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AHHOTauuA. M3yyeHo 3HayYeHVe KONbLEBbIX CTPYKTYP LIEHTPasibHOM U 3anafgHom
yacTeir rop bykaHTay AnAa nporHosa 30/10TOPYAHOV MUHEpPanu3auum no AaHHbIM
OVCTaHLMOHHOrO 30HANPOBaHNA, FeopU3NYECKUX 1 Fe0NI0rO-reOXMMUYECKUX MaTe-
pranoB. B ocHOBY nccneoBaHNA MONOXeHbl pe3ynbraTbl NpoekTa 2018-2021 rr.
Nno CO3AaHNI0 KOCMOCTPYKTYPHOW CXeMbl M AUCTaHLUUOHHOW OCHOBbI Maclitaba
1:50 000 ana TeppuTopun nnowaabio okono 5600 Km? Vcnonb3oBaHbl MHOTO-
cnekTpasnbHble CHUMKK Landsat-7 ETM+, Landsat-8 OLI, ASTER/Terra, Sentinel-2A
1 QuickBird, a Takxe MaTepmanbl a3POMarHUTHbIX, FPaBUMETPUYECKUX 1 SNEKTPO-
pa3BenouHbiX pabot. ObpaboTka BbinonHANack B cpepaax ENVI, ERDAS IMAGINE,
Geomatica PCl, ArcGIS n LESSA ¢ npumeHeHnemM MeTOA0B LIBETOBbIX KOMMO3ULINIA,
oTHowWweHun KaHanos, PCA, IHS/ITS, BbigeneHna mMuHepanbHbIX Y rmapoTepmasb-
HbIX KOMMO3MLMIA, a TaKXe aBTOMaTU3MPOBAHHOIrO JINHEAMEHTHOrO aHanusa.
Mo pe3ynbTatam Br3yanbHOro M aBTOMAaTU3MPOBAHHOIO AelwndpupoBaHUs YCTa-
HOBNEeHa cucTema 13 21 KosbLeBOW CTPYKTYpbl pasfivyHOro Mopdosormyeckoro
Tvna. NokKasaHo, YTo Haubonee nepcnekTMBHbI NepudepuiiHblie 1 y310Bble YacTu
KOJbLEBbIX CTPYKTYP, COBMELLEHHbIE C MyOVHHbIMY Pa3fnoMamMu, SK30KOHTaKTamu
WHTPY3UBOB 1 30HaMW FMAPOTEPManbHbIX U3MEHEHWI, OTPa)KaembliX UHAEKCamMun
INIVHUCTBIX MYHEPANOB Y Xee3a. YCTaHOBNEHO, YTO UHTErpaLma KONbLEBbIX CTPYK-
TYp, JIMHEAMEHTHOIO aHann3a 1 CnekTpasbHbIX MHAMKATOPOB rMApPOTEPMANbHbBIX
N3MEHEHWIA NOBbIWAET JOCTOBEPHOCTb MPOrHO3a 30/10TOPYAHON MUHEpanu3aLum
KOKMaTacckoro Tvna. MpakTuyeckum pesynbTaTtom paboT CTano BbleneHne BOCbMY
NPOrHO3HO-NePCNeKTUBHbIX MO3ULUIA 06LLel NNoLWaabo 0Kono 97 Km2.
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Abstract. The study assessed the significance of the Central and Western Bukantau
Mountains ring structures for predicting gold ore mineralization, using remote
sensing, geophysical, as well as geological and geochemical data. The paper is based
on the 2018-2021 project for compiling a cosmo-geological structure diagram
and a remote sensing map at a scale of 1:50,000 for an area of about 5,600 km?2.
Landsat-7 ETM+, Landsat-8 OLI, ASTER/Terra, Sentinel-2A, and QuickBird multi-
spectral images were used together with aeromagnetic, gravity, and electrical
survey data. The images were processed in ENVI, ERDAS IMAGINE, Geomatica PCl,
ArcGlIS, and LESSA software, involving color compositions, band ratios, PCA, IHS/ITS
transforms, mineral and hydrothermal compositions, as well as computer-assisted
lineament analysis. Visual and automated interpretation revealed a system of 21 ring
structures different in terms of morphology. The most prospective sites were
found to be peripheral and nodal parts of the ring structures associated with deep
faults, intrusive exocontacts, and zones of hydrothermal alterations recognized
by clay-mineral and iron indices. The comprehensive analysis of ring structures,
lineaments, and spectral indicators of hydrothermal alteration proved to facilitate
the Kokpatas-type gold ore mineralization prediction reliability. The identification
of eight prospective sites with a total area of about 97 km? has become a practical
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BBEAEHUE

KornbLeBble CTPYKTYpbl OTHOCATCA K BaXHbIM OO bek-
TaM KOCMOreosiormyeckoro aHanmsa, MocKosbKy oTpa-
aloT rMyOuHHbIE HEOLHOPOAHOCTM 3EMHOW KOpb,
TEKTOHWYECKNE Y3bl, UHTPY3MBHbIE LEHTPbl 1 30HbI
anutenoHon ¢noraHom aktueHoctn (Abgynnaes, 1975;
Axwvegos, 2001; bopucos mn gap. 1982; Kupunnos,
1988; AkyboB u pap. 1976). OnAa pyaHbIX panoHOB
OHW NpPefAcTaBAAlT MHTEpPeC He Kak M30NUpOBaHHble
dbopmbl penbeda, a Kak MOPGOCTPYKTYPHbIE SNIEMEHTBI,
CNocobHble KOHTPONMPOBaTb PasMeLleHne MUHepPaNnu-
30BaHHbIX 30H COBMECTHO C JINHENHBIMW HAPYLIEHNAMN,
SK30KOHTaKTaMy MHTPY3MBOB M yYaCTKaMu rugporep-
MasnbHbIX nameHeHun (Axmepnos, 2001; bopucos n gp.,
1982; Kupunnos, 1988).

lopbl BykaHTay B LleHTpanbHbix Kbi3blikymax xapak-
TepuU3yloTCA BbICOKOW 30M10TOPYAHOW M pefdkomeTas-
NbHOW NepCcneKkTMBHOCTbIO. Mpy 3TOM TpagnUMOHHO
OCHOBHOE BHVIMaHWe YAEeNAnochb CTpaturpapuyeckum,
MarMaTUYeCcKknM, reoOXUMUUYECKM U reodr3nyecKum
KpUTepmramM pyooHOCHOCTY, TOFAA KaK KOMbLEBbIE CTPYK-
TYypbl B KayecTBe CaMOCTOATENbHOrO MPOrHO3HOro
¢dakTopa aHaNM3MpPOBaNUCb OrpaHMyYeHHo. MaTtepuansl
Kocmoreonornyeckux nccnegosaHuim 2018-2021 rr. no-
3BONIUAN PACCMOTPETb UX B pPaMKaxX eAnHON CUCTEMb
PYOOKOHTPONMNPYIOLWMX Npr3HaKkoB (Acagos v ap., 2021;
Axmagos 1 ap., 2021'; Hypxogykaes u ap., 2017; Asadov,
2020; Goipov et al. 2020a, 2020b; Pirnazarov et al.,, 2021).

HoBu3sHa paboTbl cocTout He B camom daKTe cylue-
CTBOBAHUA KOMbLEBbIX CTPYKTYP, @ B UX MPUKNIAZHOMN
MHTepnpeTauMn ANA KOHKPETHOro 30JI0TOPYAHOro
pailoHa Ha OCHOBE KOMIMAEKCHOIO MCMONb30BaHWA
MHOrOCMNeKTpasbHbIX KOCMUYECKNX CHUMKOB, aBTOMa-
TM3WPOBAHHOIO IMHEAMEHTHOMO aHanM3a, KapT Nonemn
NNOTHOCTY TEKTOHUYECKON HapyLIeHHOCTH, reodur3nye-
CKUX U TeOXUMNYECKMX AaHHbIX. Takor noaxop no3Bo-
nun yBa3aTb MOPGOCTPYKTYPHBIE 3/IEMEHTbI C 30HaMU
rMApPOTEPMANIbHbIX U3MEHEHUI N N3BECTHLIMW 3TasNIOH-
HbIMU obbekTammn Koknatac-OKXKeTrnecckoro TpeHga
(AxmapoB n ap., 20217; Asadov, 2020; Goipov et al.,
2020a, 2020b; Pirnazarov et al., 2021).
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outcome of the study performed.

Lenb pabotbl — ycTaHOBUTL MOPPOCTPYKTYp-
Hble 0COGEHHOCTU KOMbLEBbIX CTPYKTYP LIEHTPaSIbHOM
1 3anagHon vacten rop bykaHTtay (puc. 1) n oueHuTb
MX 3HaYeHne A NPorHo3a 3010TOPYAHON MUHEpanu-
3aumn. B 3agaum mnccnepgoaHua Bxogunu: 1) gewnd-
pUpOBaHMe KoMbLEBbIX CTPYKTYpP N0 MaTepuanam guc-
TaHUWOHHOTO 30HAMpPOBaHMA 3emnu (ganee — [33);
2) conocTaBfieHre KOMNbLEBbIX CTPYKTYP C JIMHEaMeH-
Tamu, ryOGUHHBIMU Pa3noMamMm, MHTPY3MBaMn U pyao-
NPoABNeHNAMY; 3) aHaNM3 CBA3MN KOJIbLIEBbIX CTPYKTYP
CO CrneKTpanbHbIMU NHAMKATOPaMX M’MAPOTEPMASTbHBIX
N3MeHeHWn; 4) BblaeneHne NoMCKOBO-3HAYMMbIX MOpP-
OCTPYKTYPHbBIX NO3NLNNA.

PANOH PABOT

Nccnepyemaa Tepputopma pacnonoxeHa B LleH-
TpanbHbiX Kbi3blIkyMax B npegenax 3anagHom 1 LeH-
TpanbHOM 4acten rop bykaHTay, agMUHUCTPATUBHO
OTHOCUTCA K YUKylyKCKOMY palioHy HaBouiickoii obna-
cTn Pecnybnukn Y3sbekuctaH. lMnowagb wccneposa-
HUIN coCTaBnAeT okono 5600 KM? 1 oxBaTbiBaeT psaf
HOMEHKNaTypHbIX TMCTOB MaclwTaba 1 : 50 000 (Axma-
foB u ap. 2021'"). A6contoTHble OTMETKM JOCTUraloT
745 M; naneo3omnckne obHaXXeHWA NPUYPOYEHbI K rop-
HbIM MacCvBaM, a PaBHVHHbIE 1 MpearopHble yyacT-
KW NepeKkpbiTbl Me30-KaHO30NCKUMUN OTIOXKEHUAMM
(AxmapgoB u gp., 20217).

leonornyeckoe CTpoeHne parioHa OTNYAETCA CIOXK-
HOCTbIO 1 MHOTO3TanHOCTbLIO. B ero npefenax passuThl
Lopudenckoe KprCTainyeckoe OCHOBaHWe, Masneo-
30MCKMIA cKnagyaTtbii dyHAaMeHT, KapboHaTHO-Teppu-
FeHHble N KPEMHUCTO-TEPPUTreHHbIE KOMMEKCbI, a TaK-
e MHTPY3MBHble 06pa30oBaHVA Pa3NMYHOrO COCTaBa
n Bo3pacTa. PaHee BbINOMHEHHble reonornyeckue,
reoxyMmyeckne n reopusmyeckne paboTbl co3panm

' Axmapos LLI. U, MycaxoHos 3. M., Tounos A. b. Kocmoreonoruyeckue
nccneaoBaHuA no Tepputoprmn 3anagHon m LieHTpanbHOM Yactu rop
BykaHTay B MacwTabe 1 :50 000 Ha 2018-2021 rr. : oTueT. TalKeHT :
NHCTUTYT MUHepanbHbix pecypcos, Lientp 133 n TC-texHonorui, 2021.
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Puc. 1. O630pHas KapTa paiioHa pa6oT
VicTounuk: no Axmanosy v ap. (2021)" (puc. 1, b)
Fig. 1. Review map of the study area

Source: from Akhmadov et al. (2021)” (fig. 1, b)

* Axmagos L. N., MycaxoHos 3. M., Tounos A. b. Kocmoreonornueckue nccnegoBaHus no Tepputopumn 3anagHon n LleHTpanbHom yactu rop
BykaHTay B macwTabe 1 : 50 000 Ha 2018-2021 rr. : oTueT. TalKeHT : IHCTUTYT MMHepasnbHbix pecypcos, LleHtp 33 un MMC-texHonoruii, 2021.
* Akhmadov Sh. I, Musakhonov Z. M., Goipov A. B. (2021). Cosmogeological studies in the Western and Central Bukantau Mountains at a scale
of 1:50,000, 2018-2021: Report. Tashkent: Institute of Mineral Resources, Center for Remote Sensing and GIS Technologies.

OCHOBY [iNA CTPYKTYPHO-MeTafIoreHMYecKkoro aHanmsa
Tepputopun (Abgynnaes, 1975; Axmagos u ap., 20217,
AxmepnioB, 2001; fiky6oB u ap., 1976).

MATEPUAJIbl U METO[bI

B ocHOBYy uccnenoBaHUA MOMOXeEHbI pe3ynbrathl
npoekta 2018-2021 rr. NO CO34aHUIO KapTbl AWC-
TaHLUWOHHON OCHOBblI U KOCMOCTPYKTYPHOWN CXeMmbl
MacwTaba 1:50 000 Ana 3anagHoOM U LEHTPanbHOWN
yacTen rop bykaHTay (Axmagos n gp., 20217). Uicnonb-
30BaHbl MHOrocneKkTpanbHble Matepuanbl Landsat-7
ETM+, Landsat-8 OLI, ASTER/Terra, Sentinel-2A n unso-
OpaxxeHna CBepxBbICOKOro paspewenus QuickBird.
Ona wn3yyaemoln Tepputopum 6bINM NOArOTOBAEHDI
MO3aWKM W MHOTOKaHaJibHble COOPKU, BbIMOSIHEHO
conocTaBsieHne GparMeHTOB C Pa3IMYHbIM NPOCTPAH-
CTBEHHbIM paspelleHneM, MPUMEHEHbI CeKTpanbHble
OTHOLIEHNA KaHaNoB M TemMaTMyecKkue KOMMO3WUTbl
(Axmapos v gp., 20217).

MpepBaputenbHas 1 cneuManmMnpoBaHHas obpa-
6oTka MaTepuanoB [133 npoBogunacb C UCMOJb30-
BaHuem nporpamm ENVI, ERDAS IMAGINE 2014, Geo-
matica PCl, ArcGIS n LESSA. Ha 3tane umdposon
06paboTKN NPUMEHANNCL CTaHAAPTHbIE LiBETOBbIE KOM-
nosuunu, meton rnaBHbiXx KomnoHeHT (PCA), IHS/ITS-
npeobpa3oBaHus, TemaTnyeckme KomnosmTbl Mineral

Composition 1 Hydrothermal Composition, a Takxe
duneTpbl Knpwa, Cobena n Pobeptca gna ycuneHus
JINHEMHBIX U KOHTPACTHbIX rpaHuy (AxmagoB v Ap.,
20217"; Crésta et al., 2003; Liu et al., 2014; Mahboob
et al,, 2019; Mars et al., 2006; Pour et al., 2012; Rowan
et al., 2003; Sabins, 1999; Safari et al., 2017).
ABTOMAaTU3MPOBAHHbIN NINHEAMEHTHbIN aHann3 Bbl-
nonHeH B nporpamme LESSA Ha ocHoBe uundposoi
mogenu penbeda ASTER DEM 1 maTepmranos Kocmuye-
CKNX CHUMKOB. o ero pesynbratam CTPOWAUCH KapTbl
NNOTHOCTY IMHEAMEHTOB, BEKTOPbI BbITAHYTOCTU 1 MaK-
CUMAJIbHOTO HamMpaBfieHVs, a TakKXe po3-Auarpammbl
NOKaJbHbIX CTPYKTYPHbIX HanpasneHui. lononHuTenb-
HO MCMONb30BaNNCb KapTbl NOJeli NIOTHOCTU TeKTOo-
HUYECKOWN HapyLIeHHOCTW, co3faHHble meTofgamu line
density u point density (Axmagos u gp., 20217).
BusyanbHoe pewwundpupoBaHue NPOBOAMNOCH
Mo MNpPsAMbIM W KOCBEHHbIM Mpu3HaKam: (OTOTOHY,
PUCYHKY M306paxeHns, AyroobpasHbiM KOHTaKTaM,
dopmam penbeda, KoHbUrypaumm rmapoceTtn, cove-
TaHMIO KOHLEHTPUYECKUX W paguanbHbIX 3/IEMEHTOB,
a TakXe MONOXeHNo CTPYKTYP OTHOCUTENIbHO NMHEN-
HbIX HapyLleHun. Mopdonornyeckme Tnbl KONbLEBbIX

' Axmapos L. U1, MycaxoHos 3. M., Tounos A. b. Kocmoreonoruueckue
nccneaoBaHuA no Tepputopmm 3anagHon n LieHTpanbHOM Yactu rop
BykaHTay B macwTabe 1 :50 000 Ha 2018-2021 rr. : oTyeT. TalUKeHT :
WNHCTUTYT MUHepanbHbIx pecypcos, Lientp 133 n TMC-texHonorui, 2021.
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Puc. 2. OcHoBHble GpOpMbI NPOABNEHNA KOMbLEBbIX CTPYKTYP B COBPeMeHHOM penbede

| — npocTble KonbLeBble CTPYKTYpPbI; | — CoXHble KonbleBble CTPYKTYpPbI; Il — cocTaBHble KoMbLEBbIE CTPYKTYPbI PasfNyHbIX TUMNOB:
] — BHYTPeHHee CTpOeHMe KOMbLEBBIX CTPYKTYP, 2 — KOHLIEHTPUYECKas OPUEHTMPOBKA CTPYKTYPHbIX 3NeMEHTOB, 3 — paavasnbHas
OPUEHTUPOBKA CTPYKTYPHbBIX NEMEHTOB; 4 — [JOCTOBEPHO YCTAHOBNEHHbIA KOHTYP KOMbLEBOW CTPYKTYpbI, 5 — MpeAnonaraembii
(BOCCTAHOBNEHHBIN) KOHTYP KOMbLEBOW CTPYKTYPbl, 6 — HanpaBieHvs nepemelleHvs 6nokos 1 aebopmaLimin

VicTouruk: no AxmanoBy v ap. (2021)" (puc. 4.16), no KoyHesoit (1984)

Fig. 2. Main forms of ring structure occurrence in modern relief

| — Simple ring structures; Il — Complex ring structures; lll — Composite ring structures of various types: 1 — internal texture of ring
structures; 2 — concentric orientation of structural elements; 3 — radial orientation of structural elements; 4 — confirmed boundary
of a ring structure; 5 — inferred (reconstructed) boundary of a ring structure; 6 — block and deformation movement directions

Source: from Akhmadov et al. (2021)™ (fig. 4.16), Kochneva (1984)

* Axmapos L. WN., MycaxoHos 3. M., Tounos A. b. Kocmoreonormueckme nccnefoBaHvs no Tepputopum 3anagHoii u LieHTpanbHom Yactu rop
BykaHTay B macwrabe 1 : 50 000 Ha 2018-2021 rr. : oTueT. TawkeHT : IHCTUTYT MrHepanbHbix pecypcos, LieHtp 133 n MMC-texHonoruid, 2021.

“ Akhmadov Sh. I, Musakhonov Z. M., Goipov A. B. (2021). Cosmogeological studies in the Western and Central Bukantau Mountains at a scale
of 1:50,000, 2018-2021: Report. Tashkent: Institute of Mineral Resources, Center for Remote Sensing and GIS Technologies.
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CTPYKTYP MHTEPNPETUPOBANIUCL C YYETOM U3BECTHbIX
Knaccupukaumii SHOOTEHHbIX U 3K30reHHbIX 06paso-
BaHuI (bopwucos n ap., 1982; Kupunnos, 1988; Akybos
n gp., 1976).

MNoneBoe noaTBEpPXKAEHNE ANCTAHLUMNOHHBIX AAaHHbIX
BK/IOUaNo: 3aBepoyHoe AelundpupoBaHve Ha nnoLaan
1030 KM?2, MapLIpyTbl MPOTAXEHHOCTbIO 1150 KM, 8 TOUeK
anpobaunm n 201 TOUKy AeTanbHbIX FeONOrMUYEeCcKnX
HabntogeHun. Kpome Toro, npoiigeHo 3963 nor. M CTpykK-
TypHO-nuTonoro-daumanbHbix paspes3os N 31 KaHaBa
obuwen annHon 3698 m (06bem 3002 m3). OTobpaHHbIe
npo6bl aHaNU3MPOBANNCh CNEKTPOXNMMUYECKUM, aTOM-
HO-abCOPOLUMOHHBIM 1 MONYKONIMUYECTBEHHBIM  CMeK-
TpanbHbIM MeTogamu (Axmagos 1 gp., 20217).

Mpwn HTepnpeTaumm rMapPoTePManbHbIX N3MEHEHWI
MCMOMNb30BaHbl CMeKTpabHble WHAMKATOPbI, OTpaka-
lolMe 30Hbl Pa3BUTMA MMAPOKCUIICOAEePKALLMX U K-
HUCTbIX MWHEPANioB, a TaKXe >KeNe3UCTbIX OKCUIOB.
[na ycTpaHeHnA TEPMMHONIOMMYECKON HEOQHO3HAYHO-
CTV NofYepKHeM, YTO Mo AaHHbIM Landsat-8 BbinonHsA-
NOCb BbIAIBMIEHME 30H MOBbILLEHHbIX 3HaYeHNI NHAEKCa
FMVHUCTBIX MMHEPANOB U MHAEKCA »ese3a, a He npsAMoe
MUWHEepPasiormyeckoe onpeaeneHne KaonmHuTa. na ytou-
HALWEeN HTepnpeTaumnn ucnonb3osanncb ASTER, Sen-
tinel-2A v conocTaBneHne co cnekTpanbHbIMK CUTHATY-
paMu 3TanoHHbIX 06bekToB (AxMagoB 1 ap., 20217 Liu
et al,, 2014; Mahboob et al., 2019; Mars et al., 2006; Pour
et al.,, 2012; Rowan et al.,, 2003; Safari et al., 2017).
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PE3YJIbTATDI

TeopeTuueckne n pewndpoBoYHbIE MPU3HAKU
KOMNbLEBbIX CTPYKTYp. KonbLeBble CTpyKTypbl pac-
CMaTPUBAIOTCA KaK OKpPYrJble, OBajlbHble WAN KOHLEH-
Tpuueckme MopdOCTPYKTYpbl, OTpaxallyue coyeTa-
HUe TEKTOHUYECKUX, MarMaTnyecKmnX, AeHyOaLMOHHbIX
N aKKYMYNATMBHbIX NpoueccoB (puc. 2). Mo pasmepam
OHM MNOAPa3AenAlTCA Ha MeracTpykTypbl (COTHM —
nepBble ThICAYN KUJTIOMETPOB), MaKPOCTPYKTYpbI (nep-
Bble COTHW KUJIOMETPOB), ME3OCTPYKTYpPbI (OecATKM —
[0 150 KMm), MUHUCTPYKTYpbI (MepBble AeCATKN Kuiome-
TPOB) 1 MUKPOCTPYKTYpbI (o 15 Km) (bopucos un ap.,
1982; Kupunnos, 1988; Aky6os u ap., 1976). ina 3agau
NOKaNbHOro NPOrHo3a opyaeHeHUA Hanbonbluee 3Ha-
YyeHue YMeIoT Me30- U MUHUCTPYKTYPbI.

B pewmndppoBOYHOM OTHOLLEHUN KOMbLEBbIE CTPYK-
Typbl BblpaxatTcsA AyroobpasHbiIMU yCTynamu penbe-
¢da, oKpyrnbIMU NOZHATUAMU U Aenpeccuamm, gyroob-
Pa3HbIMU YYaCTKaMy PEYHOW CETM, KOHLIEHTPMYECKUMNA
W paguanbHbIMK 3NeMeHTaMn pUCyHKa U3obpakeHus,
a TaKXe COOTHoWeHnem Mmopdonorum u ¢GoToToHa
Ha pa3HOBPEMEHHbIX 1 Pa3HOMACLITaOHbIX U306parke-
Huax (bopucos u agp., 1982; Kupunnos, 1988; fiky6os
n gp. 1976). B npepenax bykaHTay AOMOAHUTENbHYIO
UH$OpPMaLMIo NPeOCTABAIOT NX CBA3M C MYyOMHHbIMY
pasfiomMmammu, NHTPY3MBaMM 1N 30HaMU MUHepanu3aunm
(punc. 3).

l
7 //[
\/ﬂ/

|

=

N v

Puc. 3. Cxema 3aBucumocTu KOH¢I/IrypaLI,I/II/I KOJIbLieBbIX CTPYKTYpP OT XapaKTepa nepeceKalowmxca 1MHeaMmeHTOB

VicTourunk: no Axmanosy v ap. (2021)'" (puc. 4.17), Makaposy v ap. (1976)%"

Fig. 3. Relationship between the ring structure configuration and character of intersecting lineaments
Source: from Akhmadov et al. (2021)"™ (fig. 4.17), Makarov et al. (1976)>"

11" Axmagos L. ., MycaxoHoB 3. M., TovnoB A. b. KocMoreonoruyeckue nccnepoBaHus no Tepputopvmn 3anagHoi n LieHTpanbHol yactv rop
BykaHTay B macwTabe 1 : 50 000 Ha 2018-2021 rr. : oTueT. TawKeHT : IHCTUTYT MrHepanbHbix pecypcos, LieHtp 33 n MNC-texHonornii, 2021.
2 Makapos B. /1., ConosbeBa J1. W. MepeKpecTHbIii CTPYKTYPHbI NnaH 3eMHOW KOpbl U Npobfema NpoABneHWs ee MyOWHHBIX 3/1EMEHTOB
Ha noBepxHoCTH (Ha npumepe TaHb-LUaHA n TypaHckon nauTbl) // iccnepoBaHue NpupogHoi cpebl KocMmMyeckumu cpeacteamu : T. 5. lTeonorua

n reomopdonorua. M. : BAHUTU, 1976. C. 18-41.

1.1 Akhmadov Sh. I, Musakhonov Z. M., Goipov A. B. (2021). Cosmogeological studies in the Western and Central Bukantau Mountains at a scale
of 1:50,000, 2018-2021: Report. Tashkent: Institute of Mineral Resources, Center for Remote Sensing and GIS Technologies.

2 Makarov V. ., Solovyova L. I. (1976). Superimposed structure of the Earth’s crust and the problem of deep crustal complexes exposed
at the surface (based on the Tien Shan and Turanian Plate). In Satellite technologies in environmental research: Vol. 5. Geology and geomorphology

(pp. 18-41). Moscow: VINITI.
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KonbueBble cTpyKTypbl rop byKaHTay. 1o gaHHbIM
BM3yanbHOro AewndprpoBaHus B 6nvxHeM uHbpa-
KpacHOM fJuana3oHe 1 nocnefytollen CTPYyKTypHOW
VHTeprpeTaunn B npefenax LeHTpanbHOM YacTu rop
BykaHTay ycTaHOBMEHa ccTeMa 13 21 KonbLEBOW CTPYK-
Typbl (Axmagos u gp. 2021'"). Cpean HUX BblaeneHbl
KyrnosibHble, AenpeccoHHO-60PTOBblIE M MHOFOCHEK-
TpanbHble CTPYKTypbl. [log «MHOrocneKkTpanbHbIMUY
B HacToALwen paboTe NoHMMaTCA MOPHOCTPYKTYpbI
CNOXHOrO CTPOEHMA, COBMeLLaloLMe B Npeaenax ogqHomn
$OpMbI MPU3HAKM MOSIOKUTESIbHBIX 11 OTPULLATENbHBIX
MOPdO3M1eMEHTOB U OTpakaloLme MHorodasHoe pas-
BUTUE CTPYKTYpPbl (AXxMagoB v ap., 20217).

KpynHenwen asnaetca bykaHTayckasa KonbueBas
CTPYKTYpa AnameTpom OKosio 125 KM, oxBsaTbiBalo-
Wana 3anafgHylo N LeHTpanbHylo Yactn rop bykaHTay.
Ee BHEWHWA KOHTYpP BbIPaXXeH [AYroBbIMU KOHTaK-
TaMu MOpPOA Pa3HOro BO3pacTa, AYroBbIMM YCTynammu
penbeda, a B rpaB1MarH1THbIX NOMAX MPOC/EXNBAETCA
B BMAE LENOYKN NONIOKNUTENbHbIX aHOManui. BHyTpeH-
HAA 4YacTb C/IoXKeHa nopogamu Aopudernckoro Kpu-
CTaNINYEeCKOro OCHOBaHWA M MNaseo30MCKOro cknag-
yaToro ¢yHAamMeHTa, Toraa Kak Kpbliba NpefcTaBnieHbl
Me30-KalHO30MCKUM Yexsiom (AxmagoB u ap., 20217
Knpunnos, 1988).

K uucny Hanbonee 3HaUMMbIX BHYTPEHHUX CTPYK-
Typ oTHocatcs TybabepreHckas, Wpnupckas, Boc-
TouHoOyKaHTaycKas, AnTbliHTayckasn, OkxeTnecckas,
KackbipTayckaa v gpyrue. BykaHTaycKuin rnyOuHHbBIN
pa3nom JennT YacTb KONbLEBbIX CTPYKTYP Ha CerMeHTbI
W1, BEPOATHO, Urpas BaXkHYI0 POfib B UX GOpMMpPOBaHMM
1 nocnegytouem obHoBneHun (Axmagos v ap., 20217;
fiky6oB 1 ap., 1976).

Ha puc. 4 nokasaHbl: 1 — bykaHTayckas, 2 — Ty6a-
6epreHckas, 3 — Wpnupckas, 4 — BoctouHobyKaH-
Tayckasa, 5 — TagkukasraHckasa, 6 — TynATtawckas,
7 — Kymbynakckas, 8 — Kynkyaykckas, 9 — [KycKy-
aykckas, 10 — KackbipTayckas, 11 — LleHTpanbHOMUH-
6ynakckas, 12 — lOxHomunHbynakckas, 13 — lOxHoan-
TbiHTaycKas, 14 — AnTbiHTayckas, 15 — OkxkeTneckas,
16 — KokbipTayckas, 17 — CyrypTabckas, 18 — TopT-
Kynakckas, 19 — YwpanuHckas, 20 — KaTttaTtobmHcKas,
21 — MuHbynakckas KonbLieBble CTPYKTYpbl (AXxMaaoB
n ap., 20217).

CBA3b KONbLEBbIX CTPYKTYp C passiomamu, NHTPY-
31nBaMn 1 pypaoHocHocTblo. ConoctaBneHne pesynb-
TaToB AewndpuUpoBaHUA C reonoro-reoPpunsnyecknmm
MaTepranamu NoKasbiBaeT, YTO KOMbLeBble CTPYKTYpbI
BykaHTay TeCcHO cBfi3aHbl C MMy6UHHbIMK pa3foMamu,
WHTPY3UBHbIMWA MacCYBamMn 1 Y3famMn nepeceyeHuns

Puc. 4. KonbueBble CTPYKTYpbl LieHTpanbHoii Yactu rop bykaHTay B niaHe permoHanbHoi reHepanusauumu, BbisiBl€HHble

no 6nmwxHemy nHdpaKkpacHoMy AuanasoHy

1 — AenpeccrMoHHO-60PTOBbIE; 2 — KyNOJbHble; 3 — MHOrOCMEeKTPabHble CTPYKTYPb

McTounmk: no Axmagosy v ap. (2021)" (puc. 4.18)

Fig. 4. The Central Bukantau Mountains ring structures identified on the basis of near infrared imagery and shown on a re-
gional generalized map

1 — depression-border; 2 — domal; 3 — multispectral structures
Source: from Akhmadov et al. (2021)" (fig. 4.18)

" Axmagos L. ., MycaxoHos 3. M., Tounos A. b. Kocmoreonorunyeckre nccnefosaHus no tepputopun 3anagHoi n LieHTpanbHoi Yactu rop
BykaHTay B macwTabe 1 : 50 000 Ha 2018-2021 rr. : oTueT. TawKeHT : UIHCTUTYT MUHepanbHbix pecypcos, Lentp A33 n MMC-TexHonorui, 2021.
1.** Akhmadov Sh. I, Musakhonov Z. M., Goipov A. B. (2021). Cosmogeological studies in the Western and Central Bukantau Mountains at a scale
of 1:50,000, 2018-2021: Report. Tashkent: Institute of Mineral Resources, Center for Remote Sensing and GIS Technologies.
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nHeaMeHTOB. B page cnyyaeB KombueBble CTPYKTY-
pbl HEenocCpencTBEHHO nepeceKaloTca bykaHTaycknm
rMy6UHHBIM Pa3IoMOM NIN6GO COrNacyoTCA C AyroBbIMU
CerMeHTaMmn VHTPY3UBHbIX Ten (Axmagos v ap., 20217;
flky6oB u ap., 1976).

MounckoBylo LEHHOCTb UMEIOT MpeXxae BCcero nepu-
depuiiHble 1 y3510Bble YacTK KOMbLEBbIX CTPYKTYP, rae
KOHLIEHTPUYECKIME SNEMEHTbI NepeceKkalTcsa C pagu-
aNbHbBIMW 1 NIMHENHBIMW HapyLleHNAMU. Takne y4yacTKu
XapaKTepm3ylTCcA MNOBbIWEHHON TPEeLNHOBATOCTbIO,
rMapPOTEPMANbHON NPOPaboOTKOM U KOHLUEHTpaLuuen
pynokoHTponupyiowmx ¢axktopos. CornacHo MaTe-
puanam NpoeKTa, KoJblLieBble CTPYKTYypbl B panoHe
NPOCTPAHCTBEHHO KOPPENMPYIOT C N3BECTHLIMU PYLO-
NPosBNEHNAMN Mefu, BofibdpamMa M 30510Ta, a TaKxKe
C 3K30KOHTakTamy bBokanunHckoro, AnTbIHTayCKOro
1 Koknatacckoro nHTpy3unsoB (Axmagos v gp., 20217).

JononHnTenbHy0 3HAYNMMOCTb NPeACTaBAAIT Kap-
Tbl MarHUTHOIO M FPaBUTALMOHHOIO NoJen, MaTepuranbl
€CTeCTBEHHOTO 3NEKTPUYECKOrO MONA, NEeKTPopas-
BeAKM, a TaKXe KapTbl nosierl NAOTHOCTU TEKTOHMYe-
CKOW HapyleHHOCTU. VX coBmecTHoe paccmoTpeHune
NO3BOJIAET UHTEPNPETMPOBATb KOJNbLEBbIE CTPYKTYPbI
Kak MOpbOCTPYKTypHOE OTparkeHue ryOuHHbIX KaHa-
NOB U 30H 0CNabneHus, 6naronpuATHbIX 4NiA BHegpe-
HAA MarmMbl M UUPKYNALMU PYLOHOCHBIX ¢nionaos

(Abgynnaes, 1975; Axmagos u ap., 2021'; Axmenos,
2001; AAky6oB 1 Ap., 1976).

KonbueBble CTPYKTYpbl U ceKTpasbHble MHAVKa-
TOpbl rMApoTepManbHbIX U3MeHeHUn. OfHa 13 Knto-
yeBblX 3a7a4 UCCNeaoBaHVA 3aKNioYanacb B COMNOCTaB-
NEHUU KOMNbLEBbIX CTPYKTYP CO CMEKTPanbHbIMW UHAM-
KaTopamu rmapoTepMasbHbiX M3mMmeHeHuWI. o maTepua-
nam NpoekKTa, 06paboTKa MHOrOCNEKTPaJIbHbIX CHUMKOB
NMo3BoNNNa BblAeNNTb 30HbI MOBbLILEHHbIX 3HAaUYEHUN
WMHAEKCA TWNHUCTBIX MUHEpPanoB, MHAEKCa »Kenesa
W OpYryiX CNeKTPasibHbIX aHOMAJINI, CBA3AHHBIX C U3Me-
HEHHbIMM NOPOAAaMM B Npefeniax 3TajloHHbIX OOBbEKTOB
(AxmagoB n gp. 2021'; Goipov et al., 2020a, 2020b;
Liu et al., 2014; Mahboob et al., 2019; Mars et al., 2006;
Pour et al., 2012; Rowan et al., 2003; Safari et al., 2017).

Haunbonee nokasatenbHblil NpuMep NpeacTaBnser
AnTbiHTay-KeHAMKTIOOMHCKaA cucTemMa COMPAMEHHbIX
N KOHLIEHTPUYECKMX KOJbLEeBbIX CTPYKTYp (puc.5).
30ecb 30Hbl MOBbIWEHHbIX 3HAYEHUI UHAEKCA MVHU-
CTbIX MMHEPAJIOB MPOCTPAHCTBEHHO COBMAAAlOT C BHEL-
HUMW 1 BHYTPEHHUMW TPaHMLAMN KONbLEBbIX CTPYK-
Typ. B COBOKYNMHOCTM C pa3/ioMHO-6/10KOBbIM CTPOEHU-
€M, 9K30KOHTaKTaMun VHTPY3NBOB M laHHbIMW O MUHe-
panusaumm 3To NO3BOJIAET PacCMaTpPUBaTb Takue 30HbI
KaK nepcrneKkTMBHble B OTHOLLEHWI 30/I0TOPYAHOIO Opy-
JleHeHUs1 KoKnaTacckoro Tina (Axmagnos u gp., 20217).

Puc. 5. 30Hbl MOBbIWEHHbIX 3HaYeHWI UHAEKCA FMUHUCTBIX MUHEPanoB B npeaenax rpynnbl AnTbiHTay-KeHANKTIOOUHCKIX

CONpPAXeHHbIX N KOHUEHTPUYECKNX KoJibueBbIX CTPYKTYpP

KpaCHble NIMHNN — NIMHEAMEHTDI; CUHNE JIMHNW — KONbLUEBbIE CTRYKTYPbI; XKENTbIM LIBETOM BblAENIEHbI 30HbI I'VI,EI,pOTepMaJ'IbHOVI MW=

Hepanmn3auum
VcTounmk: no Axmagosy v ap. (2021)" (puc. 4.19)

Fig. 5. Areas of elevated clay-mineral index values within the Altyntau-Kendiktyube group of conjugate and concentric

ring structures

Red lines indicate lineaments; blue lines refer to ring structures; hydrothermal mineralization zones are shown in yellow

Source: from Akhmadov et al. (2021) (fig. 4.19)

" Axmagos L. ., MycaxoHos 3. M., Tounos A. b. Kocmoreonorunyeckre nccnefosaHus no tepputopun 3anagHoi n LieHTpanbHoi Yactu rop
BykaHTay B macwTabe 1 : 50 000 Ha 2018-2021 rr. : oTueT. TawKeHT : UIHCTUTYT MUHepanbHbix pecypcos, Lentp A33 n MMC-TexHonorui, 2021.

1.** Akhmadov Sh. I, Musakhonov Z. M., Goipov A. B. (2021). Cosmogeological studies in the Western and Central Bukantau Mountains at a scale
of 1:50,000, 2018-2021: Report. Tashkent: Institute of Mineral Resources, Center for Remote Sensing and GIS Technologies.
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MpakTuyecknn pesynbtaT KOMMIIEKCHOW WHTep-
npeTaumn AUCTaHUMOHHBIX, reodpr3nyeckmx n reosno-
ro-reoXMMMYeckux fdaHHbIX Bblpa3usica B BblaeneHuun
BOCbMW MPOrHO3HO-MEPCNEKTUBHbIX MO3ULMIA 0bLel
nnowanbio OKono 97 KM?, 13 KOTOPbIX HaUMeHbluas
umeeT nnowaab 2,1 KM2, a Hambonbwaa — 29 Km?2
(AxmagoB v ap., 20217).

OBCYXXAEHUE

MonyuyeHHble pe3ynbTaTbhl MOKa3biBaloT, YUTO B YCJI0-
BunAX bykaHTay KonbLeBble CTPYKTYypbl clefyeTt pac-
CMaTpuBaTb Kak OAWH M3 31E€MEHTOB MHOFOKOMIMO-
HEHTHOW PyAOKOHTponupytoLen cuctembl. Mpun sTom
camo no cebe Hannure KosbLEBOWN GOPMbI He ABNAET-
CA [OCTAaTOYHbIM MPU3HAKOM opyaeHeHus. Hanbonee
HafeXXHbli NPOrHO3 AOCTUraeTcA Npu COBMELLEHUN
cnegylmx Kputepues: 1) nepudpepuinHble 1 y3noBble
YacTu KONbLEBbIX CTPYKTYP; 2) NnepeceyeHne KOHLEeH-
TPUYECKUX N padnanbHbIX 31€MEeHTOB C permoHanb-
HbIMW NMHeameHTamMu; 3) 61M30CTb K WUHTPY3MBaMm
M VX SK30KOHTaKTaMm; 4) coBnajeHne ¢ 30HaMu MOBblI-
LWEHHOWN MNOTHOCTN TEKTOHUYECKON HapyLeHHOCTH;
5) Hannune cnekTpanbHbIX NPU3HAKOB TUAPOTEP-
MaJibHOro n3meHeHusa (Axmagos u gp., 20217; Asadov,
2020; Goipov et al., 2020a, 2020b; Pirnazarov et al.,
2021).

MNpepcTtaBneHHaa cxema WHTepnpeTaunMy OTAnYa-
eTca OT cyry6o 0630pHOro OnucaHWA KonbLeBbIX
CTPYKTYp TEM, YTO OPUEHTUPOBAHA HA pPelleHne KOH-
KPeTHON MPOrHO3HOW 3ajayn AnA 30/0TOPYAHOro
parioHa. 3To NO3BONAET PaCCMaTPMBATb BbIMOMHEHHYIO
paboTy Kak MpuKiagHoe pa3BUTUE KOCMOreosiorunye-
CKMX MeTOA0B B ycnoBusax LieHTpanbHbix Kbi3blnkyMoB.
BmecTe c Tem cTaTbA He NpeTeHAyeT Ha YHMBEPCaIbHYO
MoZenb s BCeX PYAHbIX pafloHOB U TpebyeT panb-
Hellen MPOBEPKM Ha HOBbIX STaNlOHHbIX O6BbeKTax
N NepcrneKkTBHbIX yUYacTKax.

3AKJTIOMEHUE

1. B npepenax ueHTpanbHOW M 3amagHOW vacten
rop bykaHTay no fiaHHbIM AUCTaHLMOHHOro Aewndpu-
pPOBaHWMA U CTPYKTYPHOrO aHanu3a yCTaHOB/eHa CUC-
Tema 13 21 KoNbLEeBOM CTPYKTYpPbl Pa3fIniyHOro mop-
donoruyeckoro Tmna.

2. KonbLueBble CTPYKTYpbl bykaHTay npocTpaHcT-
BEHHO CBfi3aHbl C FNyOMHHBIMU Pa3OMaMK, VHTPY-
3UBHbIM/ MacCMBaMM, 30HaMM NOBbILIEHHOWN TEeKTOHW-
YeCKOW HapyLeHHOCTU U U3BECTHbIMU pyAonposse-
HUAMM.

3. Hanbonblee nporHo3Hoe 3HauyeHWe wuMelT
nepudepunHble 1 y3noBble YacTW KOMbLEBbIX CTPYK-
TYp, MPUYpPOYEHHble K MepeceyeHnaM pagmnanbHbIX
N KOHLIEHTPUYECKMX DNIEMEHTOB C JIMHENHbIMU Hapy-
LUEHNAMN.

4. CneKTpasibHble VHAUKATOPbI MMAPOTEPMasbHbIX
W3MEHEeHWI, B TOM Yncne NHAEKCbI MIMHUCTBIX MUHe-
panoB U Xxene3a, NOBbILLAIOT JOCTOBEPHOCTb MPOrHO3a
npu MX COBMECTHOW MHTepnpeTaumm C KOJbLEeBbIMA
CTPYKTypamMun 1 JINHEaMeHTaMW.
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5. KomnnekcHoe ncnonb3oBaHmne MaTepranoB gnc-
TaHUMOHHOIo 30HAMpPOBaHWA 3emnu, aBTOMaTU3nNpPO-
BAaHHOIo JMHeaMeHTHOIro aHasnum3a, FEO¢M3VIHGCKI/IX
N reonoro-reOXmmMmmnyeCknx AaHHbIX NMO3BOJIAET Bblae-
JIATb NepCcneKTUBHbIe MO3NLUNN Ha 06Hapy>KeH|/|e 30/10-
TOpy,D,HOVI MUHEPann3aunnm KoknatacCKkoro tuna.
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