_/_\_/_\1” M’o E
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a) t=025 b)t=025 ) t=025

Pucynok 1 — ®opMupoBaHue COISIHBIX CTOJIOOB OT TPEX TEMIIEPAaTYPHBIX BO3MYIIEHHUIT TEIUIOBOTO IIOTOKA
(npu JMHAMUYECKON BSI3KOCTH, HE3aBUCAIIEH OT TeMIepaTypbl)

Ha pucynkax 2a) — 2¢) mokazaHo (OPMHPOBAaHHE COJSHBIX KYIOJIOB TIyOOKOTO 3ajieTaHus B
pa3IinuHbIe MOMEHTBI 0e3pa3MepHOr0 BpPEMEHH, PAaCCUMTAHHBIX HAa OCHOBE OOIICH TEIUIOBOH MOJEIH.
[NapaMeTpbl, HaYallbHbIC W TPAHUYHBIC YCJIOBUS BHIOPAHBI TAKHUMH K€, KaK U B YNPOIICHHON MOJEIN
(pucynok 1). 13 comocraBnenne pucyHKoB la) -1c) u 2a) -2¢) BUAHO, 4TO Ui Oojee oOMIel TernoBoi
MOJIENT TIporiecC (OPMUPOBAHHS COJITHBIX KYIIOJIOB 3aMEJIsieTcs, U TPO(QUIM CONSHBIX KYITOJIOB
CYIIECTBEHHO OTJIUYAIOTCA OT MPO(QUIICH CONSHBIX CcTON0OB. CBS3aHO 3TO C TE€M, YTO JUHAMHYECKAs
BA3KOCTh 3a CUET JACHCTBUS TEMIEPaTyphl C BBICOTON YBEIMYHMBACTCS, W IMPOIECC BHEAPCHUS JIETKOU
KHJIKOCTH B TSDKEIYIO TIPOUCXOIUT
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a) t=0.35 b) t=0.75 ) t=0.9

Pucynok 2 — @opMupoBaHUE CONSHBIX JHAMHPOB ITyOOKOTo 3aeTaHus OT TPEX TeMIIePaTypHbBIX BO3MYIICHIH TEITIOBOTO
MOTOKA (IIPH TMHAMHUYECKOH BA3KOCTH SKCIIOHEHIMAIBHO 3aBUCSIIEH OT TeMIIepaTyphl)

Oosnee y3kuM (QpOHTOM (3TO OBLIO YCTAHOBJIIGHO paHee JUIS YHCTO JAMHAMUYEeCKux mozeneit [17]), B
pe3yJbTaTe 4ero BEpXHssS YacTh «KOJIOHHOOOPAa3HOro» Kymona (PUCYHOK 2b) BCIIbIBaeT, o0pasys
«IACThEOOPA3HYIO» CTPYKTYPY (PUCYHOK 2C)).
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PI/ICyHOK 3- (DOpMI/IpOBaHI/Ie CeMeﬁCTBa COJIAHBIX TUAIIMPOB rﬂy6OKOrO 3aJieraHys OT TPEX TEMIIEPATYPHBIX BO3MyIIIeHPII>i
TCIIOBOI'O IIOTOKa (HpI/I I[PIHaMPI'-IeCKOﬁ BA3KOCTH, SKCIIOHCHIHAJIBHO SaBI/ICSIIL[eﬁ oT TeMHepaTprI)

Ha pucynkax 3a) - 3b) nokazano ¢opMupoBaHHE CEMEICTBA COJIIHBIX KYIOJIOB Ha OCHOBE OOIIei
TEIUIOBOM MOJENTHM OT TpeX Pa3sHECEHHBIX TEIJIOBBIX MCTOYHMKOB. Kak BUAHO U3 puCyHKa 3a), MEXIy
TpeMsi 00pa3yIOIIMMHUCS OCHOBHBIMH KYIIOJJAMH OT TEIUIOBBIX HCTOYHHUKOB (POPMUPYIOTCSI BTOPUYHBIC
COJISIHBIE KYIIOJIA, KOTOPBIE BMECTE C OCHOBHBIMH KYIIOJIAMH B Pa3BUTOH (ha3e HMEIOT «INCThEOOPa3HYIO»
CTpyKTypy. OT™METHM, YTO JUIS YIPOIIEHHOM TEeIIOBOW M YHCTO AWHAMHYECKON Moneinel (TmpHu Tex ke
napaMeTpax) Kymoia OyIyT uMeTh rpuboobpasnyro gopmy [13,17,23].
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