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XypHan «Hayku o 3emne 1 Hegpononb3oBaHe» BXOAUT B Aen-
cTBylowWwmin NepeveHb nsganHnin BAK ans nyonukauumn ocHoB-
HbIX pe3ynbTaToB AUCCEpTaLMin Ha COMCKaHWe y4eHOW cTe-
NeHn KaHAMAaTa Hayk, Ha COMCKaHMe YYeHON CTeneHu AoK-
TOpa HayK, BKMoYeH B HayyHylo aneKkTpoHHylo 6Gubnuoteky
(eLIBRARY.RU) ans cosgaHWs poCCUIACKOro WHAEKCA Hay4YHOro
LMTMPOBaHKS, paccbinaetcs B POCCUICKYIO KHIDKHYIO nanary,
BUHWUTW PAH. XypHan BKMIOYEH B Hay4HYIO 3MEKTPOHHYIO
6ubnunoteky CyberLeninka, B 6a3bl JaHHbIX OTKPBLITOTO AOCTYyna
DOAJ, OAJl, B MexayHapOoAaHbIi kaTanor nepmoanyeckux naaa-
Huii Ulrich’s Periodicals Directory, B 6a3y gaHHeix EBSCO. Xyp-
Han pacnpoctpaHsieTcs no nognucke B OO0 «Ypan-lpeccy,
nognucHon uHaekc B8 OO0 «Ypan-Mpecc» — 41538 (agpec OO0
«Ypan-lpeccy»: 620026, Csepanosckas obnactb, r. EkatepuH-
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BaHHble B XypHane, pedepupytoTcs 1 peleHsupyiotes. B xypHan
MPUHAMAIOTCA CTaTbl MO Hay4yHOMY HanpaeneHuio «Hayku
0 3emne».

XypHan co3gaH B 2004 r. Ha OCHOBE MeXBY30BCKOro cbopHMKa
«l"eonorus, NOMCKM 1 pasBeaka MeCTOPOXAEHU PYAHbIX Nones-
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cTopoxaeHuin», B 2017-2019 rr. — «/3Bectnst Cubupckoro otae-
neHns cekumum Hayk o 3emne Poccuiickoln akageMun ecTecTBeH-
HbIX HayK. [eonorvs, Nnouckv 1 paseeaka MECTOPOXAEHMWIA nones-
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0 3emne v HeapPONONb30BAHUE .
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CnoBo peaakTopa

[o6pbii AeHb, OPOrMe aBTOPbI U YMTATENM HALLErO XypHana!

Mepen Bamy 04epeaHON BbIMyCK, NOCBALLEHHbIN, Kak 06bI4HO, pa3-
NYHBIM acnektam udyyenuns Hegp Cubumpckoro pervoHa. Tak Croxu-
Nocb, YTO BCE CTaTby ATOrO HOMEpA XypHana MMEKT OTYETNMBYHO
MPaKTUYECKyl0 HanpaBfieHHOCTb BHE 3aBWCMMOCTW OT TOro, MOCBS-
LLieHbl NI OHW MeTogdam nepepaboTku pya 30M0TOPYAHBIX MECTOPOX-
LeHWUA MMBO reoXnMUYECKUM, reonioro-reousnyecknm, NHXeHepHo-
reosiormMyeckuM Unm rMaporeonornyeckum npobnemam, B oTnnyme ot
MHOTMX MPEXHWX BbIMYCKOB, r4e He 0cTaBanucb 6€3 BHUMaHUs 1 YucTo
TeopeTuyeckme BOnpocChl, Hepeako rnobansHoro xapakrepa. B 1o xe
BPeMmsi, KaK 3T0 00bI4HO ObIBAET B reonornu, NpeacTaBneHHbIe paboTbl
HE OrpaHMuMBAIOTCS M3MNOXEHWEM (DaKTU4eCKOro matepuana. MIx aBTopbl, NPOBOAA BCECTOPOHHWIA
aHanus, rnyboko BHUKAIOT B NPUYMHHO-CNEACTBEHHbIE CBA3W U3YyYaeMbIX CTPYKTYP U SBMEHWUR, YTO
NO3BONSET NEPEXOANTb K NPOrHO3HbIM OueHkaM. Tak, ctatbst A. J1. XapuToHOBa, HanpaBneHHas Ha
CPaBHUTENbHbIN aHanu3 reonoro-reousmnyecknx ocobeHHocTen AHrapckoro n 3abarkanbckoro MaH-
TWUIHBIX NAOMOB, BbIXOAMT HA MX CBS3b C PErMOHanbHbIMU MECTOPOXAEHUAMMU NONE3HbIX 1ckonae-
mbix. J1. N. AyaunHa, aHanuanpys QuHaMuKy rpyHTOBbIX BOZ, B npefenax UCTOPUYECcKon 3aCTPONKM ro-
poaa VpkyTcka, NporHo3upyeT ux BO3MOXHbIA NOAbEM BO BronHe 0603pumoin nepcnektuse. MNpu-
YMHHO-CNEACTBEHHbIE CBSA3W NUTONOro-haunanbHON U3MEHYMBOCTU NPOQYKTUBHBIX FOPU3OHTOB W
reognHaMmnYecKnx NPoLEeCcCoB TEKTOreHe3a 1 ceIMMeEHToreHe3a paccMoTpeHbl B cTaTbe J1. A. Panau-
kov n A. B. Kapnukosa. HoBblM MeTodam opasBedkn MeCTOPOXAEHUA NOA3EMHbIX BOS NOCBSLLEHA
ctatbsl E. O. TeHsikOBa 1 ero COaBTOPOB, aHanNW3 pe3ynbTaToB ANEKTPOMArHUTHLIX MHBEPCUI NpK
HedgTerasonomcKoBbIX MCCNeoBaHNsAX NpoBedeH 6OoMblUMM KOMNEKTUBOM reor3MKOB BO nase C
E. B. Myp3auHoii. Hawwm aBTopbl CTPEMATCS K pacLUMPEHUIO ayauTOpPUM CBOMX YATaTenen u npeana-
ralT K nybnmkauum ctatby He TOMbKO HA PYCCKOM, HO W Ha aHrMWCKOM A3blke, Kak 3TO caenanu
J1. W. AysuHa u 1. K. ®egoToB co cBOMMM coaBTopamu. Ha B3rnsg pegakuMoHHOW Konnermn, otou-
paBLen cTaTby Ans nybnukaumm, HOMep NONYYUnIcs cogepaTesibHblM U UHTEPECHBIM.

Bnepeau neto — ansa reonoros 3to camoe NPOAYKTMBHOE BPEMS MOMEBbLIX AKCneauumin, coopa
maTtepuana, BpeMs HOBbIX OTKPbITUI, peanu3aumny ninaHoB, HaMeYeHHbIX NpeabiayLWwuMi nccnesosa-
HUAMK. YKenaem BCeM OrpOMHbIX YCMEXOB U XAEM OT BaC CBEXMX UAEN, MPOrHO30B, rMyboKon aHanu-
TWKK 1 cTaTen Ha 6naro AanbHeWLEero pasBnTHs reonormMyeckon Haykm B Cnbumpm.

Panca MouceeBHa Jlo6aukas,
rmaBHbIN pegakTop
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From the Editor

Dear authors and readers of our journal,

We are glad to introduce you a new issue traditionally dedicated to various aspects of the subsoil
study in the Siberian region. All the articles in this issue of the journal are focused on the practical
application regardless of whether they are devoted to the processing methods of ores of gold deposits
or geochemical, geophysical, engineering-geological or hydrogeological problems unlike many previ-
ous issues dealing also with purely theoretical issues, often of a global nature. At the same time, as is
typically the case in geology, the introduced researches are not limited to presenting factual material
only. Providing a comprehensive analysis, the authors examine and consider the cause-and-effect
relationships of the studied structures and phenomena, which is followed by predictive estimates.
Thus, the article by A. L. Kharitonov dealing with the comparative analysis of the geological and geo-
physical features of the Angarsk and Transbaikal mantle plumes concludes on their connection with
regional mineral deposits. L. I. Auzina having analyzed groundwater dynamics within the historical
sites of the city of Irkutsk, predicts possible rise of groundwater in the foreseeable future. The cause-
and-effect relationships of lithofacies variability of productive horizons and geodynamic processes of
tectogenesis and sedimentogenesis are considered in the article by L. A. Rapatskaya and A. V. Kar-
pikov. The article by E. O. Tenyakov and his co-authors is devoted to the new methods of further
exploration of groundwater deposits. The analysis of the results of electromagnetic inversions under
oil and gas exploration was conducted by a large team of geophysicists headed by E. V. Murzina. Our
authors strive to expand the audience of their readers and publish articles not only in Russian, but also
in English, as was done by L. I. Auzina, P. K. Fedotov and his co-authors. From the point of view of
the editorial board engaged in the selection of articles for publication the issue is informative and in-
teresting.

Summer is coming. It is the most advantageous time of field expeditions, collection of material. It
is the time of new discoveries and implementation of plans outlined by previous studies. We wish
everyone great success and look forward to your fresh ideas, forecasts, in-depth analysis and articles
for the benefit of the further development of geological science in Siberia.

Raisa Lobatskaya,
The Editor-in-Chief
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U3oTonHbIN cocTaB Kucnopoaa 60pHbLIX MUHEPanoB
U3 Kyp4YaToOBUT-CaxauToBbIX pya MmectopoxpeHnss ConoHro

CeeTtnaHa lOpbeBHa U36poguHa?, Buktop ®egoposuy NMocoxos®
ab[eonoauyeckuti uHemumym um. H. J1. Jobpeuosa CO PAH, 2. Ynan-Yds, Poccus
ABTOp, OTBETCTBEHHbI 3a nepenucky: M3bpoanHa CeeTtnana FOpbeBHa, izbrodina@mail.ru

Pe3tome. BopHo-MarHeTuToBOE ckapHoBoe MecTtopoxaeHune ConoHro (3anagHoe 3abaikanbe, Poccus) obnagaeT npo-
MbILUMTEHHBIMW 3anacamu PefKnX KypyaToBUT-CaxanToBbIx pyd. Lienbio gaHHon paboTsl ABNSNOC U3yYeHUe M30TOMHOTO
cocTaBa kucrnopoga 60pHbIX MUHepanoB 13 Kyp4aToBUT-CaxanToBbIX pya MeCTOpoXaeHus. MiccnegoBanue 0bpasLos npo-
BOAWIIOCH C MOMOLLbI0 COBPEMEHHbIX METOLOB 3MIEKTPOHHOW MUKPOCKOMWK, Macc-CnekTpomMeTpumn. Ha opuruHansHbix do-
TOCHMMKaX MpOo3payHbIX WNNEGOB, 3obpaxeHnsx o6pasLoB B 06paTHO OTpaKeHHbIX 3NEKTPOHaX NpuMBeAeHbl MUHEPaTb-
Hbl€ accoumaLumn caxauTa u KypyaToBuTa: MONMMMUHEpanbHbI ccanbenunT-cubnpCKMT-KanbLMUTOBEI arperaTt, poywT, ge-
[AOPOBCKMT, MIOABUIUT, POPCTEPUT, CEPNEHTUH, TUTAHWT, chanepwT, MarHeTuT, akobeut, anaTut, TypHopuT. MNpuBeaeHa
XapakTepucTuka 3BoMioLmMK BOPHbLIX MUHEPANoB Ha MecTopoxaeHun ConoHro. beinv nonyyexsl cnegytowme nokasartenu
“30TOMHOro coctaea kucrnopoaa 880 v-SMOW B muHepanax: B caxante — +1 %o, B poyute — +2,7 %o, B Kyp4yaToBUTE —
+1,9 %o, B MarHeTute — -0,3 %o. B pesynbtaTe CpaBHEHWUS M3OTOMHbLIX AAHHBIX MO CaxauTy C yXe UMEeKLMMUCa nuTepa-
TYPHBIMW AaHHBIMW OBHAPYXEHO, YTO caxauT BOPHLIX Py MECTOPOXAEHUS UMEET OTHOCUTENbHO OBneryeHHb CocTan
kucnopoga. Takue nokasartenm MOryT 00bACHATLCS y4acTUEM METEOPHbBIX BOA, B TOM YMCHE TanblX BOL CHEXHWUKOB U
MHOrONeTHeW Mep3noThl, B NpoLecce JOPMUPOBAHNUS MECTOPOXAEHNS, @ TakKe MOHWKEHHBIMU MOKa3aTensmMm u3oTon-
Horo cocTasa kucrnopoga 580 gonomutoB O3epHUHCKOrO PYAHOTO y3na, ¢ Npeobpa3oBaHMeM KOTOPbIX CBS3bIBaeTCs hop-
MMpOBaHWe caxauTa.

Knroyeenlie crioea: caxaut, Kyp4aToBWT, 3HOOreHHble GopaThl, U30TOMbI KNCNIOPOAA, MarHeananbHble ckapHbl, COMOHro,
O3sepHUHCKUIA pyaHbIN y3en

duHaHcuposaHue: PaboTbl NnpoBogMnuCh B pamkax 6asosov Temel [eonoruyeckoro nHctutyta um. H. J1. Jobpeuosa
CO PAH. Homep rocyaapcteeHHoii peructpaumn — AAAA-A21-121011390003-9.

BnazodapHocmu: PaboTbl BbINOSHEHBI C MCNOMNb30BaHWeM 060opyaoBaHns LieHTpa konnekTuBHOro nonb3oBaHus «leo-
cnektp» 'eonormnyeckoro nHcTMTyTa UM. H. J1. flobpeuosa CO PAH (r. YnaH-Yaa). ABTopbl BeipaxatoT ocobyto bnarogap-
HOCTb aHanuTuky E. A. XpomoBon, a Takxke orpomHyto 6narogapHocts I. W. Jopowkesuyy, I. C. Punny n my3eto bypst-
ckoro Hay4Horo ueHTpa CO PAH 3a npegocTtaBneHHble 0bpasupl.

Ans yumupoeaHus: N3bpoauHa C. 0., Mocoxos B. ®. MN30ToNHbIN cocTae kucnopoaa G0pHbIX MUHEPANOB 13 KypyaTo-
BUT-CaxauToBbIX pya mectopoxaeHus Conoxro // Hayku o 3emne n Hegpononb3oBaHue. 2022. T. 45. Ne 2. C. 104-118.
https://doi.org/10.21285/2686-9993-2022-45-2-104-118.
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Izbrodina S. Yu., Posokhov V. F. Oxygen isotopic composition of boron minerals... | ' '

Abstract. The Solongo boron-magnetite skarn deposit (Western Transbaikalia, Russia) features industrial reserves of rare
kurchatovite-sakhaite ores. The purpose of the work is to study the oxygen isotopic composition of boron-bearing minerals
from the kurchatovite-sakhaite ores of the deposit. The samples were studied using modern methods of electron micros-
copy, mass spectrometry. The original photographs of transparent thin sections and images of the samples in backscat-
tered electrons show mineral associations of sakhaite and kurchatovite icluding polymineral szaibeliite-sibirskite-calcite
aggregate, roweite, fedorovskite, ludwigite, forsterite, serpentine, titanite, sphalerite, magnetite, jacobsite, apatite, turneau-
reite. The evolution of the Solongo deposit boron minerals is described. The following indicators of the oxygen isotopic
composition 30 v-SMOW in minerals have been obtained: sakhaite — +1 %o, roweite — +2.7 %o, kurchatovite — +1.9 %o,
magnetite — -0.3 %o0. The comparison of isotopic data on sakhaite with the available literature data has shown that the
sakhaite of Solongo boron ores has a relatively light oxygen composition. The indicators obtained are attributed to the
participation of meteoric waters including melt waters of firn basins and permafrost, in the formation process of the deposit,
as well as reduced index of the oxygen isotope composition 5280 of the dolomites of the Ozerninsky ore cluster, whose
transformation is associated with the sakhaite formation.

Keywords: sakhaite, kurchatovite, endogenic borates, oxygen isotopes, magnesian skarns, Solongo, Ozerninsky ore cluster
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BeepneHue

KanbLuneBo-marHmeBbin 6opat Kyp4aToOBUT U
kapboHaTobopaTt caxauT SBMSATCA TUNOMOPd-
HbIMW MUHEpanamMu Ons CKapHOBbIX MECTOPOX-
AeHuUn bopa, B KOTOPbIX MarHeaunarnbHble CKapHbI
NOABEPINNCb M3BECTKOBO-CKAPHOBOMY 3amelLie-
HUt0. CnoXHOCTb reHe3anca nogobHbIX MecTo-
POXOEHWU onpeaenseTcs codeTaHMeM npouec-
COB, COMYTCTBYHLMX CKapHOOOpasoBaHuio, W
MPOLIECCOB, CBSA3aHHbLIX C HamnoxeHnem OGonee
nosgHero meTtamopdu3mMa M ruaopoTePM, 4TO
npMBOAMT K (POPMUPOBaHMIO pasHOOBpasHbIX,
3a4acTyi0 YHUKamNbHLIX MUHEPANOB 1 pya.

Takune MecTopoXaeHUs 4acTo ABNSAKTCS KOM-
nnekcHbIMK, coveTast GopHble pyabl C MarHeTu-
TOBOW, ONOBSIHHOW, CBMHLIOBO-LIMHKOBOW, BOSb-
pamoBon MuHepanusauunen. MectopoxaeHue
ConoHro nepBoHavanbHo 6bino oTkpbITo B 1960
rogy kak «MarHeTutoBoe» npu npoBepke aspo-
MarHuMTHbIX aHOManuit, U TOMbKO NpW AanbHewn-
Wem uccnegoBaHun 3gechb Oblnv 0BHapyXeHsbl
BoraTble KypyaTOBUT-CaxamToBble BOpHbIE Pyabl.
OHO ABNSIETCS MECTOM MEPBOW HAXOAKM LUECTM
BopocogepxaliMx MWHepanoB: KypyaToBuUTa
Ca(Mg,Mn,Fe?*)[B20s] [1], conoHronta CazB304
(OH)4Cl [2], denoposckuta CazMg2B4O7(OH)s
[3], rekcarngpoboputa Ca[B(OH)a]2-2H20 [4], Bu-

TumnTa CasB14019(SO4)(OH)14:5H20 [5], Byps-
Tuta Cas(Si,Fe3*Al)SO4B(OH)4(OH,0)s-12H20
[6]. AkTBHO M3yyaBLleecs B 60—70-x rogax npo-
LUMOr0 CTOMETUs, B HACTOSALLMA MOMEHT MECTO-
poXaeHue aBnseTcs 06bekToM Ans uccnefosa-
HUS C LENbIO pacLUMpPeHuns CyLLEeCTBYOLMX Npea-
CTaBNEeHWN O MUHEPANbHOM W U30TOMHOM CO-
cTaBe BOPHbIX MUHEPAsoB, YCNoBMSX UX 06pa3o-
BaHWs 1 cocTase pyaoobpasyowmx ¢niongos.

MectopoxaeHne COMOHro HaxoguTcs B BO-
CTOYHOM YacTn O3epHUHCKOro pyaHOro ysna Ha
tore EpaBHuHckoro pavioHa Pecnybnuku Byps-
Tn. PygHblii y3en npeacraBnseT coboi Kpyn-
HbI OCTaHeL, naneo3onckon YanHo-Butumckon
OCTPOBOAYKHOWN CUCTEMbI B MOME pa3BUTUS rpa-
HUTOMAOB AHrapo-Butumckoro 6Gatonuta [7].
3necb BbisiBneHo 6onee 20 pasnuyHbIX MeCTo-
POXOEHWUIN W PYOONPOSIBIIEHWIA: B 3aMafHON 30He
pacnpocTpaHeHbl MECTOPOXAEHUS xenesa 1 no-
NUMeTansoB, a B BOCTOYHOWN — MECTOPOXAEHNS
chanepuToBbIX, XKene3HblX, BOPHbIX, ONIOBSAHHbLIX
pya.

MecTopoxaeHue pacrnosioXeHo Mexagy naud-
KaMu BYNKAHOrEHHbIX NOPOA CPEAHErO U KUCMOTOo
cocTtaBa ¥ KapboHaTHbBIX MOPOA, — M3BECTHSKOB U
ponomutoB (puc. 1). BospacTt nopoa oueHuBa-
eTCsl Kak HUXKHEeNaneosowckuiit, B ueHTpe mecTo-

1Bunorpapos b. K., Jopouwkesuy J1. C., KoBanbckast B. H, HukutuHa M. A., Muxaiinos B. M. MectopoxaeHue CornoHro.
OrtueT BopHoit napTum 0 pesynbTaTax NOUCKOBbIX U pa3BefoyHbIx paboT 3a 1970-1975 rr. YnaH-Ya9, 1975. 311 c.
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POXOEHUS Ha [OHEBHYK MOBEPXHOCTb B BWMAE  PblIX MO [JaHHbIM YypaH-CBMHLIOBOTO MeToAa
LUTOKA BbIXOAWUT MACCUB NTENKOKPATOBbIX BICOKO-  (Macc-CnekTpOMETpUs ¢ MHOYKTUBHO CBSA3AHHOM
KanueBbIX rPaHMTOB, abCONIOTHLIM BO3PacT KOTO-  Na3MOM C nasepHoi abnsuuen) coctaBnseT

L s B
P B
P B -
IR
5 Tl-zmm
AR szls
[V, [--16
ve H 5 RN 17

OnpbiHOMHCKasa cBuTa
(€4.0201)
S

Puc. 1. Cxemamuyeckas 2eonoauveckasi Kapma u 2e0s102u4eckull paspes
MecmopoxdeHusi ConoH20 [9] (c u3aMeHeHUsIMU a8MopPoe):

1 — yemeepmuyHble OMIOXEHUS; 2 — U3BECMHSIKU MpaMopu308aHHkle; 3 — mychoanesponumsi; 4 — mygbl cpeOHUX
aghehy3ueos; 5 — aghgby3ueni cpedHezo cocmasa; 6 — mycbbl KUCTbIX 3¢hhy3ue08; 7 — 0P0208UKOBaHHbIE 3(hhy3ushI
U po2osuku; 8 — nelikokpamosble epaHumal (3asuHckul komrnekc); 9 — kanbyugupbl; 10 — ckapHbl U38eCMKOBbIE;
11 — pydbI MagHeMUMOBbIE C pefiukmamu MagHe3uarbHbIX ckapHo8; 12 — pydsl ndeuaum-MmacHemumosble;

13 — pydbi caxaum-kypyamosumosbie; 14 — daliku donepumosbix nopgupumos; 15 — daliku epaHocueHUM-MopgpuUPos;
16 — mekmoHu4eckue HapyweHrus; 17 — MPoeKyus 3amaexu caxaum-Kyp4amosumossix py0 Ha OHEBHYH MOBEPXHOCMb
Fig. 1. Schematic geological map and a geological section
of the Solongo deposit [9] (amended by the authors):

1 — Quaternary deposits; 2 — marmorized limestones; 3 — tuff siltstones; 4 — medium effusive tuffs; 5 — effusives
of medium composition; 6 — acid volcanic tuffs; 7 — hornfelsed effusives and hornfels; 8 — leucocratic granites
(Zazinsky complex); 9 — calciphyres; 10 — calcareous skarns; 11 — magnetite ores with magnesian skarn relics;

12 - ludwigite-magnetite ores; 13 — sakhaite-kurchatovite ores; 14 — dolerite porphyrite dikes; 15 — granosyenite-
porphyry dikes; 16 — tectonic faults; 17 — projection of the sakhaite-kurchatovite ore deposit on the daylight surface
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287,1 £ 4,2 mnH ner [8]. [paHWUTHLIN MaccuB OT-
HOCKTCA K 3a3MHCKOMY KOMMIEKCY U BXOOUT B CO-
ctaB AHrapo-Butumckoro 6atonuta. Cogepxa-
Hue Bopa u ypaHa B rpaHUTax MeCTOPOXAEHUS
COnOHro HeCKOSbKO NOBbILLEHBI MO CPABHEHWIO C
cogepXaHMsamMu 3TUX 3NEMEHTOB B BNVKHUX Ya-
CTAX 3a3MHCKOro NnyToHa. MIHTPYy3nB BbITAHYT B
cybmepnamoHanbHOM HanpasfieHun u opmu-
pyeT OCHOBaHWe YASIMHEHHOro rpebHeBMaHOro
BbICTYNa B KXXHOM 4YacTU MECTOpPOXAeHus, a B
CEBEPHOM YacTu KPYTO NOrpyxaeTcs Ha rnyouHy.
Boonb KoHTakTa € rpaHUTHOW MHTPY3uneit Habsto-
[laeTCs Opeosl OPOroBUKOBAHHbIX, CKapPHUPOBaH-
HbIX MOPOA. VHTPY3MBHbIA MarMaTuam NposiBieH
Ha MEeCTOPOXAEHWUN TaKxke Jaiikamu nosgHena-
NE030MCKNX rPaHOCUEHUTOB U ME3030UCKUX O0-
nepuToB?,

CkapHvpoBaHMe 0COBEHHO MNPOSIBMEHO B
Oro-BOCTOMHON YacTu MecTopoxaeHus. MarHe-
3vanbHble CKapHbl XapakTepuayTCsa KNMHOTYMU-
TOBbIM, (DOPCTEPUTOBBLIM, NMUPOKCEH-OPCTEPK-
TOBbIM, POpCTEPUT-(DIIOrONMTOBLIM COCTAaBOM. B
HacTosillee BPeMs OHW MpeacTaBheHbl Penuk-
Tamy ¥ NPaKTUYECKN MOSTHOCTHIO 3aMeLleHbl 13-
BECTKOBbIMW CKapHaMu U MarHeTuToM. 3ameLLe-
HMEe W3BECTKOBLIMW CKapHaMu BblpaxaeTcs B
pasBUTUM MNUPOKCEHa, rpaHaTa, BesyBMaHa nNo
MarHesuasibHO-CKapHOBbIM  nopodam.  [latu-
poBKa (prnoronuta U3 MarHesmasibHblX CKapHOB,
npoBefeHHas! Kanuin-aproHoBbIM METOAO0M, Bbl-
sIBUNa LUMPOKW AManasoH 3HaveHun (155-337
MJITH IET), YTO HE NO3BONSET OAHO3HAYHO TpaK-
TOBaTh Bpems ux dopmupoBaHus®. K marHesu-
anbHO-CKapHOBOW 30HE CO CTOPOHbI KapboHart-
HbIX MOPOS NPUMbIKAET 30Ha Kanbuudgupos. M3-
BECTKOBblE CKapHbl LUMPOKO Pa3BUTbl HA MECTO-
POXOEHWUM B BMAE NTMH30-M NacToobpasHbIX Ten
B 30HE nepecnaviBaHuns kapboHaTHbIX U addy-
3MBHbIX MOPOA, MMET NPEeUMYLLECTBEHHO Mu-
POKCEH-rpaHaT-Be3yBMaHOBbLIN COCTaB.

Kpome OporoBukoBaHusi U CKapHOBbIX Npo-
LLeCCOB Ha MECTOPOXOEHWN OTMevatTca npu-
3HaKu Gonee HU3KOTEMMepaTypHbIX MeTacoma-
TUYECKUX NPOLECCOB, B YaCTHOCTU rpeni3eHn3a-
U1K, NPOMUAMTM3aLIMK, OKBapLIEBaHWSI.

Izbrodina S. Yu., Posokhov V. F. Oxygen isotopic composition of boron minerals... |
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Hanbonee wnpoko npegcraeneHa Ha MecTo-
POXAEHUN MarHeTUTOBasi MUHEpanu3aums, npu-
ypoyeHHast bonbllen YacTblo K MarHeanasbHblM
ckapHam u addysmBaMm. MarHeTutoBble pyabl
npefcTaBfieHbl HECKONMbKUMM JIMH30- U NnacTo-
obpasHbIMK Tenamu, OTANYAOLWMMUCS NO MUHE-
panbHOMY COCTaBy W COLEPXaHWIO xenesa (oT
20 po 60 %). CchaneputoBoe opyaeHeHue pac-
NPOCTPAHEHO B U3BECTHSKAX, CKapHaX v KanbLm-
tupax, Ho npeacTasneHo 6egHbIMKM pyaamu. B
rpei3eHax nokanuayetcs MonubaeHoBas, BOMb-
thpamoBass n onoesiHHas MuHepanusauus. Oc-
HOBHYK LIEHHOCTb MECTOPOXAEHWUS NpeacTaBs-
nsT 60pHbIE pyabl.

BopHble pyabl ConoHro pacnonoxeHsl B Mar-
He3uanbHbIX U U3BECTKOBLIX CKapHax, a Takke B
kanbLmndupax, KoTopble NPUMbIKAKT K MarHesu-
anbHO-CKapHOBOW 30HE CO CTOPOHbI kapboHaT-
HbIX MopoA. YHukanbHoe pasHoobpasve MuHepa-
noB 6opa 00bACHSAETCS TeM, YTO Ha MECTOPOX-
LOEHWN pasBUTbl MarHesuasnbHble CKapHbl, W3-
BECTKOBble CKapHbl, a TakKKe W3BECTKOBbIE
CKapHbl, pa3BuUTble C 3aMeLLEHNEM MarHesnarnb-
HbIX (anomarHesunasnbHble). COOTBETCTBEHHO,
pa3BUTbl TPU MUHEPanbHbIX TUMa 3HAOrEHHOro
BopHoro opyaeHenus* [10]:

1. XXeneso-marHueBble (NOOBUTWT, BapBu-
KUT) U MarHueBble (CyaHuT, ccanbenuut, KoTomT,
cntooboput) GopaTbl, XapakTepHbIe ANS Karb-
LUMGMPOB M MarHeauanbHbIX CKapHOB. BopHas
MUHepanu3auus gaHHoro Tuna Ha COMoHro Jo-
CTaTOMHO pacnpocTpaHeHa, nokanu3yeTcs B
kanbumdumpax, npunerawowmx K MarHeTUTOBbIM
pynam.

2. bopocunukatel, XxapakTepHble Afs 3BECT-
KOBbIX CKapHOB (matonuT). MwuHepanusauus
aToro Tuna Ha ConoHro oTMeyaeTcs B rpaHaT-Be-
3yBMaHOBbIX CKapHaX 1 HE UMEET NPaKTUYECKOro
3HaYeHwsl.

3. Cneumndnyecknin TMNOMOPHLIA KOMMIEKC
kanbLMeBO-MarHMeBblx 6opaToB (Kyp4aToBMT,
KIIMHOKypYaToBUT, BopaTbl cepumn poyuta-dego-
poBckuTa), kapboHaTobopaToB (caxauT, HGopka-
puT) 1 KanbLmeBbIx 6opaTos (hponosut, cubup-
CKUT, BWMCWT, NeHTarngpoboput, CONOHIoWT,

2BuHorpapos b. K., Jopowkesuy J1. C., KoBanbckas B. H, Hukutuna M. A., Muxaitnos B. M. MectopoxaeHue ConoHro.
OtueT BopHoW NapTm o pesynbTaTax NOVNCKOBbIX U pa3BefoyHbix pabot 3a 1970-1975 rr. YnaH-Yas, 1975. 311 c.
3Manutko C. B. BellecTBeHHbIN cocTaB 1 ycnosusi 06pasoBaHus 60paToBON MUHEPANM3aLMK, FrEHETUYECKI CBS3AHHO

€ n3BecTkoBbIMK ckapHamu. M.: U3g-so BUMC, 1970. 259 c.
4 Tam xe.
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rekcarmgpobopuT), xapakTepHbIn 4ns anomarHe-
3nanbHbIX ckapHOB. CkapHbI JaHHOro TMna obpa-
3YH0T NIMH30BUAHYHO 3aneXb MOLWHOCTL0 40 10 M
C NPOCTMpPaHMEM W NafeHWeM He MeHee YeMm
600 m, KoTOpas NpUypoYeHa K BHELLUHUM YacTaMm
MarHe3masbHO-CKapHOBbIX 30H U Kanbuudupam.
YHUKansHOCTb cocTaBa bBopHOWM MUHepanu3aumm
TpeTbero Tuna onpeaensieTcs nNpuUcyTCTBMEM B
accouuaumm xeneso-marHueBbIX, MarHueBblX,
KanbLMeBbIX, MarHWeBO-KanbUWEBLIX WU MarHu-
eBO-MapraHLeBo-kanbuueBblx 6opaTtos. HecMo-
TPA Ha HepaBHOMEpPHOe pacnpefeneHve pas-
NYHbIX  BopaToB, BbLIAENSAKT  KYypyYaTOBUT-
CaxauToBbIN W NIOABUMNT-CaxauToBbIN TUMbI PYA,.
MNpu aToM nepsble sBRsAOTCA Gonee GoraTbiMu
n cogepxat ot 5 o 26 % 6opHoro aHrugpuaa
[10].

KypuyatoButr Ca(Mg,Mn,Fe?*)[B20s] npea-
cTaBnseT cobon KanbLMeBO-MarHWeBbI aHanor
cyaHuta. Cnegyet OTMETWUTb, YTO BbIAENEHUS
KypyaToBuTa U €ro MoAynbHoro nonumopda —
KNUHOKYpYaTOBUTa — U3BECTHBLI HA MECTOPOXE-
Husax Poccun (TutoBckoe, Tac-Xasixtax, HoBo-
®ponosckoe TypbuHCKOro pyaHoro nons), Ka-
3axctaHa (Cask-1V), AnoHumn (pyaHuK «®dykay B
npecektype Okasma), AdpraHuctaHa ([6apren)
[11, 12].

Caxaut  Ca12Mg4[CI(OH)2(C03)4(BO3)7] -
kapboHaTo-60paT Kanbumsi U MarHnsa — ABNSeTCs
MeHee pacnpocTpaHeHHbIM MuHepanoM. OH 06-
pasyeT U30MOPGHYD CEepuld C XapKepuToM
Cai12Mg4Al(CO3)5(BO3)3(Si04)4a-H20, B koTOpOM
noauumm [BOs]* n3amopeHo 3ameLLatoTcs neHTa-
MepoMm {Al [SiOa]}4'* 1 yacTuHo noHamu Cl 1
OH-. Kpome mecTopoxaeHus ConoHro, pacnoso-
XeHHoro B bypsaTtuu, Tena caxauToBbIX Mopog
BbIn 0BHapyXeHbI HA MECTOPOXAEHUAX U PYLO-
nposineHusx AgkadaH, Ybibaranax CeneHHax-
ckoro kpsbka u CHexHoe, Kepen, [okyyaH, Tu-
ToBCkOe (yvacTkum MopanbHbii, JlarepHbin, Jlo-
o) xpebTa Tac-XasxTax, BXOAALMX B CUCTEMY
xpebTa Yepckoro (AkyTus), a Takke Ha mecTo-
poxaeHuax Cask-1V (KasaxctaH) v Kununux (Kn-
Tan)° [13].

B paHHoOM crtatbe npencraBneHbl pesyrib-
TaTbl U3Y4EHNS U3OTOMHOrO COCTaBa Kucrnopoaa
ANS KypyaTOBUT-CaxauTOBbIX Py4 MeCcTopoxae-
H1st CONOHro.
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Martepuanbi u metoabl
uccneaoBaHuA

B pamkax uccnegoaHus 6bin npoBefeH aHa-
nun3 06pasuoB BOPHbIX pya C MECTOPOXAEHMS
ConoHro. HekoTopble U3 HUX NPeaCcTaBnsoT Co-
Bon YacTu kepHa U3 ckBaxuHbl 326, apyrue He
MMEIOT YETKOW NPUBSA3KM.

AHanuTUYeCKMe AaHHble MNOslyYeHbl C UC-
nonb3oBaHwem obopynosaHus LleHTpa Konnek-
TUBHOrO Monb3oBaHus «eocnekTp» eonoruye-
ckoro uHctutyTta um. H. J1. Jobpeuosa CO PAH
(r. Ynan-Yga). Obpasubl nopog v pya uccrneno-
Banacb B Npo3payHblX Winax u aHwnudgax ¢
NOMOLLBI0  MONAPU3ALMOHHONO  MMKpOCKoNa
Olympus BX51. MuKpOCTPYKTypHble OCOBGEHHO-
CTW, B3aMMOOTHOLLEHWUS MUHEpPAsioB uccnepo-
BaHbl Ha CKaHWPYKOLLEM 3MEKTPOHHOM MUKPO-
ckone LEO-1430 ¢ aHeprogmMcnepcuoHHON npu-
CTaBKOW AN KONMMYecTBEHHOro aHanms3a Inca-
Energy. lamepeHns n3oTonHoro cocrasa Kucro-
poAa BeinonHAnuck B suae Oz Ha ra3oBoOM Macc-
cnektpomeTpe FINNIGAN MAT 253 ¢ ucnonb3so-
BaHWeM [BOVHOW CUCTEMbI Hamnycka B Krnaccuye-
CKOM BapuaHTe (cTaHgapTt — obpaseu). lNogro-
TOBKa 00pasuoB AN OnpedeneHns BennyuH
580 nposogunack ¢ UCMoNb3oBaHUEM MeToaa
nasepHoro hTopupoBaHNs Ha ONuUWK «nasepHas
abnaumsa ¢ aKcTpakuuen Kucnopoda U3 cunuka-
TOB» B NPWUCYTCTBUWN B KayecTBe peareHTa nex-
TadTopuga 6poma no meTogy, ONUCaHHOMY B
ctatbe [14]. [na M30TOMHOrO aHanu3a KWcro-
poda MCMonb30BasiUCb TOMbKO YUCTbIE MUHE-
panbl (B BMAe oOckonkoB) obwum Becom 1,5-
2,5 mr. PacyeTbl 3180 6bInu BbINOMHEHLI OTHOCU-
TENbHO MeXayHapoAHbIX craHgapTtoB NBS-28
(kBapy) n NBS-30 (6uotut). MpaBunbHOCTL Mo-
NyYeHHbIX 3HA4YEeHUN KOHTPONMpoBanach pery-
NAPHBIMU M3MEPEHUAMU COOCTBEHHOIO BHYTPEH-
Hero ctaHaapTta 'M-1 (kBapy) n nabopaTopHOro
cTaHgapTa MIHCTUTyTa reonormm pyaHbIX MecTo-
POXAEHUN, neTporpadun, MUHEPANorMn u reo-
xumuu PAH (r. Mockea) Polaris (kBapu). [MorpeLwu-
HOCTb MOJTyYEHHbIX 3HaYeHWidr BenuumH 680
Haxogumnack Ha ypoBHe (1s) £ 0,2 %o.

Ona wnaeHTudukaumm GOpHBLIX MUHepanoB
Obin NpoBeaeH peHTreHo(ha3oBbIA aHanu3 Ha
peHTreHoBckoM AucpaktomeTpe D8 Advance
dupmel BRUKER AXS (Fepmanus): CuKa-uany-

SManuuko C. B., XantypuHa W. W., Ozon A. A., Boyapoe B. M. MuHepanbl Gopa: cnpaBoyHuk. M.: Hepgpa, 1991.
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yeHue, 2theta = 10-70°, Bbigepxka — 0,1 ¢ B
Touke, war ~0,021°, netektop Vantec-1. Ha aaH-
HOM aTane 6bino ucnonb3oBaHo obopynoBaHWe
LleHTpa KONMeKTMBHOrO nonb3oBaHus bawkans-
CKOro MHCTUTYTa npupogonons3oaHna CO PAH
(r. Ynan-Ypno).

PesynbTtaTthl uccnegoBaHus
n nx obecyxpaeHune

B cratbe npeactaBneHbl pesynbTathl Uccne-
[0BaHMs 0Opa3LoB  Kyp4yaTOBWUT-CaxauTOBOW
pyabl mectopoxaeHus ConoHro. Makpockonuye-
CKM CaxauT-KypyaTOBUTOBblE pyAbl MpeacTaBs-
nsAT cobon cepble unm BypoBaTto-3eneHblie no-
poabl. Obpasubl UMET NPEUMYLLECTBEHHO Ca-
XauTOBbIN COCTaB C COAEPXaHWEM MuHepana
50-60 %. B meHbliem obObeme Habnwopaetcs
kypyaToBuT (80 15-30 %). B nepeMeHHbIX Konm-
yecTBax HabnwpgatTcs ccanbenunt, CMBUPCKKT,
KanbUmWT, TUTAHUT, 9KOOCUT, cdhanepuT, dopcTe-
pUT, NIOOBUINT, POYMUT, NeHTarnapobopuT.

Caxant obpasyeT Menko3epHUCTY0 Maccy
ONMBKOBO-3€MEHOro LBeTa. EAMHMYHbIE 3epHa

2022;45(2):104-118

6ecuBeTHbIE U NPO3payHble, Breck CTEKNSAHHbIN
BMNOTb A0 cnaboxupHoro. 3noMm pakoBUCTLIN.
B wnudax muHepan nerko ugeHTuduumnpyetcs
Bnarogaps m3oTponHocTH (puc. 2, a). MNpu aHa-
nu3e obpasuya Ha 3NEKTPOHHOM MMKPOCKOmMe
ObiNo onpedeneHo, YTO caxauT COAEpPXKMT He-
BonbLoe konunyectso kpemuus (SiO2 ot 1,45 go
3,59 macc. %), xenesa (1,76-2,17 macc. %) u
mapraHua (0,52-0,85 macc. %).

KypyaToBuT 06pasyeT n3omeTpuyHbie 3epHa
pa3mMepoM OT HECKOSbKWUX [Jofieit MunimmeTpa
[10 2 CM B [iNIUHY CBETSI0-CEpOro LeeTa. B wnudge
XapaKTepHbl SpKMe OT CUHEe-3eSIeHoro Ao Manu-
HOBOTO LiBeTa MHTEpdEPEHLMM (CM. puc. 2, a, e).
3epHa KypuyaToBUTa 4acTo TpeLliMHoBaTble,
MMEIOT KOPPOAMPOBaHHbIE rPaHuLbl, a Takke no-
KPbITbl CETbIO MENKMX (OT COThIX 40 AECATbIX A0-
nen MUNNUMETPa) NPOXMIIKOB BTOPUYHBLIX Bop-
HbIX MUHepanoB. MuHepan Hambonee yacTto 06-
pa3yeT TeCHble CpacTaHusi C caxautom (CM. puc.
2, a, e; puc. 3, a, b). Habnogaetca 3amelLeHne
KypyaToBMTa CaxauToM, B CaxauTe OCTarTCs

MUPMEKUTOBbLIE PENTUKTOBbLIE BKITHOYEHUA Kyp4a-

“Pnb S/ sl

o » g
% . 5 ;‘v‘"—»‘ 4

N

Puc. 2. [lempoepaghudeckue ocobeHHocmuU U 83aUMOOMHOWEHUSsT MUHepPaJio

8 Kyp4Yamoeum-caxaumoebiX pyd

MecmopoxdeHusi ConoHao (ghomoepaghuu npo3paqHbIX Wughoe, NepeKpecmHo nosnspu3oeaHHbIl ceem):
a — 83aUMOOMHOWEHUS Kyp4Yamosuma u caxauma; b, ¢ — sameweHue caxauma cubupckum-ccatibenuum-
Kanbuyumosbim azpeaamom; d — cubupckum-ccaltibenuum-kanbyumoebil NPOXUIIOK 8 KypYyamosume,
€ — Kypyamosum, CeKyuwulicsi pOXUIKOM 8mopuYHo20 60pHO20 MUHepana; f — npoxunku neHmazudpobopuma
8 caxaumoseoli nopode, 3ameujaemoll NoUMUHeparbHbIM azpeaamom
Sakh — caxaum; Kurch — kypyamosum; Sib — cubupckum; Szaib — ccatibenuum;

Cal - kanbuyum; Phb — neHmaaudpobopum
Fig. 2. Petrographic features and relationships of kurchatovite-sakhaite ore minerals
of the Solongo deposit (images of transparent thin sections under the cross polarized light):

a — kurchatovite and sakhait relationships; b, ¢ — sakhaite substitution by the sibirskite-szaibeliite-calcite aggregate;
d - sibirskite-szaibeliite-calcite veinlet in kurchatovite; e — kurchatovite cut by a veinlet of a secondary boron mineral;
f — veinlets of pentahydroborite in the sakhaite rock replaced by a polymineral aggregate
Sakh - sakhaite; Kurch — kurchatovite; Sib — sibirskite; Szaib — szaibeliite; Cal — calcite; Phb — pentahydroborite
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mecmopoxdeHusi ConoHao, obpasey Con-844 (usobpaxeHue 8 06pamHO ompaxeHHbIX 3/IeKMPOHaXx):

a — 83aUMOOMHOWEHUST caxauma, Kypyamosuma u ghopcmepuma; b — Kypyamosum u cubupckum e obpammaeHuu
ebifenieHuUs caxauma; ¢ — 83aUMOOMHOWEHUS cyccekcuma, poyuma u Kypyamosuma; d — 3ameweHue ghopcmepuma
ceprneHMuUHOM; € — pa3gumue MuHepana, 651u3K020 10 cocmasy K mypHopumy, no anamumy;

f — mypHopum u chanepum, cekywuecs npoXunkamu poyuma
Sakh — caxaum; Kurch — kypyamosum; Sp — cgpanepum; Fo — gpopcmepum; Jac — skobcum;

Sib — cubupckum; Sus — cyccekcum; Anh — aHaudpum; Row — poyum; Srp — ceprneHmuH;

Ap — anamum; Turn — mypHopum; Fed — ¢pedoposeckum
Fig. 3. Relationship nature of minerals in the kurchatovite-sakhaite ores
of the Solongo deposit, sample Sol-844 (backscattered electron image):

a — sakhaite, kurchatovite and forsterite relationships; b — kurchatovite and sibirskite framed by the sachaite excretion;
c — sussexite, roweite, and kurchatovite relationships; d — forsterite substitution by serpentine; e — development
of a mineral similar in composition to turneaureite in terms of apatite; f — turneaureite and sphalerite cut by roweite veinlets
Sakh — sakhaite; Kurch — kurchatovite; Sp — sphalerite; Fo — forsterite; Jac — jacobsite; Sib — sibirskite; Sus — sussexite;

Anh — anhydrite; Row —

TOBMTA (CM. puc. 2, a). IHorga penukTbl KypyaTo-
BWUTa HabngaTca B obpamneHny BblaeneHui
caxauTa (cm. puc. 3, b).

CaxauT 1 KypyaTOBMT NOABEPraloTCs MHTEH-
CYBHOMY npeobpa3oBaHWio Nog BO3AENCTBUEM
rmgpoTepmarbHbIX  npoueccoB.  PesynbTtaTtom
3TOr0 SBMNSETCS Pa3BUTME MPOXWUIKOB MOMUMU-
HepanbHOro arperara, COCTOsiLLEero u3 ccambe-
nuuta Mgz[(OH)B204(0OH)], cubmpckuta CaHBO3
¥ kanbumTa (cM. puc. 2, b; puc. 3, b). UHoraa ca-
XauT NOMTHOCTBIO 3aMeLLaeTcs Takum NOIMMUHE-
panbHbIM arperatoMm (puc. 2, c). BetBsawwecs
MUKPOMPOXWUIKK, THE34A U MPOXUIKKA NogoBHOro

roweite; Srp — serpentine; Ap — apatite; Turn — turneaureite; Fed — fedorovskite

cocTaBa Obinn 0BHapyXeHbl Takke No Kypyaro-
BUTY W HEAMarHOCTUPOBaHHOMY BGOpPHOMY MUHe-
pany (cMm. puc. 2, d, e). B uenom MoxHO oTme-
TWUTb, YTO KypyaToBUT Gonee yCTOMYMB K ruapo-
TepManbHbIM Npeobpa3oBaHMsMm.

Kpome oTmeueHHbIX ccanbenumta u cubup-
ckuta k bonee nosgHum Bopartam, obpasoBaH-
HbIM C 3aMeLLEeHNEM KypyaToBWUTa U caxauTta u
cogepxalymM Bogy B rMaApOKCUMbHOW Unn Morne-
KynsipHOW (hopMe, OTHOCATCS CYCCEKCUT 1 NeHTa-
rnapoboput.  lMpoxunkn  nenTarmgpoboputa
Ca[B20(OH)6]-2H20 npuypoyeHbl K y4yacTtkam
3aMeLLleHNst caxauTa ccanbenumT-cubmnpckuT-

110 I

WWw.nznj.ru


http://www.nznj.ru/

\.) MU36poaunHa C. 0., Mocoxos B. ®. U3oTonHbIN cocTaB kMcnopoaa 60pHbLIX MUHEPANoB... |
Izbrodina S. Yu., Posokhov V. F. Oxygen isotopic composition of boron minerals... |

KanbLMTOBbLIM arperaTtom 1 paccekaroT caxauT, a
TakKe 3aneymBaloT TPELWMHKN B TUTaHUTE (pucC.
2, b, f). Cyccekeut Mn2[(OH)B204(OH)] obHapy-
XEH B BMAeE BOJIOKHWUCTOrO arperaTta B accouua-
Lmum ¢ kypyaToBuTom (3, ¢). Cyccekeut aensertcs
MapraHLueBbIM aHanorom ccanbenumuTa u KoHeu-
HbIM YSIEHOM M30MOPHOro psiga ccanbenuur —
CyccekeuT, ero obpa3oBaHue CBA3aHO C MOBbI-
LWEeHHbIM KOIMYECTBOM MapraHLa Ha MecTOpOX-
LEHNN.

MoaBuruT BCTpeyaeTcs B BUAE pPeaKkmx CKom-
NEHWI UronbYaTbIX KPUCTANNOB B Kyp4aToBMUTE.

TuTaHUT 1 hopcTepuT ABNAITCA PENUKTO-
BbIMW MUHepanaMu mMarHeamanbHbiX cKapHoB. B
nccnegyemblx obpasuax TUTAHUT WUMeeTcs B
6onblwomM KonuyecTBe M HabnioogaeTcs Kak B
BUAE 3epeH AedopMmnpoBaHHON, HO NPUBIKEH-
HOW K KOHBEpTOObpasHomn hopme (cm. puc. 2, b),
Tak 1 B BUAe 3epeH HenpaBubHON popMbl pas-
NMYHON BenuumHbl. ONuBKUH hopcTepuT-Tedpo-
WTOBOrO psida BCTpeYaeTcs B accoumaumm ¢ ca-
XauToM, Kyp4aTOBMTOM M MHTEHCUBHO 3amella-
eTCs CepneHTMHOM (cM. puc. 3, a, d). [Ina Hero
CBOMCTBEHHO MOBbLILLIEHHOE COAEpXaHWe map-
raHua (MnO — 13,54 macc. %).

B dopcTepute BCTpeyeH anatut, Mo KOTO-
poMy pa3BuBaeTcs MuHepan, 6nuskun no co-
CTaBy K TypHopuTy (puc. 3, €). Mo xummnyeckomy
COCTaBy B HEM OTMeuvarTcs Hanunume Al20s3 (oT
2,66 0o 3,04 macc. %), SiO2 (ot 1,48 go 2,5 macc.
%) 1 noBbIEeHHOEe copgepxaHue P20s (o1 15,15
[0 16,5 macc. %). 3epHo TypHopuTa, obnagato-
LLlero MakcMmarsnbHO NPUBIKEHHbIM K TEOPETK-
4ECKOMY XMMMUYECKMM COCTaBOM, OTMEYEHO B ac-
coumaumm ¢ Kyp4aToBUTOM U CEPNEHTUHOM (puC.
3, f). TypHopuT 0bpasyeT cpactaHue co cane-
putoM, pegoposckutoM Caz(Mg,Mn?*)2[B40O7]
(OH)s 1 paccekaeTcs nNpoXunkamu poymTa
Ca2Mn?*2[B40O7](OH)s.

3 pyaHbIX MUHEpanoB Kak B caxaute, Tak 1
B Kyp4aTOBWTE U B aCCOLMMUPYIOLLMX C HUMMW MK-
Hepanax ycTaHOBfieHa BKpanieHHOCTb cghane-
puta, MarHeTuta u skobeuta (MnFe20s) (cm.
puc. 3, a, f). MarHetut aBnsetcsa Hanbonee pac-
NPOCTPAHEHHbIM  AKLLECCOPHbIM  MUHEparnom
BCcex nopog v pya Ha ConoHro, a npuMecb map-
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raHua B TOM Unu MHOM ob6beme xapakTepHa Ans
MarHeTUTOBbIX pyad MecTopoxaeHus [9]. No aaH-
HbIM HalMX MCCNeaoBaHUN, TONbKO B BOPHbIX
pygax cogepxanua MnO B obbveme 6onee 17
macc. % NO3BONAIOT ONPEAENUTb aKLECCOPHbIN
PYAHbIA MUHEpan Kak SKkobcuT.

No mHeHuto C. M. AnekcangpoBa, obpasoBa-
Hue BopaToB Cepun caxamTa-xapkeputa reHeTm-
4eckn CBSA3aHO C runabuccanbHbIMU U NpUNo-
BEPXHOCTHbIMU MECTOPOXAEHNSAMU U NPOUCXO-
OVT B YCNOBMSIX MeTacomaTuama [OfOMUTOB B
KOHTaKTax WHTPY3Wii LIMPOKOTO NETPOXMMUYe-
CKOrO CMeKTpa COCTaBOB, a TaKxKe B 30HaX JeKOM-
npeccumn [13]. KypyaToBMT ¥ caxauT pasBuBa-
0TCS Ha 3Tane paHHeW LLEeNOYHOW CTagmmn nocT-
MarmMaTM4ecKoro artana 3BOMKOLUM  MarHeau-
anbHO-CKapHOBOTO MECTOPOXOEHMUS, MpUYeM B
oTHoweHun COnoHro mccnepgosaTenb npuaep-
XUBaeTCs MHeHus 06 obpasoBaHuM caxamTa ny-
Tem 3amelleHust 6onee paHHMXx 6opaTos, B TOM
yucne kypyatosuta [11]. Mo MHeHuto 3apybex-
HbIX konner [15, 16], obpasoBaHue CKapHOB C
Kyp4aToBMTOM NpeanonaraeT yCrnoBus BbICOKOro
[aBINeHus, a CkapHbl C caxautom obpasytoTcs npu
HU3KOM [aBNEHUMN 1 BbICOKWUX TEMNepaTypax.

Ha ocHoBaHun neTtponornyeckux Habnoge-
HUN, @ TakKe OaHHbIX, NPeACTaBleHHbIX B TeMa-
Tyeckux otyetax®’ n B pabotax C. M. AnekcaH-
gposa [11, 17, 18], asonwoumio MUHEPasnbHbIX
dopm HaxoxaeHust bopa B npoLecce hopMupo-
BaHWs runabuccanbHOro MarHe3masbHO-CKapHO-
BOro MecTopoxaeHusi COMOHro MOXHO Oxapak-
Tepu3oBaTb NOCNe0BaTENbHOCTHI0 HECKOMBbKUX
aTanos.

1. Ha marmatnyeckom atane 6op HaxoguTcs
B KpUCTannuaytLemcs Kucnom pacnnase. Be-
pOSITHEe BCEero, NOBbILLEHHbIE coAepXKaHus 6opa
B rpaHnTax COMoHro onpeaensoTcs KOHTaMnHa-
LMel pacnnaBa BELeCTBOM 0CafO04HbIX NOpoa,
Boratbix 6opom.

2. Ha noctmarmaTtnyeckom atane Ha paHHew
LLilenoYHomn cTagmm obpasytoTcs 6opaTbl — CyaHUT
Mg2B20s n kotout Mgs(BOs)2. x coctaB onpe-
[enseTcs COCTaBOM 3amellaeMblXx Mmu kapbo-
HaTHbIX nopog u metacomaTtuToB. CTeneHb ne-
perpesa BHeOpSOLWENCS TPaHUTHOW WHTPY3uK

6 Bunorpanos b. K., Jopouwwkesuy J1. C., KoBanbckast B. H, HukutuHa M. A., Muxaiinos B. M. MectopoxaeHue ConoHro.
OrtueT BopHoit napTum 0 pesynbTaTax NOUCKOBbIX U pa3BefoyHbIx paboT 3a 1970-1975 rr. YnaH-Ya9, 1975. 311 c.
" Manutko C. B. BelecTBeHHbI cOCTaB 1 ycrnoBust 06pasoBaHusi 60paToOBON MUHepanu3aLmn, reHeTUYECKU CBS3aHHO

¢ n3BecTkoBbIMM ckapHamu. M.: M3a-so BUMC, 1970. 259 c.
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onpegensietT macwTabbl acCUMUNALMN NPUKOH-
TaKTOBbIX CKAPHOB M MUHEpPanbHbIN COCTaB 30H,
crnaratwoLmx metacomaTtuyeckne opeosisl no Jo-
nomutam. C nM3MeHeHMem JONOMUTOB 0bGpasy-
0TCA CKapHbI, Kanbuugupbl 1 KOTOMTOBLIE Mpa-
mopbl. [lanee npu NOCTYNneHWn B KOTOUTOBbIE
MpaMopbl MOCTMarMaTU4eCKMX Xeneaocogepxa-
MX pacTBOPOB BCNeACTBME HEPABHOBECHOCTM
accoumaumm KOTouT — MarHeTUT B Mpamopax no-
ABNSETCA MIOABUNUT.

3. Ha cnegywouwem atane paHHen LLenoYHou
cTaguu NPOUCXOAMUT CHIDKEHWNE XUMWUYECKON aK-
TUBHOCTM Bopa, NnokasaTens KNCNOTHOCTW U TEM-
nepaTypbl rugpoTepmarsbHbiX pacteopos. Mar-
He3nanbHble CKapHbl MNPETEpPneBalT W3BECT-
KOBO-CkapHOBOE 3amelleHune. KypyaTtoBut obpa-
3yeTca No3xe KOTouTa, CyaHuTa, NasBuruta u
rYMUTOB B (DOPCTEPUTOBBIX KanbLmgumpax no go-
nomutam. Brnocneacteum caxauToBble MOPOAbI
MOryT 3amellaTb KypyaTOBUTOBLIE PYAbl, HAcne-
AyS 3aKIYEHHBIN B HUX OOp, a Takke akobeuT,
MapraHeLcoaepXXaLluuin NoaBUrnT.

B T0 Xe Bpemsi caxauT MOXET pa3BMBaTbLCS
CaMOCTOSATENBHO MO KOTOMTOBBLIM Mpamopam C
NIOABUIMTOM C 06pa3oBaHneM n3bbITOYHOro Mar-
HMS 1 bopa. CaxanToBble NOPOAbl MOSHOCTBIO
HacneayoT 6op KoTouTa, COXpaHss TEKCTYPHbIE
0CODEHHOCTM MCXOOHBIX MPaMOPOB U BKpanmeH-
HOCTb MarHeamanbHbIX MWHEpPAsoB, BKMO4Yas
MarHe3vonaBUruT.

ObpasoBaHue caxauTa 3aBepLiaeT paHHUM,
BbICOKOTEMMEPATYPHbIA  3Tan  hOPMMPOBaHMS
6opaTHoro opyaeHeHusi. Bce nocneayrowme mu-
Hepanbl 6opa MMEKT rMCTEPOreHHbIN XapakTep
BCIeACTBME nepepacnpeaeneHus 6opa npu 3a-
MeLLEeHNM ero bonee paHHMX MMHEPanoB. 34ech
XOTENocb Obl OTMETUTb, YTO IKCMEPUMEHTasb-
Hble aaHHble W. A. Hekpacosa n C. B. ManuHko
nokasanu, 4to obpasoBaHue caxauta MPOUCXO-
ant npu Temnepatype 6onee 300 °C [19]. Mo
MHeHuto C. M. AnekcaHapoBa, Bapuauus Temne-
paTyp OT paHHMX 3HAOreHHbIX 6OpPaToOB 40 MUHE-
panoB 6opa, CUMHreHEeTUYHbIX M3BECTKOBO-CKap-
HOBbLIM M FPEN3EHOBLIM accouuaumsiM mMarHesu-
anbHO-CKapHOBbLIX MECTOPOXAEHWA, BapbupyeT
01600 go 300 °C [17]. [pn 3TOM faHHBIN YYEHBbIiA
OTMeyaeT BO3MOXHOCTb «MyfbCaluy TennoBoro
MOTOKay, YTO MOXET NPOSIBNSATLCS B BUAE NOBTO-
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PEHUS U COHANOXeHUs MUHepasbHbIX accouua-
Lun. B uenom peTtporpagHoe U3MeHeHNe Temne-
paTypbl ABMSETCS OAHUM W3 (DaKTOPOB 3BONOLM-
OHHOW CMEHbI MUHEpPanbHbIX PopMm.

4. Cnegyowmm 3TanomM 3BoMoLumn aBnseTcs
«cpepgHeTeMnepaTtypHbIy 3Tan, Ans KoToporo
XapaKkTepHbl rpenseHnsaums u opmMmpoBaHue
«HaNOXEHHOro» OpyAEHEHNS B BUAE OTNOXEHMUS
cynbduaos. C nepexogomM OT paHHEN LLENOYHOM
K KUCNOTHOW CTagumn 3HAOreHHOro npowecca cBs-
3aHO MosiBfieHWe MasblX KonuMyecTs ¢hocdaTos
(anaTuTta), apceHaToB (cBabwTa) M cynbcaToB
(aHrngputa).

5. Cnegytowuin atan — MuHepanoobpasoBa-
HMe No3aHel LenoYHon ctagun. AToT 3Tan 3a-
BepLUaeT 3HAOreHHoe (hOpMUPOBaHME MarHesu-
anbHO-CKApHOBbLIX MECTOPOXOEHUA. OHOOreH-
Hble M3MEHEHUs caxauTa BbipaXatTcs B NOSB-
neHWn  ncesgomMopdo3  KanbLUT-CUOUPCKUT-
ccanbenuut coctasa. Yactb HOBOODpa3yembix
MUHepanoB oTnaraeTcs Mo opMupyoLwmumes
TpewmHaMm. Ha 3aknounTenbHbIX (hasax 3HAo-
FEHHOro NpoLecca 1 KypyaToBUT, U CaxauT 3ame-
LwarTca ccanbennutom, cMbupcknToM, Kanbum-
TOM U ApyruMun BTOpMYHbIMK BopaTamm (dpono-
BUTOM, NeHTarnapoboputom v ap.).

6. Ha 3akniountenbHbiX asax rmgpotep-
MasibHOro mpouecca rucTeporeHHble Goparbl
(ccanbenuut, cMbupckMT U Op.), B CBOK O4e-
pedb, 3aMelwanTcs cunukatamm u kapboHa-
Tamu, YaCTUYHO MM NOSTHOCTBIO YTpaumnsas bop.

B uenom npegnoxeHHas nocnegosatenb-
HOCTb 3TanoB 3BOMKOLUM MUHepanoB 6opa Ha
ConoHro moxeT ObITb NOATBEPXAEHA C NpUMe-
HEHWEM KaK MaTepuanoB LaHHOMO MCCreaoBa-
HUS, TaK U HEKOTOPbIX AaHHbIX NPeaLeCcTBeHHN-
koB. iccnenosaTenu bopHov napTum Ha OCHOBa-
HUM pPacLINPPOBKN TEKTOHUYECKOTrO CTPOEHMS
mecTopoxaeHust COMOHIoO W ABWKEHWUA OTAENb-
HbIX ero 6nokoB oueHunu rnybuHy dopmmpoBa-
HUS pya MecTopoxaeHus B 3-3,6 km®. Mockonbky
BopHas MuHepanu3aumsi Ha MEeCTOPOXOEHUU
pasBMBaeTCs Mo y4acTkaM 3aMeLLEeHNs MarHesau-
anbHbIX CKapHOB W (OpCTEPUT-OMONCUAOBLIX
KanbLMUPOB N3BECTKOBLIMU CKapHamu, B 6op-
HbIX pyaax 6binm obHapyKeHbl MUHEepasbl, ABNS-
loLMecs penuMkTamMmm MarHesuanbHbIX CKapHOB,
Takve kak popcteput u TuTaHuT. [MapareHesuc

8 Bunorpagos b. K., Oopowkesuy J1. C., Koeanbckas B. H, Hukutuna M. A., Muxaiinos B. M. MecTtopoxaeHue ConoHro.
Otuet BopHoit napTumn 0 pesynbTatax NOMCKOBLIX M pasBedoYHbIX paboT 3a 1970-1975 rr. Ynan-Yas, 1975. 311 c.
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caxauTta ¢ (popCcTepuTOM NPOSIBIIEH Takxe B py-
Aax Ybibaranaxckoro MECTOPOXAEHWS, B 4ONOS-
HEHWE K HUM OBHapyxmBalTcs auoncua w
noasuruT [20]. C. B. ManuHko B cpacTaHuu ¢ ca-
XauToM OTMevana rpaHatbl, MMPOKCEHbI, MarHe-
TWT, cBabWT, yKkasbiBas Ha ux bonee paHHee Bbl-
[ieneHne OTHOCWUTENbHO caxauTa. [lepBuyHble
BopHble MWHepanbl — CyaHUT U KOTOUT — HaMu
0bHapyxeHbl He bbinu. Tem He meHee C. B. Ma-
NVHKO B CBOEM MccnegoBaHum no ConoHro otme-
4yaeT Hanuuue cyaHuta u KotouTa B obpasuax:
CyaHuT Bblf1 OTMEYEH en B Kyp4aToBUTE B BUAE
MENKUX MOMOMOPCHBLIX KPUCTanNmoB, oTAeneH-
HbIX PEeaKLUMOHHOW KalMOW KamnbLuTa, a KOTOUT
cropagnyeckn NpucyTCTBOBAN B CaxauToBbIX py-
Aax, obHapyxuBas npusHaky 6onee paHHero Bbl-
fenenus [10], 4To COOTBETCTBYET NpefcTaBne-
HUAM O 3aMEeLLEHNN CaxauTOM KOTOUTOBLIX Mpa-
mMopoB. CaxauT W KypyaTOBUT, SBMSOLLMECH
HENOCPEACTBEHHbIMU PyA006pa3yoLLUMU MUHE-
panamu uccnegyembix nopog, opmMmpyoTcs Ha
aTane 13BeCTKOBO-CKapPHOBOrO 3aMELLEeHUs mar-
He3nanbHbIX ckapHoB. CneaytoLLen ctaguen se-
NSETCs Nepexoq OT paHHeN LEenoYHON cTaaum K
KMCMOTHOW, 4TO, No MHeHuto C. M. Anekcan-
ApoBa, (MKCUpyeTCs BblaeneHWeM apCeHaTos,
anatuTa, aHrugputa. Hamu 6binm obHapyxeHsbl
anaTtuT, TYpHOpPUT, aHrugput (cm. puc. 3, e, f).
C. B. ManuHko oTmevana BblaeneHus csadbuTa,
TypHOpWTa 1 gxoHb6aymuTa B 60pHbIX pyaax Co-
nowxro® [10, 21]. NanbHeiillee 3amelleHne caxa-
WTa U B MEHbLLUEN CTENEHN KypyaToBMTa Ha ra-
poTEPManbHOM 3Tane xapaKkTepusyeTcsi pasBu-
TUEM TUCTEPOreHHbIX ccanbenunTa U Cyccek-
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cuTa, pas3BuUTUEM CcCcanbenumnT-cMOUpCKUT-Kanb-
LLMTOBOrO arperata. YkasaHHble MUHepans! 1 no-
NUMUHeparnbHble arperatbl UHTEHCUBHO Pa3BUTLI
B M3y4yeHHbIXx obpasuax. PponosuT, BUMCHT,
ypanboput, rekcarngpoboput, OTMe4vaemble
C. B. ManwuHko [10], kak 1 neHTarngpobopur, Ko-
TOpbIA Mbl Habntoganu B cBomx obpasuax, cau-
LETENbCTBYIOT O PasBUTUM MMAPOTEPMArbHOTO
npouecca Ha MecTopoXaeHuun. Takxke TOT (hakT,
4TO pyAHble 3anexu Ha ConoHro 6binn noasep-
XeHbl rnapoTepmarnsHon nepepaboTke, OTMeYeH
H. B. YykoHoBbIM ¢ coaBTopamu [5]. Takum 06-
pa3oM, 6opHble pyabl Ha CONOHIo B onpeaenex-
HOWN CTENEHN NpeTepneny N3MeHeHNEe 1 3aMeLLie-
HWe BCNeACTBME MMAPOTEPMASIbHBIX NMPOLLECCOB.

30ToNHBIN cocTaB kucnopoaa 60 6bin uc-
cnefoBaH B MuHepanax u3 obpasuoB caxawT-
KypyaToBuToBbIX pya Conoxro. MNonyyeHbl cne-
aytowve pesynbTaTbl: B caxaute — +1 %o, B poy-
ute — +2,7 %o, B KypyatoBute — +1,9 %o, B MarHe-
TuTe (sk06cUuTe) — -0,3 %0 5180 v-SMOW.

CpaBHeHVEe AaHHbIX NOKasano, 4Tto caxawT
6opHbix pya ConoHro nmeet Gonee obneryen-
HbIli COCTaB KMCNopoda No CPaBHEHUID C UMELD-
LMMUCS B NUTepaType nokasaTtensamm ans caxa-
UTa U3 MECTOPOXKAEHUI 1 PySONPOABIEHUA AKy-
Tan (puc. 4). Hambonee 6nuskumun nokasate-
NAMU M30TOMNHOrO cocTasa kucnopoaa 580, pas-
HeiMn 3,4 %o, obnagaT obpasubl caxauta U3
mecTopoxaeHun Yabeiranax u [okyvaH. [Ons
ocTanbHbIX GOPHBIX MUHEPanoB NUTepaTypHbIX
[aHHbIX MO M30TOMWUM KMcropoaa OBHapyXeHo
He Bbino.

ConoHro, Bypstus <>
Ybibaranax, CeneHHsIXCKUI Kpsix, SKyTus o
OdpkayuaH, CeneHHSIXCKUIM Kpsix, SAKyTUS ® ®
[okyuaH, xpebeT Tac-Xasixtax, Akytus o oo e
YyacTtok MopanbHbiii, TUTOBCKOE MECTO-
poxaeHue, xpebet Tac-XasxTax, AkyTus L
0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
50, %o v-SMOW

Puc. 4. Cucmemamuka u3omornHo20 cocmasea Kucsiopooda e caxaume mecmopoxdeHusi CorioH20
JTlumepamypHbie daHHble MO MecmopoX0eHUsM Skymuu npusedeHsl Mo UCMOYHUKY [17]
Fig. 4. Systematics of the oxygen isotopic composition in sakhaite from the Solongo deposit
Literature data on the Yakutian deposits are given according to the source [17]

9 ManuHko C. B. BellecTBeHHbI coCTaB U yCnoBust 06pa3oBaHust BopaToBOWM MUHepanu3aLnm, reHeTUMECKA CBSI3aHHOM

€ nsBecTkoBbIMK ckapHamu. M.: U3g-so BUMC, 1970. 259 c.
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CornacHo faHHbIM BopHoii napTun'®, hopmu-
pOBaHMe MarHeauanbHO-CKapHOBOrO MECTOPOX-
AeHns COnoHro CBA3LIBAETCH C BHEAPEHWEM
NENKOKPaTOBOW rPaHUTHOM UHTPY3uK. Ecnu npu-
HATb 3TO MOSIOKEHME, TO AOCTAaTOYHO HU3KKe
3Ha4yeHust M30TOMHOro cocTaea kucnopoga 680
B caxaute COMOHIro MOXHO 00BACHUTL PYHKLM-
OHMPOBAHWEM [UAPOTEPMANIbHON CUCTEMbI C
y4yacTuem MeTeOopHbIX BOA B OpPeosie OCTbiBato-
Len MHTPY3nM.

B cooTBeTCTBUM C TUMNONOrMen, npeanoxeH-
Hon B paboTe [22], opeonbl (nonaos, B3aMmo-
[EVCTBYIOLMNX C MHTPY3MEN, OENAT Ha «3aKpbl-
Thle» Opeonbl, pnonabl B KOTOPLIX NPOUCXOAST
U3 UHTPY3WIA, N «OTKPbITLIE» OPEONbl, KOTOPbIE
Ha NPOTSHKEHWUMN KaKON-NIMBO YacTu CBOEro (PyHK-
LIMOHMPOBAHUS B3aMMOLENCTBOBaANN C (onon-
[AaMy BHELWHero npoucxoxaeHus. nybuHa, oo
KOTOPOM MOryT MpPOHMKaTb METEOPHbIE BOAbI,
OLEHMBAETCS B 6 KM, @ N0 HEKOTOPbIM AAHHbIM
paaxe 0o 12 km [23]. YuutbiBas TOT dakT, 4To Me-
cTopoxaeHune ConoHro obpasoBanocb B runa-
BuccanbHbIX YCNOBUSIX, BEPOATHOCTb CYLLECTBO-
BaHWA OTKPLITOW TrMOPOTEPMAnbLHOW CUCTEMBI
0YeHb BbICOKA.

Mo mHeHuno C. M. AnekcaHgposa [17], u3o-
TOMHBIN cocTaB kucnopopa 580 B kapboHaTobo-
patax cepuu caxauTa — xapkeputa hopmupy-
eTCcs nocrnegoBaTenisHO B npouecce obpasosa-
HUA MWHEpPanoB HauMHas C 3aMeLLEeHNs 4OIOMK-
TOB M MOXET OblTb OXapaKTepu3oBaH cregyto-
WM 0bpasom. NepBoHavanbHbIN U30TOMHbIN CO-
CTaB KMCropoda 0CafouHbIX KapbOoHaTHbLIX Mo-
poa cooTteeTcTBYeT BenuunHam 50 ot 30 go
20-22 %o. Ha marmaTtunyeckon ctagum v paHHWUX
cTagusix NocTMarMaT4eckoro npoLecca n3oTon-
HbIli cocTaB KapboHaT-MoHa Nog, BAUSHWEM chto-
MOoB rNyOGMHHOTO NMPOUCXOXOEHUS nocneaoBa-
TeNIbHO M3MEHSIETCA K MPamMOPM30BaHHbIM Kap-
BoHatam, meTamoporeHHbIM kKapboHaTam Mpa-
MOpPOB W fanee B kapboHaTax kanbLnupoB 1 B
kapboHaTax MUPOKCEHOBbLIX CKAPHOB, AOCTMras
no BennynHam 580 f0 16 %o.. B MomeHT 0b6paso-
BaHWS caxanTa Ha paHHeM NoCTMarMaTuyecKkoMm
aTane M30TOMHbIA COCTaB Kucnopoga B HeM
TaKxe BapbupyeT B npegenax 15-17 %o 580 v-
SMOW. B ganbHenwem npv BoBNeYEHUM B Npo-
Llecc MnHepanoobpa3oBaHMsi METEOPHbLIX BOA U
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Kucrnopoga atmocdepbl BENUYMHA M30TOMHOIO
cocTaBa kucnopopga 520 kapboHaTobopaTos ce-
pUM caxauTa — XapKepuTa U BCEX BMOOB Bblfe-
NEHHbIX N0 HWUM nceBaomMopdo3 (arperaTtos cu-
BupcknTa, ccabenunTa, KanbuuTa, OnblUaH-
cKkuTa u gp.) ymeHblaetcs o 7,5 %o, a B ycno-
BMAX BO3OENCTBMS TamnblX BOO MHOroneTHeun
Mep3oTbl U CHEXHMKOB, Hambonee oborailex-
HbIX NErkMmm n3oTonamu knucnopoaa, — 4o 3,5 %o
50 v-SMOW [17].

He ncknoyeHo, 4To noa BAUSHMEM rmapoTep-
ManbHoW nepepaboTku GOPHLIX py4 Nokasatenu
M30TOMHOro cocTasa kucnopoaa 60 B GOpHbIX
MUHepanax MOoryT onyckatbCs U 4o bonee Hus-
KUX 3HayeHun. [pu paccMoTpeHun caxamTco-
aepxawmx 6opHblx pyg mectopoxgenus Co-
NTOHIO Mbl HE (PMKCMPYEM 3HAYEHMUA N3OTOMHOrO
COCTaBa Kucnopoga no MMHepanam Bbile 3Ha-
yeHun +2,7 %o 3180 v-SMOW, 4TO Takxe MOXeT
yKasblBaTb Ha CYLLECTBEHHYHO POSib B UX (hOpMU-
poBaHWM nOMOOB METEOPHOro MPOUCXOXKAE-
Hus. [lpn 3TOM ruapoTepManbHas cuctema
Morna AecTBoBaTh He TONbKO Ha MO3AHMX NOCT-
MarMaTuyeckux aTanax opmMmpoBaHUsi MECTO-
POXOEHWUS, YTO MOXET ObITb 06YCNOBNEHO M3Me-
HEHWeM TennoBOro NoToka B 30HE pynoobpaso-
BaHWsl, HANpMMep B CBA3M C BHEAPEHWEM ME30-
30MCKNX TPaHOCWEHUTOBLIX U  [J0NEPUTOBbLIX
[aeK, HO M HEMOCPEACTBEHHO HA MarMaTU4YeCKOM
W paHHEM nocTMarmatuyeckoMm 3artane. 3TO
MOITIO BbI3BaTb CHUXKEHWE nokasaTenei n3oTon-
HOro cCoCTaBa KUCMOPOAA YXe B HeM3MEHEHHOM
caxauTe.

Kpome T0ro, eLie oaHum hakTopom, KOTOPbIi
MOT MOBNUATb Ha CyLECTBEHHOE CHWXEHME MOo-
kasaTenemn M30TONHOro CoCcTaBa Kucnopoaa B ca-
XauTe yXe Ha cTaguu ero obpasoBaHusl, SBNs-
eTcs TeHaeHums oborawenus gonommtos O3ep-
HUHCKOro PYAHOrOo y3na Nerkum n3oTornom KUCno-
poda, oTMeueHHas B pabote [24]. [laHHOe 06CTO-
ATENbCTBO OOBACHSAETCA aBTOpamMy Ha3BaHHOM
pabotbl  KonebaHusMU  PUIMKO-XUMUYECKMX
ycrnosuii baccenHa ceguMeHTaLuy 1 Bapuauuei
OKWCINUTENbHO-BOCCTAHOBUTENBHOIO NoTeHUMana.

lonyyeHHble AaHHble CBMAOETENLCTBYOT 00
y4yacTuUM MeTEOpHbIX BOA B (DOPMMPOBAHNN Me-
cTopoxaeHus ConoHro, a Takke NnoaTeepXxaaroT
CINOXHOCTb M MHOrO3TanHOCTb pa3BUTUA MarHe-

10BuHorpagos b. K., Jopowkesuy J1. C., KoBanbckas B. H, HukutuHa M. A., Muxaiinoe B. M. MectopoxaeHue ConoHro.
OtueT BopHoW NapTumn o pesynbTaTax NOUCKOBbIX U pa3BegoyHbix pabot 3a 1970-1975 rr. YnaH-Yas, 1975. 311 c.
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3ManbHO-CKapHOBbLIX MECTOPOXAEHUA SHOOMEH-
HbIX 6opaToB.

3akntoyeHue

KomnnekcHoe xene3o-60pHoe  MarHesu-
anbHO-CKapHOBOE  MecTopoxaeHne COmnoHro,
pacnonoxeHHoe B O3epHWHCKOM PYOHOM y3ne
(Pecnybnuka Bypatus), 3akniovaet B cebe 3a-
nexv pegkux GOPHBIX CaxauT-KypyaTOBUTOBLIX
pya, KOTopble B NEPCNEeKTUBE MOryT paccMaTpu-
BaTbCA B KAYECTBE UCTOYHMKA CbIpbs AN MUHE-
panbHbIX yaobpeHun. BopHble pyaHble Tena,
BKMOYaKOLLMe [aHHble MWHepanbl, pacnono-
XEHbl MO BHELWHWM YacTaM MarHesmasbHbIX
CKapHOB ¥ B 30HE Kanbumndupos. Obpa3oBaHune
caxauta Ha COnoHro cBsi3biBaeTCA C 3amelle-
HUem Gonee paHHWMX KOTOUTOBLIX MPamopoB W
KypyaToBMTA Ha paHHEM MOCTMarMaTUyecKkoM
aTane (hopMUPOBaHNS CKAPHOBOrO MECTOPOXAE-
HUS CUHrEHETMYHO C MPOLECCOM M3BECTKOBO-
CKapHOBOTO 3aMeLLEeHNs MarHesnanbHbIX cKap-
HOB.

CaxauT v KypyaToBUT B pyaax 3ameLLaTcs
MONMMUHEPASbHbIM ccanbenunuT-cMbupcKuT-
KanbLMTOBbLIM arperatomM 1 OTMeYeHbl B acCoLm-
auumn ¢ penopoBCKUTOM, POYUTOM, CYCCEKCUTOM,
neHTarngpoboputom. Takke BOpHbIE MUHEpansbI
B CaxauT-Kyp4aTOBUTOBbIX pydax acCoLMUUPYIOT C
bopcTeputom, CEPNEHTUHOM, TUTAHUTOM, Cda-
neputom, sikobeutom. MNpo aToM obpasoBaHue

2022;45(2):104-118

akobcuta, cyccekcuta, poyuTta onpegensercs
NOBbILLEHHBIM COAEPXaHWEM MapraHua Ha me-
cTopoxaeHumn. Takxe B pyaax B HE60MbLIMX 00b-
emMax HalfeH pefkuii apceHaT Kanbuus TypHO-
puT.

Npu cpaBHEHUM M3OTOMHOrO COCTaBa KUCMO-
pona 080 B caxaute u3 mectopoxaeHus Co-
noHro 6bina BoisiBNeHa ero oboralleHHoCTb ner-
KM M30TOMOM KMCMopoda Mo CPaBHEHUIO C Ca-
XauTOM U3 MECTOPOXAEHWA U PYAONPOSBMEHNN
AkyTun. Ha hopmMrpoBaHne NOHMXKEHHbIX MOKa-
3aTenen M30TOMHOrO coctasa Kucrnopoga 680
caxauta Ha COSIOHro MO0 NOBMUATL HECKOMNBKO
¢hakTopoB. Bo3mMOXHO M3HavanbHoe obpa3oBa-
HMe caxauTa C MOHWXEHHbIMWU NoKasaTensmu
M30TOMHOrO COCTaBa KWUCIOpPOAa B CBA3W C 06-
Lei oboraLleHHOCTbI0 SIerkMM M30TOMOM KUCIIO-
poaa gonomutoB O3epHUHCKOrO PyAHOro y3na u
LeATeNbHOCTBI0 MMAPOTEPMANbHOW CUCTEMBI C
y4yacTMeM METEOPHbIX BOA B OKPY>KEHUM OCThbIBa-
lOLLEeN NENKOKPaTOBOW FPaHUTHON WHTPY3UK, C
KOTOPOW CBSI3blBAaeTCA (HOPMUPOBAHWE MECTO-
poXaeHus Ha atane. Takxe NOHWXKeHne nokasa-
Tenen W30TOMHOrO COCTaBa Kucnopoga B caxa-
nte CONoOHro BO3MOXHO Gnarogapsi rmgpoTep-
MasibHOW nepepaboTke BOPHBIX py4 € y4acTuem
METEOPHbIX BOA, B TOM YUCHE TasbIX BOA MHOMO-
NeTHen Mep3noTbl U CHEXHUKOB, Ha MO34HEM
NnocTMarMaTM4YecKoM aTane pa3BuTUS MECTOPOX-
LEHVS.
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Pe3ynbTaTthl reonoro-reopusnyeckoro nccrnegoBaHus rinyouHHoro
cTpoeHus AHrapckoro n 3abamkanbLCKoOro MaHTUMHbLIX NIKOMOB,
UX CBAI3b C MECTOPOXAEHUAMM NONE3HbIX UCKONAaeMbIX

AHppen JleoHnaosuy XapuToHoB?
AYlHcmumym 3eMHO20 MagHemu3ma, UOHOCEHEePkI U PacrpocmpaHeHus
paduososnH um. H. B. lNMywkosa PAH, e. Mocksa, Poccusi

Pe3rome. Llenbio uccnegoBaHus SBRANOCL PACCMOTPEHUE BOMPOCOB re0fioro-reousnyeckon UHTepnpeTaumm JaHHbIX
a3pOCTaTHbIX U CMYTHUKOBBIX MarHUTHbIX M3MEPEHUI BAOSb PErMOHANbHOTO NPoduns, NepecekaroLLero Tepputopuio Ax-
rapo-bavikanbckoro pervoHa. [ns npoBeAeHnss Hay4HbIX UCCReaoBaHUn BAOMb PErMOHANbLHOMO TPaHCCUBUPCKOro reo-
noro-reogumanyeckoro npodunsa A-B aBTOpoM OblnM MCNOSb30BaHEI Pa3nuyHble reonoro-reouanyeckne matepuanbl
(umdbpoBble AaHHbIE MarHUTHOIO NOMS, U3MEPEHHbIE Ha UCKYCCTBEHHOM crnyTHUKe 3emnu MAGSAT v aspocTaTe; AaHHble
3HaYeHUN yaenbHOTo 3NEKTPUYECKOro CONPOTUBMNEHMS B MAHTUW 3TOMO PErMoHa; reoTepMUYECKe AaHHbIE; CeCMUYeckne
[aHHbIE O PAaCMoNOXeHUN TMNOLEHTPOB 3EMMETPSACEHNI B palioHe NpoxoxaeHns npodunsa nccnegosanun). Metogamm
uccnefoBaHUs NOCAYXUIM MHOMOYPOBHEBbLIE U3MEPEHUS CMYTHUKOBOIMO U @3pOCTaTHOIO MarHUTHBIX NMOMewn, YTo No3Bo-
MUMO 3HAYUTENBHO PACLUMPUTL BO3MOXHOCTU AN re0noro-reousnyeckoin MHTepnpeTaLmum nosyyeHHbIX daHHbiX. B pe-
3ynbTaTe NpoBeAeHHOro UCCnefoBaHUs BbISBMNEHO, YTO reonoro-reodusnyeckas MHTepnpeTaLmus MHOroypoBHeBbIX a3po-
MarHUTHbIX AaHHbIX NO3BOMSET AOCTATOYHO TOYHO OMPERENATH KOOPAUHATE MECTOPACNONOXEHNUS U rMyOUHY NPOHWKHO-
BEHUS B IMTOCEPY TEKTOHUYECKMX Pa3fNoMOB, CBA3aHHbIX C AHrapckum 1 3abaikanbCkuM MaHTURHBIMU NAIOMaMu, KO-
TOpble NPeaACTaBNsAT 3HAYUTENbHLIA MHTEpeC ANs NOUCKOB MECTOPOXAEHUN Yrns 1 ypaHa. lNonyyeHHble no aspocrart-
HbIM ¥ CMYTHWKOBBLIM AaHHbIM MPOCTPAHCTBEHHBIE U IMYBUHHBIE XapaKTePUCTUKW TEKTOHNYECKMX Pa3fioMOB NOATBEPXKAA-
I0TCS KOMMIIEKCOM aHanmM3npyeMbix HE3aBUCUMBbIX Fe0PU3NYECKNX AaHHbIX (MarHUTOTENNypPUYECKOrO 30HANPOBAHNS, reo-
TepMuK, CENCMONOTMM 1 APYrMx reomanyecknx MeToaoB). B kauecTse BbIBOLOB MOXHO 3aKH04UTb, YTO aBTOPOM Npoge-
MOHCTPUPOBaHa BO3MOXHOCTb MPUMEHEHWS CMYTHUKOBBIX 1 83POCTaTHLIX MarHUTHBIX CbEMOK A UCCNEA0BaHN A NyOuH-
HOro CTPOeHMst AHrapckoro 1 3abankanbCkoro MaHTUIHBLIX NOMOB. HeobxoauMo Takke 0TMETUTb, YTO MO a3pOCTaTHLIM
W CMYTHUKOBBIM MArHUTHbIM AaHHbIM MOTYT ObITb BbISIBMEHbI KPYMHBIE FNYOWHHBIE TEKTOHMYECKME pasfoMbl UTOCGEpbI
(BapryauHckuin, Wkatckui, Tykonamckui, TyHIMpCKuia), KOTOpblE N0 0COBLIM TOYKaM MarHUTOAKTUBHBIX 30H 3TUX pasno-
MOB TaKXe NO3BOMSOT MAPKUPOBATh Pa3fnyHble Cybropu3oHTanbHbIe rpaHuLbl IMTOCHEPHDIX CIIOEB B 30HE PaCMonoxXe-
HUA AHrapckoro 1 3abankanbckoro MaHTUNHBIX NTOMOB. MMpakTuyeckas 3Ha4MMOCTb NPOBEAEHHON PAbOThI 3aKNoYaeTCs
B TOM, 4TO BbiNa BbiSIBNEHA NPOCTPAHCTBEHHAS B3aWMOCBSA3b PaCMoNOXeHWs1 AHrapcKoro MaHTURHOTO MiKOMa U MecTo-
poxaeHwit yrnsa UpkyTckoro 6acceiiHa, a Takke MECTOPOXAEHWI ypaHa B 30He pacnonioxeHust 3abaikansckoro MaHTUR-
HOTrO nioma.

Knroveenie cnosa: AHrapckuin n 3abainkanbCkuii MaHTURHBIE MITHOMbI, 83POCTaTHbLIE U CMYTHUKOBLIE MarHUTHbLIE UCCTe-
[OBaHWS, paspes 3eMHON KOpPbI, KOMMNIEKC reodu3nYecknx METOA0B, MECTOPOXAEHMUS YIS U ypaHa

Ana yumupoeaHus: XaputoHos A. J1. PesynbTaTbl recnoro-reomsnyeckoro nccnefoBaHust rinyouHHoro cTpoeHunst AH-
rapckoro 1 3abankanbckoro MaHTUIHBIX MITOMOB, MX CBSA3b C MECTOPOXAEHWAMM NONE3HBIX Mckonaembix // Haykn o 3emne
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of Angara and Trans-Baikal mantle plumes and
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Abstract. The purpose of the article is to consider the issues of geological and geophysical interpretation of the data of
balloon and satellite magnetic measurements along the regional profile crossing the territory of the Angara-Baikal region.
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In order to conduct scientific research along the regional Trans-Siberian geological and geophysical profile A-B the author
used various geological and geophysical materials including the magnetic field digital data measured by the MAGSAT
artificial Earth satellite and a balloon; data on the values of the electrical resistivity in the mantle of this region; geothermal
data; seismic data on the location of earthquake hypocenters in the area of the profile under investigation. The research
methods involved multilevel measurements of satellite and balloon magnetic fields, which significantly expanded the pos-
sibilities of geological and geophysical interpretation of the data obtained. The conducted study revealed that the geological
and geophysical interpretation of multilevel aeromagnetic data allows for a reasonably accurate determination of the loca-
tion coordinates and lithospheric penetration depth of tectonic faults associated with the Angara and Trans-Baikal mantle
plumes, which are of significant interest in terms of exploration of coal and uranium deposits. The spatial and depth char-
acteristics of tectonic faults obtained from balloon and satellite data are confirmed by a set of analyzed independent geo-
physical data: magnetotelluric sounding, geothermy, seismology and other geophysical methods. In conclusion it should
be noted that the author has demonstrated the application possibility of satellite and balloon magnetic surveys for the study
of the deep structure of the Angara and Trans-Baikal mantle plumes. In addition, it was found out that according to balloon
and satellite magnetic data, large deep tectonic faults in the lithosphere (Barguzinsky, Ikatsky, Tukolamsky, Tungirsky) can
be identified, which also allow marking various subhorizontal boundaries of lithospheric layers in the location area of the
Angara and Trans-Baikal mantle plumes using special points of the magnetically active zones of these faults. The practical
significance of the conducted research is in the identification of the spatial relationship between the location of the Angara
mantle plume and coal deposits of the Irkutsk basin, as well as uranium deposits in the zone of the Trans-Baikal mantle
plume.

Keywords: Angara and Trans-Baikal mantle plumes, balloon and satellite magnetic studies, section of the Earth's crust,
combination of geophysical methods, coal and uranium deposits

For citation: Kharitonov A. L. Results of geological and geophysical study of the deep structure of Angara and Trans-
Baikal mantle plumes and their connection with mineral deposits. Nauki o Zemle i nedropol'zovanie = Earth sciences and
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BeepneHue

AHrapo-bankanbCKkuii permoH pacnosioXeH B
KXKHOWM YacTu Tepputopun Cnbupckoro KkpatoHa
(pnc. 1). CMBMpCKMIA KpaTOH, PaCMONOXEHHbIN
mexay 84-m n 120-M rpagycamu BOCTOYHOW J0N-
rotel 1 cesepHee 50-ro rpagyca CeBEpPHON LUK-
POTbI, B CBOK 04epeab, ABMSAETCA FMraHTCKOW no-
YTV KOMbLEBOW YalieobpasHoi TEKTOHUYECKON
CTpyKkTypomn BTOporo nopsaka (1500-2000 km) [1]
c pasmepamu 2230x2000 km, cocToswen u3
MHOXEeCTBa «[04YEPHUX» KOMbLEBbLIX CTPYKTYP
MeHbLUEro agnameTpa TpeTbero nopsiaka (1000-
1500 km): AHrapckon, TyHrycckomn, AHabapckomn,
AnpgaHo-CtaHoBon, 3abankanbckon, a Takxe 13
CTPYKTYP MEHbLUMX pa3MepoB, CHOPMUPOBaH-
HbIX OAHOMMEHHBIMU MaHTUMHBLIMKA NIOMaMM.
OcHoBHas KonbLeBas YaleobpasHasi CTpyKTypa
Cubupckoro KpatoHa WMeeT nuTocgepHble
«KOPHMY», TNyOOKO NPOHMKAOLWME B HIKenexa-
Lyt MaHTU0 3emnu 4o 225 KM B ero LeHTparnb-
Howv yacTy [2] (puc. 2).

Moutn konbueBas cTpykTypa Cubupckoro
KpaTOHa AOCTaTOMHO XOPOLWIO KapTupyeTtcs no
[AAHHbIM 3HAYEHNN MHTEHCMBHBLIX aHOManum mar-
HUTHOro nons (puc. 3).

[nybuHHas TekToHuYeckas cTpyktypa Cu-
Brpckoro KpaToHa, (hopMUpYIOLLErO «404EPHMEN
KonbLieBble CTPYKTYPbl MEHbLLErO AnameTpa AH-
rapckoro n 3abaikanbCkoro MaHTUAHbIX NIIOMOB

(cm. puc. 3), HenocpeaCcTBEHHO NPUMBIKAIOLLMX C
ora K TeppuUTOPUM OCHOBHOM MOYTU KOSbLIEBOW
CTPYKTYpbl Cnbupckoro KpatoHa, HeLOCTaTOYHO
OXBayeHa pervoHanbHbIMW CbemMkaMu rryouH-
HOro CEMCMMYECKOro 30HAMPOBaHUS (C rmyBGuHon
30HAMpoBaHus 6onee 50-225 km) [3], 4TO He
NO3BONSET HaAEXHO MPOrHO3MpoBaTb rNyoOuH-
HOe TEeKTOHWYeCKoe CTPOeHWe OaHHOro pamoHa,
U3y4aTb €ro COBPEMEHHYK reoduWHaMuKy, a
TakKe HafeXxHO NPOBOAUTbL MOWUCKM HOBbIX Me-
CTOPOXAEHUN NONE3HBIX NCKONaeMblX. B cBa3mn ¢
3TUM Mbl CYMTAEM, YTO, YYUTbIBAA OYEHb CIOX-
HbIN penbed 3eMHON NMOBEPXHOCTU B npenenax
AHrapo-bankanbckoro pervoHa, B yCroBusix Ko-
TOPOro TPYAHO NPOBOAMUTL HA3EMHbIE CENMOopa3s-
BEAOYHbIE PaboTbl, CNIOXHO U3y4yaTb rnybuHHOE
TEKTOHMYeckoe cTpoeHne AHrapckoro n 3aban-
KanbCKOro MaHTUNHLIX NAOMOB 6€3 MCNosb30Ba-
HUS1 adpocTaTHbIX [4] U cnyTHWKOBLIX [5, 6] mar-
HUTHbIX METOZOB, HEe 3aBUCALLMNX OT NepeceyeH-
HOro penbeda MeCTHOCTU 3TOro peruoHa. MNpu
9TOM CNYTHUKOBbIE MarHUTHbIE [5, 6] M aspocTaT-
Hble MarHWTHble MeTtoabl [4, 7] nccrnenoBaHWs
PErnoHanbHOro ryouHHOTO CTPOEHUSI CRIOXHO-
MOCTPOEHHbLIX PErMOHOB SBNSAKOTCH OAHUMU U3
Hambonee 3KOMOTMYECKN YUCTBIX U OTHOCK-
TenbHO Hedopornx reoman4ecknx MeToa0B Uc-
cnefoBaHus rnybuMHHOro CTPOEHNS NMTocepsl.
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Puc. 1. ®pazmeHm kapmsl KocMo-2eos102u4eckux o6Lekmoe Poccuu Ha meppumopuro Cubupcko20 kpamoHa':

1 — konbuesblie 06beKMbI (Hykneapsl) — Oewugbpupyemblie 2eonozudeckue (Mopgonoaudeckue) cmpykmypbi
yeHmpasnbH020 muna u ux gppaemeHmsi: A — AHeapckul, 36 — 3abatikansckuli, T — TyHaycckul, AH — AHabapckud,
Ac — AndaHo-CmaHosol; 2 — mesikue («dodepHUe») KonbLesbie MOPGOI0_UYECKUE CMPYKMYPbI UeHMpaabHo020 murna
(OKpyxHOCMU CUHE20 ugema), cchopMUPOBaHHLIE 8YITKaHO-MEKMOHUYEeCKUMU 0b6bekmamu; 3—7 — Mpeumyu,ecmeeHHbIl
2e0xuMuyecKuli cocmas 20pHbix Mopod 8epxHuUx croeg Cubupckozo KpamoHa: 3 — npeumyuecCmeeHHO 0cad0yHbIE
u myghozeHHble 0bpa3osaHus, crnabo ducnoyuposaHHble NpepbIsUCMOl CKknadyamocmbio CUTypULiCKo20
U 0pdoBUKCKO20 803pacma, 4 — eyrnikaHo2eHHble 06pa308aHUsi 30H MOBbILIEHHOU MagMamuyecKoU nPoHUuaeMocmu,
nepepabomarHbie MEKMOHUYECKUMU U OeHyO0aUUOHHbLIMU rpoyeccamu, 5 — omoesibHbIe KPYNHbIE Maccugbl
UHMPY3UuBHbIX Mopod pa3fuyHo2o cocmasa 0okeMbpulickoz2o go3pacma, 6 — obnacmu npeuMyw,ecmeeHHo20
pacronoxeHusi ocadoyHbIx Mopod PCcKo2o 8o3pacma, 7 — obacmu NpeuMyulecmeeHHO20 PacronoXeHus
cnabo Memamophu3upo8aHHbIX KOMIIEKCO8 0Ccad04HbIX Mopod kapboHO8020 803pacma,
8 — meKmoHuUYecKue HapyweHuUs (MeKmoHuUYecKue pasnombl, cOpocsl, 836pochi)
Bpeska 8 HUXHel Yacmu kapmbl — me2abnoku numocgepbi Cubupckoao KpamoHa:
A — Aneapckud, T — TyHeycckuli, AH — AHabapckul, Ac — AndaHo-CmaHogol
A-B - nuHus, 0603Havarowass MecmopacronoxeHue peauoHaabHO20 npouss
2€0/1020-2e0¢hu3uYeCKUX UccnedosaHuli
Fig. 1. Fragment of the map of cosmogeological objects of Russia on the territory of the Siberian craton®:
1 - ring objects (nuclears) — deciphered geological (morphological) structures of the central type and their fragments:
A - Angara, 36 —Trans-Baikal, T — Tunguska, AH — Anabar, Ac — Aldano-Stanovoy; 2 — small ("daughter") ring
morphological structures of the central type (blue circles) formed by volcanic-tectonic objects; 3—7 — predominant
geochemical composition of rocks of the upper layers of the Siberian craton: 3 — mainly sedimentary and tuff formations
weakly dislocated by the intermittent folding of the Silurian and Ordovician age; 4 — volcanogenic formations of zones
of increased magmatic permeability processed by tectonic and denudation processes; 5 — separate large massifs
of intrusive rocks of various compositions of the Precambrian age; 6 — areas of predominant location of Jurassic
sedimentary rocks; 7 — areas of predominant location of weakly metamorphosed complexes of carboniferous
sedimentary rocks; 8 — tectonic disturbances (tectonic faults, normal faults, thrust fault)
Inset at the bottom of the map — mega-blocks of the Siberian craton lithosphere:
A - Angara; T — Tunguska; An — Anabar; Ac — Aldano-Stanovoy;
A-B — alocation line of the regional profile of the geological and geophysical research

1 KapTa kocmoreonoruyeckux o6bektos Poccun. M-6 1:10000000 / pen. A. W. Bypas, H. B. Mexenosckuii. M.: U3g-Bo

KP® MMH «leokapT», 1995.
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Puc. 2. Cxema monuwjuHbi numocgepbl, KM, M0 GaHHbIM T08E€PXHOCMHbLIX 80JTH
(mo ucmoyHuky [2] ¢ dononHeHUsIMU aemopa).
A-B — nuHus, 0603Havarowas npoxox0eHuUe peauoHaibHO20 2e0/1020-2€0(huU3UYeCK020 MPOohurs
800116 55-20 epadyca cegepHoOU WuUpoOmMbi
30Hhb1 pacrionoxeHus MaHMUUHbIX 1Mo (Ha meppumopuu Cubupckoao Kpamona):

A — AHeapckoeo,; 36 — 3abalikanscko20; T — TyHayccko20; AH — AHabapckoeo; Ac — AndaHo-CmaHo8020
Fig. 2. Diagram of the lithosphere thickness (km) based on the surface wave data
(according to the source [2] with author’s additions):

A-B - aline of the passage of the regional geological and geophysical profile along the latitude of 55°N
Location zones of mantle plumes (on the territory of the Siberian craton):

A — Angara; 36 — Trans-Baikal; T — Tunguska; A# — Anabar; Ac — Aldano-Stanovoy

Martepumanbi u metoabl
nuccnegoBaHus

B psage onybnukoBaHHbIX cTaTew [4, 7] noka-
3aHO, YTO AN BbIAENEHUSI TEKTOHUYECKUX pas3-
NOMOB, 0BbI4HO OrpaHu4MBalOWuX B HOPTOBLIX
30HaxX KOPHEBYH CTPYKTYPY MaHTUMHBIX MIIOMOB,
MOryT ObITb UCNOSb30BaHbI MHOTOYPOBHEBbIE U3-
MEpPEeHUsi NOTEHUManbHbIX MOnew (MarHUTHOro,
rPaBMTALMOHHOMO), YTO 3HAYUTENbHO pacLimn-
psieT BO3MOXHOCTU 4119 re0s1oro-reousnyeckomn
WHTEpNpeTaLmmn NoNyYeHHbIX AaHHbIX. Miccneno-
BaHWe rNy6UHHOrO TEKTOHWYECKOr0 CTPOEHMS
AHrapckoro un 3abankanbCkoro MaHTUMHbLIX M-
MOB TPYAHO NpoBOAUTL 6e3 ncnonb3oBaHus pe-
TMOHanNbHbIX  reou3nyecknx MeTOAOoB, MO-
CKOIbKY U3y4YeHue permoHanbHbIX HEOAHOPOAHO-
cTe rmyOuHHOro CTPOEHNS 3EMHOWM KOpbl 1 MaH-
TN MOXET onpeaensatb rnybuHHble 0CO6EHHO-
cTn AHrapckoro n 3abankanbCckoro MaHTUMHBIX
nnomos [4, 7]. B cBA3u € 3TUM B JaHHOMN cTaTbe
paccMaTpuBaloTCAa pe3ynbTaThl pelueHuns obpart-
HOW 3a4auyum No AaHHbIM a3pPOCTaTHbIX U CMyTHU-
KOBbIX M3MEPEHU MarHuWTHbIX nonew [5, 8-11].

B yacTtHoCTU, HaMK GbINO BLIMNOIHEHO peLleHue
obpaTHOM 3agaynm MarHUTHOrO noTeHumana no
[AaHHbIM aHOManbHOro MarHUTHOro Mons, uamMe-
PEHHOTO Ha MCKYCCTBEHHOM CNyTHUKE 3emmu
MAGSAT, koTopoe NpoBOANIOCE HA OCHOBaHWUK
METOAVMKM, pa3paboTaHHON 1 ONMCAHHON Konne-
ramu B UCTOYHMKax [5, 10, 11], ana annpokcuma-
Lmn rnyBuHbI 3aneraHms 0cobbiX TOYEK MarHUTo-
aKTuBHbIX Ten d(@,A,h), CBA3aAHHbIX C TEKTOHUYE-
CKuMmn  cTpykTypammn nutocdgepbl. OCHOBHyO
hopmyny, ncnonb3yemyro Ans OLEHKU rnyOuHbl
d(¢,A,h), B aTONM MeTOAMKE MOXHO NPEeacTaBUTb
KaK
—[w - d(¢, 2, h)],

roe [InS(w)](¢,A,h) — norapucm amnnnuTyaHOro
CNeKTpa MarHWMTHOrO Mons ANS KaXaon TOYKM
npocpuns (¢,A,h); [InC](¢,A,h) — opanHaTa NUHUM
perpeccun,  annpoKCUMUPYIOLLEN  JIMHEWNHYIO
YyacTb norapugma Crnektpa MarHUTHOrO MNons;
W — KpyroBas vactota cnektpa; d(¢,A,h) — rny-
OuHa pacnonoxeHuss 0cobbiX TOYEK MarHUTOaK-
TUBHbIX Te€N AN Kaxaon TOukM nyHkta (¢,Ah)
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Puc. 3. Cxema pacnonoxeHusi ocegbix IUHUU YernoYyeKk ebICOKOaMNIumyOHbIX aHoManul MacHUMHO20
nonisi (0-5), cesizaHHbIX C KOJIbUeebIMU CMPYKMypamMu HaMa2HUYeHHbIX MazMamuyecKux nopoa
Ha meppumopuu Cubupcko20 KpamoHa (cocmaeJsieHa Ha 0CHO8e Kapmbl aHOMaJlbHO20
Ma2HUmMHo20 nosas meppumopuu Coroza Coeemckux Coyuanucmuyeckux Pecry6nuk?):

A-B — nuHus, 0603Haqarowas npoxoxoeHue aspocmamHo20 MagHUMHO20 Mpoghusis Yepes meppumopuro,
3aHumaemyro AHeapckum (0, 1) u 3abalikanbckum (3-5) MaHmuUHbIMU rTtoMamu 1o 55-my epadycy cegepHoli
wupomsl; 2 — UHUS, 0603HavarwWas nonoxeHUe UeHmMpasbHoU Yyacmu npurno8epxHOCMHOU
2pabeH-006pasHoli 30HbI balikanbckol pughmoesol cucmembi
Fig. 3. Location diagram of the axial lines of high-amplitude magnetic field anomaly chains (0-5)
associated with the ring structures of the magnetized igneous rocks on the territory of the Siberian craton
(the diagram is compiled on the basis of the map of the anomalous magnetic field of the territory of the USSR?):
A-B — a line of the passage of the balloon magnetic profile via the territory of the Angara (0, 1) and Trans-Baikal (3-5)
mantle plumes at the latitude of 55°N; 2 — a location line of the central part of the near-surface
graben-shaped zone of the Baikal rift system

Ha permoHanbHOM reonoro-reou3n4eckom npo-
cdune A-B no wupote ¢ =55 °N B gnanasoHe
ponrot A = 80-120 °E v Ha BbicoTe cnyTHUKa h =
450 km v BbicOoTe aspocTata h = 30 km.

[ns onpegenenns rmyGuHbl 3aneraHns 0co-
ObIx TOYeKk MarHuTOakTUBHBIX Ten d(¢,Ah), ces-
3aHHbIX C TEKTOHMYECKUMW CTPYKTYpaMu nUTO-
cdepbl, M3MEPEHHOE Ha MCKYCCTBEHHOM CryT-
Huke 3emnn MAGSAT B kayecTBe CyMMapHOro
mMarHuTHoe none mopyns Bs(¢,A,h) n BepTukans-
Homn Zs(¢,A,h), ropusoHTanbHon Hs(¢,A,h) coctas-
NSAOLMX NOSIHOTO BEKTOPA MHAYKLMK, B KOTOPbIE
BXOOAT MarHWTHbIE NOns, CBS3aHHbIe C pasHbiMK
PU3NYECKMMM UCTOYHMKaMU, BbINo CHavana pas-
LENEHO Ha YacTu:

BS(¢J A, h) = Bo (¢; A, h) + (2)
+B, (¢, A, h) + B.(¢p, A, h) + dT (¢, 4, h);

Zs(¢' A h) =2, (¢: A h-) + (3)
+Zm (P, A1) + Z. (9, A h) + Z, (¢, 4, h);

Hs(d)' /1' h) = H0(¢I Ar h) + (4)
+Hy (9,4, h) + Ho (¢, 4, h) + Ho (¢, 4, h),
rae Bo(,A,h) + Bm(9,A,h) + Be(¢,A,h) — cymma pu-
noneHoro Bo(¢,A,h), HegunonbHoro Bm(@,A,h) n
Be(¢,A,h) marHuTHLIX Nonewn, KoTopble obpasytoT
«HOpManbHoe» marHuTHoe none 3emnu (cdop-
MUPOBAHHOE  3NEKTPOMAarHUTHbIMA ~ UCTOYHM-
Kamu, PacrnosioXeHHbIMU BO BHELUHEM sape
3emnu), BblYMCNEHHAA NO MeToauke cdepuye-
CKOro rapmMoHuyeckoro aHanusa [5, 6]; dT(¢,A,h),
Za(9,A,h), Ha(9,A,h) — mopynb v BepTMKanbHas u
rOpU3oHTanbHas COCTaBMSOLME aHOMAIbHOrO
MarHWTHOrO NONs B 3aBUCUMOCTM OT reorpacm-
YECKMX LUMPOTbI @ U JONrOThl A, @ TakXKe BbICOTbI
noneTa cnyTHUKa unu aspocrarta h.

2KapTa aHOMarnbHOro MarHutHoro nonsi Tepputopun CCCP. M-6 1:2500000 / pea. 3. A. Makapoga. M.: U3g-Bo MuHreo

CCCP, 1977.
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cnonb3oBaHHble METOAbI MHTEpnpeTauum
no3sonsioT 6e3 npuBIEeYEHWUS anpuopHOW WH-
bopmaumn onpenenatb Mopdonornyeckue na-
paMeTpbl MarHWTHbIX 30H OT TEKTOHUYECKMX
pasnomMoB: rMybuHy 3aneraHusi 0cobblX TOYeEK
MarHuToakTMBHbIX Ten d(¢,A,h), ropusoHTanbHble
pasmepbl 3TUX Ten, a Takke rnybuHy 3aneraHus
TOYEK UBMEHEHMNS YITOB HAKIIOHA MarHUTHbIX 30H
OT TEKTOHWYECKMX Pa3noMOB C ryBbuHON ux npo-
HUKHOBEHWS B MaHTM0. Bbicokasi TOUHOCTb Me-
TO4a NOATBEPXOaeTca He MeHee, YyeM 75 %-m
COBMaeHneM BblOeneHHbIX BAOMb uccnegye-
moro npocpuna A-B rnyBuHHbIX pa3niomoB no
AaHHbIM aHOMasnbHOr0 MarHUTHOrO Nons C pas-
nomamu, TpaccupyembiMu MO Ha3eMHbIM reo-
noro-reon3nMyYeckuM AaHHbIM Ha KapTe pasfom-
HbIX CTPYKTYpS.

Pe3ynbTathl uccnegoBaHus
1 ux obcyxaeHue

[ns npoBepkun HageXHOCTU METOAMKN And-
(bepeHumansHon MarHuTomeTpuun [8, 9] kak oa-
HOro M3 MeTOO0B UCCIe0BaHNSA a9POMarHUTHbIX
[aHHbIX NpuBEAEM pesynbTaTbl MaTematuye-
ckor 06paboTKu pervoHanbHbIX adpOCTaTHbIX W
CMYTHWKOBLIX MarHUTHbIX ~M3MEPEeHUNn Mons
Boonb npoduns A-B (cm. puc. 3), nepecekato-
LLlero noyTn BC0 TeppuTopmio AHrapckoro n 3a-
DankanbCKoro MaHTUMHBIX NIFOMOB Y COCEAHUX C
HUMW PErMOHOB.

Ncnonb3oBaHHble Hamu auddepeHymans-
Hble METOAbl aHanmM3a MarHWTHOro Moss No3Bo-
nsaT 6e3 npuBneYeHns anpuopHoi MHdopma-
UMK onpeaenaTb NosioKeHWe 0cobbix TOYEK He-
KOTOPbIX reonornyeckux Tes, 6mM3kux no CBOUM
MOponornyeckMm napameTpam K anekrpomar-
HUTHBIM 30HaM, co34aBaeMbIM rNyOUHHBIMU TeK-
TOHWYECKUMU pa3noMamm nMMTocdepbl B JaHHOM
pavioHe. NonoxeHne gaHHbIX TOYEK, B CBOK OYe-
peab, NO3BONSET onpeaensTb CybropusoHTanb-
Hble U cybBepTUKanbHble pasMepbl 30H TpeLu-
HOBaTOCTV W ApPOONEHNs TEKTOHMYECKUX passo-
MOB W HEKOTOPble MarHUTHbIE XapaKTEPUCTUKM
FOPHbIX MOpPo4 B npefenax 3Tux 30H. Bbicokas
HageXHoCTb  AnddepeHumanbHblX  METOL0B

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \_)
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

aHanu3a aspocTaTHbIX AaHHbIX MOATBEPXAaeTCs
noytm 75 %-Mm coBnageHWeM BblOENEHHbIX MO
[@HHBbIM aHOManbHOr0 MarHUTHOrO MONs anek-
TPOMarHMTHbIX 30H FMyBUHHBIX Pa3nomMoB C pas-
nomamu, TpaccupyembIMU MO Ha3eMHbIM reono-
rMYecKMM MaTtepuanam Ha KapTe pasfnoMHbIX
TEKTOHWUYECKUX CTPYKTYp?.

Wccneoyembin - TpaHccuBUpCkuii - reonoro-
reogpmsmnyecknin npogunb A-B (cm. puc. 3, puc.
4, a), UMetoLMIN 3HAYUTENBHYIO NPOTSXKEHHOCTb
okono 2500 kM, SABNSeTCA O4HUM U3 cepun nNpo-
thunen MHOroypoBHEBbLIX @3POCTaTHbIX MarHUT-
HbIX U3MEPEHWI 1 NPaKTUYECKN NepecekaeT ¢ 3a-
naga Ha BOCTOK TEKTOHWYeckue CTPYKTypbl B
npegenax pacnonoxeHns AHrapckoro n 3abai-
KanbCKOro MaHTWIHbIX nNntoMoB. Ko Bcemy npo-
yemy, npocunb A-B nepecekaeTt B npepenax
9TWX PErvoHOB LeSbld psg pPa3HOBO3PACTHLIX
TEKTOHWMYECKUX 3NIEMEHTOB, KOTOpble MNO-pas-
HOMY OTpaxarTcsi B NPOCTPAHCTBEHHOW CTPYK-
Type aHOMasibHOro MarHWTHOrO Mons, a Takke
BIMSAIOT Ha pe3ynbTaTbl ero pusnko-mMmaTemaTu-
yeckon obpaboTku. MNepecekatowwmin Cnbmpckui
KpaToOH reonoro-reousnyeckuin paspes BAOMNb
TpaHceunbupckoro npodguna A-B (cm. puc. 4, b),
COCTaBMEHHbIA HA OCHOBE MOMYYEHHbIX pe3yrnb-
TaToB (PU3NKO-MaTeMaTMYECKON 06paboTkn AaH-
HbIX M3MEPEHUS] MHOrOYPOBHEBbLIX 3HAYEHUN
aHOManbHOro MarHutHoro nons [4, 7-10] n go-
NOMHEHHbI MaTepuanamm HeKOTOPbIX APYruxX
pabot® [12-14], npuBeaeH Ha pwc. 4.

Bce cBefeHuss o TeKTOHWKe (yHOaMeHTa
3eMHON KOpbl BOOSIb paccMaTpuMBaeMoro npo-
huns A-B 6binu nonyyeHsl nytem COBMECTHOW
WHTEpNpeTauMn mMatepuanoB MHOrOYPOBHEBOW
a3pOCTaTHOM U CNYTHUKOBON MarHUTHbLIX CbEMOK
(cm. puc. 4, a) n gpyrux HasemHbIX reogmsnye-
CKMX AaHHbIX® [12-16]. Mpu aTom npeanonara-
Nnocb, 4YTO permoHanbHas MpPOCTPaHCTBEHHAs
CTPYKTypa ¥ aMmnnutyga aTux nofen onpenens-
€TCS B OCHOBHOM HECKOMNbKUMU (haKkTopamu:

1) penbedom MOBEPXHOCTU KOHCONMUAMPO-
BAHHOrO MarHUTOAKTUBHOMO (PyHAAMeHTa 3eM-
HOW KOpbl (BEPXHSS CybropusoHTanbHas rpa-
Huua B) (cm. puc. 4, b);

3 Cxema 30H rny6uHHbIX pasnomos Tepputopun CCCP. M-6 1:10000000 / coct. E. M. AHaHbeBa [u gp.]; pea. 4. M. Munb-

wrewH. J1.: Nsp-so BCEMEW, 1977.
4Tam xe.

5KaTanor MexayHapoaHoro ceiicmMonornyeckoro LeHTpa // MupoBble LEHTPLI AaHHbIX Poccin 1 YkpauHbl [QneKTPOHHbI
pecypc]. URL: http://iwww.wdcb.ru/sep/seismology/cat_ISC.ru.html (03.03.2022).
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Puc. 4. Pe3ynbmambi 2e051020-2e€0¢hu3uyecKoll uHmepnpemayuu aapocmamHol u crnymHuKoeol Ma2cHUmHou
cbemku edonb npoghusisi A-B, nepecekarowe2o0 meppumoputo pacrosoxeHusi AHzapckoz2o (A) u 3abalikanbcKo20
(36) maHmuliHbIx nnoMoe, a makxe balikanbckol pugpmoeoli 30HbI (2) no 55-my epadycy cegepHol wWupomsl:
a — epagbuku 3Ha4eHuUl aHoManbHO020 MagHUmMHo2o noss dT(§,A,h), usmepeHHO20 Ha 8bicomax criymHuka
MAGSAT (h = 450 km — 8epxHsis Kpueasi) u 8bicomax aspocmama (h = 30 km — cpedHss Kkpugasi), U 2paghuk
epaduerHma (grad dT) aHOMaIbHO20 Ma2HUMHO20 OJIsl, USMEPEHHO20 Ha aspocmame (h = 30 kM — HUXHSISI Kpugast)
o eopu3oHmMarbHbIM 0CIM 2paghuKo8 MpueedeHbl 3Ha4YeHUs1 2eoepaghuyeckol 0on2o0msl A;

b — eeonozo-2eogpusuyeckuli paspes 3eMHoOU Kopbl U iumochepsbl, TOCMPOEHHbIU 8 pe3yrnbmame (hu3uKo-
Mamemamuyeckol obpabomku aspocmamHbIX U CryMHUKO8bIX 0aHHbIX aHOMaIbHO20 MagHUMHO20 1os U dpyaux
2eogpusuyeckux 0aHHbix [12, 13]: 1 — epaHuybi (0cobbie MOYKU) 31EKMPOMacHUMHbIX 30H, C853aHHbIX C 2y6UHHbIMU
MEKMOHUYECKUMU pa3fiomamu; 2 — MeCcmornosioxeHue cybeepmukasnbHbiX efybUHHbIX MEKMOHUYECKUX pasiomos
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(bapaysuHckul, Mkamckudl, Kanapckudl, OnekMuHcKul u 0p.), 8bI0EeHHbIX M0 HAa3eMHbIM 2€01020-2€0(hU3UYECKUM
OaHHbiM [12]; 3 — pacronoxeHue cyb20pu30HmMasbHbIX 2/1ybUHHbIX epaHul, (B — HUXHSS epaHuya 0ca004YHO20 €104,

F — epaHuua ®opwa, K — epaHuya KoHpada, M — epaHuuya Moxoposuyduy4a) u dpyaux epaHuy (L, N, P, Q, W) pasnuyHbix

MagHUMoaKmuegHbIX ¢/io0e8 numocgpepsi (HazeaHue no [13]), paccyumaHHbIX 1o aspocmamubiM MagHUMHbIM OaHHbIM:
cnou 3emHol kopbi: (1) — «memamopgpudeckully, (2) — «epaHUMOUOHbIU», (3) — «2abbpo-epaHynumoshbiti»; criou
«HOPMaIIbHOU» 8bICOKOCKOPOCMHOU «X0m00HOU» MaHmuu: (4) — «3Kkno2umossitiy, (5) — «moneumossliiy,

(6) — «nepudomumossili», (1) — «nnaguoKNas-nupPoaUMOosbIly, (8) — «IUPOKCEeH-NUPOAUMOBbLIUY; CoU «aHOManbHOU»
HU3KOCKOPOCMHOU «2opsadel» MaHmuu: (9) — «epaHam-nuponumosslti» (no ceticMu4yeckum 0aHHbIM U30AUHUU
ckopocmu npodosibHbIX 80/H V, = 8 — 7,9 — 8 km/c) [14]; 4 — Kpugasi UsMeHeHUL HOPMUPOBaHHbIX 3Ha4YeHUU MagHUMHOo20
ummnedaHca (Z./Ha), paccyumaHHO20 1o CriymHUKO8bIM KOMIOHEHMHbIM MagHUMHbIM 0aHHbIM; 5 — MECMO PacronoXeHus
2UMOUEHMpPO. 3eMnempsiCeHull’, PacnonoXeHHbIX 8 OCHOBHOM 8 30HaX MEKMOHUYECKUX Pa3fioMo8, MPoU3oWeOWwUX
8 okpecmHocmu uccnedyemoeo npoghuss A-B; 6 — anybuHa u MpocmpaHCmMeeHHOe PacronoXeHue U30auHuU
memnepamypbi 1200 °C e npedenax balikansckol pughmosoli 30Hb! [15]; 7 — cmpesikamu rnoka3aHo HarpasJseHue,

a yughpou rnod Hell — 3Ha4yeHUE aHOMaslbH020 MagHUMHO20 HaknoHeHus (Hanpumep, | = 18°), paccyumarHoz2o 8301k
wupomHo2o npoghussi A-B no crnymHuKosbiM KOMIOHEHMHBIM (Za, Ha) MagHUMHbIM OaHHbIM; 8 — 2nybuHa
U NpoCmMpaHCmeeHHoe pacronoxeHue u3onuHUl yderbHO20 31EKMPUYECKO20 conpomuseHusi U ux 3HaveHue 20, 50,
100 Owm-m & npedenax batikanbckol pugpmoeoli 30HbI [16]; 9 — anybuHa u npocmpaHCMEEHHOE PacoNoXeHUe epaHuybl
(d = 50-200 kM) 30HbI aHOMasbHbIX 2€03/IEKMPUYECKUX, MEMNEPamypPHbIX U CeUCMUYECKUX 3Ha4YeHUl 8 MaHmuu
8 npedenax batikanbckol pughmogoli 30Hk! U 3abalikarbCko20 MaHmMUUHO20 nmoma
Fig. 4. Results of geological and geophysical interpretation of balloon and satellite magnetic surveys
along the A-B profile crossing the territory of the Angara (A) and Trans-Baikal (3B)
mantle plumes and the Baikal Rift zone (2) at the latitude of 55°N:

a — graphs of the values of the anomalous magnetic field dT(¢,A,h) measured at the MAGSAT satellite heights
(h = 450 km — upper curve) and the balloon heights (h = 30 km — middle curve), and the gradient graph (grad dT)
of the anomalous magnetic field measured on the balloon (h = 30 km is the lower curve)

The values of the geographical longitude A are shown along the horizontal axes of the graphs;

b — geological and geophysical section of the Earth's crust and lithosphere constructed as a result of physical and
mathematical processing of balloon and satellite data of the anomalous magnetic field and other geophysical data [12, 13]:
1 —-boundaries (special points) of electromagnetic zones associated with deep tectonic faults; 2 — location of sub-vertical
deep tectonic faults (Barguzinsky, Ikatsky, Kalarsky, Olekminsky et al.) identified by ground-based geological and
geophysical data [12]; 3 - location of the subhorizontal deep boundaries (B — the lower boundary of the sedimentary
layer, F — Forsch boundary, K — Conrad boundary, M — Mohorovicic boundary and other boundaries (L, N, P, Q, W)
of various magnetic active layers of the lithosphere (named according to [13]), calculated on the basis of balloon
magnetic data: layers of the Earth crust: (1) — "metamorphic”, (2) — "granitoid", (3) — "gabbro-granulite”; layers of "normal”
high-velocity "cold" mantle: (4) — "eclogite”, (5) — "tholeiite", (6) — "peridotite”, (7) — ‘plagioclase-pyrolytic”, (8) — “pyroxene-
pyrolytic”; layer of "anomalous" low-velocity "hot" mantle: (9) — “garnet-pyrolytic” (according to seismic data the isolines
of longitudinal wave velocities refer as V, = 8 — 7.9 — 8 km/s) [14]; 4 — variation curve of the normalized values of the
magnetic impedance (Za/H.) calculated on the basis of satellite component magnetic data; 5 — areas of earthquake
hypocenters’ locations mainly in the zones of tectonic faults occurred in the vicinity of the studied profile A-B; 6 — depth
and spatial location of the 1200 °C temperature isoline within the Baikal rift zone [15]; 7 — arrows show the direction,
the figure below it shows the value of the anomalous magnetic inclination (e. g., / = 18°) calculated along the A-B
east-west profile according to the satellite component (Za, Ha) magnetic data; 8 — depth and spatial location of the
specific electrical resistivity isolines and their values of 20, 50, 100 Om*m within the Baikal rift zone [16]; 9 — depth
and spatial location of the boundary (d = 50-200 km) of the zone of anomalous electrical, temperature
and seismic values in the mantle within the Baikal rift zone and the Trans-Baikal mantle plume

2) penbeoM NOBEPXHOCTU CyOropusoHTarnb-
HOW rpaHnLbl, PacnosoOXeHHOW NPMBIN3NTENLHO
Ha rnybuHe 10 kM, NPMMEPHO coBnagaroLlen ¢
CencMoakTuBHoM rpanuuen ®opwa F (cm. puc.
4, b);

3) BapuaumamMm marHuTHeix (M(x)) csoncts
FOPHbIX NOPOA 3EMHOWN KOPbI, OTpaxarLiMMm Ba-
puaumny BeLLEeCTBEHHOIO COCTaBa W Hannyume Bbl-

COKOMWHEpanu3oBaHHbIX pacTBopos [16] B pas-
NTMYHBIX CMOSIX 3€MHOM KOpbl (CM. puc. 4, b, cnom
O-();

4) penbedoM NOBEPXHOCTM CyBropnsoHTanb-
HbIX FPaHUL, B paspese 3eMHOMN KOpbl, Hanpumep
rpaHny, KoHpaga K n Moxoposuuunya M, a Takxe
OPYIMX HMKenexawmx rpaHny nutocgepst (L, N,
P, Q, W) (cm. puc. 4, b);

"Katanor MexayHapogHOro CeMcMonorMyeckoro LieHTpa // MupoBble LeHTpbl AaHHbIX Poccun 1 YkpanHbl [QnNeKTPOHHbI
pecypc]. URL: http://iwww.wdcb.ru/sep/seismology/cat_ISC.ru.html (03.03.2022).
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5) Bapnauuamm Temnepatypbl [15] u, cooT-
BETCTBEHHO, BapuauusaMn yAEnbHOrO 3MeKTpu-
4yeckoro conpotuenexus [16] rnybuHHbIX Heoa-
HopogHocTe (cnou (5)—(9)) manTum (d = 50-200
KM) (cM. puc. 4, b);

6) MarHUTOAKTUBHBEIMW  30HAMWU  TNYBUHHBIX
TEKTOHUYECKNX Pa3noMoB nuTocgepsl (CM. puc.
4, b).

Bce atn paktopbl MOryT ObiTb yYTeHbl No-
CPEACTBOM MCMNOMNb30BaHWS pasnnyHbIX METOO0B
peleHus npsimon [4, 7] n obpaTtHon [5, 6, 8-11]
3agay MarHWTHoro noteHumana. [ina onpenene-
HUS CIIOXHOTO pefbeda pasnuyHbIX rpaHuL nu-
Tocepol (B, F, K, M, L, N, P, Q, W), pasbutoii
Pa3IOMHbIMU TEKTOHUYECKUMU CTPYKTYpaMu, 1c-
Nonb30Banucb anropuTMbl NPOrpaMm Ans dnek-
TPOHHO-BbIYUCNIUTENBHBLIX MawuH Tuna [IBM
PC/AT Ha s3bike POPTPAH-99. 3Tn anroputmsl
YaCTUYHO M3MOXEHbI B UCTOYHMKAX [4-11].

Ha paspese (cm. puc. 4, b) 4yacTb 3TUX TEKTO-
HUYECKUX Pa3fnoOMOB MNepecekaeT BCH 3EMHYI0
KOpy B LIENIOM W CBOMMU KOPHSAMWY» YXOOWUT B
BEPXHIO MaHTUO 3eMnu. HekoTopble TEKTOHM-
Yyeckue pas3nomMbl yrmparTCs CBOUMU «KOPHAMU»
B NOZOLUBbI CFOEB 3€MHOW KOpbl (MOBEPXHOCTb
Moxoposuynya M). YacTb BblaeneHHbIX No aspo-
CTaTHbIM X CMYTHWKOBbLIM AaHHbIM CyBropusoH-
TanbHbIX rpanuy (B, F, K, M, L, N, P, Q, W) reo-
noro-reousndeckoro paspesa A-B mapkupy-
eTcst 0cobbIMM TouKamu (cM. puc. 4, b). Mpu atom
MOXHO MOATBEPAMUTb, YTO 3HAYMTENbHAs YacTb
ryOUHHBIX XapakTEPUCTMK CybBEpTMKanbHbIX
3NEeKTPOMarHUTHbIX 30H Pa3fOMHbIX TEKTOHWYE-
CKUX CTPYKTYp, @ Takxe pacnonoxeHue cybropu-
30HTasbHbIX FPaHWL CroeB, MPUBEAEHHbIX Ha
[@aHHOM pa3pese nuTocepsbl, NOATBEPXKAAETCS
HA3EeMHbIMW  Feonoro-reou3nyeckumm  faH-
HbIMK® [12-16]. B pe3ynbTaTte B COOTBETCTBUN C
UCTOYHMKOM [13] npeanaraeTcs Knaccuguumpo-
BaTb PaA3fIOMHblE TEKTOHWYECKME CTPYKTYpPb,
npefcTaBrieHHble Ha NpUBedeHHOM pa3pese nu-
Toceps! (M. puc. 4, b), no ux rmybuHe pacno-
NOXEHNA XOTS Obl HA HECKOMBKO BUAOB MO YMCIY
OCHOBHbIX ~ CTPYKTYPHbIX ~ KOMMSIEKCOB  NUTO-
cpepbl:

— Cnon 3emHon Kopbl: (1) «meTamopduye-
CKUNY», (2) «rpaHuToMAHbINY, (3) «rabbpo-6asu-
TOBbINY;

2022;45(2):119-136

— CfoM TaK Ha3blBaeMOW HOPManbHOW BbICO-
KOCKOPOCTHOM XON04HOW NuTocdepsbl: (4) «akno-
FMTOBBINY, (5) «TONEUTOBLINY, (6) «NEPUROTUTO-
BbIi», (7) «Mnarnoknas-nuposinToBbIny, (8) «nu-
POKCEH-NUPONUTOBLINY

— CNOW TaK Ha3blBaeMOoW aHOMarbHON HU3KO-
CKOPOCTHOW ropsyen MaHTuu: (9) «rpaHat-nupo-
NUTOBBINY.

3 BepTMKanbHOro reosioro-reomanyeckoro
paspesa (cM. puc. 4, b), nOCTPOEHHOrO B NepBYHo
oYyepeb MO a3pOCTaTHbIM U CMYTHUKOBLIM Mar-
HUTHbLIM JaHHbIM, BUZHO, YTO «KOPHW» Cy6BEPTU-
KanbHbIX Pa3fOMHbIX TEKTOHUYECKUX CTPYKTYp
NPMMEPHO coBnagarwT C rMyOuHHbIMKU cybropu-
30HTaNbHLIMK rpaHuLaMm nosepxHocTen dopLua
F (dr = 10 km), KoHpaga K (dk = 20 km), Moxopo-
Bunya M (dv = 40 kM), a TaKkke Apyrumu rpaHu-
uamm L (do = 60 km), N (dn = 70-80 km), P (dp =
120 km), Q (do =150 km), W (dw = 200 km). Takum
0bpa3om, MOXHO chenaTb BblBOA, YTO [aHHas
METOAMKA BblAENEHNs CybropusoHTanbHbIX rpa-
HUL, NuTOCdepbl N0 0COOLIM TOYKaM MarHUTOak-
TUBHbIX Ten paboTaeT B npefdenax He TOMbKO
NNaTOPMEHHbIX, HO Takke W FeOCUHKIMHAmMb-
HbIX permnoHoB CMBMPCKOro KpaToHa, KOUM SBNS-
eTcs AHrapo-bankanbCKkuii permoH.

W3 paHHbIX, NpuBedeHHbIX Ha rnyOuHHOM
reonoro-reousnyeckom paspese (cMm. puc. 4, b),
BUAHO, YTO HabnogaeTca COOTBETCTBME rNyOuH-
HbIX Pa3MOMHbIX TEKTOHWYECKUX CTPYKTyp (Mo
Ha3eMHbIM JaHHbIM) C pesyfibTaTaMu BblAENEeH-
HbIX 3NEKTPOMAarHUTHbIX rMyOUHHbLIX 30H pasno-
MOB NnuUTOCKEpPbl N0 adpOCTaTHbIM U CMYTHUKO-
BbIM MarHUTHbIM AaHHbIM.

[pyroe HanpaBneHne pernoHanbHbIX reogu-
3MYECKMX UCCrefoBaHUn rnybuHHOTO CTPOEHNS
AHrapckoro n 3abankanbCkoro MaHTUMHbLIX M-
MOB CB$13@aHO C WCMOSIb30BAHWEM CMYTHUKOBbIX
reoumsnyeckmx OaHHblx. PesynbTaTbl aHanusa
CMYTHUKOBBLIX KOMMOHEHTHbIX (X, Y, Z, H, D, 1)
MarHUTHbIX AAHHbIX BAOSIb PErMOHanbHOro reo-
noro-reogusnyeckoro npocuns (cm. puc. 4, b),
nepecekaroLero Takxke pernoH AHrapckoro u 3a-
6aiikanbCKOro MaHTWMHBIX MAOMOB, YaCTUYHO
npoaHanuanpoBaHbl B UCTOYHUKaX [4, 7]. Mony-
YeHHble Mo pesynbTaTam aHanmM3a aHoManbHOro
marHuTHoro nons cnytHuka MAGSAT gaHHble

8 Katanor MexayHapoaHoro ceiicmonornyeckoro LeHTpa // MupoBble LeHTpbl AaHHbIX Poccun 1 YkpauHbl [QneKTPOHHbII
pecypc]. URL: http://www.wdch.ru/sep/seismology/cat_ISC.ru.html (03.03.2022).
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NOKa3bIBaT, YTO BLISBMAIOTCSA HE TOSbKO NOCTO-
SIHHblE FE0SI0ro-TEKTOHNYECKNE rpaHuLbl NUTO-
chepbl, HO U AUHAMUYECKME TPaHULLbl, KOTOpble
MOryT ObITb CBSI3aHbl C re03NeKTpU4eckMmm [16],
cencmonormyeckumu [14] n reotepmasibHbIMK
[15] npoueccamu, npoucxoasawmmMmn B uccnenye-
MOM peruoHe.

113 reonoro-reouanyeckoro paspesa no Lu-
poTHomy npodunto A-B (cm. puc. 4, b) BugHo,
yto rnybuHa nutocdepbl B npegenax AHrap-
CKOro MaHTUMHoro nnioma (cM. puc. 4, b, 30HbI
0-1) coctanset okono 180 km. 3abankanbckas
4acTb (CM. puc. 4, b, 3oHbl 3-5) Cnbupckoro kpa-
ToHa (3abankanbCckuin MaHTUAHLIN oM (110—
120 °E), pacnonoxeHHbIn Ha BOCTOKe OT AHrap-
CKOro maHTuiHoro nntoma (94-108 °E)), B cooT-
BETCTBWM CO CXEMOWA (CM. puC. 3), COCTaBNEHHON
Mo KapTe aHOManbHOr0 MarHUTHOro NOMs 1 0TO6-
paxaroLLen KOnbLeBble 30Hbl MHTEHCUBHbIX Mar-
HUTHBIX aHomanuii 3-5 (cM. puc. 3), a Takxe ¢
rpadomkamm nHTEHcKBHbIX (100-150 HTR) aspo-
CTaTHbIX MarHUTHbIX aHomanun 3-5 (cM. puc. 4,
a), no-BMaMMOMY, CBsi3aHa C MarmMaTuyecKkumu
BHEAPEHUAMM, NOCTYNaloWMMU U3 aHOMasnbHO
pasorpeto MaHTUM B bBankanbckon pudToBOK
30HE MO COCeOHVMM TEKTOHWYECKMM pasnomam
(BapryauHckuid, MkaTckuin) B NPMNOBEPXHOCTHbIE
30Hbl 3eMHOI Kopbl® [16]. MMy6uHa TeKTOHWUYe-
ckux pasnomoB (Tykonamckuid, TyHrMpCKuin) B
pernoHe 3abalkanbCKoro MaHTUWMHOMO MnoMa
pocturaet novtn 150 KM, YTO COOTBETCTBYET He-
3aBUCUMbIM reom3nyeckum gaHHbIM [2] o Bep-
TUKanNbHOW MOLLHOCTM NMTOCEPLI B 3TOM peru-
OHe (CM. puc. 2).

3 reonoro-reogmanyeckoro paspesa (CMm.
puc. 4, b) Takke MOXHO BMOETb, YTO Hanpasne-
HUe BekTopa (=) HakrnoHeHus (Hanpumep, | =
-20°), paccyMTaHHOro No AaHHbIM aHOMasbHOro
MarHWTHOroO Monsi, B 30HaX TEKTOHWYECKMX pas-
noMoB B npefenax AHrapckoro MaHTUWHOro
nnoma (94-101 °E) HanpaBneHo B BEPXHIO No-
NynnockoCcTb M Mpu 3TOM He coBnagaet C
HanpaBMEHWEM HaKMNOHEHUS] «HOPMarnbHOro»
MarHuTHoro nons (lm = +72°), BEKTOP KOTOPOro
HanpaBfeH B HWKHIOK MOMNYNoCcKOCTb. 3Have-
HUe HaKnoHeHust |m(X) rnaBHOrO MarHWTHOrO
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nons 6biNo onpeaeneHo no cneaywowen dop-
mynelo:
In($, A, h) = arctg[Z, (¢, 4, h)/ 5

/o (b4, 1)] = 72" ®)
roe Zm(¢,A,h) n Hm(@,A,h) — 3Ha4eHuns BepTuKasb-
HOW W TOPU3OHTaNbHOW COCTaBMSAOLWMX «HOP-
MarnbHOro» MarHWTHOro nons 3emnn B panoHe
Bankanbckon pudTOBOW 30HbI, KOTOpblE Oblnn
onpegeneHbl N0 M3MEPeHHbIM AaHHbIM MUCKYC-
cTBeHHoro cnyTHuka 3emnu MAGSAT.

pn aTOM M3 reonoro-reopusnM4eckoro pas-
pesa (cM. puc. 4, b) BUOHO, YTO BEKTOPLI (=) aHO-
MarnbHOro HaknoHeHus (I = 18) B 30HaX TEKTOHM-
Yeckux pasnoMoB B Npefenax pacrofiokeHns
rnybuHHOM YacTu bankanbCckon pudTOBON CTPYK-
Typbl (101-113 °E) B OCHOBHOM HanpasfeHbl B
HWXHIOO MOMYNSIOCKOCTb ¥ COBMNAAakoT Mo 3HaKy
C HanpaBsfieHMeM HaKIOHEHWUS COBPEMEHHOro
rMaBHOro MarHUTHOro nong (lm = +72°) B aTOM Ya-
CTW paspesa no uccnegyemomy npogunio A-B.
Takum o06pasoM, HanpaBneHus HaKMOHEeHUs,
PaCCYMTAHHOrO MO AAHHBIM aHOManbHOro Mar-
HUTHOrO Mons, B npegenax Tepputopun 6onb-
wen yactn AHrapckoro u 3abankanbCkoro maH-
TUAHBIX NAOMOB MOTYT ObITb CBA3aHbI C Npenmy-
LLECTBEHHO OCTaTOMHO HaMarHU4YeHHbIMU rop-
HbIMM MopoAamu «HOPManbHOW» MaHTUK, cgop-
MUPOBAaBLWMMUCA B [APYrylw reoxXpoHonormye-
CKYl0 3MOXy, UMELLMMMN NPOTUBOMNONOXHOE MO
3HaKy HanpaeneHWe HakOHEHWS rMaBHOro mar-
HUTHOrO nons 3emnu Im(@,A,h). B npotuBononox-
HOCTb 3TOMY 3HA4Y€HWS HaKNOHEHUs, paccynTaH-
HOr0O NO [JdaHHbIM aHOManbHOr0 MarHWTHOro
nons, B npegenax rmybuHHon yactu baikasnb-
ckont pudptoBon cTpykTypbl (101-113 °E), roe
npeobnagalT nopodbl aHOManbHOW MO 3Haye-
HUAM TemnepaTypbl maHTum (T = 1200 °C) [15,
16], no-BManMoMy, MOryT OblTb CBSA3aHbI C UHAYK-
TUBHO HaMarHW4YeHHbIMKU nopodamu, COOTBET-
CTBYIOLLMMM MO 3HAKYy COBPEMEHHOMY HaKIIOHe-
HWIO FMAaBHOrO0 MarHUTHOTO MOfS.

[o HefaBHero BpemMeHu B HanpaBfeHnn aka-
[EeMUYEeCKON HayKu (3eMHOiA MarHeT3M!) cylue-
CTBOBAsfI0 YCTOMYMBOE MHeEHWe, 4YTo BOnbluas
yacTb BCex (beppOMarHWTHbIX MWHepanoB C

9 KaTanor MexayHapoaHoro ceiicmonornyeckoro LeHTpa // MupoBsble LeHTpbl AaHHbIX Poccun 1 YkpauHbl [QneKTPOHHbII
pecypc]. URL: http://iwww.wdcb.ru/sep/seismology/cat_ISC.ru.html (03.03.2022).
10 AHosckuit B. M. 3emHoi marHeTuam: y4eb. nocobue / pea. B. B. Metannosa. J1.: 13g-Bo JleHuHrp. yH-Ta, 1978. 592 c.

11 Tam xe.
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OCTaTOYHOWN HaMarHW4eHHOCTbIO Jo TEPSIET CBOM
(beppomarHuTHble (CUIbHbIE MarHUTHbIE) CBOK-
CTBa W MEpPexoauT B napamarHeTWKM C OYeHb
cnabbiMy MarHUTHBIMK CBOMCTBaMW, KOraa TeM-
nepatypa B Hefpax 3emnn npeBbllaeT CBOK
ONPEAENEHHYI0  KPUTUYECKYKD — TemnepaTypy
Kiopu (ans yucrtoro xenesa © = 1073 °K), koTo-
pas Ons Kaxaon OTAEenbHOW PasHOBUOHOCTY
MarHWTHbIX MWHEpPanoB (TUTAHOMarHeTWUT, mar-
HETWUT, remMaTuT, MarreMuT, UIbMEHUT U MHOTMe
LpYyrve) B COCTaBe ropHbIX NOpoa 3HAYUTENBHO
meHbLe (O = 350-600 °C). MoaTtomy Mbl npea-
nonaraeM, 4Yto Habngaemble Ha CNyTHUKE U
aspocTaTte MarHWTHbIe Mons, Bbi3BaHHbIE MarHu-
TOAKTUBHBIMU WCTOYHMKaMW Ha GOnbLIOW rny-
OuHe, 3HAYMTENbHO MpeBbIAOWENn MyOUHY
pacrnofioXeHnss B 3eMHOW Kope Temnepartyp
6oénbwmx, yem Temnepatypa Kiopu (© = 350-
600 °C), MoryT 6biTb CBSi3aHbl C WMHOYKTUBHO
HaMarHM4eHHbIMU rOpPHBIMK NOpPo4aMK, KOTOpble
NPOLOMKaloT co34aBaTb aHOMasibHOE MarHuT-
Hoe none dT gaxe Npu BbICOKUX TeMnepaTypax
(© > 600 °C) nogobHO TOMY, Kak 3TO OObIYHO
npeacTaBnseTcsal? OTHOCMTENbHO WCTOYHMKOB
«HOPMarnbHOro» MarHUTHOTO NONS BO BHELUHEM
sope 3emnu. CornacHo nepBOMY  3aKOHY
Penesa’®, cymmapHas HamarHuieHHOCTb Js BKIHO-
YaeT MHAYKTUBHYIO Ju Y OCTATOYHYIO Jo HAMarHu-
YEHHOCTb (PEPPOMArHUTHbIX MUHEPANoB B rop-
HbIX NOPOA4aX MarHUTOAKTUBHOIO Tena:

Js =Ju+]o=(k-dT) + (b; de)’ (6)
rae K — MarHuTHas BOCnpUMMYMBOCTb FOPHbIX NO-
pod; dT — gencrsyroulee mMarHutHoe none; bi —
KO3MPUUMEHT pasmarHNYMBaHus, XxapakTepHbli
NS onpefeneHHon opMbl MarHUTOAKTUBHOIO
Tena.

CornacHo CyLLeCTBYOLMM BO33pEHUsIM4,
Mbl NpegnonaraeM, 4To nNpu Temnepartypax mar-
HUTOAKTUBHBIX MWHEpPanoB (TUTAHOMarHeTuT,
MarHeTuT, MarreMuT, UIbMEHWUT 1 Ap.) 66nbLmnX,
yem Temnepatypa Kiopu, B ropHbix nopogax
AHrapo-bankanbCkoro pervoHa, pacrnosioxeH-
HbIX Ha rnybuHax 6onee 40 km (rpaHuua Moxo),
OCTaTOuYHas HamMmarHU4YeHHOCTb Jo heppoMarHnT-
HbIX MMHEpanoB no4Tu nponagaeT. B cBssm ¢
3TWUM, B COOTBETCTBUU C popmynon (6), ropHble

2022;45(2):119-136

nopoabl Ha 3aTMx rnybuHax JOSkHbI obnagaTb
TONbKO WHAYKTUBHOW HaMarHU4YeHHOCTbo  Jy,
dopmupytoLLen nsmepsiemMble MarHUTHbIE NONS.
lNockonbky OCHOBHOW BKnag B (hopMupoBa-
HUe U3MepsieMblX NOonen BHOCWUT WHAYKTUBHAaS
HamarHuyeHHocTb J, = k-dT, NHeHo cBsA3aHHas
C U3MEPEHHBIM aHOMasIbHbIM MarHUTHbIM Nosiem
dT, a MarHuTHasi BOCNPUUMYMBOCTL K — Benu-
YMHa cKanspHas, npegnonaraeTcs, 4To Yrosn
HaKfoHa (HanpaBneHwne) BeKTopa WMHAYKTUBHOM
HamarHud4eHHoctn Jy OBygeT ouyeHb 6nm3ok K
HanpaBneHWio (HaknoHy) BEKTOpa CaMoro aHo-
MarnbHOro MarHUTHOTO NONS, onpeaensemMoro no
cdopmynet®
dT =Z,-sinl + H, - cosI - cosf, (7)
roe f = 90° — yron mexay Bektopom dT v MarHuT-
HblM MEpPUAMAHOM Ha LWUMPOTHOM npodune
A-B. B atom cnyyae B popmyne (7) BenuunHa
cosf=0.
Torga dpopmyny (7) MOXHO nepenucaTb Kak
dT = Z, *sinl. (8)
Wcnonb3ysi cooTHoLweHue (8) u npuHuMas Be-
NNYMHY MArHUTHOW BOCMPUMMYMBOCTU K, Xapak-
TEPHYIO AN MarHeTuTa, MOXHO onpeaenuTb 3Ha-
YEHWEe NHAYKTUBHON HAMarHUYEHHOCTMW B HUXHEN
4acTU LUMPOTHOW NIOCKOCTM KaK
Ju=k-dT =k-Z, -sinl, 9)
r4e yron HakrfoHa BeKTopa MHAYKTUBHOW Hamar-
HUYEHHOCTU J, onpeaenseTcs B OCHOBHOM YIiIOM
HaKfOHa BEeKTOpa aHOMasbHOrO0 MarHUTHOro
HAKIOHeHMs |, pPacrnonoXeHHOro B LIMPOTHOM
M0CKOCTU NpoxoxaeHus npocuns A-B:
I = arcsin (Z, / dT). (10)
3Ha4YeHUss MarHUTHOrO HaknoHeHus | BOOMb
“ccnefyemoro pernoHanbHOro reonoro-reodu-
3nyeckoro npocouna A-B onpegensinuce ans
Tepputopum AHrapckoro n 3abankanbckoro MaH-
TUAHBIX NSIOMOB C WHTEPBANOM AWUCKPETHOCTY
yepes ABa rpagyca no fonrote A BOoMb LWKXPOT-
HOro npocuna no 55-my rpagycy ceBepHOM
wupoThl (dA = 2° = 125 km) cornacHo CnyTHUKO-
BbIM (MCKYCCTBEHHbI CnyTHUK 3emnu MAGSAT)
BEKTOPHBLIM (KOMMOHEHTHBIM Za(@,A,h), Ha(9,A,h))
[AHHbIM aHOMasbHOrO MarHMTHOMO NOA UCX0As
n3 popmyn (11)—(12). Torga TMNUYHOE 3HAYEHNE
B LEHTPanbHOM YacTu Tepputopum AHrapckoro

2 AHosckuin B. M. 3emHoi marHeTuam: y4eb. nocobue / pea. B. B. Metannosa. J1.: 13g-Bo JleHuHrp. yH-Ta, 1978. 592 c.

B3Tam xe.
14 Tam xe.
15Tam xe.
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MaHTUIHOrO nntoma (XOTb 9TW 3HAa4YEeHUs U JocTa-
TOYHO pa3Hble) MOXHO ONPEAENUTL ANS LIMPOTbI
¢ = 55° npodmns A-B kak

1(¢,A, h) = arcsin[Z,(p, 4, h)/ (11)

/dT, (¢, A, h)] = 18° gna A = 94-108 °E,

a TUNYHOE 3Ha4YeHMe B LIEHTPanbHON YacTu Tep-
putopun 3abankanbckoro MaHTUMHOIO NAMa —
KaK

1(¢,A, h) = arcsin[Z,(p, 4, h)/ (12)
/dT, (¢, A, h)] = —9° pna 1 = 110-120 °E.

[Mony4yeHHble AaHHble O BNUSHWW aHOMaslb-
HOW MO TreO3NEKTPUYECKUM U TeMmnepaTypHbIM
napameTpam MaHTVU1 B 30HE PACNONOXEHUS TMy-
OGuHHOM YacTu Bbankanbckon pupTOBOM CTPYK-
Typbl NOATBEPXKAAKTCA NOMNOXMTENbHBIMUA 3Ha-
YEHUSAMU Ha KPMBOW U3MEHEHWS BENWUYMHBI Mar-
HUTHOro umnegaHca Imp(¢,A,h), paccuymtaHHoro
MO AAHHbLIM CMYTHUKOBOrO aHOMaslbHOro MarHmT-
HOro nons (kpmBasi B YCNOBHbIX 00603HAYEHMsAX
nog HOMepoM 4), NPUBEAEHHOW B HKHEW YacTK
reonioro-reousnyeckoro paspesa (cm. puc. 4,
b). B cpegHeM 3HaYeHe MarHUTHOro UMMNeJaHca
konebnetcs or 0 go +1:

Imp((p: Ah) = (13)

= [Z4(¢, 4, W)IHy(, 2, h)] = 0,5,

rae Za(9,Ah), Ha(¢,A,h) n Imp(¢,A,h) — 3HaueHns,
MonyyYeHHble MO AaHHbIM M3MEPEHHbIX Ha CnyT-
HUKe BEpPTUKaNbHOW U FOPU3OHTaNIbHOW COCTaB-
NSALWMX BEKTOPA MHAYKLMWM aHOMamnbHOro mar-
HUTHOTO NONS U PACCYMTaHHBIX NO HUM 3HAYEHUI
MarHWTHOro MmneaaHca. AHanorM4yHO BbIYUCIS-
I0TCA 3HAYEHMs MarHWTHOrO uMnegaHca Ans
LPYrvX TOYEK pacyeTa.

C nosiBneHnem HoBbIX paboT noka3aHo, YTo
BbISIBNIEHbl TEMMepaTypHO-yCTONYMBLIE Pa3HO-
BWAHOCTW MarHeTWTOBbIX nopog (rematut) [17],
HE TepsilolWMe CBOMX MarHWTHbIX CBOWCTB
(CBOWCTB OCTaTOYHOW HAMArHW4eHHOCTH) Jaxe B
BEPXHEN MaHTUKM Jo rnybuHbl 6onee 600 km, roe
Temnepatypbl gocturatoT 3HaveHnn 1300 °K. Mo-
3TOMYy MOXHO MnpegnonaraTb, YTO Kakas-To (He
04eHb 60sbLIas) YacTb MarHUTHOTO NOMS MOXET
ObiTb Bbl3BaHa 3TUMKU TemmnepaTypHO-YCTONYN-

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

V

BbIMMW rOPHLIMU NOpPOAamMn MaHTUm ¢ npeobnaga-
tOLLEN B HUX OCTAaTOYHOWN HaMarHU4eHHOCTbIO.

[e03neKTpuyeckne AaHHble YAEenbHOro Co-
npotueneHus (20—100 OM-m) aHomarnbHOW MaH-
T B rNyBUHHOW 30He pacnonoxeHus bankanb-
CKOW pUPTOBON CTPYKTYpPbI (HUXe rpaHuubl Mo-
xopoBuunya (npumepHas rnyéuHa dy > 40 km))
KOCBEHHO CBMAETENbCTBYIOT O BbICOKMX 3Haue-
HUSIX TemnepaTypbl aHOMarnbHOW MaHTUM (Nopsiaka
1200 °C) [15, 16] (cm. puc. 4, b). Bbicokue 3Ha-
YyeHuss TemnepaTtypbl MaHTUM B 30He bankanb-
CKOW pUCHTOBOW CTPYKTYPbI M YacTU4HO B 6opTo-
BblX 30Hax AHrapckoro n 3abankanbCcKoro ma-
TUAHBIX NMIOMOB U UX «[A0YEPHUX» KOMbLIEBbIX
CTPYKTYP MEHbLLEro pa3Mepa NoATBepXaatnTCs
3HaYeHMAMM reoTepManbHON SHepruK, NpeacTas-
NEHHbIMU Ha COOTBETCTBYHOLLEN KapTe (puc. 5).

PaHee 6b1no nokasaHo [18], 4To MHOrMe Me-
CTOPOXAEHUS ra3o0bpasHbIX U XUOKUX YrieBo-
[0POdOB  (MPUPOAHLIA ra3, ra3oKOHAEeHcaThl,
HEe(Tb) pacnosioKeHbl B 30HAaX MaHTUMAHBIX NIIHO-
MOB. B cBA3u ¢ aTum 661N NpoBedeH NOUCK BO3-
MOXHbIX MECTOPOXAEHWI MOMEe3HbIX UCKonae-
MbIX B 30He pacnonoxeHus AHrapckoro n 3aban-
KanbCKOro MaHTUWHbIX niomoB. [lpeasapu-
TenbHO ObINK paccMOTPEHbI pa3nuyHble onyonu-
KOBaHHbIE A@HHbIE O CYLLECTBYHOLLMX MECTOPOX-
[eHUsIX NnonesHbIX uckonaembix'®17 B 3oHe pac-
nonoxeHuns AHrapckoro n 3abankanbCkoro MaH-
TUAHBLIX nntomoB. Okasanocb, YTO OCHOBHbLIMM
MECTOPOXAEHNSIMI, KOTOPblE PacronOXeHbl B
30H€E AHrapcKoro MaHTWItHOTO NMa, ABNATCS
yronbHble mMecTopoxaeHus®, a B 3oHe 3abaii-
KanbCKOro MaHTUMHOTO NMKOMa — ypaHOBbIE Me-
cTopoxaeHna'®. KapTbl MECTOPOXOEHWIA pa3nuy-
HbIX MOSIE3HbIX UCKOMNAeMbIX, PacnomnOXeHHbIX B
TOM 4ucne u B 30He 0bomx — AHrapckoro u 3a-
HankanbCKoro — MaHTUMHbLIX NIOMOB, NPeaCcTaB-
NeHbl Ha puc. 6 n 7.

A3 puc. 7 MOXHO BUAETb, YTO 3HAYUTENbHASNA
4yacTb MecTopoxaeHuin ypaHa (ApryHckoe, Xep-
nosckoe, Ctpenbuosckoe) Poccuickon depepa-
Lmu ¢ 3anacamu 5-20 TbiC. T pacnonoxeHa B 30He

16 KapTa nonesHblx nckonaembix Tepputopun CCCP /M. H. Konocosa. M.: N3g-so I'YTK, 1982.
17 KapTa ypaHoBbIx MecTopoxzaeHuin Poccun // MupoBble LEHTPbI AaHHbIX Poccumn 1 YkpanHbl [ONeKTpOoHHbIN pecypcl.

URL: http://www.wdcb.ru/mining/uran/uran.jpg (03.03.2022).

18 KapTa nonesHblx uckonaembix Tepputopun CCCP / 1. H. Konocosa. M.: Uaa-so MNYTK, 1982.
19 KapTa ypaHoBbIX MecTopoxaeHuii Poccun // MupoBble LEHTPbI AaHHbIX Poccun 1 YkpanHbl [QNeKTPOHHbIN pecypcl.

URL: http://www.wdch.ru/mining/uran/uran.jpg (03.03.2022).
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Puc. 5. Kapma pecypcoe 2eomepmaniHoli aHepauu Poccuiickoii ®edepayuu®
3HayeHus ceomepmanbHoU 3Hepauu rnpueedeHbl 8 MOHHAX yCI08HO20 Monuga
Ha Kybudeckuli memp (usemosbie 0603HayeHuss om 0 3o 7)

KoHmypbi pacnionoxeHusi Konbuyesbix cmpykmyp Cubupckoeo KpamoHa, c8si3aHHbIX C MaHMUUHbIMU MOMaMu:
11 — AHabapckol; 11a — TyHeycckol; 16 — AHeapckol; 16a — «douepHeli» om AHeapckod; 17 — AndaHo-CmaHogod;
19 — Babatikansckou; 19a, 19b — «GoyepHux» om 3abalikanbckoli
Fig. 5. Map of geothermal energy resources of the Russian Federation?

The values of geothermal energy are given in tons of the oil equivalent per a cubic meter (color designations from 0 to 7)
Location contours of the ring structures of the Siberian craton associated with mantle plumes:

11 - Anabar; 11a — Tunguska; 16 — Angara; 16a — Angara "daughter" structure; 17 — Aldano-Stanovaya,

19 — Trans-Baikal; 19a, 19b — Trans-Baikal "daughter" structure

3abankanbCckoro MaHTUAHOrO NIOMa U ero «ao-
4yepHuX» (Bnmn3KopacnonoXeHHbIX) NOM-TEKTO-
HUYECKUX CTPYKTYP MEHbLUMX pa3MepoB. Takxe
U3 puc. 7 BUOHO, YTO MHOrMEe MEeCTOPOXOEHMUS
ypaHa CBfi3aHbl C FOPHbIMU MOpodamu [OKeM-
Bpuickoro Bo3pacrta, NO3TOMY MOXHO npeano-
NOXWUTb, YTO Hanbonee akTuBHas ¢asa opmu-
poBaHus 3abalkanbCKoro MaHTUMHOIO nima (v
0b6pa3oBaHMs ypaHOBLIX MECTOPOXAEHWUI) npo-
ucxoguna B OOKeMOPUICKMA reoXpoHOMornye-
CKUI Nepuog reonoro-TeKTOHUYECKON IBOMIOLMK
3emnu. B ¢Bsi3n ¢ 3TUM ANS NOUCKOB HOBbIX Me-
CTOPOXAEHUN ypaHa HGonbLlIoe 3HaYeHne MOXeT
MMEeTb BO3pacT (JokeMbpuinckuin) opmupoBa-

HUS  MaHTUAHOrO nNmMa, XapaKTepHbl s
Hanbonee ApeBHMX rOpHbIX nopoa 3abavikanb-
CKOro MaHTUMHOrO NoMa, Ha TEPPUTOPUN KOTO-
pOro pacnonoXeHbl OCHOBHbIE pa3BefaHHble B
Poccun mecTtopoxaeHus ypaHa. B cBoto odve-
pedb, HaxoOsaWMNCS psaoM AHrapcKuii MaHTUR-
HbIW NIOM, CyAs MO CaMbiM APEBHUM Nopoaam
OPOOBMKCKOrO BO3pacTa, pacnonoXeHHbIM B ero
npegenax, ccopmvMpoBancs B AOOPAOBUKCKUN
reoXpPOHONOrMYECKUI Nepuod, HO MECTOPOXAEHNI
ypaHa B ero npefenax noka He HangeHo. Kpome
TOro, TEKTOHUYECKME Pa3noMbl B Npeaenax Teppu-
Topumn 3abaiikanbCckoro MaHTUMHOrO MIMa yxo-
OST CBOMMM «KOPHSIMUY» B 30HY TaK Ha3blBaeMOM

20 KapTa NporHO3HbIX PECYPCOB reoTepMarnbHoii 3Heprum // KamuyaTckuii HayyHbli ueHTp 4O PAH. [nekTpoHHbIi pecypc].
URL: http://www.kscnet.rufivs/publication/kuril_kam2005/title4.jpg (03.03.2022).
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Puc. 6. Kapma mecmopoxdeHuli nonesHsix uckonaembix Poccutickoli ®edepayuu*

KoHmypbi pacronoxeHust Konbuesbix cmpykmyp Cubupcko20 KpamoHa, cesi3aHHbIX ¢ 0OHOUMEHHbIMU MaHmMUUHbIMU
nnomamu: 11a — TyHaycckol (TyHeycckuli yeornbHbil 6acceliH); 16 — AHeapckol (Mipkymcekul y20nbHbIl baccelH);
16a — CrrodsHckol (mecmopoxdeHus codbl); 17 — AndaHo-Cmarosol (KOxHO-AKymcekul y20sbHbil 6accelH);

19 — 3abatikanbckoli (HepuuHckue 3010mopydHsie MecmopoxdeHusi); 19a — bepesosckol (MecmopoxdeHus
30/T0MOHOCHBIX, MOUMeManIu4eckux u xenesHbix pyod); 19b — TapbazaHckol
(Mecmopox0eHUst 80/1bghpaMo8bIxX U NoauMemaniuyeckux pyod)

Pecypcbi: 1-9 — monnugHo-aHepeemuyeckue: 1 — nnowadu 3aneaaHusi KAMEHHO20 yens, 2 — naowadu 3ane2aHus
6ypoeo yens, 3 — HeghmezaszoHocHble nnowadu, 4 — nnowadu 3anezaHus mopga (3amopgosarHHocms bonee 10 %),
5 — Hegbmb, 6 — MPUPOOBHbIL 2a3, 7 — KaMeHHbIU yeorb, 8 — bypbill yeorb, 9 — eoprodue cnaHubl; 10-23 — memannuyeckue:
10 — xene3Hbie pydel, 11 — mapaaHuesble pydbl, 12 — xpomumosbie pydbi, 13 — mumaHosbie pyodbl, 14 — Hukenesble
pydbl, 15 — gonbhpamossie pydsl, 16 — monubOeHosbie pydbl, 17 — antomuHuessie pyobi, 18 — meOHblie pydbl,

19 — nonumemannuyeckue pydbi, 20 — 0710851HHbIE PYObl, 21 — cypbMsiHbie pydbl, 22 — pmymHble pyObi, 23 — 3010MO;
24-40 — Hememannuveckue: 24 — acbecm, 25 — epaghum, 26 — croda, 27 — manbK, 28 — ¢hocchopumsl u anamumai,
29 — cepa, 30 — kanutiHeie conu, 31 — nosapeHHasi conb, 32 — enaybeposa cosb, 33 — aurc, 34 — KaosuH,

35 — 06/1UY080YHbIE KaMHU, 36 — 2M1UHbI 02HeyrnopHble, 37 — 21uHbI 6eHmMoHuUmosble, 38 — UeMeHMHoe Chipbe,

39 — anma3bi; 40 — UCMOYHUKU MUHEPasbHbIX 800
Fig. 6. Map of mineral deposits of the Russian Federation®
Location contours of the ring structures of the Siberian craton associated with similar mantle plumes: 11a — Tunguska
(Tunguska coal basin); 16 — Angara (Irkutsk coal basin); 16a — Slyudyanka (mica deposits); 17 — Aldano-Stanovoy
(South Yakut coal basin); 19 — Trans-Baikal (Nerchinsk gold deposits); 19a — Berezovskaya (deposits
of gold-bearing, polymetallic and iron ores); 19b — Tarbagan (deposits of tungsten and polymetallic ores)
Resources: 1-9 — fuel and energy: 1 — coal occurrence areas, 2 — brown coal occurrence areas, 3 — oil and gas bearing
areas, 4 — peat occurrence areas (peat content is more than 10 %), 5 — oil, 6 — natural gas, 7 — bituminous coal,

8 — brown coal, 9 — bituminous shale; 10-23 — metal: 10 — iron ores, 11 — manganese ores, 12 — chromite ores,

13 — titanium ores, 14 — nickel ores, 15 — tungsten ores, 16 — molybdenum ores, 17 — aluminum ores, 18 — copper ores,
19 — polymetallic ores, 20 — tin ores, 21 — antimony ores, 22 — mercury ores, 23 — gold; 24-40 — non-metallic:

24 — asbestos, 25 — graphite, 26 — mica, 27 — talc, 28 — phosphorites and apatites, 29 — sulfur, 30 — potassium salts,
31 - sodium salt, 32 — Glauber's salt, 33 — gypsum, 34 — kaolin, 35 — facing stones, 36 — refractory clays,

37 — bentonite clays, 38 — cement raw materials, 39 — diamonds; 40 — sources of mineral waters

21 KapTa nonesHbix uckonaembix Tepputopum CCCP / J1. H. Konocosa. M.: N3n-o NYTK, 1982.
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Puc. 7. Kapma ypaHoebix mecmopoxdeHuti Poccuu®:

1-3 — oyeHusaeMsble 3anachl ypaHosbix mecmopoxdeHul: 1 — 6onee 20 mbic. m, 2 —om 5 do 20 mbic. m, 3 — MeHee
5 mbic. m; 4—7 — 0C80EHHOCMb MEeCmMOpPOXO0eHuUl: 4 — Haxodswuecss 8 cmaduu OUEHKU, 5 — OMHeCEHHbIe 8 pe3seps,
6 — akcnnyamupyembie, 7 — ompabomarHsie; 8—14 — go3pacm opydeHeHul: 8 — kaliHo3oUickull, 9 — me3030Uickull,
10 — naneo3olickuti, 11 — dokembputickuli, 12 — kaliHo30UCcKo-Me3030lcKull, 13 — me3030lcKko-naneo3olickud,

14 — naneo3olicko-0okembputickull; 15 — 2paHuybl ypaHOB0PYOHbIX palioHos; 16 — epaHuybl NePCEKMUBHBIX Ha ypaH
patioHos; 17 — KOHMYpPkI PacronoXeHus Konbyesbix cmpykmyp Cubupckozo KpamoHa, Ces3aHHbIX ¢ MaHMUUHbBIMU
nmomamu: A — AHeapckol u «0odepHel» CriodsiHekold cmpykmyp, 36 — 3abalikansckol cmpykmypbl U «004epHUX»

TapbazaHckoli u bepesosckol cmpykmyp MeHbWwe20 pa3mepa
Fig. 7. Map of uranium deposits in Russia?:

1-3 — estimated reserves of uranium deposits: 1 — more than 20 thousand tons; 2 — from 5 to 20 thousand tons; 3 — less
than 5 thousand tons; 4-7 — development of deposits: 4 — under evaluation; 5 — reserved; 6 — operated; 7 — abandoned,;
8-14 — mineralization age: 8 — Cenozoic; 9 — Mesozoic; 10 — Paleozoic; 11 — Precambrian; 12 — Cenozoic-Mesozoic;
13 — Mesozoic-Paleozoic; 14 — Paleozoic-Precambrian; 15 — boundaries of uranium ore areas; 16 — boundaries
of the areas promising for uranium; 17 — location contours of the ring structures of the Siberian craton associated
with mantle plumes: A — Angara and the "daughter" Slyudanskaya structure; 36 — Trans-Baikal structure
and "daughter" Tarbagan and Berezovskaya structures of smaller scale

aHOManbHON ropsiyen HU3KOCKOPOCTHON MaHTUM
(cm. puc. 4, b, 9), n3 koTopow No 3TUM pasnomam
MOFTIM MOCTynaTb MarMaTuyeckne BHEOPEHUs C
HanM4YMeMm ypaHoBbIX pyd. TEKTOHWYecKue xe
pasnombl B npeaenax Tepputopum AHrapckoro
MaHTUAHOrO NJMa yXoaaT CBOMMM «KOPHSMMY
B CMOW Tak Ha3blBAEMOW HOpPMarnbHON XONO4HON
BbICOKOCKOPOCTHOW MaHTWK, KOTOpast UMEET apy-
ro reoXMMmYeckun cocTas W, MNO-BUAUMOMY,
04YeHb 6efHa BKMNIOYEHMSIMI YPaAHOBLIX PYyA.

B HacTosee Bpems, korga BO3HMKNN OCT-
pble NpobnemMbl C 3HEPreTUYECKUMI pPecypcamm
BO MHOIMX CTpaHax, NosiBuiacb HoBas TeHAEH-
UMS K pa3BUTMIO «3EMEHON» 3HepreTuku B EB-
pone n Kutae. B cBA3KM ¢ 9TUM akTyanbHoOW SBMS-

eTCs 3aava noucka HOBbIX MECTOPOXAEHUN He
TONbKO YrNeBOAOPOAO0B (HedTH, rasa, yrns), HO 1
ypaHa, TaK Kak aTOMHble 3fekTpocTaHuum EB-
ponbl TaKKe OTHECEHbl K HanpaBIeHWo «3ene-
HOW» 3HepreTukn. HoBble MecTOpOXaeHWS
ypaHa no3BonsAT B OyaylieM YCWUIIeHHO pas3Bu-
BaTb HanpaBfieHNe «3eneHo» aTOMHOWN 3Hepre-
TKM B Poccuu 1 B APYXECTBEHHbIX CTpaHax, rae
y>Ke NMOCTPOEHbl OTEYECTBEHHbIE aTOMHbIE peak-
TOPbI UK TOSNBKO NIAHUPYETCH UX NMOCTPOEHUE.

3akntoyeHue
lpuBeaeHHbIE MpUMEpPBI, KaK NpeacTaBns-
eTCs, CBMAETeNIbCTBYOT O BbICOKON 3(PMEKTUB-
HOCTW MHTepnpeTaLmnn CNyTHUKOBbLIX 1 aspocTaT-

22 KapTa ypaHoBbIX MecTopoxzaeHuii Poccun // MupoBble LEHTpbI AaHHbIX Poccun 1 YkpanHel [QNeKTPOHHbIA pecypc.

URL: http://www.wdcb.ru/mining/uran/uran.jpg (03.03.2022).
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HbIX fAHHbIX aHOManbHOr0 MarHUTHOrO NOMS NPK
N3Yy4YEHUN CTPOEHUs nuTocdepbl B 30He AHrap-
ckoro n 3abankanbCKoro MaHTUMHBIX MIOMOB,
nepecekaemblx NpPOUIEM MHOTOYPOBHEBbLIX
MarHuTHbIX uccnefosaHuidi. NpuBedemM OCHOB-
Hbl€ BbIBOAbI NPOBEAEHHOI0 NCCNEeAOBaHMS:

1. MNoka3aHa BO3MOXHOCTb NPUMEHEHUs Mar-
HUTHBIX METOL4OB AN MCCnegoBaHus rny6uH-
HOro cTpoeHusi AHrapckoro u 3abankanbcKoro
MaHTUMHBIX NIFOMOB MO AAHHLIM a3POCTaTHbIX U
CMYTHUKOBbIX MarHUTHbLIX M3MEPEHWA.

2. o asapocTaTHbIM 1 CMYTHUKOBBIM MarHuT-
HbIM JaHHbIM BbISIBNIEHbI HEKOTOPbIE TMYOUHHbIE
TEKTOHWYeckne pasnombl nutocdepsl (bapry-
3uHckun, Ukatckui, Tykonamckui, TYHIMPCKUI),
KOTOpble N0 0COObLIM TOYKAM MarHMTOAKTUBHbIX
30H 3TUX pPa3nOMOB MO3BONAT MapKMpOBaTb
pasfiMyHble CyOropnsoHTanbHble rpaHuLbl NNTO-
cpepHbIX CroeB B 30HE pacnonoxeHus AHrap-
ckoro n 3abankanbckoro MaHTUWHBLIX MIOMOB

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

BOOMNb PErOHANbHOro reonoro-reodmanyeckoro
npocuns A-B.

3. BoiiBnieHa npocTpaHCTBEHHAs B3auMO-
CBSA3b PACMONOXEHUS MECTOPOXAEHUA Yrns u
ypaHa C KOMbLEBLIMW  MOPEONOrMyeckumm
CTPYKTypamu, CBA3aHHbLIMU C AHrapckum u 3a-
OarkanbCKUM MaHTUHbIMKM nNnoMamn. Bbisie-
NEHHble 3aKOHOMEPHOCTU CBSA3W YPaHOBbLIX Me-
CTOPOXAEHWUN C KOMbLIEBbLIMU CTPYKTYpPaMn MaH-
TUWAHBIX NIOMOB, UX FEOXPOHONOMMYECKUM BO3-
pacTtoM hOpMUPOBaHMS, FrEOXMMUYECKM COCTa-
BOM MOACTUMNAKOLWEN UX «FOpSYEN» HU3KOCKO-
POCTHOW MaHTWUK W BCNEACTBUE 3TOrO BbICOKUM
TENSI0BLIM MOTOKOM Ha MOBEPXHOCTN 3eMnun Mo-
ryT 6bITb MCMNONBb30BaHbI AN NOUCKa HOBLIX Nep-
CMEKTUBHBIX PErroHOB YpPaHOBbLIX MECTOpOXae-
HUA B 30HAX PacrnofioXeHWUs APYruX KPYmHbIX
MaHTUMHBLIX ntoMoB (AHabapckoro, AngaHo-
CraHoBoro) B npegenax Tepputopun Cubup-
CKOro KpaToHa.
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Oco6eHHOCTU MHBEPCUU AAaHHbIX BbICOKOMNMOTHbIX
3MeKTPOMArHUTHbIX 30HAUPOBaHUN NPU He(hTEerasonoMCcKoBbIX
nccnenoBaHUAX Ha Tepputopum Hencko-BoTyoOMHCKOM aHTEKNU3bI
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Pe3stome. [JaHHble HECTALMOHAPHBIX SMEKTPOMArHUTHBLIX 30HAMPOBAHWIA CTAHOBMEHMEM NOMS B BrIMKHEN 30HE, LUMPOKO
NPUMEHSIEMbIX NS peLLeHnst HepTerasonouckoBbixX 3agay Ha Hencko-BoTyoBuHCKoN aHTeknmM3e, Yalle BCEro UHTEpNpe-
TUPYIOTCS B paMKax rOpPU3OHTaNbHO-CIIOMCTLIX MoZenen cpefd. Llernbio faHHOro uccrenoBaHust sensinack paspaboTka
noaxoAa K MHBEPCUM KPUBBIX SNIEKTPOMArHUTHBLIX 30HAMPOBAHWIA, MOMYYEHHbIX C UCMONIb30BaHWEM BbICOKOMMOTHbLIX 3D-
ceTeil HabnogeHuiA. B ocHOBY 1CCeLoBaHUsS NETNO MaTeMaTUYeckoe MOAENPOBaHWe, pe3ynbTaTbl KOTOPOro NO3BOMMAM
OLEHUTb NnaTtepanbHble NPOCTPAHCTBEHHbLIE NAPaMeTPbl HECTALMOHAPHOMO SMIEKTPOMArHUTHOIO MOJIS U MOHATH OTNNYMS
pe3ynsTaToB OAHOMEPHO MHBEPCUN AaHHbIX 30HAMPOBAHWS CTAHOBIEHWEM MOSIs B ONMXHEH 30HE OTHOCUTENBHO UCTUH-
HbIX MapaMeTPOB LieNIeBoOro ropu3oHTa. B pesynbTaTe Gbina nonyyeHa XxapakTepucTuka 3MeKTPOMAarHUTHOrO Mos, KOTo-
past ONUCLIBAETCS IKCMOHEHLMaNbHOW (PyHKUMER 1 NPUMEHSIETCS NPU NaTepanbHON 3aKpenneHHOW UHBEPCUW BbICOKO-
MNOTHbIX 3NIEKTPOMArHUTHLIX 30HAUPOBAHMIA CTAHOBIIEHNEM MONs B GnvkHel 3oHe. Mpeanaraemblil nogxon NpoTeCTUPO-
BaH Ha NMpaKTWYeCKMUX AaHHbIX B Npefenax yyacTka UCCrefoBaHui, pacnonoXeHHOro Ha ckroHe Hencko-boTyo6uHckoik
aHTeknm3bl. MokasaHo, YTO UCNONb30BaHWE NPOCTPAHCTBEHHOW HEBSA3KM NPU MHBEPCUW [aHHbIX 30HAMPOBAHUS CTAHOB-
neHneM nons B 6nnxHeN 30He NO3BOMSET NOMy4YaTb re03NeKTPUYECKNE MOAENN, XapaKTepU3yoLLMecs naTeparnbHoi Bbl-
[EepPXaHHOCTbI0 re03aNeKTpUYecKX napameTpoB paspesa. MpuMeHeHne noaxona, OCHOBAHHOTO HAa METOAMKE MPOCTpaH-
CTBEHHOTO HaKOMMEHMs B NPoLiecce MHBEPCHM, MO3BOSISIET NOBLICUTL YCTOMYMBOCTb PELUEHUst 0BpaTHOM 3afaum LaHHbIX
30HAMPOBaHUSI CTAHOBIIEHUEM MONS B GrvpkHei 30He.

Knroyeenie cnosa: Hencko-boTyobuHckas aHTeknu3a, 30HOMPOBAHWS CTaHOBNEHUEM nons B BnvkHEN 30He, NHBEPCUS,
KBA3Uropn3oHTarbHO-CNOMUCTaa Moaenb, NPOCTPaHCTBEHHAA HEBA3KA, yAelIbHOE 3JTIEKTpUYeCckoe ConpoTneneHne
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POHHIOK NOAAEPXKKY B VICCJ'Ie,ElOBaTeJ'IbCKOVI 0eATenbHOCTU U BOSMOXXHOCTb UCMONb30BaHUA AaHHbIX 3OHJJ,I/IpOBaHI/II7I CTa-
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WCKOBBIX MCCnegoBaHusx Ha Tepputopun Hencko-BotyobuHckon aHTeknusbl // Haykm o 3emne n Hegpononb3oBaHue.
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Abstract. The data of near-field transient electromagnetic sounding, which are widely used for the purposes of oil and gas
exploration within the Nepa-Botuoba anteclise, are typically interpreted in terms of quasi-horizontally-layered models of
media. The purpose of this study is to develop an approach to the inversion of transient electromagnetic sounding curves
obtained via high-density 3D observation networks. The study was based on mathematical modeling, whose results al-
lowed to estimate the lateral spatial parameters of a non-stationary electromagnetic field as well as to understand the
differences between the results of one-dimensional inversion of the transient electromagnetic sounding data and the true
parameters of the target horizon. As a result, the characteristic of the electromagnetic field described by an exponential
function and used in the lateral-constraint inversion of high-density electromagnetic sounding was obtained. The proposed
approach was tested on the practical data within the site under investigation located on the slope of the Nepa-Botuoba
anteclise. It is shown that the use of spatial discrepancy under TEM sounding data inversion makes it possible to obtain
geoelectric models characterized by lateral consistency of section geoelectric parameters. The application of the spatial
stacking-based approach in the inversion process allows to increase the solution stability of the inverse problem of the
near-field TEM sounding data.

Keywords: Nepa-Botuoba anteclise, near-field transient electromagnetic (TEM) sounding, inversion, quasi-horizontal lay-
ered model, spatial discrepancy, electrical resistivity
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BeepeHue

CnoxHoe reonormyeckoe CTpoeHue HegTe-
ra3oHOCHbIX KommnekcoB tora Cubupckon nnat-
chopmbl, oTpaxatolleecs B cnaboit ponu CTpyk-
TYPHOro haktopa B JloKanu3aumm Mectopoxie-
HUW yrnesogopoaos, nobyxaaer uccnegosare-
newn paccmaTpusaTh 3a4avy HenoCpPeACTBEHHOIO
KapTMPOBaHWS 30H KOMNIEKTOPOB B KAYECTBE Nep-
BOOYepeaHon. 3To npegonpeaenset Heobxoau-
MOCTb Pa3BUTUS COBPEMEHHbBIX AUHAMWUYECKMX
METOAO0B aHanm3a CeMCMUYECKMX maTepuanos
[1], a Takke MCNONb30BaHWUSA HECEeNCMUYECKUX
METOA0B, NPexae BCero HecTaluMoHapHbIX 3ek-
TPOMarHUTHbIX 30HAMPOBaHWIA. [eonornyeckas
3(pPEKTMBHOCTb NPUMEHEHUSI 3NEKTPOMAarHuT-
HbIX 30HAMPOBaHWN 0ByCnoBneHa COOTBETCTBY-
OLLUMMK NETPOPU3NYECKUMM XapaKTePUCTUKaMK
FOPVU30OHTOB-KOMNEKTOPOB,  ABMNSAOWMXCA  KOH-
TpacTHbIMK OOBbeKkTaMy ONa KapTUPOBaHUS WX
anekTpopasseakon. Bce BblenepeyncneHHble
(bakTopbl NOATONKHYNM K pa3paboTke MeToauk
COBMELLEHHbIX  BbICOKONMOTHLIX  3D-ceTew
HabngeHnn ceicMopasBeakm MeToaom obLuen
rmny6uHHon Toykm (MOIT-3D) u 30HAMPOBaHUM
CTaHOBMEHMEM nons B GnmxHen 30He, BbINON-
HEHHbIX MO NNOTHOW ceTn HabnopeHun (3Ch-
3D).

Ha cerogHsawWwHWM eHb MeTOZ 30HANPOBAHUS
cTaHoBfieHneM nons B 6nuxHen 3oHe (3CH) aB-
nsieTca ogHUM U3 Hambonee 4YacTo MpUMEHsie-
MbIX METOAOB 3MneKTpopasBedkn Mpu peLueHun

Hed)TerasonomckoBbIX 3aday Ha tore Cubupckon
nnatgopmbl. [puHUMN 30HAUPOBAHWUSA MPOCT: B
reHepaTopHy NeTni (MCTOYHUK dfieKTpomar-
HWUTHOrO NOMs) NoAaeTcs TOKOBOM MMNYNbC, Mo-
pOXAatoLwun MarHUTHOE none, BCrneacTaue 3aTy-
XaHUsi KOTOPOro B 30HAMPYEMOM NPOCTPAHCTBE
WHOYLMPYIOTCA BMXPEBbIE TOKW, pacnpoCTpaHs-
toLMecs OT QHEBHOW NOBEPXHOCTM B rMyOUHY Co
CKOPOCTbI0, NPONOPLMOHANbHON yaeIbHON 3MeK-
TPOMNPOBOAHOCTM BMELLAOLWEN cpeabl. 3aTyxa-
HWE BMXPEBLIX TOKOB, B CBOK 04epedb, MHULUK-
pyeT BTOPUYHOE MarHUTHOE Mnose, 3aTyxaHue Ko-
TOPOro PerucTpupyeTcs Ha 3axumax npUeMHbIX
KOHTYPOB B BWAE Chafja 3nekTpoaBWMXKYyLLEN
cunbl. [ins yoobctea MHTepnpeTaummn paccunTbl-
BAKOTCA TPaHC(OPMaLn KPUBOW 3NEKTPOLBUXKY-
LLEen CUnbl — KPUBLIE KaXYLLErocs COnpoTuBne-
Hua p1(t) n kaxyuwencs nposogumoctn St(HT)
[2, 3].

COBOKYNHOCTb Taknx (DakTOpPOB, KaK NEPEXOL,
K peLleHunto 3a4ay B CIOXHbIX reosoro-reoqusmn-
YEeCKMX YCNOBUSX, a TakKe 3HauYnTeNbHOE Ya0pO-
XaHue MOMCKOBO-pa3BeovHOro OypeHus, B
HacToswee BpeMs SBNAETCH MPUYMHON OYEHb
OCTPOW MOCTAHOBKM BOMpPOCA MOBbLILEHNUS 3d-
(PeKTUBHOCTM re0dn3NYECKOro CONPOBOXAEHUS
reonoropa3sefoyHoOro npouecca, U3 Yero 3ako-
HOMEpPHO BbITEKaeT HeobX0AMMOCTb B YCOBEp-
LLEHCTBOBAHMMN NpOrpammHoOro Komnnekca. du-
3M4eckoe yBenuuyeHve obbema nonyyYaemomn
3NeKTPOMarHuUTHOW nHgopmMaumum TpedyeT cooT-
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BETCTBYIOLLEr0 COBEpLUEHCTBOBaHUA annapara
nHBepcumn. McnonbaoBaHue «py4Horo» nogbopa
MoZenen BneyveT CyLeCTBEHHbIE 3aTpaThbl Bpe-
MEHU; KpOMe TOro, B CUMy CyObekTMBM3Ma MH-
TepnpeTaTopoB TpyaHO obecneuntb Heobxoam-
MOE KayecCTBO MOMy4yaeMblX reoaieKTpuyeckmx
mogenen. HeobxogMMoCTb YCKOPEHUS 1 YHUK-
kauuu npouecca mHeepcun AaHHbix 3CB-3D, a
Takke MUHUMU3ALMM CYOBEKTUBHBLIX (haKTOpPOB
nobyxaaet K pa3paboTke U BHEOPEHWIO METO-
OMKW aBTOMaTUYECKON MHBEPCUWU AaHHbIX U ee
aganTaumu nog nocTaBlieHHbIE 3aga4uu.
HeeanHCTBEHHOCTL pelleHus obpaTtHou 3a-
[a4v reomamnkm [4, 5] npUMeHNTENIbHO K MHBEp-
cum paHHbix 3CH-3D TpebyeT Mcnonb3oBaHus
cnocoboB perynspusaumm pewenuna [6, 7], a
TakKe onTUMMU3aLmMW NOAXOO0B K MHBEPCUM B 3a-
BMCMMOCTMN OT Pa3MepHOCTM re03f1IeKTPUYECKOro
npocTtpaHcTea [7, 8]. B reoanektpuyeckux ycno-
BUAX tora Cnubupckon nnatgopmbl NpK HE3HaYK-
TeSIbHOM KOHTpacTe napameTpoB paspesa Oc-
HOBHOW MeTOoAMKoW MHBepcun aaHHbix 3Chb sB-
NAeTcs MHTepnpeTaums B pamkax KBasuropmaoH-
TanbHo-crnoucton mogenu [9-11]. Mpu 3TOM WH-
Bepcus kaxagon kpuson 3Cb npoussoamTcsa oT-
LENbHO, @ B Ka4ecTBe CTapTOBOro NpubnmKeHns
“cnonb3yeTcs MoAenb, NonyyYeHHas ans cocea-
Hero 3oHaupoBaHusa. B crnyyae npow3BoacTBa
paboT Mo BLICOKONIOTHON CETU HAbMNAEHWIA NO-
A06HbIN NoAXo4 NPUBOAUT K NOSIBNEHMIO NOXHON
A depeHLMpoOBaHHOCTA  Fe03NEKTPUYECKUX
napameTpoB CpeaHen U HWXKHEW 4vacTen pas-
pesa, He COOTBETCTBYHOLLEN paspeLlatoLLen cno-
COBHOCTM 3MEKTPOMArHUTHLIX METOL0B.
CywiecTtBylOT pasnuyHble cnocobbl peryns-
pu3auuy obpaTHon 3agayn. Hanpumep, ¢ uenbto
obecneyeHnss natepanbHON  Bbl4EPXKaHHOCTH
KBa3Mropu3OHTasIbHO-CIIOUCTON  cpedbl  3afa-
0TCS OrpaHnYeHnst Ans mogenbHbIX AaHHbIX NPy
MOMOLLY KOBapuaLMOHHON MaTpuLbl LLIEPOXOBa-
TOCTMW, KOTOpas NMPUMEHSETCA K BEKTOpYy napa-
meTpoB mogenu [12, 13]. [laHHbIn nogxon Hasbl-
BaeTCs natepasnbHON 3aKpensieHHoW MHBepcuen
(aHen.: lateral constrained inversion, LCI) [12-
14]. Tlpu npumeHeHWM nogxoga MO AaHHbIM
anpuopHON WHopMaLun 3aKkpennseTca rny-
BvHa 1 B pamkax 3akpenneHHon mogenu npomc-
XOAMUT Bapuauust reoanekTpuyecknx napamert-
poB. B paHHOM cTaTbe aBTOPblI OCBELWAT
pesynbTaT MNPUMEHEHUS  MPOCTPAHCTBEHHOrO

2022;45(2):137-151

HaKoMNneHus B npoLecce nHBepcumn garHHbix 3Ch
B Npegenax paguyca BIusHUA OT LeneBoro o6b-
eKTa UCCNeAoBaHUIA Ha NpuMepe paspesa Hro-
BOCTOYHOrO CKnoHa Henckoro ceopa.

Matepuanbl U meToabl
nccnenoBaHuA

Qu3suko-eeonoaudeckasi Modenb obbekma
uccriedosaHus. CornacHo Kapte TEKTOHUYECKOro
paoOHNPOBaHUS, UCCNeayeMbl y4acToK pacno-
naraetcs B npefenax Henckoro cesoga, sBnsito-
Lerocs KpynHENLWUM CTPYKTYPHbIM 3NIEMEHTOM
Hencko-boTtyobuHckon aHteknuabl (puc. 1) [15].
Hencko-boTyobuHckas aHTeknun3a sBnseTca Hag-
nopsiAKoBON CTpykTypon Cubupckon nnatdop-
Mbl, PacnonoXxeHa B tOro-BOCTOYHOM YacTu AaH-
HOW nNnaTtdopmbl M nMeeT pasmepbl 850%350 KM,
amnnutygy nopsgka 1000 m 1 nnowagb OKoso
235 ThIC. KM?,

B nnatcopmeHHOM 4Yexne paccmaTtpuBae-
MOV TEPPUTOPUM NO CTPYKTYPHO-TEKTOHUYECKUM
W NMUTONOTMYECKMM NPU3HAKaM BblgenseTcs Tpu
KOMMeKca: MoACONeBon (puden-BeHA-HKHE-
KEMOPUIACKWIA), CONMEHOCHbIN  (HUXHEKeMOpWiA-
CKMIA) N HaACconeBow (NPEACTaBNEHHbIN OTNOXeE-
HUSIMU HUXXHE-CPeaHe-BEPXHEKeMBOpUINCKoro, op-
LOBUKCKOrO, FOPCKOro BO3pacTos). TonwmHa oca-
[OYHOrO Yexsia Ha TeppuTopuK McCnegoBaHus
BapbupyeT oT 1667 fo 1816 m.

lNogconeBon KoMMnekc BKMYaeT B cebs
TeppureHHo-kapboHaTHbIE OTNOXEHWUS HEMCKOW,
TUPCKOW, KaTaHrCKOW, COOUHCKOW, T3TIPCKOM
CBUT W OCUHCKOTO FOPU30HTa YCOSbCKOW CBUTBI.
C noaconeBbIM KOMMNEKCOM 0Cafo4HOro Yexna
CBSI3aHbl OCHOBHble NepCnekTMBbl HedTeraso-
HOCHOCTW. B npegenax komniekca pacnono-
XeHbl KapboHaTHble (OCWMHCKUW, YCTb-KYTCKWWA,
npeobpakeHCKU) 1 TepPUreHHble (BEPXHEYOH-
CKUN) HehTErasoHOCHbIE FOPU3OHTbI. TN ropu-
30HTbI 3aHUMAOT Pa3NUYHOE rMNCOMETPUYECKOE
nonoxeHue, Ho obnagatT CXOAHbIM CTPYKTYp-
HbIM NAaHoOM.

OTnoxeHns NoaconeBoro KoMmnnekca crpa-
TUrpadomyecku cBsa3aHbl ¢ kapboHaTHLIMK U Tep-
PUrEHHBIMW  OTSIOKEHUSIMU BEHAA W HWKHEro
kembpusi. C yyeTom paspeluatolieir cnocobHo-
CTN npakTn4eckmx kpunebix 3CB 1 gaHHbIX rny6o-
koro 6ypeHusi CKBaxuH (reogmanyeckoro uccne-
[0BaHNS CKBAXWH) NOACONEBON KOMMMEKC MO-
XeT OblTb noapasfeneH Ha Tpu Noaropu3oHTa
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Puc. 1. Cxemamuyeckasi kKapma 0CHO8HbIX MEKMOHUYECKUX CMPYKmMyp
to2a Cubupckol nnameopmsi (no B. C. Cmapocensuyeey, 2018):

1 — 30Ha cknadyamo-Hadsue208bix ducrokayul; 2 — 8bix00bl KpUCMasIuyecko2o hyHo0ameHma,; 3 — 30Hbl UHMEHCUBHO20
pugbelickozo npoaubaHus; 4 — peauoHasbHble 211ybUHHbIE Pa3ioMbl; 5 — paspbiebl, yCMaHOBIeHHbIE 260/102U4eCKol
cbemkol, celticmopassedkol u nodmeepxdeHHble bypeHuem; 6—10 — koHmypbi: 6 — HadNOPsIOKOB8bIX CMPYKMYP,

7 — cynepriopsdkosbix cmpykmyp, 8 — cmpyKkmyp nepeoeo rnopsdka, 9 — cmpykmyp 8mopo2o nopsioka,

10 - npedrionacaemble ebideneHus; 11 — cmpamou3soaurnckl eeHOa — kKembpust;, 12 — MecmopoxdeHus y2rneeodopodos,;
13 — nodzomoeneHHble mecmopoxdeHusi; 14, 15 — Heghmezeonoauyeckoe patioHuposaHue; 16, 17 — 2ocydapcmeeHHbie
epaHuubl cybrekmos Poccutickol ®edepayuu; 18 — mecmononoxeHue y4acmka uccrnedoeaHus
Fig. 1. Schematic map of the main tectonic structures
in the south of the Siberian platform (according to V. S. Staroseltsev, 2018):

1 — zone of fold-thrust dislocations; 2 — outcrops of the crystalline basement; 3 — zones of intensive Riphean subsidence;
4 - regional deep faults; 5 — duscontinuities established by a geological survey, seismic survey, and confirmed by drilling;
6-10 — the contours of: 6 — supra-order structures, 7 — superorder structures, 8 — first order structures, 9 — second
order structures, 10 — anticipated allocations; 11 — Vendian — Cambrian structure contours; 12 — hydrocarbon deposits;
13 - developed fields; 14, 15 — oil field geological zoning; 16, 17 — state borders of the regions
of the Russian Federation; 18 — location of the site under investigation

_ MnukaTtnBHble CTPYKTYpLI Yexna .
Maneo3oit Me3so3on
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C pa3HbIMU FE0INEKTPUYECKUMN XapaKTEPUCTU-
kamu. BepxHuin noaropu3oHT BKMOYaeT kapbo-
HaTHbIE OTMOXEHUS1 OCUHCKOIO U YCTb-KYTCKOrO
FOPM3OHTOB W OTMMYAETCS MOHWXKEHHBLIM NPO-
LONbHBIM  conpoTuBneHnem (gecatkm Om-M)
MWL  NpW  YAYYWEHU UX  KOSNEKTOPCKUX
cBoncTB. CpeaHuUn NOAropu3oHT COXeH Kapbo-
HaTHLIMM MOPOAAMM COOMHCKON, TAT3PCKON CBUT
n obnagaeT nNpoAosSibHbIM COMPOTUBNEHMEM B
nepsble COTHU OM*M. HUXHUIA Xe NOOrOPU3O0HT,
ABNALWMNCA LeneBbiM 0ObLEKTOM MCCneaoBa-
HUIA, 06beanHSET NpeobpaXKeHCKWn NnacT, Tep-
pUreHHble Nopoabl YOPCKOW CBUTbI 1 KOPY BbIBET-
PUBaHMS N XapakTepusyeTcs AuanasoHOM Mpo-
AonbHoro conpotusnexust 16—200 Om-m.

ConeHoCHbIi KOMMMEKC BKMOYaeT OTMOXe-
HUS NUTBMHLEBCKOW, aHrapckon, Oynanckow,
6enbCKoii M yCONbCKOW CBUT CPEQHENO N HUXKHETO
kembpusi. CymmapHast TomnwmMHa KOMMekca co-
ctasnsieT 1100-1200 m, npy 3TOM ANs HEro xa-
paKTEPHO NepecnavBaHmne NnacToB CONew u kap-
BoHaToB. NockonbKy yaenbHOe 3anekTpudeckoe
conpotuenexne (YOC) conen kpaiiHe BEnWKo,
€ro BENnuYMHA MPUMEHUTENBHO K OTMOXEHUAM
kapbOHaTHO-ranoreHHOro KOMMsiekca B OCHOB-
HOM onpegensieTcs nosedeHWeM KapOoHaTHOM
4yacTu paspesa, B YACTHOCTW HannyMem B €ro
npegenax psga perMoHanbHbiX nongoHach-
LLEHHbIX 30H KOMNEKTOPOB. Takum 06pasom, Mak-
cumansHoe YOC ropusoHToB kapboHaTHO-rano-
reHHoro komnnekca gocturaet 300-500 Om-m, a
MUHUMaInbHOE CHUXKaeTCs A0 NePBbIX OEeCATKOB
Om-m.

2022;45(2):137-151

B reoanektpuyeckom nnaHe Hambonee KoH-
TpaCTHbIM SBNSETCS HAACONEBON KOMMNIEKC OCa-
[OYHOro 4exna, OObEeAUHSIOWWUA  OTNOXEHUS
CpefHero — BEpPXHEro kembpus (BepxosieHckas,
WNTMHCKas CBUTLI), @ TaKXKe IOPCKUE 1 YeTBEPTUY-
Hble OTNoXeHus. [MoHuxeHHble YOC (oo 20-
80 OM'M) cBsidaHbl C HaNM4nem BOOOHACHILEH-
HbIX TOPWU3OHTOB-KOMMEKTOPOB B OTNOXEHMSX
lOpbl 1 BEPXHEro kembpus (Tabnuua).

Mopogabl KpucTanaMyeckoro pyHaameHTa sB-
NAOTCA OCHOBHLIM OMOPHBLIM FOPU3OHTOM, KOTO-
pbit 06nagaet Boicokum YIC, Kak npaswuno, npe-
Bbiwarowum 1000 Om-m.

Takum obpasom, paspe3 0CafoyvHOro Yexna
CINOXEH nopogamu, pasnuyaroLmMmMnUcs no npo-
[ONbHOMY COMPOTMBIIEHUMIO, YTO siBNsieTcs bna-
ronpusATHLIM PaKTOPOM AN U3yYeHUs METOAOM
3CB. Koppensiunsi reoanekTpuyecknx 1 Konnek-
TOPCKUX CBOWCTB FOPHbIX NOPOA AAeT BO3MOX-
HOCTb M3y4yaTb 30HbI PAcNPOCTPAHEHUS KONMEK-
TOPOB BO BCEX MHTEpBanNax pa3pesa.

MeToguka pacyeTta BecOBOW (PyHKUMM Ans
MHBEPCUWN JaHHbIX BbICOKOMMOTHbLIX 30HAMPOBA-
HUA. Tpu peweHun obpaTHOM 3ajaun cped-
CTBaMy OLHOMEPHOW WMHTEpNpEeTauun Ans Touy-
HOW OLEHKM Tre0anekTpMYecknx mnapameTpos
BaXHO Y4MTbIBaTb, Kako 0ObEM 30HAMPYEMOrO
NPOCTpPaHCTBA B LIESIOM 3aHUMaKT BUXPEBblE
TOKM NPW NPOHUKHOBEHWM B UCCNEQYEMYIO Cpeay
(KBa3Uropm3oHTanbHO-cnoucTbin - paspes) [16].
Ecnu pa3pe3 cnoxeH ropuM3oHTanbHO 3anerao-
WMMK CNOsSIMK, B MO3OHEN CTaguu BUXPEBble
TOKM B HWXXHEM MONyNpOCTPaHCTBE pacnpocTpa-

®usnko-reonoruyeckas Mogenb TePPUTOPUN UCCNE[OBAHUIA
Physico-geological model of the area under investigation

Homep YaenbHoe anekTpuyeckoe M
OLLHOCTb, M eonornyeckoe onucaxune
cnos conpotuenexune, OM-m
1 170 140 KOpckue otnoxeHus, J
2 200 250 NnruHckas, BepxoneHckas CBUTHI, €3
3 150 300 JInTBMHUEBCKas cBuTa, €1-2
4 300 200 AHrapckas ceuTa, €1
5 50 250 Benbcko-bynarickuii koMnnekc, €1
6 300 400 Yconbckas cButa, €1
7 150 100 OCUHCKWI 1 YCTb-KYTCKMIA TOPU3OHTBI, €1
8 80 120 CobuHckas, TaTapckas cuThl, €1
9 45 100 KaTaHrckas, Yopckas CBUTbI M Kopa BbiBeTpMBaHUs, V-€1
10 2000 H. o. Apxeunckui pyHaameHT

lpumeyvarue. H. 0. — MOLLHOCTb HE OnpeaeneHa.
Note. H. o. — thickness is not determined.
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HAIOTCA paBHOMepHo. OgHako, Korga BUXpeBble
TOKM [OCTUraloT HEOQHOPOAHOCTU WMU Heco-
rMacHo 3anerawwux Crnoes, UX pPaBHOMEpPHOE
pacnpegesnieHve HapyliaeTcs, BCNeACcTBUE Yero
CWUrHan 3NeKTPOABUXYLLEN CUIbl, peructTpupye-
MbI1 Ha 3aXWmax MPUEMHON METIIN, OCMOXHS-
eTcs BnusHnem obbekta [16].

MccnepoBaHus BbINOMHANUCH € MOMOLLbIO
LM pOBOIN TENEMETPUYECKON INEKTPOpa3BeoY-
HoW cTaHumm SGS-TEM [17] no perynspHom
MIOTHOW CETU LIEeCTUPa3HOCHbIMU YCTaHOBKaMu
(oBe coocHble netnu (QQ) n yeTblpe pasHeceH-
Hble (Q-Q)). ICTOYHMKOM HeCTaLMOHapHOro Nons
SIBMSNacb reHepatopHas neTns pasmepom
600x%600 m, B KOTOpYtO nogasancs Tok 4o 250 A,
npuveMHble netnu pasmepom 18x18 m pacnona-
ranucb Ha yganeHun 140, 500, 900 m oT LeHTpa
NCTOYHMKA.

[TPUMEHNTENBHO K KOHKPETHLIM re03neKkTpu-
4ECKMM yCnoBumsimM 06 bem pacnpocTpaHeHus BTO-
PUYHOTO 3NEKTPOMArHUTHOrO MOMs BO3MOXHO
OLEHUTb C NOMOLLbIO TPEXMEPHOTO MaTemMaTuye-
CKkoro MogenupoBanus. ns atoro 6bim npose-
AEHbl COOTBETCTBYIOLLME MaTeEMaTUYECKMe pac-
4yeTbl ¢ ucnonb3oBaHnem nporpammbl GEO-EM
[18].

[
. a 500 m
| [_l_‘ 18 m
i E = = = = =
| MpuemHuk
| Victodnmk 600 m
UGS SO ...
b
0, Om'm
55 ——
37
Pemapm
20
14 Pumoz
7
T { T
4 3 2 1 0 1 2 8 4
X, KM
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PacueTbl cuHTeTUYECKMX KpMBbIX 3CB npoBo-
OVNUCb ANS YCTaHOBOK 30HAMPOBaHWS, Hambo-
nee 4acto NPUMEHSIEMbIX B r€03MEKTPUYECKMX
ycnousix tora Cubupckon nnatopmel (puc. 2,
a). ViuBepcnst MogenbHbIX AaHHbIX NPOW3BOAM-
nacb C NOMOLLbID MOAYNS aBTOMaTUYECKON 0a-
HoMepHon nHeepcun Model4 [19], paspaboTaH-
Horo Ha 6a3e Model3 [20], BCTpoeHHOrO B Npo-
rpaMMHbIi komnnekc SGS-TEM [17].

B kayecTBe pedhepeHTHON MCnonb3oBanach
reoanekTpuyeckas mMogesnb, Mo NPOBOAUMOCTM
Haaconesoro, kapboHaTHO-ranoreHHoro M nog-
CONeBOro KOMMNEKCoB 6rmnskas K TUMUYHON reo-
anekTpuyeckon mogenu ans Hencko-boTtyobuH-
CKOW aHTeknu3bl (cM. Tabnuuy).

Nanee npu nomowwm nporpammbl GEO-EM
[18] BbInn paccunTaHbl NEPEXOAHbIE XapaKTepu-
CTMKKM OT cpedbl 6e3 obbekta ¢ YOC noacone-
Boro komnnekca crnog 9 p1 = 23 Om'm (cm.
puc. 2, Tabnuuy), B KOTOPYK NOMELLEH OTHOCK-
TENbHO KOHTPACTHbLIN MO re03NEeKTPUIECKUM
CBOVICTBaM NpOBOAALLMIA OO BEKT (KONNEKTOP P2 =
10 OMm-m). 3aTeM NpoBOAMNOCH BOCCTAHOBIIEHNE
Y3C gaHHOro ropm3oHTa no MoAebHbIM KPMBbLIM
B pamKax 3aKpenneHHOro CTPYKTYPHOro Kapkaca.

MpoBoAasLLMii 06BEKT

T ] ‘
e O T T !

X, KM

Puc. 2. Cxema u pe3ynbmambl MOOesIUPO8aHUs Mo MPoghuslio;
a — cxema npoghusia u nosoxeHUs1 mokonpoeodsuieao obbekma Ha anybune 1800 m;

b — epagpuk ucxo0HO20 U 8BOCCMAaHOBIEHHO20 3HaYeHUU yAeIbHO20 S/IEKMPUYECKO20 CONPOMUBIIeHUS;
C — pe3ynbmam OughhepeHUUPOBaHUST 80CCMaHOBIEHHbIX 3HaYeHUU yOeIbHOZ0 3NEKMPUYECKO20
conpomuesneHusi U pacyema npocmpaHCmeeHH020 (huibmpa
Fig. 2. Diagram and modeling results by the profile:

a — profile diagram and locations of a conducting object at the depth of 1800 m;

b — graph of the initial and restored values of electrical resistivity;
¢ —result of restored resistivity value differentiating and spatial filter calculation
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Mo Mepe yganeHus ot rpaHnLbl CMeHbl napa-
METPOB MOACOSIEBOr0 KOMMnekca pesynbTaThl
MHBEPCUM NpubnKarTCs K MogenbHbiM 1 YOC
cnos onpegensieTcs Bce 6onee TOYHO.

B pesynbtate 1D-uHBEPCUN CUHTETUYECKUX
KPMBbLIX ONPEAENEHO, YTO re0aneKkTpuyeckne na-
paMeTpbl LiefieBOro ropu3oHTa BOCCTaHABNMBA-
0TCA C MUHUManbHOW owwnbkon. Mpadmk YOC,
onpefeneHHbIX B pesdynbTaTte MHBEPCUMW, npea-
cTaBnsieT cobon pe3ynbTaT CriaxuBaH1s NCXOA-
Horo rpacuka YOC moaenu n MoxeT BbITb Npea-
CTaBIieH B Buae ceepTku (1):

log(presuir) = 108(Pstart) * Kf' (1)
FO€ Presult, Pstart — CTNAXEHHOE U ncxogHoe YOC;
Kt — koahpuumeHT punbTpa.

KoadppuumeHTsl BecoBoro unbtpa nony-
YyeHbl AudepeHLpoBaHmeM rpaduka pesysb-
TaTa uHBepcuu. LLinpuHa nonyy4eHHoro B pesysib-
TaTe pacyeTta (unbTpa NponopunoHanbHa pagu-
yCy BIMSIHUSE HEOQHOPOAHOCTM W NPUMEPHO
paBHa YOBOEHHOW rNybuHe pacrnonoxeHus Le-
neBoro ropunsoHTa. CepeanHa unbTpa cCOOTBET-
CTBYET rpaHuLe CMeHbI cpes, a ero Koadgpuuu-
€HTbl OBOSIbHO TOYHO anNMPOKCUMUPYIOTCS rayc-
COBOW pyHKUMen (puc. 2, C).

Mpv NnowiagHon MHBEPCUM JaHHBIX pa3mep-
HOCTb ypaBHeHMA (1) yBenuumaeTca u unbTp
CTQHOBMUTCS ABYMEPHBIM M OCECUMMETPUYHbIM.
Ha ocHoBaHuu 3TOro NnpeasioxeHa MeToauka, oT-
nnMyarLwasca oT 06bIMHON «NMOTOYEYHON» OOHO-
mMepHon uHsepcum. Mpu nogbope mogmduumpy-
eTcsl obLee 3HavyeHne YOC cnos ans Bcex Kpu-
BblX 3CB, BXoAsawumx B pagunyc mccnegoBaHum.
OyHKLMOHAN HEBSA3KW pacCUUTbIBAETCA NPU 3TOM
C ucnonb3oBaHuem BecoBon yHkumn W(R) (2):

2

W(R) = K; = e ®, (2)
rae X — paccTosiHme Mexay nyHkTamu Habnwoae-
HUR; R — paguyc BNUSHUS HEOAHOPOZHOCTH, M.

Obwas dopmyna yHkUMoHana (3):

3)

roe Oi — HeBsi3Ka Mexay TeopeTUYEeCcKon 1 npak-
TUYECKON KPUBBLIMM I-1A TOYKU; N — KONYECTBO TO-
4yek B paguyce BNUAHUA HEOOHOPOOHOCTH.
[OCKONMbKY LUMPWUHA «30Hbl 3axBaTa» 3nek-
TPOMarHUTHOro Mo MeHSeTCs B 3aBUCUMOCTY
OT rMyBuHbI UHTEPNPETUPYEMOrO Closi, 3Haye-
HUS CrNaXMBatoLLEro (unbTpa paccunTbIBaOTCA

2022;45(2):137-151

NS Kaxaoro u3 Hux. NoHATHO, 4To adhdekTmB-
HOCTb NPOCTPAHCTBEHHOrO CriaXuBaHWUs 3aBu-
CUT OT KONMUYeCcTBa TOYEK, BXOAALMX B paamyc
BAMSHMSA. [pu NCNonb30BaHWM BbICOKOMMOTHbIX
ceTen HabnaeHNN OHO BO3pacTaeT B KBagpaTe
MO OTHOLLEHUIO K KONMYECTBY TOYEK Ha OQHOW Nu-
HuK, 4TO obecneumBaeT 3ahHEKTUBHOCTL METO-
AVK UIMEHHO Npu nHBepcun aaHHbix 3CB-3D.

Ans oueHkn 3a(PdPeKTUBHOCTU METOAUKU UC-
NONMb30BaHUS MNPOCTPAHCTBEHHOW HEBA3KM B
XOAEe WMHBEPCUM ANA TUMUYHBIX Te0NOrnYeckmx
ycnosuin tora Cubupckon nnatgopMel npoBse-
LEHO CUMHTEeTMYeckoe MogenuposaHue. Ha mo-
AenbHOW nnowaan 6uino pasMeLLeHO OKONo cTa
TOYEeK 30HAMPOBaHWM No nnoTHon 3D-cetu
HabntogeHun. [anee npoBogusca pacyer Kpu-
BblX 3Cb B nporpammHom obecneyenun GEO-
EM [17] v uHBepcua B Modeld [19]. Ha kaxayto
TEOPETUYECKYIO KPUBYIO, PACCUMTaHHYIO NS pe-
hepeHTHON Moaenu, ¢ BKMKYEHMEM HEOOHOPOA-
HOCTW HaknagbiBasncs 3NeKTPOMarHUTHbIVA LUYM,
XapakTepHbIv AN uccneayemon Tepputopum.

Ha puc. 3 nokazaHa Mozenb uccnegosaHui u
ceTb HabnogeHun, Ha puc. 4, 5 — pesynbTaT no-
TOYEYHOWN MHBEPCUM M UHBEPCUM C UCMOMb30Ba-
HUEM NPOCTPaHCTBEHHOW HEBSA3KM.

B mHBepcum npu BOCCTAHOBIIEHUW FE03MEK-
TPUYECKOW MOZEeNM y4acTBOBano Yetbipe Crnos,
OT/INYABLUMXCA HaubOnblUen 3KBUBASIEHTHO-
cTbto. OcTanbHble CNOW MOAENM He y4acTBOBanu
B MHBEPCUM M 3aKpennanuce. [NposoasaLuii cnon
IV BoccTaHaBnuBasnca 4OCTaTOMHO YCTOMYMBO, B
TO BpEMS Kak FOPU30HTbI, OTHOCALLMECS K NOACO-
NEeBbIM OTNOXeHusaM (cM. puc. 3, crou I-Il), oT-
NMyanucb BbICOKOW aucnepcuen nonyvyaemblx
mopenen YOC.

Takum obpasom, pesynbTaThl CUHTETUYE-
CKOr0 MOZEeNnMpoBaHUSA NOKa3bIBaKT, YTO MOTO-
4yeyHasi MHBepCUs HEU3BEXHO NPMBOAMUT K hop-
MWUPOBaHUIO «NECTpon» uHanbHON Modenu 3a
CYET «NepeHoca» MOrpeLuHOCTen C KpUBbIX B
pa3pes W BbICOKOW AeTanusauuu paspesa (Cwm.
puc. 5, ai, an, am). Micnonb3oBaHue xe NpocTpaH-
CTBEHHOWN HEBA3KW «pacnpenenseT» norpeLHo-
CTW NO BCEN COBOKYMHOCTY KPUBLIX B paguyce uc-
cnefoBaHuii, 4TO M hopMupyeT MoAenb, rnag-
KOCTb KOTOPOW COOTBETCTBYET 3(PPEKTUBHOMY
paspeLleHnio 3NeKTPOMarHUTHOro Nons Ha AaH-
HOW rnyBuHe, NO3BONSAS YCTONYMBO 1 Bonee TOYHO
BOCCTaHOBUTbL MoAenb (CM. puc. 5, by, b, bi).
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Puc. 3. Cxema MameMamu4ecKoz20 ModenupoeaHun:

1 — moyku 30HOUPOBaHUST cmaHo8eHUEM 0S8 briuXHel 30HE;
2 — 2paHuUybl 260371EKMPUYECKUX C10€8; 3 — MpexmepHbIli 06beKkm

a — e paspese; b — e nockocmu

Fig. 3. Diagram of mathematical modeling:

a — in section; b — in plane

1 - points of the near-field transient electromagnetic sounding;

2 — boundaries of geoelectric layers; 3 — a three-dimensional object
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Puc. 4. ®pacmeHmbI 2e03/1eKMpuUYeCcKUX pa3pe308, rnosyvyeHHble o pesysbmamam

300

1

MameMamu4ecKo20 MoAesIupo8aHUsi C MPUMEHEeHUEM:
a — nomoyey4HolU uHeepcuu, b — npocmpaHCMEEHHOU HEBS3KU

1 — epaHuyb! 26031EKMPUYECKUX C10€8
Fig. 4. Fragments of the geoelectric sections obtained from the results

a — point-wise inversion; b — spatial discrepancy

of mathematical modeling using:

1 - boundaries of geoelectric layers

Wwww.nznj.ru


http://www.nznj.ru/

\.) MypsuHa E. B., MocneeB A. B., Cemunckun U. K. n ap. Oco6eHHOCTU MHBEPCUM AAHHBIX... | 2022:45(2):137-151
Murzina E. V., Pospeev A. V., Seminskiy I. K., et al. Features of high-density transient... | ' '

Il L 1 1 L 1 L 1 1 L 1 L 1 1 L L 1 1

Lam ol 7 NN pan e LT 0 o TN

|. — - |. .1 . 1 . 1 —b||| ' |‘ — - |. .1 : 1 . 1 bII : |' - |. |. ‘.1 7 1 . ! bl

T T T T T T T T T T T T T T T T T T

[ EE— ES—
0 500 1000 1500 2000 m

5 7 12 20 35 55 90 150 250400 650 1100 1800 p, Om-m

[ i

Puc. 5. Pesynbmambi MameMamu4yecko20 MOOeJIUPO8aHUs:
a — kapma y0esibHO20 371eKMPUYECK020 COMNPOMUBIIeHUS, MOMyYeHHasH ¢ NPUMEHEeHUEM MOMOYeYHOU UHBEPCUU;

b — kapma ydenbHO20 3neKMpuUYECKO20 COMPOMUBNEHUSs, MOJlyYeHHas C MPUMEHEHUEM NPOCMPaHCMBEHHOU He8A3KU
[ll — kapma y0esnibHO20 371eKMPUYECKO20 CONPOMUBEHUS OMIIOXEHUL OCUHCKO20 U yCMb-KymCcKo20 20pU30HMOs, €;
Il — kapma ydenbHO20 371EKMPUYECKO20 CONPOMUBNIEHUS OMIIOXeHul cobuHckol, mamapckou ceum, €1;
| — kapma y0enbHO20 3MeKMpPUYECKO20 COMPOMUBNEHUSI KamaHacKoU, YOPCKOU ceumbl U Kopbl 8bisempugaHusi, V-€;
1 — moyku 30HAUpPOBaHUSI cCMaHo8IeHUeM rosis 8 briLxxHel 30He;

2 — U307IUHUU YOerIbHO20 3NEeKMPUYECKO20 COMPOMUBEeHUSs
Fig. 5. Mathematical modeling results:

a— electrical resistivity map obtained by point-wise inversion; b — electrical resistivity map obtained using spatial discrepancy
Il — electrical resistivity map of the sediments of the Osinsky and Ust-Kutsky horizons, €;

Il — electrical resistivity map of the sediments of the Sobino and Teter formations, €
| — electrical resistivity map of the sediments of the Katanga, Chora formations and weathering crust, V-€;

1 - points of near-field transient electromagnetic sounding; 2 — electrical resistivity contours

Pe3ynbTaTtbl uccnegoBaHus HeBsi3ka bonee 2 %). YpeamepHas getanusauus

n nx obecyxpaeHue pa3pesa NpUBOAWT K MOBBILIEHUID SKBUBASEHT-

B kauyecTBe nmpumepa npuBedeH pe3ynbTaT  HOCTM MEXAY CMEXHbIMU CMOSIMU, BBUAY YEro B
nHTepnpeTaunm AaHHbix 3CB (puc. 6), BbINON-  paMKax CXOXWUX 3HAYEHWUWA HEBA3OK MOryT ObiTb
HEHHbIX Ha ofHOM M3 nnowageh Hencko-boTy-  nocTpoeHbl abcontoTHO pasHble mogenu YIC
obuHCKOM aHTeknu3bl, B npegenax Henckoro  (cMm. puc. 6, ai, ai). Ha kapte YOC, nonyyeHHomn B
cBoga. Pabotbl MmeTogom 3CB BbINOMHANMCL MO pe3ynbTaTe NPUMEHEHWSI NOTOYEYHON NHBEPCUM
BbICOKONNOTHOW ceT Habngenun (10 ¢. H. Ha  (cM. puc. 6, &), OTMeYeHa Bbicokas aucnepcus
1 km?). MHBepcus npoBoaunack B pamkax 3a-  YOC, koTopasi oTpaxaeT B 6orblueii CTENeHN Ka-
KPEnSIeHHOro CTPYKTYPHOrO Kapkaca no AaHHbIM  YeCTBO NONEBOro matepuana (MpucyTcTeue No-
ceicmopa3segkn MOI'T-3D. [leTanusaums CTpyk-  KamnbHbIX «BbICKOKOB» B MeCTax OCMNOXHEHWS
TYPHOrO Kapkaca BbinonHsnace B cootsetctBumn  kpusbix 3CB). Beneacteune npumerenns paspa-
C AaHHbIMK BypeHus cksaxud u MOl T-3D. 60TaHHON METOAMKM OCMOXHSAILWME MHTEepnpe-
B nepBoM 1 BO BTOPOM criyyae OTMEYEHO,  Tauumio 3PEKTbI NOMHOCTLIO YCTPaHATCA (CM.
4TO NOMYyYeHHble NO pe3ynbTaTy peweHus 06-  puc. 6, ai). MNpocnexvBaeTca 30HaNbLHOCTL reo-
paTHOW 3agayn HeBsA3kM 6nuakm (cMm. puc. 6, b, anekTpuyeckux aHomanwii no nnowaau. EamHbin
bi) n B GonbLe cTeneHn cBs3aHbl C KAYECTBOM  NOAXOA K MHBEPCUM OaHHbIX 3HAYUTENbHO CHU-
NnoneBoro Martepuana B HEKOTOPbIX YyyacTKax  XaeT BEpPOSTHOCTb BO3HWKHOBEHWS €OUHWUYHbBIX
MPUCYTCTBUA OCMNOXHEHHbIX KpuBbIX 3CB (r4e  nokamnbHbIX «BbICKOKOBY, KOTOpbIE HabnoaaTcs
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Puc. 6. Pesaynomam nomoye4Hol UH8epCcUU U UHBEPCUU C MPUMEHEeHUEeM MpocmpaHcMeeHHOU He8sA3KU:
ay, i — kapmbi yO0esIbHO20 37IeKMPUYECKO20 CONPOMUBIIEHUS U HEBS30K MOMOYEYHOU UHBEPCUU KpUBbIX 30HOUPOBaHUS
cmaHogsieHueM ross 8 bruxHel 30He; ay — cpasHeHUe pacnpedeneHul y0enbHO20 31eKMPUYECK020 COMPOMUBIEHUS

MPU MOMOYEYHOU UHBEPCUU U MPU UHBEPCUU C NpocmpaHcmeeHHoU Hegszkou; by, by — kapmel ydenbHO20
3MeKMPUYECKO20 CONPOMUBIEHUS U HEBS30K UHBEPCUU KpUBbIX 30HOUPOBaHUS cmaHosieHueM nossi 8 bnuxHel
30He C MPUMEHeHUeM rpocmpaHcMeeHHoU HessA3KU, by — cpasHeHue pacrnpedeneHuli He8s30K
npu nomoYyeyHol UH8EPCUU U NPU UHBEPCUU C MPOCMPaHCMEEHHOU Hees3Kol
1 — nomoyeyHasi UHBEPCUS; 2 — UHBEPCUS C NPUMEeHEeHUEM NPOCMpPaHCMEeHHOU Heea3Ku
Fig. 6. The result of the point-wise inversion and inversion using spatial discrepancy:
a, ay — maps of electrical resistivity and point-wise inversion misfit of the near-field transient electromagnetic sounding
curves; ay — comparison of electrical resistivity distributions under point-wise inversion and inversion with spatial
discrepancy; by, by — maps of electrical resistivity and inversion misfit of the near-field transient electromagnetic
sounding curves using spatial discrepancy; by — comparison of misfit distributions under point-wise
inversion and inversion with spatial discrepancy
1 — point-wise inversion; 2 — inversion using spatial discrepancy
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NpY NPUMEHEHUM NMOTOYEYHON UHBEPCUM, NO3BO-
NS YMEHbLUWUTb BRWUSHWE OWUCMNEPCUM HA «XBO-
cTtax» kpuBbix 3CB.

Hanbonee HarnsgHO OLEHUTb W CPaBHUTH
nonyyeHHble pesynbTaTbl MNO3BONSET NOCTPOe-
HWe amarpamm pacnpegeneHun YOC 1 HeBA30K
(cm. puc. 6, au, bi).

Pacnpegenenne Y3C, nonyyeHHoe B pe-
3ynbTaTe BbINOMHEHUS WHBEPCUM C NPUMEHE-
HWEM NPOCTPAHCTBEHHOro punbTpa (CM. puc. 6,
au, b)), ctaHoBuTCS BGonee yCTonumnBbLIM U CTpe-
MuTCs K log-HopmansHOMY pacnpegenenuio. B
nepBoM cryyae pelieHvne obpaTHOM 3agaym me-
Hee YCTOWYMBO.

[Mpv 3TOM B NepBOM Cryyae B pe3ynbTaTe pe-
WweHns obpaTHOW 3agaun MonyyYeHbl HEBS3KM
HUXE, YEM BO BTOPOM. OTO OOBACHAETCA TEM,
YTO He Bcerga HeBsi3ka ABNSETCH nokasatenem
kayecTBa peLueHns obpaTHOW 3a4aun u B HEKO-
TOPbIX Cnyyasix 4Ype3MepHbI Noadbop KpuBbIX
3CB npuBOaMT K y4eTy CryyamHbiX NofeBbIX no-
rpeLIHOCTel KpUBbIX, He HecyLmx B cebe nHdop-
Mauum.

[poBefeHne uHTepnpeTaumm C npUMeHe-
HMeM pa3paboTaHHOW METOAUKM COBMECTHOM NH-
BEPCUM COCEAHMX 30HAMPOBAHUIA NO3BONSET MO-

2022;45(2):137-151

NyYnTb YBEPEHHDBIV pe3ynbTaT, KOTOPbLIN B Aanb-
HenLeM MOXeT UCNoNb3oBaThCs A1 CocTaBne-
HUS NPOTHO3HbIX KapT.

3aknio4yeHue

Mo wToram npOBEOEHHOr0 WCCneaoBaHUs
MOXHO cenatb CreayLime BbiBOAbI:

— pe3ynbTaTbl NPOBEAEHHbIX MCCREeaoBaHNN
NO3BONMMUMM OLEHWUTb naTtepanbHble NPOCTpaH-
CTBEHHbIE NapaMeTpbl HECTALMOHAPHOro anek-
TPOMarHUTHOrO MoMs U NOHATb OTNNYMS Pe3yib-
TaToB OAHOMEpHOW MHBEpCcUM AaHHbIXx 3Ch oT-
HOCUTENIbHO WCTUHHbIX MapameTpoB LIeIeBOro
FOPU30HTA;

— B pe3ynbTaTe MOAENMpOBaHWUA MosyyeHa
hopmyna NpocTpaHCTBEHHOW HEBA3KM, KOTOpast
OMUCLIBAETCS IKCMOHEHUMANbHOW (YHKUMEN 1
MPUMEHSIETCS NPU UHBEPCUM BbICOKOMMOTHbIX
3NEeKTPOMAarHUTHbIX 30HAMPOBAHWUI ANS peryns-
pusauun obpaTHOW 3agaun Npu UHBEPCUM Kpu-
Bbix 3CB;

— MPUMEHEHME noaxoda, OCHOBAHHOMO Ha
MeTOAMKE MNPOCTPAHCTBEHHONO HAKOMNMEHUS B
npouecce WHBEPCUM, MO3BOMSIET MOBbICUTb
HaZEXHOCTb pelueHns obpaTtHom 3agaym 3Chb 3a
CYET YCTOWYMBOCTU €€ PELLEHNS.
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Nutonoro-chaumnanbHas U3MEHYMBOCTb APAKTUHCKOrO rOpU3OHTa
KaK KOMMNJEeKCHbIN pe3ynbTaT reogMHaMM4YecKux npoLeccoB
TeKTOHOreHe3a u ceiMMeHToreHe3a

Napuca AnekcaHgpoBHa Panaukas?, Anekcanap Bnagumuposuy Kapnukos®
ablpkymekuli HayuoHarbHbIl uccnedosamenbCKull mexHuU4YecKul yHusepcumem, 2. Mipkymck, Poccusi
ABTOp, OTBETCTBEHHI 3a Nepenucky: Panaukas Jlapuca AnekcaHapoBHa, raplarisa@yandex.ru

Pestome. Lienb npeactaBneHHOro uccrnegoBaHWs 3akniodanac B aHanuse nutonoro-aunansHon obctaHoBku obpaso-
BaHWUSA U NPUYNH N3MEHUYMBOCTM NNTONOMMYECKOr0 COCTaBa OTHOXEHUI APAKTUHCKOTO rOPU30HTa, a Takke 0cobeHHoCTeN
¢hopmmpoBaHns 1 pacnpeaeneHus B HeM NOPOA-KONNEeKTopoB. B xoae paboTbl aBTopamu Bbinn UCMONb30BaHbI Kak AaH-
Hble pesynbTaToB BypoBbIX M reoduanyecknx paboT, Tak v mMatepuansl nccnegoBaHUi, onybrIMKOBaHHbLIX B OTKPbITOW
nevatyn. ApakTUHCKWIA FOPU3OHT SBNSETCS NPOMBILLMEHHO-NPOAYKTUBHBIM HA MECTOPOXKAEHUSAX Or0-BOCTOYHOTO CKIOHA W
LieHTpanbHomn Yact Hencko-boTyobuHckon aHTeknusbl — JynucbMUHCKOM, SpaktuHckom, AsHekom, [JaHunoBckom 1 apy-
rmx. OTNOXEHWsI APaKTUHCKOrO rOpu3oHTa COPMUPOBANUCL B HAvamnbHbLIA TPAHCTPECCHBHbIM 3Tan BEHACKOTO LMKna
0CafKOHAKOMIEHNS 1 XapaKTepU3yloTCA KpaHeNn NUTONOMMYECKON HEBbIAEPXKAHHOCTBIO COCTaBa M U3MEHEHWSIMU TOI-
WuH. TpoBedeHHble PAAOM YYEHbIX UCCRedoBaHUA CBMAETENLCTBYIO O TOM, YTO K Hayany obpasoBaHus APaKTUHCKOrO
rOpPW30HTa Ha TEPPUTOPUM ero hopMMPOBaHMS B reoMopdornornyeckom nnaHe npeobnagana npubpexHas paBHuHa, Bpe-
MeHaMmW 3anuBaBLuascs MopeM. Mopoabl AaHHO Nnowaay npeacTasreHbl hauysMy BpeMeHHbIX MPONoBManbHO-Aento-
BMarbHbIX MOTOKOB NPUBPEXHON PaBHWHBI, CMEHSIBLUMMICA NPUBPEXHBIMW MESIKOBOAHbLIMMW OTIIOXEHNAMU. B cBA3K ¢ 3Tum
CMeHa NMUTOMOrMYECKOro cocTaBa Nopoa M TOMWMH APAKTUHCKOrO rOPU30OHTa SBNANAch CeACTBUEM W3MEHEHWS Xapak-
Tepa konebaTenbHbIX ABWXKEHUA, @ ero CTPYKTYPHO-TEKCTYPHbIE OCOBEHHOCTM onpeaensnncb B OCHOBHOM AMHAMMKOW
BOAHbIX MOTOKOB CPEAbl CeAMMEHTaLMM U XapakTepoM naneoperbeda NoAcTUNatLWen nosepxHoctu. B pesynsTate npo-
BEAEHHbIX MCCNEA0BaHMIA MOXHO CAeNaTh BbIBOA O TOM, YTO NIUTONOrMYeckast HEOQHOPOAHOCTb APAKTUHCKOrO ropU3oHTa
B paspe3sax (no BepTuKanu) u No NpocTupaHuto (No natepanu) onpegenseTcs 4acTblM YepeaoBaHUEM Pa3nUYHbIX NTO-
TMNOB, (HOPMUPOBAHME KOTOPbIX AUKTYETCH KOMMMEKCHBIM XapakTepoOM TEKTOHUYECKUX ABWXKEHWIA 1 0COBEHHOCTAMU 13-
MeHeHUs paumarnbHbiX 06CTaHOBOK 0CaAKOHAKOMMEHUS.

Knroyeeble crioea: spakTUHCKNA FOPU3OHT, HE(PTErasoHOCHOCTb, NUTONOrO-(aLmanbHbI aHanus, ceJMMeHTOreHes, Tek-
TOHOreHe3, koppensaums, MUbTPaLIMOHHO-eMKOCTHbIE CBOWCTBA, KONMEKTOP
Ans yumupoeaHus: Panaukas J1. A., Kapnukos A. B. Jlntonoro-caumanbHas M3MEHUNBOCTb SPAKTUHCKOrO ropmM3oHTa

KaK KOMMMEKCHBIA pe3ynbTaT reognHaMUYecKkux NpoLECcCOB TEKTOHOreHesa W cegumeHToreHesa // Hayku o 3emne
1 Hegpononb3oBaHue. 2022. T. 45. Ne 2. C. 152-161. https://doi.org/10.21285/2686-9993-2022-45-2-152-161.

Original article

Lithofacies variability of the Yarakta horizon
as a complex result of geodynamic processes
of tectonogenesis and sedimentogenesis

Larisa A. Rapatskaya?, Alexander V. Karpikov®
3lrkutsk National Research Technical University, Irkutsk, Russia
Corresponding author: Larisa A. Rapatskaya, raplarisa@yandex.ru

Abstract. The purpose of the research is to analyze the lithological and facies conditions of formation and the causes
of lithological composition variability of the Yarakta horizon deposits as well as formation and distribution features of res-
ervoir rocks in the horizon. The paper uses the data on drilling and geophysical work results and research materials from
the public sources. The Yarakta horizon is commercially productive in the deposits of the southeastern slope and the
central part of the Nepa-Botuoba anteclise: Dulisminskoe, Yaraktinskoe, Ayanskoe, Danilovskoe deposits, etc. The depos-
its of the Yarakta horizon were formed during the initial transgressive stage of the Vendian sedimentation cycle and are
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characterized by extreme lithological irregularity of rock composition and thickness. Investigations of a number of scientists
testify that in the early formation of the Yarakta horizon its territory in geomorphological terms was predominantly presented
by a coastal plain, which was occasionally flooded by the sea. The rocks in the area are represented by the facies of
temporary proluvial-deluvial flows of the coastal plain replaced by coastal shallow sediments. The change in the lithological
composition of rocks and thicknesses of the Yarakta horizon is a result of changes in the nature of oscillatory movements,
while its structural and textural features are determined mainly by the dynamics of water flows of the sedimentation medium
and the paleorelief nature of the underlying surface. The conducted research allows to conclude that lithological heteroge-
neity of the Yarakta horizon in sections (vertically) and along the strike (laterally) is determined by the frequent alternation
of various lithotypes, the formation of which is determined by the complex nature of tectonic movements and irregularity
features of sedimentary layer facies.

Keywords: Yarakta horizon, oil and gas potential, lithological and facies analysis, sedimentogenesis, tectonogenesis,
correlation, reservoir porosity and permeability, reservoir

For citation: Rapatskaya L. A., Karpikov A. V. Lithofacies variability of the Yarakta horizon as a complex result of geody-
namic processes of tectonogenesis and sedimentogenesis. Nauki 0 Zemle i nedropol'zovanie = Earth sciences and subsoil

use. 2022;45(2):152-161. (In Russ.). https://doi.org/10.21285/2686-9993-2022-45-2-152-161.

BBepeHue

Haunbonee u3BecCTHble KpynHble MECTOPOX-
AeHuna HeddTn 1 rasa Ha Cubupckoii nnatgopme
NPUYPOYEHbl B OCHOBHOM K CKIIOHaM aHTEKNM3
LPEBHErO 3anoXxeHus, obpalleHHbIX B CTOPOHY
CONpPSHKEHHbIX OAHOBO3PACTHbIX Npornbos, cny-
XWUBLUKX, NO-BUAMMOMY, UCTOYHUKOM reHepaLum
YrMeBOAOPOAOB. TakMMK aHTeknmM3amu sBns-
toTca Hencko-boTyobuHckas u bankutckas [1-4].
OpHUM M3 camMbiX pacnpoCTPaHEHHbIX MPOAYK-
TWBHbIX FOPM3OHTOB Ha NNOLLAAN 3TUX aHTEKNN3
CNYXXWT APAKTUHCKUA TFOPU3OHT HIDKHEMOTCKOM
MOACBUTbI HUXKHEro BeHAa. B gaHHom paboTe aB-
TOopamu NpoBefeH aHanu3 nMTonoro-gaunans-
HOW OOCTaAHOBKM (POPMMPOBAHUS U MPUYUH U3-
MEHYMBOCTU NTMTONOTMYECKOTO COCTaBa OTNOXe-
HUN SPAKTUHCKOrO rOPU30OHTA, a Takke 0cobeH-
HOCTeN hOPMUPOBAHUS U pacnpeneneHuns B Hem
nopoza-KOmneKTopoB.

Matepuanbi u MmetoAabl
nccnenoBaHusA
B xoge uccnegoBaHus 6bIMM MCNOMNb30BaHbI
[laHHble pe3ynbTaToB 6YpOBbLIX N re0PU3NYECKMX
paboT, a TaKkke MaTepuanbl UCCNea0BaHNN Spak-
TUHCKOTO ropu3oHTa, onybnmnkoBaHHbIX B OTKPbI-
TOW nevyaTu.

Pe3ynbTathl MccnegoBaHus
M ux obcyxaeHue
OTnoXeHnst SiPaKTUHCKOrO ropu3oHTa Npo-
MbILLUSIEHHO MPOAYKTVMBHBI Ha MECTOPOXAEHMSX
tOr0-BOCTOYHOIO CKMOHA M LIEHTPanbHOM YacTu
Hencko-boTyoBuHCKON aHTeKkNM3bl, Takux Kak
AynucbmuHckoe, ApaktuHckoe, AsHckoe, [daHu-
nosckoe u apyrue. Nopoabi-KONNeKTopbl Spak-

TUHCKOrO rOpWU30HTa, CGOpMUPOBaBLLUMECS B
HayanbHbIN TPAHCTPECCUBHBLIN 3Tan BEHACKOro
LIMKIa 0CaKOHaKOMNEHUS, OTNNYAIOTCA KpanHen
NUTONOrMYECKON HEBBIAEPKAHHOCTBIO, a TaKxke
U3MeHeHnaMK TonwumHbl oT 5 o 30 M Ha Apak-
TUHCKOM 1 ASIHCKOW nnowaasx u ot 27 Ao 59 m
Ha [lynucbmuHckon nnowaam [5-7].

Hayanom nsy4yeHus apakTUHCKOro ropu3oHTa
MOCAYXMNS0 OTKPbITUE ApaKTUHCKOro HedpTeraso-
KOHOEHCATHOro MecTopoXxaeHus B noHe 1969 r.,
Korga npu MCNbITAHWM MOUCKOBOW CKBaXMHbI
Ne 5-CM u3 nHtepsana 2160-2150 m 6611 nony-
YeH NpUToK HedpTn aedutom 1,5 m/3cyT. Mpoayk-
TUBHBIMW SBMSIOTCA TEPPUrEHHbIE OTMOXEHUS,
BblAeneHHble B 06beme 0T KpoBnu pyHaamMeHTa
[0 NOAOLWBbLI AONOMUTOB TUPCKOW CBUTBI Cpea-
HEMOTCKOW NOACBUTbI NOA YCMOBHBIM Ha3BaHWEM
«sIpaKTUHCKas naykay, KOTOpble MNo3xe cranu
Ha3bIBATbCA SPAKTUHCKUM ropu3oHTom [8-10].
Ha 3TOM ypOBHE OTNOXEHNA HUKHEMOTCKOM Nof-
CBUTbl NPOMBbILLSIEHHO MPOAYKTVUBHbLI Ha Lesiom
psge MeCTOpOXOEeHUW, Hanpumep Ha [ynucb-
MWUHCKOM, FApaKkTUHCKOM, ASHCKOM W ApYrux Me-
CTOPOXAEHUSAX, PACMNOMOXEHHBIX HA HOr0-BOCTOY-
HOM CkfloHe Hencko-bBoTyoOUHCKON aHTeKNu3b! 1
B ee ueHTpanbHou Yactu [10].

fApakTHckas 6Gas3anbHas necyaHas nadka
HUXXHEMOTCKON NOACBUTLI BEHA-PaHHEKEMOpPUI-
CKOro BO3pacTa 3aneraeT co crnejamu pa3mbiBa
Ha OTNOXeHusX (PyHOaMeHTa, YTO CBUAETENb-
CTBYET O NepepbIBe B 0CAAKOHAKOMNIEHUSX U 3Ha-
YMTENbHOM BIMSHWM Naneopenbeda Ha npo-
Lecc ee popmmpoBarus [9, 10]. B HmxHen yacTu
pa3pesa 0T4eTNMBO HabniogaeTcs 3anofnHeHue
TEPPUreHHbIMU OTIOXEHNSAMU 3PO3NOHHBIX (POPM
penbeda pyHgameHTa (puc. 1).
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Puc. 1. Feonoauyeckuli paspe3 S pakmuHCKO20 MeCmMOPOXOeHUsI:
1 — enuHucmo-kapboHamHas nokpbiwka; 2 — Kpucmannuyeckul pyHdameHm; 3 — naomHbie nopodsl;
4-5 — 1opo0bI-Konnekmopsl: 4 — HeghmeHachIWeHHble, 5 — 6000HAChIUEHHbIE;
6 — CKBaXUHbI; 7 — pa3pblBHbIE HapyWeEHUS
Fig. 1. Geological section of the Yarakta field
1 — clay-carbonate cover; 2 — crystalline basement; 3 — dense rocks;
4-5 — reservoir rocks: 4 — oil-saturated rocks, 5 — water-saturated rocks;
6 — wells; 7 — fractures

[MpoBeaeHHbIE PAAOM YYeHbIX UCCeJ0BaHuUS
CBUAETENbLCTBYIO O TOM, YTO K Hayany obpasosa-
HUSI APAKTUHCKOrO rOPU30OHTa Ha TEPPUTOpUU B
reomopconornyeckom nnaHe npeobnagana
npubpexHas paBHWHA, BpEMEHaMV 3anuBaBLUa-
daca mopeMm [7, 8]. MNopoabl AaHHOM nnowaau
npegcrtaeeHbl PauusgMn BpeMeHHbIX NPOosoBu-
anbHO-AENOBMASBbHBIX  NOTOKOB  NPUBPEXHOM
PaBHWHbI, CMEHSBLUMMUCA NPUBPEXHBIMU Men-
KOBOAHBLIMW OTNOXEHUSAMU. ITU OTNOXEHWUS C
HU3KOW CTENeHb0 COPTUPOBKU 0CaJ0YHOr0 Ma-
Tepuwana copmupoBanM NUH30BUAHbIE Mecya-
Hble Tena, BbITAHYTble BOOMb HXHOMO CKMOHA
Hencko-boTyobuHCKON aHTeknu3bl, KoTopble Mo
HarpaeBneHuio K CBoAY YMEHbLLAIOTCS N0 MOLLHO-
CTW W YacTo BblknNuHMBatoTCA [1, 2, 11]. Takas
opma Ten u CcTeneHb COPTUPOBKM OCafKOB
onpeaenunu NUTONOrMYecKyo NepemMexaemocTb
«KONMNEKTOp — HeKonnekTop» B Tene Gyaywero
MPOAYKTUBHOIO APAKTUHCKOrO ropusoHTa.

CrnoxeH SpakTUHCKMIA TOPU3OHT ABYMS Nna-
CTaMW NecYaHWKoB, pa3feneHHbIMW ManoMOLL-
HbIM NPOCMOeM aprunnutos, TPAaHCIPECCUBHO
3anerarpoLwyx B OCHOBaHWM MNOACOSEBOrO KOM-
nnekca ocagoyHoro uexna Cubupckom nnart-

copmbl (puc. 2).

OTNOXeHNs SPaKTUHCKOrO ropu3oHTa npeg-
CTaBMneHbl 3aKOHOMEPHBLIM YepefoBaHUEM Tep-
pureHHbIX (B 6onbluen cteneHn) n kapboHaTHbIX
(B MeHbLLEN cTeneHun) nopoa, 0bpasyoLwmx LuK-
nuyeckve nocnefosaTenbHOCTU. MowWHOCTL OT-
NOXEHUN APAKTUHCKOTO ropu3oHTa B npegenax
MECTOPOXAEHNS HEMOCTOSHHA U U3MEHSeTCS OT
8 0o 43 m.

BepxHuii NpoayKTMBHbIA NNacT necyaHUKoB
SPaKTUHCKOrO rOPU30HTa MO CPABHEHUID C HUXK-
HUM MMeeT Bonee BbICOKYH CTENEHb OTCOPTUPO-
BAHHOCTW NMeCYaHOro MaTepuana, MeHbLUYH -
HUCTOCTb OTMNOXEHUA U XapakTepu3yeTcs mnyuy-
WMMK UNbTPaLMOHHO-EMKOCTHBIMW CBOWCTBA-
MuW. Tun KonnekTopa B 4aHHOM Cryyae — nopo-
BbIi. OTKpbITas NOPUCTOCTb BEPXHETO Nnacta B
cpeaHem coctaenset 10 %, MakcumanbHble ee
3HayeHus nexat B Anana3oHe 16-19 %, npoHu-
LlaemocTb xe pasHa 0,07-0,6 Mkm2. SdhdekTrB-
Has TonwmHa — 2,4-6,9 m. OTpuuatenbHo Ha
(pUnNbTPaALMOHHO-EMKOCTHBIE CBOWCTBA MOPOL
BIIMSIIOT MPOLECChl 3aCONOHEHUS, MecTaMn aH-
rMAPUTM3aLMK, a TakkKe HeBbIAEPKaHHOCTb 40N
NnecyaHMKoB K obLen TonwmHe nnacra.

HwkHUA nnact ApakTUHCKOTO ropu3oHTa
npefcTaBieH NIoxo 0TCOPTUPOBAHHBIMU Necya-
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Puc. 2. lMpogpunbHbIli 2eomo02uveckuli paspes sspakmuHCKO20 20pU30HMa no JIuHuUU ckeaxuH Ne 41-53-70
(apxueHble Mamepuanbl 000 «UpKymckasi HegpmsiHasi KOMIaHUSI»):
1 — necyaHuk; 2 — apaunnum; 3 — necyaHo-a/uHUCMbIe Nopoohkl; 4 — CK8axuUHa ¢ HOMEPOM
Fig. 2. Profile geological section of the Yarakta horizon along the line of wells no. 41-53-70
(archival materials of the Irkutsk Qil Company LLC):
1 — sandstone; 2 — mudstone; 3 — sandy and clay rocks; 4 — numbered well

HUKaMW, NepecnanBaowMUCs ¢ aprunamTamm u
anesponuTamun. Konnektopckue cBoWcTBa nec-
YaHUKOB nnacTta Hesbicokn. OTKpblTas nopu-
CTOCTb NPOHMLI@EMbIX MHTEPBANOB COCTABNSET B
cpeaHeM 8 %, NpoHNLaemocTb — (6-8)-10-15 m2.

PacnpegeneHve npoaykTuBHOW HedpTeraso-
HOCHOCTV B Mpedenax ropu3oHTa no nnowaam
MECTOPOXOEHNUS ONpeaenseTca nuTonornye-
CKOW NEepemMexXaeMOoCTbl0 BMELLAIOLMNX OTNOXE-
HUA — pacnpefeneHneM «KOMMeKTop — HeKon-
nexkTop».

AHanus reonornyeckon UCTOpuM AaHHbIX ge-
TanbHO pa3bypeHHbIX MECTOPOXAEHWI C Hanbo-
nee NSOTHOW CETKOW Pa3BeLOYHOr0 ropusoHTa
«KONMEKTOp — HEKONMEKTOP» AUKTYETCS onpeae-
NEHHOWN 3aKOHOMEPHOCTbIO, CBA3AHHOW C pas-
NTOMHOWN TEKTOHWKOW, 06ycrnoBneHHon 6rokoBo
LENMMMOCTbIO 3eMHON Kopbl [1, 2].

Obwui xapakTep nocnefoBaTenbHOCTU OT-
NOXEHWA, NUTONOMMYECKOro cocTaBa M U3MEHe-
HUA TOMWMH APAKTUHCKOTO TFOPU3OHTA MNNo-
CTPUPYET CXeMa KOppPensaLmMm no CkBaxuHam me-
cTopoxaeHnus (puc. 3). bonee getanbHas xapak-
TepuCTVKa Takon NocnegoBaTenbHOCTH Hacnoe-
Hus (no rnybuHe oTbopa kepHa) oT rpybo3epHu-
CTbIX MOPOA HEACHOCNOUCTbIX Opekunin yepes
NECYaHVKN C YMEHbLUEHMEM rpaHyfIoMeTpum co-
cTaBa A0 aneBpOSIMTOB U TOHKO3EPHUCTLIX 4ONO0-
MWUTOB NpeacTaBneHa Ha puc. 4. [Ins oTNoXeHunn
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SPaKTUHCKOrO rOpU30OHTa XapaKTepHbl MecTpo-
LUBETHbIE N CEPOLBETHbLIE rAMMbl OKpaCcKu, onpe-
[enseMble OKUCIUTESIbHO-BOCCTAHOBUTENbHBIM
noTeHumanoMm ob6CcTaHOBOK Cpefbl OCaaKOHAKOM-
NeHns, a Takke MWUHepanornyeckum COCTaBOM
MCTOYHMKOB CHOCA.

CMeHa nMTOMOrMYeckoro coctaBa nopog W
TOMNWWH SPAKTMHCKOrO TrOPU3OHTa SIBNSNach
CneacTBMEM W3MEHEHWS XapakTepa koneba-
TenbHbIX ABUXKEHWUIA, @ €ro CTPYKTYPHO-TEKCTYp-
Hble 0COBEeHHOCTU onpeaensnMcb B OCHOBHOM
OVHaMWKON BOAHbLIX NOTOKOB Cpeabl CEAUMEHTA-
LMK, KoTopas 3aBucena oT naneopenbeda noa-
cTunatowlen nosepxHoctu [9, 10, 12].

lNo cBegeHnsam B. M. AnekcaHgpoBa v gpyrux
aBTopoB [9, 10, 12], kak yxe yka3blBanocb BbILLE,
B Havane cBoero 0bpa3oBaHus OTNOXEHUS SpakK-
TUHCKOrO rOpM30OHTa OTNaranucb B YCNOBUAX
NPUBPEeXHoI paBHWHbLI, BPeMeHaMu 3anunBaB-
Lenca MopeM, No3fHee Xe OHU cTanu opMu-
pOBaTbCA BPEMEHHbIMV MPONOBUANbHO-AENO-
BUANbHbIMKU NOTOKaMM C HWU3KOW CTEMEHbIO COp-
TUPOBKK Ocafo4Horo matepuana. OcobeHHocTH
hopMmUpOBaHUS OTNOXEHUN OTNUYAKTCH BbICO-
KOW CTEeneHbl NUTONOIMYECKON HEOLHOPOOHO-
CTW, YTO OTpaxaeTcs B xapakrepe paspesoB Mo
CKBaXMHaMm (CM. puc. 2), a Takke B obpasuax
KepHa No OTAENbHOW CKBaXWHE, OTOBPaHHbIX NO
rnybuHe otbopa (cMm. puc. 4) [13, 14].
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Puc. 3. Koppensayus pa3pe3oe sipakmuHCKO20 20pU30HMa Mo CK8aXUHaM:
1 - donomumsi; 2 — 00NOMUMBI, aHaUOPUMBI; 3 — apaunnumei; 4 — aneeponumsl; 5 — necyaHuku
Fig. 3. Correlation of Yarakta horizon sections by wells:
1 — dolomites; 2 — dolomites, anhydrites; 3 — mudstones; 4 — siltstones; 5 — sandstones
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Puc. 4. Cxema ebisiesIeHHbIX MEeKMOHUYeCKux QUuCIoKayuu:
1 — nnukamueHbkle ducnokauyuu; [ — 0usbroHKMuUBHbIe ducriokauyuu
Fig. 4. Diagram of identified tectonic dislocations:

1 - plicative dislocations; [/ — disjunctive dislocations

llutonormyeckass HEOQHOPOAHOCTb B pa3pe-
3ax (no BepTWKanu) 1 no npocTupaxHuto (no nare-
panu) onpegensieTcs 4acTblM 4YepefoBaHUeM
pa3fMYHbIX NUTOTMMNOB, NOAPOBGHO ONUCAHHLIX B
pabote [14]: MenkoobGNOMOYHbLIX FpaBesnnToB,
rPaBENUCTbIX, KPYNMHO3EPHUCTLIX, CPeAHE3EePHM-
CTbIX, MEJIKO3EPHUCTbIX NECYAHWKOB, aneBposn-

TOB, Pa3HO3EePHUCTBLIX apruiiNUTOB U TOHKO3ep-
HUCTBIX 4ONOMUTOB (CM. pUC. 3). S3HauUTENbHbIE
nuTodaumnanbHble N3MEHEHNs NoPoL, ropu3oHTa
OTMEYalTCsa Kak No NPOCTUPaHWIO, Tak 1 BKPECT
NPOCTUPAHNS MOHOKIIMHANLHOIO CKMOHa  aH-
Teknu3bl [10, 15].
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Puc. 5. CmpoeHue u cocmae nopod sipakmuHCKO20 20pU3oHma:

a — 00/10MUM MUKPOKpUCMAaIIUYeCKul anespumucmail ¢ HeSICHO 8bipaxeHHOU crioucmoli mekecmypou (enybuHa
ombopa — 2757,26 m); b — aneaponum ¢ HakimoHHocIoucmoU mexkecmypoUl ornon3aHus (2nybuHa ombopa — 2768,2 m);
C — MIECYaHUK aneepumosbill ¢ HaKITOHHO-80/IHUCMOU mekcmypol (251ybuHa ombopa — 3484,09 m); d — necyaHuk
pasHO3epHUCMbIU C 2paguliHOU NpUMEeChIo Kococrnoucmaili (2r1ybuHa ombopa — 3293,6 m); e — enuHucmo-
kapboHamHas MaccugHas nopoda (2rnybuHa ombopa — 3475,43 m); f — 6pekdus ¢ HaknoHHocnoucmou
mekcmypoli (enybuHa ombopa — 3493,78 m)
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Fig. 5. Structure and composition of Yarakta horizon rocks:

a — microcrystalline siltstone dolomite with an indistinctly expressed layered texture (sampling depth is 2757.26 m);
b - siltstone with obliquely layered slip texture (sampling depth is 2768.2 m); ¢ — silty sandstone with oblique-wavy
texture (sampling depth is 3484.09 m); d — obliquely layered consertal sandstone with gravel admixture
(sampling depth is 3293.6 m); e — clay-carbonate massive rock (sampling depth is 3475.43 m);

f — breccia with obliquely layered texture (sampling depth is 3493.78 m)

MuHepasnbHbIA COCTaB NUTOTUMOB APAKTUH-
CKOro ropu3oHTa, UX pacnpegeneHve no paspe-
3aM pasHblX MacluTaboB UrpaloT BaXHYK PoSib
MpW U3y4eHUn yCrnoBumii ocagkoHakonnenuns [11,
16, 17]. Jlutonoro-haumnansHas M3MEHYMBOCTb
OTNIOXeHUN O0OyCnoBneHa CoYeTaHWeM ABYX
MacwTabHbIX B3aMMOCBS3aHHbIX MPOLECCOB —
TEKTOHOreHe3a ¥ CeJUMeHTOoreHesa, nepBblii U3
KOTOPbIX AOCTAaTOMHO YOeaUTENbHO OTpaxaeTcs
B MpeACTaBfIEHHbIX Cxemax Mo uToram reopusu-
Yyeckux uccnefosaHuii. B pesynbtate aTux umc-
CrfefoBaHUi YCTAHOBMEHO AeTanbHOoe Tpaccu-
pOBaHME BO3MOXHbIX 30H TEKTOHUYECKUX Hapy-
LEHWI, NO3BOMNSALWMX OLEHUTb BNNSHUE TEKTO-
HWUYECKOro pakTopa Ha KOSSIEKTOPCKME CBOWCTBA
SPaKTUHCKOro ropusoHTa M YCnoBUsa ero pacrnpo-
cTpaHeHus [18, 19] (cm. puc. 4).

AHanu3 BOTHOBOrO Nons fan oCHoBaHWe Ans
BblAENEHNS TEKTOHUYECKMX ANCIIOKALMIA pasHbIX
TUMOB — NSIMKATUBHBIX ¥ AN3BIOHKTUBHBIX. Kpome
TOro, 6bIN0 YCTAHOBMIEHO, YTO AM3BIOHKTUBHbLIE
AMCIOKaLMN XapakTepusyloTcs nepeMeLleHnem
cocegHux 6nokoB No pasnomam pasnuyHoro re-
Hesuca 1 MacwTaba, YCIOXKHSAKLWMM OCHOBHYHO
CINOWCTYIO CTPYKTYPbl OTNOXEHUN.

NocnefHee yka3aHHOE W3MEHEHWE, B CBOK
oyepefb, BbI3BAHO CMEHOW nuTonoro-gavuans-
HOro coCTaBa OTNOXeHuiA (Mo Tuny alnansHoro
3ameLLeHunst), TONLWWH NNacToB M YCNOBUI MX 3a-
neraHusi. BoliBNEHO, YTO SAPaKTUHCKUIA FOPU3OHT
MMEEeT YEeTKO BbIPaXEHHOEe LIMKIIUTOBOE CTpoe-
HWe, NepBOMNPUYNHON KOTOPOTO CAYXKaT TEKTOHM-
Yyeckue amcrnokaumm (CM. puc. 5).

3aknoyeHue

Takum obpasom, B pesynbTaTe NpoBeaeH-
HOrO MccrnegoBaHMA MOXHO CAenaTb BbIBOA O
TOM, YTO YCTaHOBNEHHOE LIMKNNYECKOe CTPOeHMe
paspe3oB pas3HOro Macwraba um HanpaBneHHo-
CTW, 0BYCrNOBNEHHOE TEKTOHWYeCcKUMmM koneba-
HUAMU, XapaKTepoM NoACTUNarLLero penseda u
0COBEHHOCTAMM ceiMMeHToreHesa, onpegenset
nutonoro-caumnansHbin - COCTaB  SPaKTUHCKOro
NPOAYKTUBHOIO rOPM30OHTa C BbISIBMEHHO Nepe-
MEXaeMOCTb0 OTNOXEHWUIN «KOMNEKTOP — HEKON-
nektop». CMeHa OTNOXEHWA C pPasnUyHbIMM
hunbTPaUMOHHO-EMKOCTHBIMM CBOMCTBaMM «KOJ-
NEKTOPOB — HEKONNEKTOPOBY», B CBOK OYepeap,
NO3BONSET BbIBUTb MPW OeTanbHOW pas3Beake
Hambonee nepcnekTMBHbIE 30HbI HedTerasoHa-
KOMMeHus.
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Study of gold ore processing by flotation methods
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Abstract. The article deals with the studies of gold-bearing ore benefication by flotation methods. The object of the study
is a low-sulfide gold-quartz type of ores with the following petrographic composition: quartz — 90 %, quartz-chlorite
schists — 10 %. The ore from this deposit consists of the weathering crust rocks including iron-mica rocks with veins and
spots of granoblastic quartz. The purpose of the research is to develop an optimal flotation regime for obtaining sulfide
gold-bearing concentrate. The influence of ore size, reagent mode, flotation redistribution structure, and flotation time on
operations was recorded during the experiment. The paper presents the results of studying the chemical composition of
the ore by the method of silicate and optical emission analysis. The flotation process used butyl potassium xanthate as a
collector and a combination of pine essential oils as a foaming agent. The Hancock concentration efficiency criterion was
determined based on a series of experiments. The following technological indicators of ore processing were identified:
gravity concentrate with the gold grade of 1165 g/t with the yield of 0.3 % and the recovery of 73.74 %; flotation concentrate
(after purification 1) with the gold grade of 68.9 g/t with the yield of 1.52 % and a recovery of 22.05 %. Its silver content
was 15.9 g/t. The total gold recovery was 95.79 %, with the yield of 1.82 % and the gold grade of 249.9 g/t. The gold grade
in the flotation tailings was 0.19 g/t.

Keywords: gold, ore, flotation, concentrate, tailings, recovery, material composition, technological research
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OBOTAWEHWE N NEPEPABOTKA MNONE3HbIX NCKOMAEMBbIX

HayuyHas ctaTbs
YOK 622.765

WUccneposaHue nepepaboTku pya 30M0TOPYAHOIO
MeCTOpPOXAeHUs (hNOoTaLMOHHLIMU MeToAaMu

Naeen KoHcTaHTUHOBKY ®PepoToB?, AnekcaHap EBreHbeBuy BypaoHoB®,
lOpwit Butansesuny Hoeukos®, Hukuta Butanoesuy TepeHTbeBY,

Unbs Onerosuy borpaHiok®
a2 pKymcKull HayuUoHasbHbIU uccrnedogamernbCKuli mexHuyeckul yHusepcumem, 2. ipkymcek, Poccus
ABTOp, OTBETCTBEHHI 3a nepenucky: Hosukos FOpuin Butansesny, 89500505553r@gmail.com

Pestome. B npefcraBneHHoN cTaTbe ONMKUCaHO UccreaoBaHue 00OralleHnst 30110TOCoAepXaLMX pya roTaLMOHHbIMM
meToaamu. OGBEKTOM U3yYeHWUs ABMANCA ManocyNbMUAHbIA 30110TO-KBapLIEBbIi TMMN Py, KOTOPLIA MMeeT credyoLuit
neTporpaduyeckuii coctas: keapL — 90 %, kBapL-XnopuToBble cnaHubl — 10 %. Pyga aToro MecTopoXaeHust COCTOUT 13
Mopo[ Kopbl BbIBETPUBAHNSA — XeNe3UCTO-CrIAAHBIX NOPOJ C NPOXMIKaMK U NATHaMK rpaHoBnacTosoro keapua. Lienbto
UcCrefoBaHus ctana paspaboTka onTUMarbHOMo pexuma hroTauumy Ans NonyyveHus CynbhUaHOro 30/10TOCOAEPKaLLEero
KOHLIeHTpaTa. B xoae akcnepuMeHTa (UKCMpOBarnoch BRMSHUE KPYNHOCTU PyAbl, PEareHTHOro pexuma, CTPYKTYpbI nepe-
pacnpeaeneHns noTauuu, BpeMeHn groTaumm Ha onepauuu. B paboTte npeactasneHbl pesynbTaThl MCCrIEA0BaHNs Xu-
MWUYECKOro cocTaBa pyAbl METOAOM CUIIMKATHOMO M ONTUKO-3MUCCHMOHHOTO aHanuaa. B npouecce dnoTtauumn B kadecTse
cobupaTtens UcnomnbL3oBanu Takue peareHTbl, kak ByTUMNOBLIA KCaHTOTeHaT kanus, a B kadecTse neHoobpasoBaTtens —
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KOMOMHALMIO 3UPHBIX Macen CocHbl. Ha ocHOBe cepun aKCNepPUMEHTOB Bbin YCTAHOBMEH KPUTEPUIA 3PEKTUBHOCTH
oboratleHnss XaHKoka. BbisiBneHbl crefytolme TEXHONOMMYECKUE MokasaTeny nepepaboTku pyabl: rPaBUOKOHLEHTpAT
¢ cogepxanuem 3onota 1165 r/t ¢ Boixogom 0,3 % u nssneveHmem 73,74 %; (noTOKOHLEHTpAT (Nocne BTOPOW O4UCTKK)
C copepxaHvem 3onoTa 68,9 r/T ¢ Beixogom 1,52 % u nssneyennem 22,05 %. CopepxaHne cepebpa B HEM COCTaBWIIO
15,9 r/1. ObLee n3BneveHme 3onota coctaBuno 95,79 % npu Beixoge 1,82 % v cogepxanum 3onota 249,9 r/1. Cogepxa-

HWe 30510Ta B XxBOoCTax ¢roTtaumm coctasuno 0,19 r/t.

Knroyeenie cnoea: 30n0T0, pyAaa, (bJ'IOTaLI,VIﬂ, KOHLEHTPAaT, XBOCThbI, N3Blie4EHUE, BELLECTBEHHbI COCTaB, TEXHOMNOrnYe-

CKune nccnenosaHud

Ans yumupoeanus: ®egotos I1. K., BypgoHos A. E., Hosukos 0. B., TepenTbe H. B., BoraaHiok U. O. UccneposaHue
nepepaboTKM pya 30N0TOPYAHOT0 MECTOPOXAEHNS prioTaumnoHHBIMM MeTogamm // Hayku o 3emne n Heipononb3oBaHue.
2022. T.45.Ne 2. C. 162-171. (In Engl.). https://doi.org/10.21285/2686-9993-2022-45-2-162-171.

Introduction

The main source of gold is primary gold de-
posits, and for all types of ores of such deposits,
complex technological processing processes
have been formed. From the analysis of works
[1-4], it can be concluded that the most common
technology for processing oxidized and gold-
bearing sulfide ores are the gravity-flotation
schemes with subsequent metallurgical redistri-
bution.

Each of the above-mentioned technological
processes has its advantages and disad-
vantages. A special place among them is occu-
pied by flotation due to the large number of fac-
tors affecting the efficiency of the process. One
of the main parameters is the recovery size be-
fore flotation [5, 6]. The reagent mode also influ-
ences the efficiency of the process, the degree of
pulp aeration, flotation time, pH of the medium,
conditioning, pulp density [7, 8], and many others
[9-13].

The purpose of the research was to work out
the optimal flotation mode for obtaining sulfide
gold-bearing concentrate, namely, to study the
size of ore grinding, reagent mode, and the struc-
ture of the flotation redistribution, and the flotation
time for operations. It should be noted that the
work is a continuation of the theme of developing

Table 1. Analysis results of ore silicates
Tabnuua 1. PesynbTaThl aHanu3a cUNUKaToB pyabl

a technology for processing gold-bearing ores.
Studies of washability by gravity methods are
presented in [14]

Materials and methods

The object of research is a low-sulfide gold-
quartz type of ore with the following petrographic
composition: quartz — 90 %, quartz-chlorite shale —
10 %.

The starting material and enrichment prod-
ucts were investigated using assay-atomic ab-
sorption, atomic-emission, X-ray phase analysis
methods, and electron microscopy.

The ore of this deposit consists of the rock of
the weathering crust — ferruginous-mica rocks
with veins and spots of granoblastic quartz. To
determine the chemical composition, silicate and
optical emission analyzes of the deposit ore were
performed (Table 1). The content of noble metals
was determined by assay analysis [15].

More than 60 % of the ore consists of alumi-
num and silicon oxides. By the content of sulfide
sulfur (0.35 %), the ore can be attributed to poor
sulfide. ICP-OES analysis showed a low content
of harmful impurities in the ore. The As content
is 0.47 %, and the antimony content is less than
5 g/t. The average gold grade in the ore is 4.56
g/t, and the silver grade is 2 g/t. It has been

Elements and connections Content, % Elements and connections Content, %
SiO2 52.4 TiO2 1.73
Al2Os 9.9 CaO 1.71
Fe 11.6 S general 0.37
MgO 1.83 S sulfide 0.35
As 0.46 Na.O 1.16
Cu 0.04 P20s 0.22
K20 1.21 Zn 0.04
MnO 0.15 Cr.03 0.01
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established that ore with a size of -15 mm is char-
acterized by a low yield of small-sized grades (the
content of steps less than 0.2 mm is 9.91 %). The
gold content in different size classes is different.
For ore with size -15 mm, the metal content is in
the range from 1.44 to 6.9 g/t; for ore -2 mm —
from 2.8 to 4.3 g/t. Gold in ore is mainly found in
significant grades, so in the +0.5 mm grade for
ore with a size of -15 mm, there is 85.94 % of the
metal, for ore -2 mm —49.12 %. The share of free
gold in ore with a size of -2 mm and 95 % -0.074
mm is respectively — 7.57 and 74.17 %, available
for cyanidation — 74.67 and 96.93 %. The miner-
als and quartz insoluble in aqua regia contain
2.87 and 1.02 % of the metal, respectively [15].

Results and their discussion

To determine the optimal degree of grinding
of gravity tailings for flotation concentration, a se-
ries of tests was carried out on material with a
particle size of 70, 80, 85, 90 and 95 % -0.071
mm. The operations of the main and control flo-
tation were carried out. Experimental conditions:
Main flotation: Potassium butyl xanthate (PBX) =
300 gft, Pine oil (PO) = 20 g/t, flotation time 5 min.
Control flotation: PBX = 150 g/t, PO = 20 g/t, time —
5 minutes.

It was found that the efficiency of concentra-
tion increases to the size of ore grinding 90 %
-0.071 mm. With finer grinding, the efficiency be-
gins to decrease slightly. This indicates that a
slight increase in gold recovery is achieved due
to a significantly more significant increase in the
concentrate yield, namely: an increase in output
by 0.8 % gives an increase in gold recovery by
0.36 %. Therefore, the size of the crushing of
gravity tailings equal to 90 % -0.071 mm was
taken as optimal for flotation.

It is known from the practice of flotation of sul-
fide minerals that the creation of an acidic envi-
ronment often has an activating effect on flotation
and, at the same time, leads to a decrease in the
yield of concentrate [16—-20].

In this connection, a series of tests were de-
livered to clarify the optimal pH value of the pulp
for flotation when using sulfuric acid as a regulat-
ing reagent. The natural pH in the cell was 8.35
and was subsequently reduced to 5.61 and 4.57
by the addition of sulfuric acid. The reagent mode
was by the flow of the medium regulator. The size

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) \)
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of ore grinding was chosen at 85 % -0.071 mm. It
was found that a decrease in the pH of the pulp
from 7.85 to 4.57 leads to a reduction in the yield
of the flotation concentrate from 6.4 to 2.4 %
while reducing the recovery of gold into the focus
of the leading flotation from 80.66 % to 61.76. At
the same time, the Hancock enrichment effi-
ciency criterion also decreased from 74.26 to
59.36. Therefore, lowering the pH of the slurry
hurts the flotation results.

It was found that the pH value of water should
not be higher than 8.5 to prevent the depression
of iron-containing sulfides (pyrite and arsenopy-
rite), which are gold carriers. This is already
known: at high pH, pyrite and arsenopyrite begin
to depress. An increase in pH above this value
will contribute to a decrease in the recovery of ar-
senopyrite, the content of fine gold which reaches
20 g/t, and then pyrite, which may also contain
fine gold. Together, this will lead to a decrease in
gold recovery into concentrate. Obtained data
well known to researchers.

To clarify the consumption of xanthate, a se-
ries of tests were performed on gravity tailings
with a particle size of 90 % -0.071 mm, in which
the consumption of PBX varied from 100 to
400 g/t. Flotation was carried out in a natural en-
vironment at pH = 7.85. The main and control flo-
tation time was taken, equal to 5 minutes.

It was found that the maximum value of the
concentration efficiency and the highest gold re-
covery in concentrate correspond to the con-
sumption of the PBX equal to (400+200) g/t. Tak-
ing into account that the enrichment indicators in
the last test (400+200 g/t) only slightly differ from
the indicators of the previous test (300+150), a
further increase in the collector consumption was
considered inappropriate. Therefore, the con-
sumption of the PBX, equal to (400+200) g/t, was
considered optimal for further research. Experi-
mental conditions: grinding size 90 % -0.071 mm.
Main flotation: PBX, CM = 60, flotation time 5 min.
Control flotation: PBX, PO = 20 gft, time -
5 minutes.

To determine the optimal flotation time for
operations at the selected collector flow rate,
tests were performed to study the kinetics of the
main, control and cleaning operations of flotation.
In all tests, a fractional survey of concentrates
was performed and the gold content was deter-
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mined in each fraction. The tests were carried out
on the optimal reagent mode with the ore grinding
size 90 % -0.071 mm. The results of the experi-
ments are shown in Tables 2 and 3.

Analysis of the results obtained made it pos-
sible to determine the optimal flotation time for
the operations:

— Primary flotation 10-12 minutes; exceeding
this time does not give a tangible increase in the
extraction of gold into a concentrate and leads to
dilution of the concentrate;

— Control flotation 9-11 minutes; after this
time, the extraction of gold into the middling prod-
uct of the control flotation practically stops;

— First clean-up flotation is 3-5 minutes; ex-
ceeding this time leads to a sharp decrease in the
quality of the concentrate;
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— The high gold content in the first fraction of
the cleaning operation, which is almost twice the
average content in the concentrate, indicates the
advisability of including the second cleaning op-
eration in the flotation scheme.

At the optimal modes established at the pro-
specting stage of research, an experiment was
set up for flotation of gravity separation tailings in
an open cycle to clarify the concentration indica-
tors. The flotation scheme included the principal,
control, and two cleaning operations (Table 4).

Experimental conditions: particle size 90 %
-0.071 mm. Main flotation: PBX = 400 g/t, PO =
60 gft, flotation time 10 min. Control flotation with
kinetics: PBX = 200 g/t, PO = 20 g/t, flotation time
10 min. Cleaner flotation I: time 5 minutes.
Cleaner flotation II: time 2 minutes.

Table 2. Study results of kinetics of the main and control ore flotations
Tabnuua 2. PesynbTatbl U3y4eHUs1 KWNHETUKM OCHOBHOM U KOHTPONbHOMN (hnoTauui pyabl

Progressive total
. Gold Gold
Products Time, Yield | content, |extraction,| Yield, Gold GOI(.j Ha_mcgck
m content, | extraction, | criterion
glt % %
g/t %

1 1.3 52.5 61.73 1.3 52.5 61.73 60.43
Elotation concentrate 2 2.6 8.4 19.75 3.9 23.1 81.48 77.58

3 2.6 1.32 3.1 6.5 14.39 84.58 78.08

4 15 1.22 1.66 8 11.92 86.24 78.24
Total flotation concentrate 8 11.92 86.24 - - - -

1 0.8 0.93 0.67 0.8 0.93 0.67 -
Control flotation 2 1.4 0.59 0.75 2.2 0.71 1.42 -
concentrate 3 2.3 0.47 0.98 45 0.59 2.4 -

4 1.5 0.35 0.47 6 0.53 2.87 -
Total control flotation 6 053 287 - - - -
concentrate
Totallpnmary and control 14 704 89.11 3 3 B B
flotation concentrate
Flotation tails 86 0.14 10.89 - - - -
Total gravity tailings 100 1.11 100 - - - -

Table 3. Study results of ore flotation kinetics
Tabnuua 3. PeaynbTaThl M3y4yeHUs KUHETUKK cnoTaumm pyabl

Product Yield, % Gold content, g/t Gold extraction, %

Scrap concentrate 1 min 1.1 64.2 64.81
Scrap concentrate 2 min 1.1 13.1 13.22
Scrap concentrate 3 min 0.5 4.2 1.93

Total re-flotation concentrate 2.7 32.27 79.96
Re-flotation industrial product 5.2 1.24 5.92
Industrial product control flotation 5 0.64 2.94
Total concentrate 12.9 7.5 88.81
Flotation tailings 87.1 0.14 11.19
Total gravity tailings 100 1.09 100
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Table 4. Results of an open experiment on flotation of gravity benefication tailings
Tabnuua 4. PesynbTaTbl OTKPbITOro 3kCnepumeHTa no dpnorauymm

XBOCTOB rpasutaulMoHHOro oboralleHus

Product Yield, % Gold content, g/t Gold extraction, %
Recycling flotation concentrate Il 1.4 58.1 72.2
Industrial product recycle flotation |I 1.8 5.4 8.63
Industrial product recycle flotation | 4.3 1.54 5.88
Flotation control industrial product 5.1 0.71 3.21
Total flotation concentrate 12.6 8.04 89.92
Flotation tailings 87.4 0.13 10.08
Total gravity tailings 100 1.13 100

It was found that after the second cleaning,
a concentrate with a gold content of 58.1 g/t with
a yield of 1.4 % can be obtained from the tailings
of gravity concentration. The total recovery of
gold in flotation products was 89.92 %, with an
output of 12.6 %. The gold content in the tailings
of the control flotation was 0.13 g/t. These results
can be considered satisfactory. In the selected
mode, conducting an experiment in a closed
cycle is advisable to establish the ore concentra-
tion indices according to the gravity-flotation
scheme.

Experience in the gravity-flotation concentra-
tion of the original ore. To establish the indicators
of the initial ore beneficiation according to the
gravity-flotation scheme, a test was performed in
which flotation was performed with the return of
middlings (5 closed cycles) according to the
mode worked out at the preliminary stage of re-
search. The flotation was fed with the tailings of
gravity separation, performed on a Knelson cen-
trifugal concentrato. The scheme of the experi-
ment is shown in Figure.

The original ore was crushed to a 60 % -0.071
mm particle size and enriched by centrifugal sep-
aration to extract free gold and rich intergrowths.
The tails of centrifugal separation were re-
crushed to a particle size of 85 % -0.071 mm and
fed to flotation, in which the main, control, and
two cleaning operations were provided. The flo-
tation was carried out in a closed cycle with a
turnover of middlings. The results of ore dressing
according to this scheme are shown in Table 5.

As a result of enrichment, the following prod-
ucts were obtained:

1. Gravity concentrate with a gold grade of
186 g/t with a yield of 1.84 % and a recovery
of 72.82 %.

2. Flotation concentrate (after the Il cleaning)

with a gold content of 70.3 g/t yields 1.46 % and
recovery of 21.84 %.

The total recovery of gold into the gravity con-
centrate and flotation concentrate of the Il clean-
ing up was 94.66 %, with a yield of 3.3 % and an
Au content of 134.81 g/t. The gold content in the
flotation tailings was 0.2 g/t.

Due to the turnover of middlings, it became
possible to reduce the consumption of the foam-
ing agent in the main operation from 60 to 20 g/t
while maintaining foaming. This consumption
was adopted when performing a closed experi-
ment on an enlarged ore sample.

Experience in the gravity-flotation concentra-
tion of the original ore on the enlarged sample. To
clarify the technological parameters of the grav-
ity-flotation ore concentration and the production
of concentrates for hydrometallurgical research,
a closed experiment was set up on an enlarged
sample (90 kg). The scheme and the reagent
mode were adopted similar to a fast experiment
on five weighed samples of ore, but flotation was
carried out on machines of larger volume with
chambers of 121, 31, and 1.5 1.

The experiment was carried out on a circulat-
ing water supply, organized according to a "short"
scheme. In this case, water for the needs of flo-
tation was taken from the settled tail products.
Fresh water was used only for the first closed-
loop test. As a result of enrichment of the en-
larged sample of ore, the following effects were
obtained:

1. Gravity concentrate with a gold content of
1165 g/t with a yield of 0.3 % and an extraction of
73.74 %.

2. Flotation concentrate (after the Il cleaning)
with a gold content of 68.9 g/t with an output of
1.52 % and an extraction of 22.05 %. Its silver
content was 15.9 g/t.
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Au - containing
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Flow diagram of a closed experiment on gravity-flotation ore benefication
Cxema npoeedeHusi 3aKpbimo20 3KcnepuMeHma o 2pagumayuoHHO-ghsiomayuoHHOMY 0602aujeHuro pyo

Table 5. Ore beneficiation results according to the gravity-flotation scheme (closed experiment)
Tabnuua 5. PesynbTathl oboraweHus pyabl N0 rpaBUTaLMOHHO-NOTaLNMOHHON CXeMe
(3aKpbITbINA 3KCNEPUMEHT)

Gold Gold Ferrum Ferrum Sulfur Sulfur
Product Yield content, |extraction,| content, |extraction,| content, |extraction,
git % % % % %
Grinding ore to a particle size of 60 % -0.071 mm. Enrichment by centrifugal separation at KS MD3
Gravity concentrate | 184 | 18 | 7282 | 1755 | 8 | 658 | 3132

Grinding to a particle size of 90 % -0.071 mm. Main flotation: butyl xanthate = 400 g/t, pine oil = 20 g/t, flotation time
10 min. Control flotation: butyl xanthate = 200 g/t, pine oil = 20 g/t, flotation time 10 min. | cleaning: flotation time
5 minutes Il cleaning: flotation time 2 minutes

Concentrate Il cleaning 1.46 70.3 21.84 27 9,76 13.21 49.9
Industrial product recycle 0.32 106 0.72 21.36 1.69 5.14 4.26
flotation Il

Industrial product recycle 1.02 1.54 0.33 10.05 2,54 1.12 2.96
flotation |

Flotation control industrial 0.98 197 0.26 8.3 202 0.71 18

product

Total flotation concentrate 3.78 28.8 23.16 17.11 16.02 6.02 58.91
Gravity and flotation 33 13481 | 9466 | 2173 | 1776 | 951 | 81.22
concentrate Il cleaning

Tailings 94.38 0.2 4.02 3.25 75.98 0.04 9.77
Initial ore 100 4.7 100 4,04 100 0.39 100

WWw.nznj.ru I 167


http://www.nznj.ru/

2022;45(2):162-171 I

The total recovery of gold in the gravity con-
centrate and flotation concentrate of the Il clean-
ing was 95.79 %, with a yield of 1.82 % and an
Au content of 249.9 g/t. The gold content in the
flotation tailings was 0.19 g/t.

Conclusions

Flotation beneficiation of the initial ore sample
proceeds ineffectively due to a large amount of
sizeable free gold in the ore, which is poorly ex-
tracted into a foam product. The overall level of
gold recovery into flotation concentrate in all ex-
periments remained relatively low, in the range
of 49.13 - 76.36 %.
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In a closed experiment on the enrichment of
an enlarged sample of ore, the following ore en-
richment indicators were obtained:

— Gravity concentrate with a gold content of
1165 g/t with an output of 0.3 % and an extraction
of 73.74%; its silver content was 274 glt;

— Flotation concentrate (after the 1l cleaning)
with a gold content of 68.9 g/t with an output of
1.52 % and an extraction of 22.05 %; its silver
content was 15.9 g/t;

— The total recovery of gold in the gravity-flo-
tation concentrate was 95.79 %, with a yield of
1.82 % and an Au content of 249.9 g/t;

— Gold content in flotation tailings is 0.19 g/t.
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Forecasting groundwater rise
in the historic downtown area of Irkutsk city

Larisa l. Auzina?
3Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. The purpose of this investigation is to develop an analytical model for predicting the groundwater level rise due
to the barrage effect. Processing of a significant volume of production decisions for multiple objects has resulted an ana-
Iytical model that allows predicting the dynamics of groundwater rise due to the barrage effect when building deep foun-
dation structures. The study has been conducted for the downtown areas of Irkutsk and other cities of Eastern Siberia.
Prediction schemes for the groundwater level formation have been made, and an assessment of the study areas by their
underflooding conditions has been carried out. Being adequately simple and multi-purpose. The analysis of the research
results shows that the hydraulic gradient of the underground water flow and the project structure width have the biggest
effect on the groundwater rise. Vertical planning of the territory and the use of pile foundations play a significant role in
the formation of the groundwater level. Besides, when evaluating the depth of the underground water formation level and
developing the prevention and protection measures, it is necessary to take into account the seasonal rise of the under-
ground waters. The developed model can be applied in the corresponding geological and hydrogeological conditions.

Keywords: groundwater rise, groundwater level, analytical model, prediction, deep foundation
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rMAPOIEOCNONNA N UHXEHEPHAA TEONIOTNA

HayuHas ctatbs
YOK 556.3.06

MporHo3 noasLemMa ypoBHS FPYHTOBLIX BOA
B paioHe UCTOpPUYECKUX NocTpoek ropoaa Upkytcka

Napuca UsaHoBHa Ay3unHa?
3 Ipkymcekul HayuoHarnbHbIlU uccnedosamenbeKkuli mexHudeckul yHusepcumem, 2. ipkymek, Poccus

Pestome. Llenb paboTbl 3akntoyanace B pa3paboTke aHanMTUYeCKon MOAENW AN NPporHo3a nogbema ypOoBHS rPYHTOBbIX
B0 B yCrnoBusix 6appaxHoro apdekta. B pesynbtate 06paboTku 3HaUMTENBHOrO 06beMa NPOU3BOACTBEHHBIX PELLEHUI
pa3paboTaHa aHanuTuyeckas Moaerb, NMo3BOMAoLAs MPOrHO3MPOBATb W3MEHEHWE YPOBHS FPYHTOBLIX BOL, KOTOpPOE
MPOUCXOANT MPU CTPOUTENbCTBE WMHXEHEPHBLIX COOPYXEHUN C rMyboKUM 3anoxeHneM yHOAMEHTOB, CO3datoLmx -
thekT noagnopHon cTeHkn (bappaxa). Pabota npoBoaMnack Ha y4YacTkax, pacronoXeHHbIX B MCTOPUYECKWX LEHTpax ro-
popos BoctouHon Cubupu, B Tom uncne ropoaa Mpkytcka. PaspaboTaHbl NPOrHO3HbIE CXEMbI FNyOuH hopmMMpoBaHuMs
YPOBHS NOA3EMHbIX BOA NMEPBLIX OT NOBEPXHOCTU BOLOHOCHBLIX FOPU3OHTOB, MPOBEAEHA OLIEHKa TePPUTOPUIA NO YCNoBHK-
AIM NOATOMNNEHUSI B COOTBETCTBUM C CYLLECTBYIOLMMWN HOPMATUBHLIMW JOKYyMEHTamMu. AHanu3 pesynbTaToB 1ccrenosa-
HUI NOKa3blBaET, YTO HambonbLLiee BNUSHUE HA NOLBEM IPYHTOBLIX BOA, OKa3biBAOT rMApaBIUYECKU YKNOH NOTOKA NOA-
3eMHbIX BOA U LUMPUHA MPOEKTHOTO COOPYXEHMUS. 3HAYMTESbHYIO POfb B (hOPMUPOBAaHMM HOBOTO NOAMOPHOTO FOPM30OHTa
B npegenax uccnefyeMon Tepputopui UrpatT BepTuKanbHas nnaHnpoBKa 3acTpamBaeMon TeppuTopun 1 UCNonb3oBa-
HUe cBaunHbIX hyHAaMeHToB. Kpome Toro, npu pa3paboTtke npodhunakTMyeckmx 1 3alUTHbIX MEPONPUATAIA HEOOXOANMO
YYNTbIBATb MHOFOMETHME Ce30HHbIE KonebaHus ypoBHS rpyHTOBLIX BoA. [peacTaBneHHas aHanuThyeckas mogenb Lo-
CTaTOYHO NPOCTa, YHMBEPCasibHa U MOXET MPUMEHSATLCS B PA3IIMYHbLIX FE0NOro-rMaporeosiorniyecknx yCroBusx.

Knioyeenlie cnoea: nognop, ypoBeHb rPYHTOBLIX BOA, aHanNMUTUYecKas MOAesb, NPOrHo3, nepesarnyGrneHHblin dyHaa-
MEHT

© Auzina L. I., 2022
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Introduction

Underflooding caused by different reasons is
observed in many cities all over the world, in-
cluding the USA, Great Britain, France, Germa-
ny, India, Kazakhstan, China, Korea, etc. [1-11].
In Russia, underflooding takes place in many
built-up areas of the European part of the coun-
try, the Urals, the Far East, and Siberia [12, 13].

The built-up areas in the south of Eastern
Siberia are extremely subject to underflooding.
The reasons are diverse: disastrous snowmelt
floods, leaks from the old underground utilities,
failures of the storm sewage systems, and a
barrage effect of the deep foundations of civil
engineering structures with underground parking
lots [11, 14].

In 2002, The State Duma of the Russian
Federation passed the law “On the cultural her-
itage objects of the peoples of Russia” that had
an emphasis on the citizens’ constitutional obli-
gation to preserve the national historical and
cultural heritage. However, in the period 2000-
2010, over 2,500 historical and cultural monu-
ments were destroyed in Russia. The state of
half of the monuments protected by the govern-
ment is unsatisfactory, and most of them need
urgent protection measures. According to the
data from the Ministry of Culture, almost 65 % of
the cultural-and-historical heritage objects are
either in an emergency or pre-emergency condi-
tion. Most of the buildings that are over 100
years old are subject to the negative influence of
the ecological factors, including underflooding.
The historical cities, especially their downtown
areas, require reconstruction projects with an
indication of the boundaries of the protected
zones. This could make it possible to eliminate a
number of the city-planning problems connected
with parceling out for new construction in the
historic downtown areas. Besides, when building
deep foundation structures, it is necessary to
take into account the risk of the underflooding of
the historical buildings.

Research objective

The research aims to develop an operational
forecasting procedure for the changes in the
groundwater hydrodynamic regime due to the
barrage effect of deep foundation structures to
facilitate engineering decision-making on the
initial stages of architectural construction pro-
jects.

Research methods
and procedures

The construction of deep foundation build-
ings in areas with a small depth of the ground-
water level causes a “pbarrage” effect increasing
the risk of the underflooding of the adjacent
built-up plots.

The barrage effect is groundwater rise be-
fore the dam and its descent after the dam due
to the damming of the groundwater filtration
flow. Depending on the hydrogeological charac-
teristics of the dammed water-bearing layer and
the size of the engineering structure, the level of
the groundwater rise varies from a few centime-
ters to a few meters, causing the ground body
deformation, underflooding of the area and
nearby structures, and other adverse conse-
quences.

As it was mentioned above, the underflood-
ing due to the barrage effect is common in the
modern urban areas. The construction that
takes place not only in the urban fringe but also
in the historical and cultural zones causes dam-
age to the foundations of the old structures and
often leads to the destruction of the historical
buildings.

The study focuses on the main causes of the
changes in the urban hydrogeological conditions
and on the factors determining their hydrody-
namic regime [15].

The changes in the hydrogeological condi-
tions of the urban territories located in the Anga-
ra River Valley are determined by natural and
technogenic factors.

1 The 39 parlamentary forum “Historical and cultural heritage of Russia”. The Union of the towns of the Russian Federa-
tion. Available from: http://smgrf.ru/3-parlamentskij-forum-istoriko-kul-turnoe-nasledie-rossii/ [Accessed 09" March 2022].

(In Russ.).
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The natural factors are seasonal fluctuations
in the atmospheric precipitation. The technoge-
nic factors include the emergency evacuation of
water from the Angara cascade reservoirs and
the barrage due to the construction and mainte-
nance of deep foundation structures.

The regime-forming factors are divided into
regional and local ones.

The regional factors include groundwater
rise connected with the filtration of water from
the canals, rivers, and other water pools, as well
as with the leaks from the underground industri-
al utilities, large intercepting sewers, etc.

The local factors include the groundwater
rise caused by the barrage effect of the under-
ground structures and infiltration of the leaks
from the water carrying utilities, as well as the
cones of depression due to different types of
drainage in the facilities under construction and
maintenance.

The present paper focuses on the local
technogenic factor associated with the construc-
tion of modern buildings with underground shop-
ping centers and parking lots, and other objects
with deep foundations that cause groundwater
rise due to the barrage effect.

The situation concerning groundwater rise in
Irkutsk, Cheremkhovo, Usolje-Sibirskoye, and
other cities of Eastern Siberia is complicated.
For example, a large part of the downtown area
of Irkutsk is represented by the buildings of the
late 18" — early 19" centuries, the groundwater
level is 1.2-5 m from the earth's surface [12]. A
minor part of the unbuilt areas is allotted for the
construction of large shopping centers or apart-
ment houses with deep foundations and under-
ground parking lots, which is followed by the re-
formation of the groundwater filtration flow struc-
ture.

The study area is located in a transition zone
between the platform flatland and the Baikal
mountainous region. The relief of the territory is
moderately rugged due to the river valleys and
creek valleys of the first and second orders. The
main rivers are the Angara River and its tributar-
ies Irkut, Olkha, Ushakovka, etc. The watershed
spaces have flat and rounded tops with an abso-
lute elevation 480-520 m and the maximal rug-
gedness depth 160 m.

Hayku o 3emne n Heppononb3oBanue / ISSN 2686-9993 (print), 2686-7931 (online)

In hydrogeological terms, the above areas
are associated with the Irkutsk basin, the largest
structure of the Angara-Lena artesian basin of
the first order.

The major water-bearing sediments are
Quarterly (gravel-shingle, sand-clay), Jurassic
(sandstone, argillite, and siltstone), and Cambri-
an sediments (dolomite, saliferous rocks). The
sediments have a block structure inherited from
the crystalline basement. The position of the
rock blocks within the study areas determines
the major geomorphological structures. In com-
bination with the joint fissures and erosion net-
work, it has a crucial influence on the engineer-
ing-hydrogeological conditions [16-18].

The type section of the central territory of Ir-
kutsk is a two-layer structure: the upper part is
represented with loose Quarterly sediments, and
the lower one, with Jurassic rock formations.
The Quarterly gravel-shingle and sandy-
sabulous sediments of the upper part significant-
ly differ by their structure and hydraulic conduc-
tivity. The sediments nearest to the surface are
sandy-sabulous with the hydraulic conductivity K
less than 5-6 m/day. It is the stratum where the
groundwater table is formed. The gravel-shingle
sediments have much higher hydraulic conduc-
tivity, 100-300 m/day. The groundwater level of
the Quarterly aquifer is at a depth of 1.2-5 m.
The layer's underlying formation is represented
by Jurassic sandstone, siltstone, and carbona-
ceous shale, the filtration in the disturbed zones
being 100 m/day (while the average value is
0.5-1.5 m/day). The aquifer of the Upper Quar-
terly sediments is shut off by the technogenic
ground with an average thickness of 1.5 m [11,
13, 16].

The modeling of such situations for several
cities of the Irkutsk region, along with the fore-
cast of the groundwater rise in the adjacent terri-
tories has been conducted a few times [11-13,
16]. Based on this, an empirical relationship has
been elicited.

The article presents the procedure and
methods of the work, using the cases of the
sites that were chosen due to their geological
structure and hydrogeological conditions typical
of the study territory (Fig. 1).
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Fig. 1. Location of key (stand

Site 1 is situated in the central zone of the
historic housing estate area of Irkutsk. It was
planned for the construction of a 5-10-storeyed
building with a three-level underground parking
lot and a foundation depth of 8-12 m. Based on
the initial data analysis [10-13, 16, 17, 19], a
database that included 13 attribute characteris-
tics by 96 points, was created.

As a result of the natural conditions schema-
tization that was conducted following the exist-
ing Russian standards? and the appendix rec-
ommendations®, a hydrogeological model was
developed.

The vertical structure of the watered stratum
of the terrace alluvial sediments is assumed
two-layered. The upper part of the section con-
sists of dense loam and clay sand with thin
sand interbeds with a total average thickness of
2.45 m and K = 1-5 m/day. The middle and low-
er parts of the section consist of Upper Quarterly

| 2022:45(2)172-183

ard) sites no. 1, 2, 3, 4 in Irkutsk
Puc. 1. PacnonoxeHue Knroveabix (munoebix) yyacmkoe Ne 1, 2, 3, 4, 2. Upkymck

gravel-shingle sediments 2 to 5.1 m thick, which
are the main collectors of the groundwater and
have a homogenous isotropic structure with K =
84.5 m/day. The re-formation of the groundwater
level takes place in the loam and clay sand sed-
iments of the upper part of the section.

The gravel-shingle sediments almost all over
the territory have much less penetrable underly-
ing eluvial Jurassic sediments with K being 0.5-
1.5 m/day.

The hydraulic regime of the alluvial aquifer
ground water is unconfined. The insignificant
groundwater pressure (0.05-0.4 m) in certain
wells drilled on the site in the period 1966-2008
is most probably connected with the influence of
the pressure water of the Jurassic aquifer and
the local waterproof rock lenses in the Upper
Quarterly sediments.

The hydrodynamic model of the territory is
represented in Fig. 2.

2 Building codes 104.13330.2016. Engineering protection of territories from flooding and underflooding. Updated edition
of the Building codes and regulations 2.06.15-85. Consortium code. Available from: http://docs.cntd.ru/document/

456054204 [Accessed 091 March 2022]. (In Russ.).

3 Underflooding prediction and drainage systems calculation for developed or built-over territories. Reference book for
the Building codes and regulations 2.06.15-85. Codes and standards library. Available from: https:/ffiles.stroyinf.ru/

Datal1/2/2697/ [Accessed 09 March 2022]. (In Russ.).
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Fig. 2. Hydrodynamical model 6f asite:

Mc — groundwater flow rate (average value is 5.02 m); y1 — water yield of the upper layer (0.92);
K1 — hydraulic conductivity of the upper layer (1-5 m/day); K2 — hydraulic conductivity of the lower
layer (84.5 m/day); M, — average flow rate of the lower layer (4.07 m)

The generalized hydrodynamical model uses averaged parameter values
Puc. 2. F'udpoduHamuyveckasi Modesib y4acmka ucciedosaHull:

Mc — MowHOCMb Momoka 2pyHmosbix 800 (cpedHee 3HaueHue — 5,02 M); 1 — KoaghghuyueHm 8000HaChILEHUS
sepxHeeo crnos (0,92); K1 — koaghgpuyuerm gunbmpayuu sepxHezo cnos (1-5 m/cym.); Ko — koaghcpuyueHm
¢hunbmpayuu HuxHezo cros (84,5 m/cym.); My — cpedHssi MOWHOCMb HUXHEe20 crios (4,07 m)

B 0606weHHoU 2udpoduHamuyeckol Modenu Ucnonb308aHbl 0CPEOHEHHbIE 3Ha4YeHUsT napamempos

The groundwater table incline varies de-
pending on the position of the main drain (in this
case, the Angara River) and a few dome-shaped
structures formed in the area due to the under-
ground facilities leakage. The direction of the
main flow is southeast to northwest, the flow in-
cline increasing from 0.016 to 0.027.

The bed is modeled as an unlimited calcula-
tion scheme. The infiltration is assumed homo-
geneous all over the area, and its effect on the
groundwater level change Ah is not taken into
account on this stage of modeling as it does not
influence the character of the groundwater sta-
tionary rise in the homogenous strata [20, 21]. In
this case, the problem is considered stationary
and determinate, i.e. within the defined stages of
the groundwater rise formation, the main ele-
ments of the groundwater flow stay constant.
The prediction of the stationary process consists
of plotting the depression curves on the conclud-
ing stage of the time interval meeting the
boundary conditions* [22)].

The distribution of the levels in the one-
dimensional homogenous isotropic  stratum
when solving the stationary problem not taking
into account the infiltration feed is described with
the Laplace’s equation modification [20, 21]:

d2(Ah?/2) 0
oxz

(1)

Here, Ah is groundwater rise in section Xx.

In the first stage, a ‘nowcast’ model is built,
i.e. a model for the existing conditions; on the
second stage, a ‘forecast’ model is built, i.e. a
model for the conditions caused by groundwater
rise [13, 23].

The analysis of the nowcast model with the
use of the software complex Surfer 10 has made
it possible to represent a general picture of the
existing hydrodynamic conditions, specify the
direction of the flow, and define the hydraulic
incline of the underground water table on differ-
ent sites, as well as the average depth of the
groundwater level (which in this case is 2.5 m).

The predictive modeling has shown that the
maximal rise of the groundwater level on the
study site is 0.5 m, and the minimum depth of
the groundwater level after the construction has
been completed is 1.7 m (Fig. 3). Thus, by the
existing Russian standard-setting documents
(Building Codes 104.13330.2016), the territory
is, in the main, classified as moderately under-
flooded. The general direction of the under-
ground water flow movement has not changed,
and the local re-formation of the groundwater
level has taken place around the project struc-
ture (which is connected with the formation of
the groundwater rise) and has covered a signifi-
cant part of the historic area (Fig. 4).

4 Gavich I. K. Hydrogeodynamics. Moscow: Nedra; 1988. 349 p. (In Russ.).
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Fig. 3. Isolines of the groundwater level rise Ah [24]:
1 - isolines of the groundwater level rise due to the groundwater logging (iteration is 0.05 m);
2 — underlay with the location diagram of historical and cultural heritage sites; 3 — designed structure
Puc. 3. U3onuHuu eenuvuHbl NodbemMa ypoeHs 2pyHmMoebix 800 Ah [24]:
1 — usonuHuUU 8enu4uHbl N0OBEMa YPOBHS 2pyHMO8BbIX 800 8 pe3yribmame nodnopa (waes — 0,05 m); 2 — nodnoxka
CO cxeMoli pacrnonoxeHuUsi 06bekmMoe UCMOPUKO-KyIbMypHO20 Hacneous; 3 — MPOEKmMUpPyeMoe COOpyXeHUe
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Fig. 4. Zoning diagram of the site no. 1 by the underflooding degree [24]:

1 — quarternary alluvial sediments; 2 — mine workings (wells, manholes, pits); 3 — elevation mark of the underground
water level after the groundwater rise (construction), m; 4 — formation depth of the underground water level after
the groundwater rise (construction), m; 5 — moderately underflooded territory; 6 — weakly underflooded territory;

7 — boundary of the moderately underflooded territory; 8 — project structure
Puc. 4. Cxema palioHupoeaHusi meppumopuu y4acmka Ne 1 no cmeneHu nodmonseHus [24):
1 — annsuarbHbie OMIIOXeHUs YemeepmuyHo20 8o3pacma; 2 — 20pHbIe 8bipabomKu (CK8aXUHbI, KO100Ubl, nodsarsl);
3 — abcomomHas ommemka ypoeHsi 0d3eMHbIx 800 nocse nodnopa (cmpoumesiocmea COOPYXEHUS), M;
4 — 2nybuHa hopMuposaHust ypoeHs Mo03eMHbix 800 rocsie nodnopa (Cmpoumesiscmea COOPYXeHUs), M;
5 — ymepeHHO nodmonneHHass meppumopusi; 6 — crrabo nodmoneHHas meppumopus;
7 — epaHuya ymepeHHo noOmonneHHoU meppumopuu; 8 — MPOEKMHOe COOPyXeHuUe
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The described algorithm was applied for oth-
er similar study sites classified as underflooded
with different percentages of strongly, moderate-
ly, and weakly underflooded subzones.

Site 2 is located in the central part of Irkutsk,
in the Angara riverbed area. It is intended for the
construction of a residential complex with a
foundation depth of over 6 m. The underground
part of the structure is going to be used as a
parking lot. The pile foundation partially blocks
the groundwater stream both by area and in
section. The project specifies vertical planning of
the territory with landfilling of over two meters
thick. The use of pile foundations together with
vertical planning makes it possible to avoid aeri-
al underflooding of the territory despite the
groundwater rise to 0.3 m (Fig. 5).

Site 3 is also located in the center of Irkutsk,
in the Ushakovka riverbed part. The depth of the
strip foundation of the planned administrative
and business center is 4.5 m, with no vertical
planning included. Thus, with the underground
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water rise to 0.2.m only, a big part of the territory
is going to be underflooded (Fig. 6).

Site 4 is located on the right bank of the An-
gara River. The depth of the foundation of the
planned administrative building is 2.5 m without
taking into account the vertical layout. After the
predicted groundwater rise by 0.8 m, part of the
territory will be flooded (Fig. 7). The obtained
results show that the territory planned with tech-
nogenic ground landfilling and a pile foundation
has minimal underflooding risk.

Research results and analysis

As a result of the study aiming to forecast
the change of the hydrogeological conditions,
the main causes of the process of change and
regime-forming factors have been distinguished.

The present paper gives a detailed consid-
eration of the prediction of the local technogenic
factor connected with the construction of struc-
tures with deep foundations causing the
groundwater rise due to the barrage effect.

60 80 ™

Fig. 5. Zoning diagram of the site no. 2 by the underflooding degree [24]:
1, 2 — quarternary alluvial sediments; 3 — well: at the top — number, on the left — elevation mark of the earth surface, m,
on the right — elevation mark of the underground water level, m; 4 — underground water flow direction;
— formation depth of the underground water level after the groundwater rise (construction), m; 6 — elevation mark
of the underground water level after the groundwater rise (construction), m; 7 — moderately underflooded territory;
8 — weakly underflooded territory; 9 — project structure
Puc. 5. Cxema patlioHupoeaHusi meppumopuu y4yacmka Ne 2 no cmeneHu noomonneHusi [24]:

1, 2 — annosuarnbHble OMIIOXEHUS Yem8epmuU4YH020 8o3pacma; 3 — CKeaxuHa: 88epxy — Homep, creea — abcomomHas
omMmemka roeepxHOCMuU 3eMiu, M, crpasa — abcomomHas ommemka ypoeHs No03eMHbIX 800, M; 4 — HanpasneHue
0suxxeHus nomoka nod3emHbix 800; 5 — anybuHa chopmuposaHus ypoeHsi Nod3eMHbIx 800 nocse nodnopa
(cmpoumernibcmea coopyxeHusi), M; 6 — abcorromHas ommemka ypoeHs Mo03eMHbIx 800 r1oce nodnopa
(cmpoumenibcmea COOPYXeHUsI), M; T — yMEPEHHO MOOMONIEHHass MepPUMOpPUS;

8 — crabo nodmonneHHas meppumopusi; 9 — MPOEKMHOe COOPyXeHUe
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Fig. 6. Zoning diagram of the site no. 3 by the underflooding degree [24]
See the legend of Fig. 5
Puc. 6. Cxema palioHupoeaHusi meppumopuu y4yacmka Ne 3 no cmenesu nodmonneHusi [24]
YcnoeHble 0603HaYeHUs cM. Ha puc. 5
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Fig. 7. Zoning diagram of the site no. 4 by the underflooding degree
See the legend of Fig. 5
Puc. 7. Cxema palioHupogaHust meppumopuu y4acmka Ne 4 no cmeneHu nodmonsneHust
YcnosHblie 0603HaqYeHuUs CM. Ha puc. 5

The modeling of the groundwater rise for-
mation for several sites of Irkutsk and other cit-
ies of the Irkutsk region, as well as the results of
the analytical solution of the Laplace’ equation
for the taken calculation scheme (Fig. 2), includ-
ing the solution of the equation system in partial

derivatives of a parabolic type with the given
initial and boundary conditions, have shown that
the hydraulic decline of the flow and the width of
the project structure has the biggest effect on
the groundwater rise. The conclusions allow set-
ting up and using the following analytical solu-
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tion to evaluate the upsurge of the groundwater
level Ah [24]:
ph =0 )
1,78
Here, | is the underground water table incline; B
is the width of the retaining wall (barrage), m;
1.78 is the coefficient obtained analytically.

The gradient values taken for the calcula-
tions correspond to the real values existing in
the ground flow of the upper aquifer in the study
territories. The calculated values of the structure
width are 15, 25, 50, 80, 110, 170, and 200 m
(Fig. 8), which well corresponds to the size of
the currently designed buildings with the founda-
tion depth up to 8 m.

It is necessary to mention the constraints on
the use of the given formula:

— Provisionally homogenous water-bearing
layer;

— Perpendicularity of the building and flow;

— Complete ‘cut-in’ of the foundation (when
the underground part of the foundation com-
pletely blocks the underground water flow);

— Constancy or absence of the infiltration.

The calculation of the groundwater rise due
to the incomplete cut-in of the project structures
can be realized by recalculating the empirical
coefficient 1.78 in Eq (2) as a percentage of the

Hayku o 3emne n Heppononb3oBanue / ISSN 2686-9993 (print), 2686-7931 (online)

Discussion

The groundwater level surface is a highly
dynamic index. For example, in the period
1984-1997, the average annual level by the da-
ta from several observation wells in the central
part of Irkutsk changed by 0.8—-1 m. Thus, when
developing technological schemes, it is neces-
sary to take into account that the predicted level
of underground water can reach 0.9-1.4 m from
the earth's surface. In this case, the major part
of the territory is classified as moderately under-
flooded [12]. The prediction is especially im-
portant for the downtown areas because the un-
derflooding affects not only the modern buildings
but also the architectural monuments most of
which, being the national endow objects, are in
an emergency condition because of the fast-
developing deformations of the underground
elements. Hydro isolation daub that is currently
used to protect the foundations of historical
buildings from the destructive effect of the un-
derground water is not effective. The more ap-
propriate prevention measures include engineer-
ing preparation of the territories and the use of
protection drainage systems that are common in
construction and maintenance processes. The
above also includes vertical planning, i.e. artifi-
cial increase of the planned elevation marks of

foundation cut-in depth as it was done for the the developed territory, hydraulicking, wall
objects 2, 3 and 4. drainage, etc. [23, 25, 26].
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Fig. 8. Groundwater rise value Ah for the different values of the groundwater
table incline | (hydraulic gradient) and the building width B
Puc. 8. Benu4yuHa nodnopa nod3emHbix 800 Ah npu pa3nuyHbIX 3HaYeHUsIX
eudpaenu4yeckoeo ykioHa | u wupuHe 30aHusi B
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The above aspects predetermine the neces-
sity of timely and correct prediction of the
groundwater level change for the construction
and further engineering preparation of the city
territory, as well as for the development of effec-
tive protection measures. The realization of this
extremely urgent and important task is neces-
sary for the preservation of the historical and
cultural heritage of the old Siberian cities.

Conclusion
The analysis of the research results shows
that the hydraulic gradient | of the underground
water flow and the project structure width B
have the biggest effect on the groundwater rise.

| 2022:45(2)172-183

The equation solutions for multiple objects have
made it possible to develop an analytical model
for the prediction of the groundwater rise. The
model is quite multi-purpose and can be used
for the groundwater rise forecasts in many his-
torical urban areas with similar geological and
hydrogeological conditions.

Vertical planning of the territory and the use
of pile foundations play a significant role in the
formation of the groundwater level. Besides,
when evaluating the depth of the underground
water formation level and developing the pre-
vention and protection measures, it is necessary
to take into account the seasonal rise of the un-
derground waters.
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[opa3Beaka BepxHeYOHCKOro MeCTOpOXAEeHUA TEXHUYECKUX
NOA3EeMHbIX BOA: HOBble METOAbl U3YYEeHUS U pe3ynbTaThl

Erop Onerosuy TeHsikos?, EBrennit AnekcaHaposuy Casenbes®,

Mapusa AnekcaHgpoBHa [laHunoBa°®

ab00O0 « TromeHcKuli HeghmsiHOU HayyHbIl ueHmpy, 2. TiomeHb, Poccust

¢AO «BepxHe4yoHckHegpmeza3», 2. ipkymcek, Poccus

ABTOp, OTBETCTBEHHEI 3a Nepenucky: TeHskoB Erop Onerosuy, eotenyakov@tnnc.rosneft.ru

Pe3tome. Llenb npeactaBneHHOro McCnefoBaHWs 3akmnioyanach B YTOYHEHUU reonornyeckon mogeny BepxHevoHckoro
MEeCTOPOXAEHUA TEXHUYECKNX NOA3eMHbIX Bog (BocTtouHas Cubupb, Poccust), nepeoLieHke 3anacos no NpoMbILLIEHHOM
Kateropuu, opMMpoBaHuM reounbTpaLMoHHON Modenu. B ctaTbe OCBeLLEeHbl OCHOBHbIE NOAXOAbl, MCMOSIb30BAHHbIE
npv NPOBEAEHU NOEBLIX M KAMEPASIbHbIX UCCEA0BaHMIA, NPEACTABMNEH OMNbIT OpraHM3aLy MacLUTabHbIX ONbITHO-(WIIb-
TpaLMOHHbBIX paboT B YCNOBUSAX OrPaHUYEHHOrO BPEMEHW M MEPCOHANA Ha KPYMHOM (PYHKLMOHUPYHIOLLEM MECTOPOXAEHUM.
B ocHoBy paboTbl nonoxeHbl pe3ynbTaTbl MHOTOSIETHUX PEXMMHBIX HabnoaeHWR, NONEBbIX ONbITHO-UNbTPALMOHHBIX
pabot 2019-2020 rr., mHdopmMaLusi reonormyeckon 6asbl AaHHbIX N0 BOA03a00PHOMY 1 HETIHOMY (DOHAOY CKBaXWH Me-
CTOPOXAEHWS], B TOM YUCIIE KOMMIIEKC CKBAXWHHbIX MCCNEe0BaHNIA, a Takke CBEAEHUS O reonorMyeckom v ruaporeosioru-
YECKOM CTPOEHMM palioHa M3 apXWBHbIX M ONYONMMKOBAHHBIX MCTOYHWKOB. [ns co3gaHus reounbTpaLMoHHON Mogenu
ucnonb3oBaHo nporpammHoe obecneveHne Visual ModFlow Flex. Pe3aynbtaTtom npoBeagHUst 1 MHTepnpeTauun pabot
crano obocHoBaHWe NpUPOLHON rMAPOreonorMyeckoi MoOAENM, OTAIMYHON OT NPUHATON paHee. Tak, Aoka3aHa CBs3b ABYX
BOAOHOCHbIX KOMMIEKCOB — BEPXONEH-UNTMHCKOrO KOMMNMeKca BepxHe-CpeaHeKkeMOpuIickoro Bo3pacTta v MUTBUHLIEBCKOIO
KoMMnekca HuxHe-cpegHekembpuiickoro Bodpacrta. B pesynbTate pabot B Visual ModFlow Flex cosgaHa reogunbTpaum-
OHHast MOZES1b, XOPOLLIO COrnacoBaHHas ¢ pakTUYECKMMM AaHHBIMU 1 NO3BOJIMBLUAS BbISIBUTb HENPOHULAeMble Gapbepsl,
a Takxe CNporHo3MpoBaTb reOMUrpaLIio CepoBoAopoAa. 3anackl NOA3EMHbIX BOA MECTOPOXAEHNS BriepBble NOCTaBNEHbI
Ha rocyaapcTBeHHbIN B6anaHc B NOMHOM 06beme Mo NPOMBILMEHHON KaTeropum B, nepeoueHka BbINOMHEHA MO TPeEM
yJacTkam MECTOPOXAEHNS, OTKOPPEKTUPOBAHBI HArpy3Kkn Ha CKBaXUHbI NS onTUManbHoW paboTsl Bogo3abopos. o nto-
raM npoBeAEeHHOTO MCCNEAOBAHWS MOXHO CAenaTb BbIBOA O TOM, YTO MCMOMb30BaHMe reousibTPaLMOHHON MOAENW
onpaBgaHo Ha MECTOPOXAEHUSX CIIOXHOMO reoIorM4eCcKoro CTPOEHUS M JaHHasi MOAENb MOXET UCMONb30BaTLCS Kak Mo-
CTOSIHHOZEWCTBYHOLLAsA AN KOHTPONS W KOPPEKTUPOBKM pexnma paspaboTku. OnbIT opraHm3aumm paboT Ha KpynHOM Aen-
CTBYIOLLEM HE(PTAHOM MECTOPOXAEHUMN TaKkKe MOXET OblTb NONE3EH NPY NEPEOLIEHKE 3anacoB Ha MECTOPOXAEHNSX-aHa-
norax.

Knroyeenle cnioea: nepeolieHka 3anacoB, reounbTPaLMOHHas MOAENb, TEXHUYECKMe Boabl, BepxHeyoHckoe MecTopoX-
JeHue

Ana yumupoeaHus: Tensikos E. O., Casenbes E. A., JaHunosa M. A. [lopassegka BepxHe4OHCKOro MecTopoXaeHus
TEXHWYECKWUX MOA3EMHbIX BOA: HOBble METOAbI U3ydeHus u pesynbTathl // Haykum o 3emne n Hegpononb3osaHue. 2022.
T.45. Ne 2. C. 184-196. https://doi.org/10.21285/2686-9993-2022-45-2-184-196.
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Further exploration of the Verkhnechonskoye field of technical
groundwater: new research methods and results

Egor O. Tenyakov?, Evgeny A. Saveliev®, Maria A. Danilova®
abTyumen Oil Research Center LLC

®Verkhnechonskneftegaz LLC

Corresponding author: Egor O. Tenyakov, eotenyakov@tnnc.rosneft.ru

Abstract. The purpose of the research is to refine a geological model of the Verkhnechonsk field of technical groundwater
(Eastern Siberia, Russia), reassess groundwater reserves by the industrial category and form a geofiltration model. The
article deals with the main approaches used in conducting of field and desk researches. It also introduces the organization
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experience of large-scale pilot filtration work under time- and personnel-limited conditions at a large operating field. The
work is based on the results of long-term regime observations, field experimental and filtration works carried out in 2019-
2020. It uses the information of a geological database on the water and oil intake facility of wells, including a complex of
borehole studies, as well as the data on the geological and hydrogeological structure of the field according to archival and
published sources. Visual ModFlow Flex software was used to create a geofiltration model. Having conducted and inter-
preted the works, the justification of a natural hydrogeological model different from the one adopted earlier was performed.
Thus, the relationship of two water-bearing complexes — the Verkholensky-llginsky complex of the Upper-Middle Cambrian
age and the Litvintsevsky complex of the Lower-Middle Cambrian age was proved. The works in the Visual ModFlow Flex
resulted in the creation of a geofiltration model, which correlates well with the actual data, allows to identify impenetrable
barriers, as well as predicts the geomigration of hydrogen sulfide. It is the first time that the underground water reserves of
the field were included in the State balance sheet in full-scale according to the industrial category B. The reassessment
was performed for three sites of the field, well loads were adjusted for optimal operation of water intakes. The obtained
results of the conducted research imply that the use of geofiltration model is reasonable in the fields of complex geological
structure and this model can be used on a permanent basis for monitoring and adjusting of the development mode. The
organization experience of works at a large operating oil field can also be useful under the reserve reassessment at anal-
ogous fields.

Keywords: reassessment of reserves, geofiltration model, technical water, Verkhnechonskoye field

For citation: Tenyakov E. O., Saveliev E. A., Danilova M. A. Further exploration of the Verkhnechonskoye field of technical
groundwater: new research methods and results. Nauki o Zemle i nedropol'’zovanie = Earth sciences and subsoil use.
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BeeaeHue

BepxHeyoHckoe — HedhTerasokoHgeHcaTHoe
mectopoxgeHue (HIKM) pacnonoxeHo B Ka-
TaHrckom pamnoHe Wpkytckon obnactu. Heppo-
nonb3oBatenem senserca AO «BepxHeYOoHCK-
HedTerasy», Bxoasuee B cTpyktypy MAO HK
«PocHeTby. MecTopoxaeHue oTkpbiTo B 1978 T,
BBeAEHO B paspabotky B 2008 r., ¢ 2009 r. Hava-
nocb (hOPMUPOBAHWE CUCTEMbI MNoAAepXaHWs
nnactosoro gasneHus. Becero 3a nepuog 2007-
2020 rr. BbinonHeHo 13 0TYETOB C OLEHKON 3ana-
COB NOA3EMHbIX BOA MO Pa3fMyHbIM KaTeropusm
Mo pasnuyHbIM yyacTkam. epeoLieHka 3anacos
MECTOPOXAEHNS B LLeNOM N0 BCEM y4YacTKaMm Bbl-
MOMHAETCS BNepBbIe.

B HacToswee Bpems gns obecneyveHns Bo-
[0M cUCTEMbI NoaAepXaHus NacToBoro gasse-
HUs Ha BepxHeyoHckom HIKM dyHKUmnoHupyeT
64 CKBaXMWHbI, PACMOSIOXKEHHbIE HA TPeX y4yacT-
kax — BocToyHo-bupaunHckom, JarangbHCKOM K
WpakTakoHckoM (puc. 1), cymmapHas gobbliya no
KOTOpbIM gocThrana B OTAeSflbHble rogbl [0
31 Tbic. M%/cyT. [1eOUThI CKBAXMH BapbUpYOT OT
50 mo 990 m3/cyT. YacTb 3anacoB NOA3EMHbIX
BoA (66 %) oueHeHa no kateropuun B, npu atom B
Llefiom 3anacbl pacnpegeneHbl Ha MecTopoxze-
HUKN HepaBHOMepPHO: 60 % 3anacoB cocpenoTo-
4yeHo Ha BocToyHo-bupaunHckom yvactke, 27 % —
Ha [arangbiHckom, 13 % — Ha VpakTakoHCKOM.
CKBaXmWHbl Ha YoHCKOM 1 TaTapMHOBCKOM y4acT-

Kax 3aKOHCEPBUPOBaHbI, 3anackl N0 HUM yTBep-
XaeHbl no kateropun C2 B8 2015 .

Lenbto npeacrasneHHon paboTbl 6110 yTou-
HEeHWe reonormyeckon mogenu BepxHeyoHcKoro
MECTOPOXOEHNA TEXHUYECKUX MOO3EMHbIX BO[
(MTTIB), nepeoueHka 3anacoB N0 NPOMbILLEH-
HOW KaTeropuu, co3gaHue reounbTpaLMoHHON
Moaenu.

Marepuanbi u metoabl
uccrnegoBaHus

CBefeHns 0 reonornyeckux, rmaporeonory-
YECKMX W MEep3nOoTHbIX YCIOBUAX TEPPUTOPUK
NPVBEAEHbl B COOTBETCTBUM C AAHHBIMW MCTOY-
HukoB! [1-9], a Takxe pesyrnbTaTamu paboT Ha
MECTOPOXOEHWUMN, U3NOXEHHbIMKU B cTaTbsax [10-
12]. B reonormyeckom CTpoeHun BepxHe4voH-
CKOro MEeCTOpPOXAEHWUS NMPUHUMAIOT y4YacTue 06-
pasoBaHWs apxes-npoTepo3os, KapboHaTHbIe
MOPOAbI HWKHErO U CPpeaHero oTaenos kembpus
W 0Cafo4Hble MOPOAbI CPEAHErO U BEPXHErO OT-
L,enoB KeMBPUS 1 IOPCKOW CUCTEMBI, @ TaKXKe YeT-
BEPTUYHbIE OTNOXeHWUs. HedTerasoHOCHOCTb
BepxHeyoHckoro HI'KM cBsizaHa ¢ necyaHukamu
1 KapboHaTamu BeHAa U HKHEro kembpus.

B pamkax Hactoswen pabotbl rnybuHa usy-
YeHUs reosIormMyeckoro paspesa orpaHuynBanach
30HOM cBobOAHOro BoAoOOMEHA — BCKpPbITUEM
MOPOA, aHrapCKOW CBUTbI HWKHErO Kembpms (rny-
BuHon o 350 m). OTNOXeHUs aHrapCKoW CBUTHI

1 Baitkano-AMypcKast XeJne3Ho4oPOoXXHas MarucTparb: reokpuonornyeckas kapta. M-6 1:2500000. M., 1979.
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Puc. 1. Yyacmku BepxHe4OHCKO20 MECMOPOXOEeHUSI MEeXHUYECKUX M0G3eMHbIX 800:
1 — mekmoHuYecKue HapyweHuUsl; 2 — epaHuUbl y4acmkos; 3 — peku
Fig. 1. Sites of the Verkhnechonskoye deposit of technical groundwater:
1 — tectonic disturbances; 2 — site boundaries; 3 — rivers

BbILLE NEPEKPLIBAKTCA HWKHE-CpeaHeKeMopun-
CKMMM OTNOXEHNSMU NMUTBUHLIEBCKOW CBUTLI. Ee
MoLLHOCTb n3meHsietcs ot 130 go 210 m. Ha no-
POAAX NMUTBUHLIEBCKON CBUTbLI COrMIAacHO 3anerarT
0Cafo4Hble HepacuneHeHHble cpeaHe-BepxHe-
KEMOPUNCKME OTNOXEHUS BEPXONEHCKOW M W~
rMHCKkomn cBuT MoLHocTblo oT 20 go 200 m. Heco-
rMacHO Ha NOpoAax BepXHero kembpus 3aneraT
OTMOXEHUS HWXKHEN opbl MOLWHOCTBIO 0 80 Mm.
YeTBEpPTUYHbIE OTNOXEHUSI pacnpOCTPaHEHbI NO-
BCEMECTHO W NpeaCTaBneHbl pa3nnyHbIMK reHe-
TUYECKMMU TUNaMu, NpeobnaaatoLLMmm Xe siBns-
I0TCA annioBuanbHblie U 3N0BUANbHO-AENOBU-
anbHbIE OTNOXEHMS CO CPeAHEN MOLLHOCTbIO 1—
3m.

Ob6bekToM akcnyaTauum SBRSOTCA ABa BO-
[IOHOCHbIX TFOPW30HTA: BEPXOSIEHCKO-UITUHCKUM
FOPU3OHT  CpeaHe-BepXHEKeMOpUNCKoro BO3-
pacTa (necyaHuku, TPELLMHOBATbIE aneBposnThI,
aprunnuTbl, XapakTepu3yTcs YacTblM nepecna-
MBaHWEM pasHbIX MOPOA C MOLLHOCTbIO NPOCIIOEB
OT HECKONbKMX MUNIMMETPOB A0 HECKOMbKMX
MeTPOB, LiBET NOpoa — NPenMyLLECTBEHHO BULL-
HEBO-KPaCHbIN, KPaCHO-KOPUYHEBLIN, NPOCMO-
SIMW — TPaBSHO-3€M€EHbI; BCE NOPOAbl B Pa3HoOW
CTENEHN 3aruncoBaHbl, OONee WHTEHCUBHO -

B HWXHEW YacTu paspesa) v NINTBUHLLEBCKUN O-
PU3OHT HWKHE-CpegHekemMbpuiickoro Bo3pacTa
(oonoMuTLI 1 U3BECTHSKM OT CBETNO-CEPbIX A0
TEMHO-CEpbIX C XENTbIM U KOPUYHEBATLIM OTTEH-
KOM, MacCWBHble, CMOWUCTble, BOAOPOCNEBbIE,
BpekuneBnaHbIe; B BEPXHEN YacTu pa3pesa uMe-
0TCA NPOCNOW 3eNeHOBaTO-CepPbIX aneBponu-
TOB, FMWHWUCTLIX AOMIOMUTOB, MUMC-aHTMAPUTOB).
B pamkax gaHHoi paboTbl OHWM paccmaTtpuBa-
0TCA KakK €aWHbIN BEPXONEHCKO-NIMTBUHLLEBCKUN
BOZOHOCHbI KOMIITEKC.

Cuctema nogaepKaHus nNnacToBoro Aasne-
Hus Ha BepxHevoHckom HIKM peanusoBaHa
cnepyoLmm 06pasoM: CKBaXMHbl 00bEAMHEHDI B
Bogo3abopbl, C KOTOpbIX BOAA MOCTynaeT Ha
YCTaHOBKY MOArOTOBKW apTe3MaHCKOW BOAbl, 3a-
TEM — Ha YCTaHOBKY NoArotoBkn HedpTtn YIH-1,
roe NpouCXoauT CMeLleHne ¢ NoATOBapHOMW BO-
[01, OTCTanBaHWe, Harpes v apyrue aTanbl BOAO-
nogrotosku. [lanee Boda HanpaBnsieTcs Ha
BnoYHy0 KYCTOBYIO HAacOCHYH CTaHUMI, 3aTeM
yepe3 6noku rpebeHoK ocyllecTBnseTcs pas-
BOZKa NO HarHeTaTenbHOMY poHAY.

CnoxHasi opraHusaumsa cuctembl nogaepxa-
HUS NNacTOBOro AaBNeHus NpUBOAUT K HEMOCTO-
SIHCTBY paboTbl BOA03a00PHbIX CKBAXMH KaK M3-
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3a NepemMeH [aBfieHns B CAMOW CETU HU3KOHa-
MOPHbIX BOAOBOAOB, MPOTSKEHHOCTb KOTOPbIX
coctasnset Ha BepxHeyoHckom HI'KM 93 km, Tak
M NO NpUYMHE WU3MEHEHW [0Obl4n HedTn B
CBSI3W C KOPPEKTMpOBKaMW Npouns (CooTBeT-
CTBEHHO, U noTpebHOCTM B BOAE), NPUEMUCTO-
CTbl0 HarHeTaTemnbHbIX CKBaXWH, OCOBEHHO-
CTAMU (PYHKLUMOHMPOBAHMS Ha yCTaHOBKE NOAro-
TOBKW apTe3unaHCKoW Boabl 1 Br0YHON KYyCTOBOWA
HaCOCHOW CTaHLMK, a TaKkKe APYruMu TEXHOMNOT-
Yyeckumm npoueccamn. [laHHble  PEXUMHBbIX
HabnogeHnn 3a paboTton Bogo3abopos oTnnya-
0TCS CNOXHBIMU 3aBUCUMOCTAMM, U UX UCMOMb-
30BaHVEe OrpaHMYeHO Npu nepeoLieHke 3anacos
NOA3EMHbIX BO4. JTU MaTepuanbl MoryT ObiTb
4aCTUYHO UCMOMb30BaHbI C YYETOM KOPPEKTUPO-
BOK. C y4eToM TOro, YTo 3aMepbl ypoBHeW 1 de-
OWTOB BLIMOMHATCA €XEeAHEBHO Ha MPOTsKe-
HUW MHOTUX eT, COOPMUPOBAH OFPOMHBIN Mac-
CMB [aHHblX, 4acTO WMEeKLWMNN pasnuyHble
bopMbl NpeacTaBneHns MHopMaLMm nNo rogam.
YactnyHo pabota Obina aBTOMaTM3MpoBaHa C
MCMONb30BaHWEM CBOAHBIX Tabnuy v Makpocos
Ha 6a3e MS Excel. OCHOBHble Npobrembl, BbISB-
NeHHble npu 06paboTke [AaHHbIX PEXUMHBIX
HabnoageHu, 3aKknYyalTca B TOM, YTO B Xode
akcnnyaTaumm Hens3bexHbl aBapunHble OCTa-
HOBKW, OCTaHOBKM Ha NNaHOBbIE PEMOHTbI, NpW
KOTOPbIX MPOUCXOAUT cMeHa obopydoBaHus, B
HEKOTOpbIX Cryyasix Aaxe Ha obopygoBaHue
LPYroi Npov3BOAMTENBHOCTU, COOTBETCTBEHHO,
rpacmkm 3aBMCMMOCTH aebuta OT ypoBHSA B 3TU
nepuoabl UCKaxaroTcs, YTo TpebyeT oTAeNIbHOro
PACCMOTPEHMS KaXO0ro Takoro yyacTka, npuene-
YEHWS OaHHbIX N0 PEMOHTHBIM paboTam. Takxke
“3MeHeHne rpacmkoB BbIBaeT CBSA3AHO C UCKYC-
CTBEHHbIM OrpaHuMyeHnem B 4o0blve BOAbI, UCTO-
LLleHWeM 3anacos, YTo NpUBOAMT K HeobXoanMMo-
CTU BbIMOMHEHNS aHanm3a no Kaxgow CKBaXuHe
C NpUBMEYEHNEM OaHHbIX MO 3aKayke XUAKOCTU
B CUCTEMY nopaaepXaHus nnacTtoBOro AaBneHus
no kaxgomy npobnemHomy nepuogy. B pesynb-
TaTe BO3MOXHOCTb WCMONb30BAHNS PEXUMHbIX
AaHHbIX ANS NepeoLeHKn 3anacoB OKa3blBaeTCs
orpaHn4YeHHon. TemM He MeHee OHW yYTeHbl Ans
KOHTPONS B Ka4ecTBe YCPEAHEHHbIX noka3aTe-
new pa3paboTkn MECTOPOXAEHWN.

B 2018 r. nepeg cneuyunanuctamm OO0 «Tto-
MEHCKWUIA HETAHOW Hay4HbIA LEHTP» Oblna no-
CTaBneHa 3afjaya NpOBECTM NepeoLieHKy 3ana-

2022;45(2):184-196

COB NOA3EMHbIX BOJ Ha AENCTBYIOLLMX yYacTKax
BepxHeyoHckoro HI'KM no npomblwneHHon Ka-
Teropun B. Ha TOT MOMEHT 3anacamu no katero-
pun B noTpeBHOCTb B NOA3EMHbIX BOZaX AN Le-
nen noaaepXaHusa nnacToBoro AasfexHuns 6Goina
obecneyeHa MeHee YeM Ha NonosuHy. MNpu aTom
NPOEKTHbIE Harpy3ku Obin onpeaeneHbl UCXoas
n3 0ebuToB CKBaXMH, NOSYYEHHbIX NPU CTPOM-
TenbHbIX OTKa4yKax B HEOOBA3AHHbIX CKBaXUHAX.
Nocne NoAKMYeHNUs CKBaXUWH K cUCTeMe BOAO-
BOOB WX NMPOU3BOAUTESNIBHOCTb CHU3WUNACh M3-3a
LOMNONHUTENBHOrO AaBMeHus, co3gaBaemMoro B
cucteme. Takum obpasom, nNpu pacnpegeneHun
NPOEKTHBIX Harpy3oK MMeeT 3Ha4YEHNE HE MaKCK-
MarnbHast NPOU3BOANTENIbHOCTb CKBaXMWH, a (hak-
Th4yeckas, noslydeHHas B Xo4e aHanu3a onbita
akcnnyartauuu Bcero Bogo3abopa. OTkayku «Ha
penbed» nNpuv TakoM NoAaxode HeobXoauMmbl
NUWb ANS NOMYyYeHWs KOHAULMOHHBIX napameT-
poB (BOAONPOBOAMMOCTM U NbE3ONPOBOAHOCTH).

C y4eTom TOro, YTo B HEKOTOPbLIX BbipaboTkax
thoHga ckBaxuH ObinNM BLINOMHEHBI KpaTKOBpe-
MEHHblE W HE BCerga KOHAWLUMOHHbIE OTKauKM,
rMapoAMHaAMUYECKMe YCNoBUA 3a rogpbl aKcnsya-
Tauun W3MEHWUNUCb, a rMaporeonornyeckne na-
pameTpbl TpebyT nogTBepxaeHus, 6bino npu-
HATO pelleHne MNPOBECTU KOMMSIEKC OMbITHO-
punbTPaUMOHHbIX paboT.

BbinonHeHne oOTKayek Ha KpynHbIX MeCTO-
POXOEHUSAX, SKCNyaTUpyeMblX C Lefblo BOAO-
CHabxeHna 0OLEKTOB C MOCTOSAHHOW NOTPebHo-
CTblO, YaCTO NPEeACTaBnseTcs HeTPUBUANbHOW
3ajayen B CBA3N C HEBO3MOXHOCTbIO OCTaHOBKU
oHaa ckBaxuH. B cnyyae ¢ BepxHevoHCKUM
HI'KM cpoku npoBefeHust onbITHO-(hUbTpaum-
OHHbIX paboT 6biny NnogobpaHbl TaknuM 0b6pasom,
4TOObI OHM CoBMadany C NaHoOBbIMK NPOdnIaK-
Tnyeckumm pabotamu Ha POHAE HEPTAHBLIX K
HarHeTaTenbHbIX CKBaXMWH, YTO MWHUMU3NPO-
Bano notepum no 4obblve yrneBoaopoaoB BCnea-
CTBME AedmumnTa BOAbl B CUCTEME nogaepKaHus
NacToBOro AasnieHus. 3a nepuog nonesbix pa-
60T npoBedeHbl ABe rpynnoBble U LIECTb OAU-
HOYHbIX OTKayek. B rpynnoBon otkauke Ha Bo-
CTOYHO-BupanHckom yyacTtke ObINo 3agencTBO-
BaHO 15 ckBaxuH, 13 13 KOTOPLIX ABMANUCH BO3-
MYLLAKOLLMMM; CyMMapHbIN 4eBuT oTkaykm cocTa-
BUN 6476 M3/cyT. B rpynnoBoit oTkauke Ha Mpak-
TAKOHCKOM y4yacTke Obino 3agenctBoBaHO 5
CKBaXWH, 4 13 KOTOPbIX BbinNy BO3MYLLAKOLLMMMY;
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CyMMapHbIii 0ebut coctasun 2175 m3/cyT. Anu-
TeNbHOCTb OMbiTa Ha BocTovHo-BupanHckom
yyacTKe COCTaBuia OKOMo NATW CyTOK, Ha Wpak-
TaKOHCKOM — OKOMNO [BYX CYTOK. [lepen kaxabim
UCnblTaHMEM uccrnegyembld (POHA CKBaXWH OT-
Knovanca Ha CyTku Ona dukcaumn Tekyulero
CTaTUYECKOro YPOBHS, NpU 3TOM (DOHA BOAO3a-
BOPHbIX CKBaXWH Ha COCEAHWX KCMyaTauuoH-
HbIX y4acTKax BbIBOAWUNCA Ha pexum paboTbl C
NOCTOSiHHbIM A4ebuTOM.

MpuUrogHOCTb CKBaXUH [ANs  NpoBefdeHus
ONbITHO-PUNBbTPALMOHHBIX PaboT oOLeHnBanach
no crnegywowWwmm KpUTEpUSM: Hanuune nbeso-
MeTpa, BblCOKas MPOWM3BOAUTENBHOCTb, pacro-
NOXeHWe B rpynne CKBaXuH, Hanuwune Habnwoaa-
TenbHbIX CKBaXXMWH Ha Bbllenexallyuii BEpXoneH-
CKO-MSTTMHCKMUI TOPU3OHT. [INa nony4yeHus KoHau-
LMOHHLIX NapaMeTpoB OTKa4ku NPOBOAMIIUCH B
BOAHO-KPUTUYHBLIA nepuod, ofHako paboTbl He
y4anocb BbINOSIHUTL B MOTHOM 06beme no npu-
YMHe HWU3KMX Temnepatyp Bo3gyxa. Bnpouem, pe-
3ynbTaTbl 3UMHMX OMbITOB OKa3anucb comnocra-
BMMbl C pesyfibTaTamu UCCnegoBaHWMi, NpoBe-
[EHHbIX NOBTOPHO B fIETHUN Mepuog, YTO roBo-
pUT O MUHWManbLHOM BAWSHUM CE30HHOCTW Ha
TMOPOAMHAMUYECKUA PEXUM UCCegyeMblX BO-
[LOHOCHbIX NoApasaeneHui.

PaccmoTpum pesynbTaT OZHOMO M3 OMbITOB
Ha BocToyHo-BupanHckom yvacTtke BepxHeyoH-
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ckoro MTTIB. Bosmyuwatouwas cksaxuHa 2*-[,
KanTupylowas HWkKHe-cpeaHekeMbpunckun Bo-
LOHOCHbIV TOPU30OHT, PacnofioXeHa Ha paccTos-
HUM 7,5 M OT CKBaxuHbl 2*-I, kanTupymoLwen
cpeaHe-BePXHEKEMOPUICKNIA BOAOHOCHbBIN ropu-
30HT. [locne Hayana oOTKaykm C [OeduToMm
886 mM3/cyT. yxe yepes BOCEMb MUHYT YPOBEHb
BOAbl B HAbNogaTenbHON CKBaXWHe Havan no-
HUXAaTbCS, Yepe3 NATb YacoB pa3HuLa AUMHAMM-
YeCKMX YpoBHeN B CkBaxmHax 2*-[] n 2*- cocTas-
nsna He 6onee 0,1 m (puc. 2).

NpuBegeHHbIN Ha puc. 2 rpadmk HarnsgHo
LAEMOHCTPUPYET OTCYTCTBME HEMPOHULLAEMONA
rpaHnUbl Mexay cpegHe-BepXHeKeMOPUICKUM 1
HUXHE-CpeaHEKEMOPUIACKMM BOLOHOCHBIMU TO-
PU30OHTAMW W €4WHBIA XapaKTep HanopHOro pe-
XMMa, YTO NO3BOSISIET CXEMATU3NPOBATb MX Kak
€0WHbIA BOJOHOCHbLIN KOMMMeKc. AHanornyHble
pesynbTaTbl OblM NOMYYeHbl U Ha ApYrux aen-
CTBYIOLUMX BOA03abOPHbIX y4acTkax BepxHevoH-
ckoro MTTIB.

3Ha4yMmon xapaktepucTukon ans obocHoBa-
HUS oObekTa Kak eauHOro BOJOHOCHOrO KOM-
nrnekca SBNSeTCa XMMUYECKUA COCTaB MOA3eM-
HbIX BOA. B ceBepHon yactn BepxHeyoHckoro nu-
LIEH3MOHHOTO y4YacTka noA3eMHble BOAbl BepXo-
NEHCKON M UNTMHCKOW CBUT OTHOCATCH K rmapo-
kapBoHaTHbIM M rMapokapboHaTHO-CyNbaTHbLIM
¢ MuHepanusaumeit 0o 0,43 r/ams, a Boabl NATBWH-
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Puc. 2. Mpaghuk epemeHHO20 npociexueaHusi ypoeHsi 8 koopduHamax S-lg(t):
1 — ckeaxuHa 2*-[]; 2 — ckeaxuHa 2*-I"
Fig. 2. Graph of level temporal tracing in S-lg(t) coordinates:
1 —well 2*-[; 2 — well 2*-"
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LIEBCKON CBUTbLI — K CySb(PaTHbIM C MUHepanuaa-
uuen oo 2,41 r/ame. B toro-3anagHom Hanpasne-
HUM KapTWHa MeHsieTCsa: No pesynbTaTam nabo-
paToOpHbIX UCCneaoBaHuin Npob, oTobpaHHbIX B
CKBaXMHAX, KanTUPYIOLLMX TOMbKO BEPXONEH-
CKYD W WITUHCKYIO CBWTbI, BOAbl MOryT ObiTb
rmapokapboHaTHbIMKU, CynbgaTHEIMKA UNK Cynb-
chaTHO-rMapokapboHaTHLIMM, TO e camoe Habnto-
[laeTCA OTHOCUTENbHO CKBAXWH, KanTUPYHLLUX
TONIbKO NUTBUHLEBCKYIO cBUTY [13]. MuHepanu-
3auus usmensietcs ot 0,27 go 2,23 mr/ams, npu-
4YEM ee 3HaYeHUst He KOPPEenupyT C rnybuHon
BCKPbITUS 0ObEKTA, YTO eLLe pa3 NnoaTBepxaaeT
Hanuuue rMapaBnnyYeckon CBA3N Mexay cpeaHe-
BEPXHEKEMOPUICKUMU 1N HUXKHE-CPEeaHEKEMOPUIA-
CKUMW OTINOXEHNSIMM.

Mo pesynbTatam rpynnoBbIX W OAMHOYHbLIX
OTKa4yek BenuynHa BOAONPOBOAUMOCTU MpU 06-
paboTke pesynbTaToB OMbITHO-PUNLTPALMOH-
HbIX paboT rpadoaHanUTUYECKMmM METOAOM CO-
cTaBuna ot 73 1o 1273 M?/cyT., YTO XapakTepu-
3yeT NfacT Kak BeCbMa HEOOQHOPOAHbIA. 3Haye-
HUSI NbEe30MPOBOAHOCTU U3MEHSIOTCS B AMana-
3oHe 4,7-10%-2,8:10" m?/cyT. PesynbTaTbl XO-
POLLO KOPPENMPYHOT CO 3HAYEHMSIMI BOZOMPOBO-
AMMOCTK, MOSIYYEHHBIMU B XO4E paHee npose-
AEHHbIX Ha BepxHeuoHckom MTTB pabor, n B
LIeNoM XapakTepHbl ANs aHHOro panoHa.

AHanm3 gaHHbIX PEXMMHbIX HAbNAEHNN He
NO3BOMUI NONYYUTb rMAPOAUHAMUYECKME napa-
MeTpbl M3-3a HEACHOr0 XapakTepa 3aBWCUMO-
cTen aebuta OT MOHMXKEHWUIA BCNeacTBME B3au-
MOBINUSHUA CKBaXWH, HO Ner B 0CHOBY 060CHO-
BaHWSA NPOEKTHbIX Harpy3ok. B kavectse Harpy-
30K ObINy NPUHATHLI 3HAa4YEeHUs1 06BEMOB J00bIUN,
MPW KOTOPbIX HE MPOUCXOAMNO 3HAYMTENbHbLIX
CKaA4YKOB [AMHaMWU4YECKOro YpoBHS. [1pOrHo3Hble
MOHMXKEHMS NPU 3TOM He MpPEBbLICUN LONYCTH-
MbIX. Pe3dynbTaTtbl pacyeta gonyCTUMbIX MOHM-
XEHWIN NPU NPUMEHEHUM Pa3fNYHbIX cXemaTnaa-
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LIMIA rmaporeoniormyecknx yCrnosu NpuBeLeHbI B
Tabnuue.

BbiBOL, O CyLECTBOBaHMM  B3anUMOCBA3N
Mexay BOZOHOCHBLIMW FOPU3OHTaMW BEPXONEH-
CKO-MITTMHCKOW W NUTBUHLIEBCKOW CBUT NOATBEp-
OVMCA B XO4e aHanusa pesynbTaToB UHTEpPpe-
Tauum reouanyecknx 1ccrnesoBaHUn CKBaXMH.
Komnnekc reounsmyecknx uccrnegoBaHui ckea-
XWH, NPUHATBIN B paboTe, SBNSETCA Knaccuye-
CKMM NpW rMOporeonornyecknx MccneqoBaHmsx
W NoKasbiBaeT CBOK 3PMEKTUBHOCTL MpU pac-
YneHeHMn paspesa W BblAeNeHnn BOOOHOCHbBIX
uHTepsanos [14, 15]. Bo Bcex npeablayLumx pa-
6oTax Kaxablh U3 HUX paccMaTpuBasncs Kak oT-
AENbHbI OrPaHNYEHHBIA CBEPXY M CHU3Y OO BEKT.
AHanornmyHas npupogHasi rugporeonornveckas
mogenb Obina NpuHsATa U Ha COCEAHMX NNLEH3N-
OHHbIX yyacTkax. [JedcTBUTENbHO, MO AAHHbLIM
paHee BbINOMHEHHbIX MOMCKOBO-OLEHOYHbIX pa-
60T B ceBepHon YacTn BepxHeyoHckoro MTTIB,
roe nposoaunuck paboTbl ¢ 0T6OPOM KepHa, B
NoAdOLLIBE BEPXONEHCKOM CBWUTbI Habnogaetcs
3aruncosaHHocTb [11, 12]. Tem He MeHee B pas-
pese Yy4yacTKoB [AeWCTBYKOLWMX BOA03abopos,
PACMONOXEHHbIX Ha KOro-BOCTOKE M 3anage Me-
CTOPOXAEHUS, aneBpOnuUTbl U apruinuTbl B No-
[OLIBE BEPXOMNEHCKON CBUTbI SBNAOTCA BOAO-
HOCHbIMU (puc. 3).

lNpu nogcyeTe 3anacoB r’mapPOaNHaMUYECKUM
meTogom Onarogaps 06beaMHEeHWI0 BOOOHOC-
HbIX FOPU3OHTOB MO MHOTMM CKBaXXMHAM BbISIBINEH
3HaYMTENbHbIN 3anac NOHWXEHNS, KOTOPLIV B BY-
AYLEM B Cryyae yBeNMYeHns noTpebHOCTU Npo-
MbICIa B NOA3EMHbIX BOAAX MNO3BONUT NPOBECTU
NepPeoLIEHKY C BO3POCLUMMI Harpy3kamu.

Kpome TpagnumnoHHOro ruapoanHamMmmnyeckoro
MeTo4a npu nepeoueHke 3anacoB Obin UCNoMb-
30BaH METO[ YMCMEHHOro MOAENMpoBaHus, 3a-
pPEKOMEHAOBaBLWNN Ccebs Kak  APPEKTUBHBIN
MHCTPYMEHT MNPU OLIEHKE 3amnacoB Ha KPYMHbIX

CpaBHeHMe pe3ynbTaToB pacyeTa AONYCTUMbIX NOHMKEHUIA
Comparison of calculation results of permissible drawdown

[Jonyctumoe NoHwmxeHne
Jonyctmoe noHwxeHue
Mpu cxemaTnsaumm MporHosHoe
Mpu cxemaTnsaumm
Yyactok CkBaxuHa y C €JUHbIM BOJOHOCHBIM MOHMXeEHVE,
C Y4ETOM HENpOHWLLAEMON
KOMMEKCOM, M (MPUHATO M
rpaHnLbl, M
Mo pesynbTaTaM JOpa3Beaku)
BocTouHo-bupaunHckuii 2**-[1 36 55 32,6
[laranablHCKMI 1-6** 72 90 63,9
WWw.nznj.ru I 189



http://www.nznj.ru/

2022;45(2):184-196 |

| Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) \)
Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

160

} /3
170
PesvctnguveTtpus TepmomeTpHs
H / K
- A/
180 J
190 PacxoapmeTpus €2-31+il.
i KasepHomeTpis Bepxonetckast
W WnrMHcKast
Aﬂcewm.
200 Ba 06CafHOM KOMOHHBI = 200]M } c ngggﬁg:m‘
] o NECYaHNKOB
KC W aprunnuTos
KC
220 n [T T S
T T 11 JIuTBMHUEBCKas
ceuTa.
& I I I | T L I [ [Honomutsl
LI | TpewwHoBaTbie

Puc. 3. ®pacmeHm 2eoghu3uyecKo20 naaHwema no ckeaxuHe 2*-
Fig. 3. Fragment of a geophysical tablet for the well 2*-[

MECTOPOXOEHUAX CO CIOXHON UCTOpUEN paspa-
6otk [16-20]. B nporpamMHOM KOMMMeKce
Visual ModFlow Flex 6.1 noctpoeHa reodunb-
TpaunoHHaa mopgenb BepxHevoHckoro MTTIB,
npeactaBfieHHas AByMs pacyeTHbIMU CRosMu —
COOCTBEHHO M3y4yaemoro BOAOHOCHOMO KOM-
nnekca v NpoeKuMn KPOBMM aHrapcKoW CBUTHI,
Haxogswencsa Ha 70 M HUXe hakTUYeCcKnx oTme-
TOK CTPYKTYPHOro npodouns, 4to Heobxoammo
AN MOOEenupoBaHus reomurpaumn. NoeepxHo-
CTW ObINIM NOCTPOEHBI MO AaHHbIM BypeHus pas-
BEAOYHbIX U BOA03abOPHbIX CKBaXWH. [ns no-
CTPOEHMA Mogenu Bl MCNONb30BaHbI cBeae-
HUSI O KOHCTPYKUMAX CKBAXWH, pesynbTaTtbl pe-
XUMHbIX HabnAEeHWN, CBEAEHMS 0 uUnbTpauu-
OHHO-EMKOCTHbIX CBOMNCTBaX Nopos, NOMyYeHHbIX
no pesynbTatam OMbITHO-(OUNbTPALMOHHBIX pa-
601 B nepunog 2007-2019 rr., pedynbTaThl nabo-
paTOPHbIX UCCMEea0BaHWIN BOAbI.

YnucneHHas KoHeYHO-pas3HOCTHas Moaenb Oc-
HOBaHa Ha peLleHnn HecTauMoHapHoro audde-
PeHLManbHOro ypaBHeHNs unbTpauum nog3em-
HbIX BOA (3aKoH [lapcu) Ans HanopHoro Heorpa-
HWYEHHOrO B NfaHe nnacra.

BaxHO OTMETUTb, YTO HACTpPOMKa U Kanmb-
poBKa MOAENN BbIMOSIHEHbI HA OCHOBE AAHHbIX
AMHAMUYECKOTO YPOBHSA B 3KCMnyaTauMOHHbIX
CKBaXWHaXx, HavyarbHOW JaToh MOAENW MPUHATO
1 auBaps 2016 r. [laHHbIM nogxon onpaedaH M
MOXET OblTb MCMONb30BaH NPU PELLEHUN aHano-

FMYHbIX 3a[a4, TaK Kak MHpopmaLmm no crtatuye-
CKUM YpOBHAM 4YacTo OblBaeT HEefoCTaTOYHO
BBMAY HENPEpbIBHOW 3KCMnyaTauum MecTOpOX-
LEHWSA, NpU KOTOPON KPaTKOCPOYHbIE OCTAHOBKU
3KCNnyaTauMOHHbIX CKBaXWH HEe MNO3BOMSIOT
YPOBHIO BOCCTAHOBUTLCA. Kpome TOro, ucnosb-
30BaHMe JaHHbIX MO CTaTUYECKUM YPOBHAM Mpwu
OypeHun ans kanmbpoBKM MOLENN OrpaHNYEHO,
Tak Kak 3aMepbl ABNSAIOTCS pa3HOBPEMEHHbBIMY, a
BypeHne nNpoucxoauno Ha pasnuyHbIX CTagusx
akcnnyartauuy, 4To genaet cpaBHEHUE NONyYeH-
HbIX Pe3ynbTaToB 3aTpyAHUTENbHBIM. BbinosnHe-
HWe KannMbpoBKM Modenu No A4aHHLIM ANHaMUYe-
CKMX YPOBHEWN SABNSETCA AOCTATOMHO CROXHOW
3agadeil, B NMpouecce ee peLleHUs BbISIBIIEHO,
4TOo no 6IM3KOPACNONOXEHHBIM ~ CKBaXWHAM
BBMAY Pa3HOW BeNWYMHbI CKUH-a(pdhekTa, Benu-
YuHbl gebuTa, a Takke Xapaktepa W CTeneHu
BCKPbITUA LieneBoro obvekta HabnogaeTcs Bbl-
COKWUW rpagMeHT Hanopa, UCKaxarwLmn pearb-
HYI0 TUAPOAMHAMUYECKYD KapTuHY. C Lenblo
KOMMeHcaLuy rpaMeHTa Harnopa no fokasnbHbIM
yyacTkam, a Takke 4ns MOAENMPOBaHUS ero 4o-
NONHUTENBHOW CPabOoTKM 3@ CYET HECOBEPLLEH-
CTBa B pacyeTHbIX s4enkax no 20 n3 64 akcnnya-
TALUWOHHbBIX CKBaXMH Oblnv akTMBMPOBAHLI rpa-
HUYHbIE YCNOBUS «apeHay (om aHes.: drain), cu-
MYNUpYoLLME U3BREYEHNE XUAKOCTU U3 JOMEHa
MOZENN ¢ 3agaHHbIM KO3MPUUNEHTOM APEHMPO-
BaHus oT 3 7o 50 mM?/cyT.
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B xome kanubpoBku Mopenu JOCTUrHyTas
CTEMEHb PaCXOXOEHUS pacyeTHbIX U haKkTnye-
CKMX JaHHbIX He npeBbicuna 8,6 % npu gonyctu-
mom nopore 10 % (puc. 4). lNpusneyeHne me-
Toda reoubTPaLMOHHOTO MOAENUPOBAHUS
MO3BOMMUIIO OTBETUTL HA HEKOTOPbIE BOMPOCHI O
TEKTOHWYECKOM CTpOeHun paiioHa. lNpu kanunb-
POBOYHbIX MTEPALMSAX ObINO YETKO YCTAHOBMEHO
Hanuyue 4ByX rMapoanHamudeckmx 6apbepos B
npegenax BoctouHo-bupanHckoro yyactka, Bbl-
paxarwLmxca B pPe3KoM nepenage Hanopos
mMexgy BoOo03abopHbIMM CkBaxuHamu. bnaro-
[aps aToMy bbinia CHATa HeonpeaeneHHOCTb OT-
HOCUTESIbHO XapakTepa pasnoMoB, OrpaHuyMBa-
OLWMX BrpanHCKnn ropct, NOATBEPXKOEHO MX CY-
LLLeCTBOBaHWE N YTOYHEHA TEKTOHUYECKAs CTPYK-
Typa yyacTtka (puc. 5). [ins ux cumynaumm B Mo-
LENN UCNONb30BaHbl FOpU3OHTanbHbIe cnabo-
NPOHWULAeMble rpaHuLbl. TOMNWMHA HeNpoHULae-
MbIX rpaHuL 6bina 3agaHa pasHon 30 m ¢ Benu-
4uHom kx u ky 0,001 m/cyT. PaHee oaHHas CTpyk-
Typa He y4uTblBanacb npu oLeHKe 3anacoBs, 4YTO
NPUBOAWNO K UCKAXEHWIO B MOHUMAHWWU CTPYK-
Typbl NOTOKa NOA3EMHbIX BOA. Takke AOMNOMHM-
TenbHbIN rMapoanHamudeckun 6apobep 6bin 3a-
thukcupoBaH B npegdenax [larangblHCKOro yvacT-
ka. PaHee aToT Gapbep B xode reonoropasBe-
[04HbIX paboT TakKe He BbISBNSAMCS.

Takxe ogHon M3 npobnem BepxHEYOHCKOro
MTTIB sBnseTcs CrnoHTaHHOE nepuoguyeckoe
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nosiBfieHMe CepoBodoOpoda B BOAE CKBAXWH,
BCKPbIBAKOLWMX WHTEPBanbl, Bnu3kne K Kpoene
HUKHEKEMOPUIICKMX ~ OTNOXEHWA  (@HTrapCKom
CBUTbI). Y4UTbIBAS, YTO CEPOBOAOPOL B CUITY €ro
(PU3UKO-XMMUYECKNX CBOWCTB He copbupyeTcs
Ha YacTuuax nopofbl, a Takke He BCTYNaeT B Xu-
MWUYECKME peakLumn C NOA3EMHbIMK BOgaMu Le-
neBoro obbekTa No NpuYMHE NX Manov MUHepa-
nn3auumn, paBHO Kak U C afieMeHTamu BMeLLato-
LMX FOPHBIX MOPOAd, MOXHO caenaTb BbIBOA O
TOM, 4YTO €ero KOHUeHTpauus 6yaeTt onpege-
NATLCA NPOLECCOM MMAPOAMHAMUYECKON aunc-
nepcuun. B mogenu npMHATO 3Ha4YeHWe Wwara guc-
nepcun B 10 M kak HaumeHee GnaronpusTHoe
ANs pacyeTa NeCCMMUCTMYHOrO BapuaHTa pac-
npocTpaHeHus cepoBofopoda. B pesynbraTte
MOAENNPOBaHUS  reoMurpauum  YCTaHOBIEHO,
4TO HanbonbluKMe KoHUeHTpauuu (oT 2 o 5,5 mr/
am® cepoBoopona) COOTBETCTBYOT BocTouHo-
BupamHckomy n [arangblHckoMy akcnsyataum-
OHHbIM Yy4acTkam. OKCMEPUMEHT C YCTaHOBKOWA
y3na KOHTpons kopposuu Ha Tpybonposoge AO
«BepxHe4oHCKHedTEra3» nokasan, 4To CKo-
poCTb Koppo3umn coctasnseT 0,97 MM B rog, 4To
OLEHMBAETCH KaK CunbHas cTeneHb u Tpebyet
NPUMEHEHUST UHTUOUTOPOB KOPPO3UKM NMBO BbI-
MOMHEHNsT MeponpUATAA NO 3awmTe Tpybonpo-
BOAOB 1 060pyaoBaHus. BbiCokue KOHLEHTpaLmu
CEpPoBOAOPOAA OOBSACHATCS 3HAYUTENBHOW 3KC-
nayaTauMOHHOW HarpysKko Ha NepBOM YyyacTke
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Puc. 4. Umoeoenili 2paghuk cxodumocmu pacyemHbix U ghakmuyecKux yposHel
110 3KCnIyamayUuoHHbIM CK8aXUHam
PacxoxdeHue pacyem / hakm — 8,6 %, cpedHee pacxoxdeHue — 1,3 M; koaghgpuyueHm koppensyuu — 0,9
Fig. 4. The final convergence graph of predicted and actual levels for production wells
Predicted discrepancy / actual — 8.6 %; average discrepancy — 1.3 m; correlation coefficient — 0.9
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Kak Mexx0y omOesibHbIMU CK8a)XXUHaMu, MaK u Mexady 2pynnamu CKeaxuH
BenuyuHa koaghghuyueHma unbsmpayuu — 0,001 m/cym., monujuHa eparuy — 30 m
Fig. 5. Simulation of low-permeability boundaries in the model that reflects sharp pressure head drops
both between individual wells and groups of wells
The value of the filtration coefficient is 0.001 m/day; the boundary thickness is 30 m

1 GNM30CTbIO KPOBMW aHrapCKom CBWUTLI HA BTO-
poM. Takum ob6pa3om, NMPOrHO3HbIe KOHLEHTpa-
UMK ceposogopoaa B goboiBaemon Boge dyayt
coctaensath o7 0,5 go 5,5 mr/am? (puc. 6).

Pe3ynbTathl uccneaoBaHus

PesynbtaTom NpoBEAEHNS U MHTEPNPETaLMM
paboT ctano ob6oCHOBaHME NPUPOLHOW rUAPO-
reonorn4eckor Mogenu, OTIIMYHON OT NPUHATON
paHee. Tak, AokasaHa CBSA3b [ABYX BOLOHOCHbIX
KOMMIMEKCOB — BEPXOSIEHCKO-UMTMHCKOrO KOM-
nrekca BepxHe-cpegHekembpuiickoro Bospacra
W NUTBMHLEBCKOTO KOMMMEKCA HWXHe-CpeaHe-
kembpuiickoro BospacTta. B pesynbtate pabot
B nporpamMmmHom obecneyveHnn Visual ModFlow
Flex cosgaHa reopunbTpaumoHHas MOAENb, X0-
pOLWO cornacoBaHHas C (PaKTU4YeCKUMMU [aH-
HbIMW, KOTOPas NO3BOSINIIA BbIBUTbL HEMPOHMLA-
emMble Bapbepebl, a Takke CNpOrHo3upoBaTh reo-
Murpaumio ceposogopoa. 3anackl Noa3eMHbIX

BOA MECTOPOXOEHWS BrepBble NOCTaBMEHbl Ha
rocygapcTBeHHbIN 6anaHc B noniHoM obbeme no
MpOMBbILLSIEHHON KaTeropun B, nepeoueHka Bbl-
MOMHeHa No TPeM yyacTkaM MeCTOPOXAEHWS, OT-
KOPPEKTUPOBAHbI HAarpy3kn Ha CKBaXXWHbI ANS On-
TUManbHON paboTbl BOJ03abopos.

3akntoyeHue

Ha ocHoBe npoBedeHHOro MccrnenoBaHus
MOXHO cAenaTb cneaytLune BoiBOAbI:

1. FnaBHOW OCOBEHHOCTLID TEONOrMYECKOro
cTpoeHust BepxHeyoHckoro MTTIB sBnsieTcs oT-
CYTCTBME HEMPOHWLIAEMON TpaHuUbl  Mexay
HUXHE-CPeaHEKEMOPUNCKAM U CpefHe-BepXHe-
KEMOPUINCKMM BOJOHOCHBIMW FOPU3OHTaMU B 3a-
MagHOM U BOCTOYHOWM YacTaX NULEH3MOHHOO
yyacTka, YTo yaanoch NoATBEpANUTb B XO4€ aHa-
nn3a pesynbTaToB MHTEpNpeTauum reodusnye-
CKUX WCCNefOBaHWA CKBaXMH W NPOBEAEHUS
ONbITHO-PUNBTPALMOHHBIX PaboT.
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Puc. 6. Pe3aynomambi npo2HO3H020 ModesiuposaHusi npoyecca 2eoMuzpayuu cepogodopoda
Ha KOHey, npo2HOo3Ho20 nepuoda (1 cenmsbps 2044 2.)
Fig. 6. Results of predictive modeling of hydrogen sulfide geomigration
at the end of the forecast period (September 1, 2044)

2. ObbeamHeHne BOAOHOCHBLIX TOPU3OHTOB
MO3BONWUMNO YBENUYNTb MPOEKTHblE HArpy3ku Ha
BOA03a00pHbIE CKBaXWUHbI B CBSI3N C WU3MEHe-
HUEeM BENUYMHBI AOMYCTUMOTO MOHVKEHUS.

3. [eounnbTpaunoHHoOe MOAENUPOBaHME B
CNOXHbIX MMAPOreonorM4ecknx yCrnoBusix No3Bo-
NSET YTOYHUTb TEKTOHUYECKYHO CTPYKTYPY MECTo-
POXOEHUS, BbISBUTb 30HbI PA3fIOMOB U onpeae-
NUTb XapakTep BNUSHWS BblAensieMblX 00 beKTOB

Ha MMOPOANHAMUYECKUN PEXNM.

4. C nOMOLLbI0 KOMMbIOTEPHOMO MOAENMUPO-
BaHWS MOXHO cAenaTb MPOrHo3 Murpauun oT-
AebHbIX XMMUYECKUX BeLLeCTB 1 nokasaTtenei.

5. Mo uToram onucaHHbIX PeLleHnin yaanoch
BbINOMHWUTbL NEPEOLIEHKY C ABYKPaTHbIM yBesnye-
HWEM 3anacoB NOA3EMHbIX BOJ MO kaTeropum B n
yCMEeLHO NPOWTU roCyAapCTBEHHYIO reonornye-
CKYI0 9KCNepTuay oTyeTa.
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UHXeHepHO-reonornyeckas oLeHKa CKanbHbIX FPYHTOB
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Pe3tome. B naHHON cTaTbe NpeacTaBneHa MHXEHEePHO-reonornyeckas oLeHKa ckanbHbIX rpyHTOB AnbasuHCKOro MecTo-
poxaeHus (cesep XabapoBckoro kpasi, Poccus), npoBefeHHas Ha MpUMepe aHanmsa Konnekumm obpasuoB pasnuyHbIX
neTporpadmyecknx TUMOB OnpefeneHHbIX reonormieckmx opmaumi. Liens nccnegoBaHwii 3aknovanack B peanusauum
crneumanbHo paspaboTaHHOW KOMMIEKCHOW METOAMNYECKOW CXeMbl, BKITHOYAILLEN ONTUYECKUA MeTOoA (aHanu3 wnundos),
n3MepeHne cecmMmyecknx (MOBEPXHOCTHOE U CKBO3HOE MPO3BY4YMBaHNE 00pa3LOoB A8 onpeaeneHust CKopocTu Npoaosb-
HbIX CEMCMUYECKMX BOJTH), MPOYHOCTHBIX (BEPTUKANBbHOE CXaThe 1 pacTsxeHne) n pruanyeckmx (MnoTHOCTb U BOZOMOTNO-
LLileHMe) CBOWCTB. Ha 0CHOBE MOMyYeHHbIX AaHHbIX BBINOMHEH CPABHUTEbHbIN aHanu3 06pasLoB No pesynbTaTaM AaHHbIX
CENCMUYECKMX, MPOYHOCTHBIX U (PU3NYECKMX CBOWCTB C y4eTOM neTporpacduyeckoi MHpopmaummn. YCTaHOBNEHA aHN30-
TPONMsi MO CEMCMUYECKMM U MPOYHOCTHBIM CBOMCTBaM, onpeaeneHbl Ko3aUUMEHTbI KOPPENALMM MeXay nokasaTensmu
CBOWCTB C MOMOLLIbIO NPOrpaMMbl KNacTepHOro aHanuaa. Ha npumepe matepuanos KOMMeKUuu nokasaHo, Yto pasnuyms
CKOPOCTYW NPOZONbHBIX CENCMUYECKUX BOMH U MPOYHOCTW ONPEAENSOTCS TEKCTYPHO-CTPYKTYPHLIMW 0COOEHHOCTAMM U CO-
CTaBOM CKarbHbIX FPYHTOB, KOTOPbIE U3Y4aloTCH HAa MUKPOYPOBHE.

Knro4desble csi08a: cKanbHbIW rPYHT, neTporpaduyecknin Wwnnd), CTpykTypa, TeKCTypa, CoCTaB, CEMCMUYECKMe CBONCTBA,
MPOYHOCTHbLIE CBOWCTBA, (PU3NYECKME CBOWCTBA, KNAacTEPHbLIN aHanm3
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Engineering-geological assessment of rocky soils
based on the analysis of the collection
of Albazinskoye deposit samples
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Abstract. The article deals with the engineering-geological assessment of the rocky soils of the Albazinskoye deposit
located in the north of the Khabarovsk Territory, Russia conducted on the example of the analysis of the collection of
samples of various petrographic types of certain geological formations. The purpose of the research is to implement a
specially developed complex methodological scheme including an optical method (analysis of thin rock sections), meas-
urement of seismic (surface and through sounding of samples to determine longitudinal seismic wave velocity), strength
(vertical compression and tension) and physical (density and water absorption) properties. Using the obtained data, a
comparative analysis of samples is performed based on the results of seismic, strength and physical properties taking into
account petrographic information. Anisotropy in terms of seismic and strength properties is established. Using a cluster
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analysis program, the correlation coefficients between property indicators are determined. On example of the materials of
the collection, it is shown that the differences in the velocity of longitudinal seismic waves and strength are determined by
the textural-structural features and composition of rocky soils, which are studied at the micro level.

Keywords: rocky soil, petrographic rock section, structure, texture, composition, seismic properties, strength properties,

physical properties, cluster analysis

For citation: Ryashchenko T. G., Maslov E. A., Bryzhak E. V., Kornilova T. A., Vashestyuk Y. V., Bolotnev A. Yu.
Engineering-geological assessment of rocky soils based on the analysis of the collection of Albazinskoye deposit samples.
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BeeaeHue

MecTopoxaeHus TBepabIX NONE3HbIX UCKona-
eMblX (B HacToslee Bpems 3TO MpeumMylue-
CTBEHHO OTKpbITble pa3paboTkn) MOXHO pac-
cMaTpuBaTb KakK MpUPOAHO-TEXHOTEHHYK Cu-
CTEMY, M3yYyeHWe KOTOPOM Ha COBPEMEHHOM
aTane pasBUTUS UHXEHEPHOWN reonorun cnegyet
cunTaTh Haubonee nepcneKkTMBHLIM HayYHbIM
HanpasneHveM. WHxeHepHas reonorus Mecro-
pOXOEeHUN 0ObeauHSeT BbINOMHEHWE Cheayto-
WMX 3aday: opraHu3auust reonormyeckoro npo-
CTPaHCTBA, OLEeHKa OWHAMUKW 3EMHOW KOpbl U
AeTanbHOe W3Yy4YeHWe reonornyeckoit cpeaplt.
[Npn nsy4yeHUn MeCTopoXaeHUN TBEPAbIX Nones-
HbIX MCKONaeMbIX Nof AeTaslbHON XapakTepucTu-
KOW reonorn4yeckon cpefbl NogpasymeBaeTcs
WHXXEHEPHO-TEoNorMyeckoe  Knaccugumumposa-
HWe TPYHTOB, XapakTepucTuka WX coctaBa W
CBOWCTB, CTeNeHn 06BOAHEHHOCTM.

B HacTosLee BpeMs 415 OLEHKM COCTOSHUS
CKanbHbIX MacCMBOB MECTOPOXAEHWIA YCTaHOB-
NeHbl cneunanbHble nHaekcol [1-6]. Kpome Toro,
maTepuans! Xl koHrpecca MexgyHapogHomn ac-
coumaumm no MHXeHEepHOW reoniormm U oxpaHe
OKpYXXalLlen cpeabl, KOTOPbIA COCTOSNCS B
none 2014 r. B TypuHe (Mtanus), nogTeepamnu
HEOBXOAUMOCTb [eTanbHOr0 W3YYEHWUS UHXKe-
HEPHO-TE0NIOrMYECKNX OCOBEHHOCTEN CKasSbHbIX
06pasLoB 1 MaccMBOB Ha MUKPOYpPOBHE [6]. B no-
crnegHue rodbl Cpean POCCUACKMX Mybnukauum
nosiBuUnMcb paboTbl Mo Bompocam hopmmnpoBa-
HUS PU3NKO-MEXAHUYECKUX CBONCTB PasnnYHbIX
neTporpacmMyecknx TUMOB MOPOA  (CKanbHbIX
rPyHTOB), Hanpumep ady3mBoB 1 H6asanbTou-
fos [7, 8].

Cnepyet 3ameTuTb, YTO Ha tore BocTouHoOM
Cubupmn cKkanbHble rpyHTbl TPAAULMOHHO M3yya-
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NNCb 3HAYUTENBHO pexe, Yem aucnepcHble. B
KayecTBe MCKITYEHUS MOXHO HasBaTb CUbUp-
CKMe Tpanmbl B parioHax coopyeHus bpatckon,
Yctb-Unumckon n boryyaHckon rmapoanekTpo-
CTaHUMIA, a TaKKe NEeCYaHWKN OPCKOW yrneHoc-
HOW popmMaumm B parioHe pKyTCKON rnapoasnek-
TpocTaHuun. Kpome Toro, HekoTopble cBeaeHus
MMEeTCA B MOHOTpadousx, NOCBALLEHHbIX MHXe-
HEPHON reonorMn TEPPUTOPUIA B Npeaenax 30H
BNMSHUA CMBMPCKMX BogoXpaHunuw,. B onybnu-
koBaHHOW paboTte no [Mpubaikanbio npeacTas-
neHbl MaTepuanbl nabopaTopHOro U3yyeHus gu-
3MKO-MEXaHMYeCKNX CBOMCTB IPYHTOB MeTamop-
ryeckoit, MHTPY3MBHOWM U OCagodHOW (opckue
NecYaHuKN 1 aneBponuTbl) hopmaumii [9], nosa-
Hee nosBUNUCL PaboTbl NO CKaNbHLIM FPYHTaM
OXHbIX paioHoB Xabaposckoro kpasi, MoHronum
u tora BoctouHon Cubupu [10-12].

C nosiBneHmemM HOBOro obbvekTa uccnegosa-
HUA, CBA3AHHBIX C OLLEHKON NHXEHEPHO-reonorn-
4EeCKMX yCrnoBumn B panoHe AnbasnHCKoro MecTo-
POXOEHUS TBEPAbIX MOME3HbIX UCKOMaeMblX Ha
ceBepe XabapoBCKOro kpasi, 3afava U3yyYeHus
CKanbHbIX TPYHTOB 3aHsna OAHO W3 BedyLUMX
MeCT B nnaHax paboT JlabopaTopun MHxeHep-
HOW reonorum 1 reoakonorumn VIHCTUTyTa 3eMHoM
kopbl CO PAH (r. MpkyTck), npu aTom Bbina pas-
paboTaHa v peann3oBaHa KOMMEKCHAs METOAU-
yeckas cxema.

B kauectBe HebonbLLOro oTCTYNeHNs obpa-
TUMCS K HEKOTOPbIM COObITUAM. M3BECTHO, 4TO B
1984 r. nog pepakumen E. M. CepreeBa 6bino
ony6nvkoBaHO MeTogmMyeckoe nocobue no nHxe-
HEPHO-re0I0rM4eCckoMy 13y4eHMo FOPHbIX NOPOA,
(ckanbHbIX FPYHTOB), B KOTOPOM KpaTKO ONMCaHbl
ONTUYECKUIA, 3NEKTPOHHO-MUKPOCKOMMUYECKUA U
yNbTPa3BYKOBOW MeTodbl UX U3yyeHus2. C nomo-

1 NomTapse B. [1. MHxeHepHas reonorms MecTopoXaeHuWii nonesHblx Mckonaembix: y4ebHuK ans By3os. J1.: Hegpa, 1986.

272 c.

2MeToguyeckoe nNocobre No MHXEHEPHO-rEONOrMYECKOMY M3y4YeHnio ropHbIX nopog / nog pea. E. M. Cepreesa. B 2 7.

T. 2. [TabopatopHble meToabl. M.: Hegpa, 1984. 438 c.
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b0 ONTMYECKOrO MeToda (neTporpaduyeckue
WMbl) ONpeaensnucb CTPYKTYpbl U TEKCTYpSI,
MUHeparnbHbIN cocTaB, crnefbl AedopMaumn oT-
LENbHbIX KPUCTaNmoB, B adysmBax — Konmye-
CTBO MOPMUPOBLIX BKIMOYEHUN. DNEKTPOHHO-
MMKPOCKOMUYeCKMiA MeToq (NpocBeYMBatoLLmi
ANEKTPOHHBIA MUKPOCKOMN, PacTPOBbIA ANEKTPOH-
HbI MMKPOCKONM) NO3BONAN NpW BOMbLUKX yBENN-
YeHUsX MccrnenoBaTb AeTanu CTPOEHUs ckanb-
HOro rpyHta. C noMoLLbO yrbTPa3BYKOBOrO Me-
Toaa (MeToa npo3ByvmBaHusa obpasua) nmeps-
nacb CKOpPOCTb pacnpoCTpaHeHus ynpyrux npo-
[0NbHbIX CENCMUYECKUX BOJSH, UBMEHEHUS KOTO-
poi onpeensinucb pasnuyHbIMK hakTopamm —
0COBEHHOCTSAIMU CTPYKTYPbI U TEKCTYPbI, Xapak-
TEPOM KOHTaKTOB MEXAY 3epHamu, MUHeparnb-
HbIM COCTaBOM M ApyrMMun. Ho ykasaHHOe noco-
Bre NosBUNOCH MOYTM COPOK NEeT Ha3ag. TeM He
MeHee COBCEeM He[daBHO, a MMEHHO 26 mas
2022 r., Ha 3acefaHun guccepTalMOHHOro Co-
BeTa MOCKOBCKOro rocy4apCTBEHHOIO YHUBEPCU-
TeTa umenn M. B. JlomoHocoBa cocTosnach 3a-
WMTa OOKTOpCcKoW aucceptauum «Popmmposa-
HWE WHXEHEPHO-reonormyecknx 0ocobeHHOCTEN
rmapoTepmanbHO-MeTacoMaTUYeCKMX noposd (Ha
npumepe Kypuno-Kamuyartckon BynKaHUYECKOM
ayrvny) KOnuu BnagummposHbl ®ponoson no cne-
umanbHoctn 1.6.7 «WHxeHepHaa reonorus,
Mep3noToBeaeHne n rpyHToBeadeHuer». Kcraty,
Hay4YHbIM PYKOBOAWUTENEM KaHAWAATCKOW AMC-
ceptaumm couckaTtens 6oina npodeccop Moc-
KOBCKOrO roCy4apCTBEHHOro yHuBepcuteta [a-
nuHa AHgpeeBHa ['onogkoBckas — ofgHa u3 nep-
BbIX UccnegoBaTenen WUHXEHepHO-reonornye-
CKMX 0COBEHHOCTEN CKanbHbIX rpyHTOB [13, 14].

Takum 0bpasom, B HaCTosILLEE BPEMS cneuy-
anucTbl «MOBEPHYNIUCL NULOM» K Npobneme uH-
XEHEPHOMN reoforMmn cKanbHbIX IPYHTOB U X Mac-
CUBOB.

MaTtepuans! u metoab!
uccnegoBaHus

B pamkax npeactaBneHHOro WUccrenoBaHus
00BEKTOM U3YYEeHUs ABUNUCH CKamnbHbIE TPYHTHI
AnGasnHCKOro MEecTOpOXAeHUs Ha cesepe Xa-
BapoBckoro kpasi. Ha nepeom aTane uccnegosa-
HWiA NPOBOAWNOCL COCTABNEHME KOMNMeKLun ob-
PasLoB Pas3NUYHbIX MeTporpacuYecknx TUMOB
[PYHTOB ONMpeAeneHHbIX reonornyeckux dopma-
LWiA, KoTopble O0TGMpanuck M3 GopToB Kapbepa,

2022;45(2):197-210

[anee BbINOSHANCA KOMMNMEKC nabopaTopHbIX
paboT no pa3paboTaHHON METOANYECKOW CXEME.

B xone gaHHon paboTbl A4ns aHanu3a ckanb-
HbIX FPYHTOB ObIn BbIOpaH TOT e NyTb, YTO Npea-
cTaBneH B nocobun 1984 r., TONbKO rnaBHYtO
POfb B HEM WCTMOMHAM KMaCcCUYECKUIN ONTUYECKMI
MeToZ, a 4Ns onpefeneHns «CemcMm4eckom CKo-
pocTu» (YCNOBHOE HasBaHWe CKOPOCTWU pacnpo-
CTpaHeHus NPoAONbHON CENCMUYECKOW BOSHbI B
obpasue Vp, M/C) NpuUMeHsNcs cneunanbHbI
npubop, a Takke ABa MeToda NpPo3ByYUBaHUSA —
NOBEPXHOCTHOE M CKBO3HOE. Kpome «cencmmnye-
CKOW CKOpPOCTM» aBTOpamu onpefensnucb npe-
[enbl NpoYHOCTH obpasua (cxatne u pactsxe-
HWe), ero NAOTHOCTb W CTeneHb BOAOMNOrMoLLe-
Hus. CoBMeLLeHVe yKazaHHOW MHGopMaLMm No3-
BONSET MNPUMEHUTb MPOrpamMy KnacTePHOro
aHanu3a Ans KONMMYeCTBEHHOW OLEHKW B3anMO-
CBS3el Mexay U3yYeHHbIMW NpU3HaKamu B pam-
Kax COCTaBNEHHOM KOMMneKuuu, koTopas npea-
CTaBnsieT OCHOBHble neTporpaduyeckne TUnbI
CKanbHbIX TPYHTOB reonornyeckux opmawui
Anb6asuHckoro MectopoxaeHust. Octaetcsa go-
6aBuTb, YTO B HacTosLlee Bpemsi Mpu WHXe-
HEPHO-re0NIOTMYECKUX U3bICKAHUAX UNK cneum-
anbHbIX TemaTuyeckux paboTax 0ObIMHO OTCYT-
CTBYET NepBbIN NYHKT YKa3aHHON METO4NYECKON
CXeMbl — U3roTOBSIEHME, onucaHune, OTo 1 aHa-
nn3 neTporpaguyeckmx Wnmagos.

B WHctutyTe 3emHomn kopbl CO PAH Bbinon-
HANOCb BM3yanbHOEe onucaHue obpasuoB Kon-
nekumn (Ne 1-15); B cneunanbHON MacTepcKoW
M3 kaxgoro obpasua U3rotaBnMBanuCb WU,
OCYLLEeCTBMANOChL MX OnucaHue, oTtorpadmpo-
BaHWe W NPOBOAWNCS AeTanbHbll aHanu3 pas-
NMYHBIX NPU3HAKOB 1 0cobeHHOCTEN. 3aTem ¢ no-
Mmoo npubopa «[llynbcap-2.2: n3mepeHue
BPEMEHW 1 CKOPOCTW PacrnpOCTPaHEHNS YNbTpa-
3Byka» B obpasuax u3mepsnmcb CKOpoCcTu pac-
NPOCTPaHEHNS NPOAONBbHBIX CENCMUYECKMNX BOSTH
(«cencmmyeckas ckopoctb» Vp, M/c). ABTOpamu
NPUMMEHSANNCL ABa cnocoba — NOBEPXHOCTHOE U
CKBO3HOE NMpo3ByYMBaHue obpasua ans onpege-
neHus «cencmmyeckon ckopocTu» Vp1 V2 co-
OTBETCTBEHHO, MPX 3TOM M3MepsSNoCb Bpems
NPOXOXAeHMs ynbTpassyka T, MKC, a TakxKe pac-
CTOsiHME Mexay aaTymkamu (6asa) L, mm. [anee
NPOBOAMINCA pacyeT «CeNCMUYECKOW CKOPOCTU»
Vp no popmyne Vp = L/ T. C ncnons3oBaHvem
nporpaMmmbl  KnacTepHOro aHanusa, Kotopas
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[@BHO ¥ JOCTAaTOYHO YacTO NPUMEHSETCS B pam-
kax rpyHTOBe4YeCKMX uccnegosaHuin B Jlabopa-
TOPUN WHXEHEPHOW reosiorMm 1 reo3Konorum
[15-18], Ha ocHOBe MaTpuubl AaHHbIX NO Cen-
CMWYECKMM, NPOYHOCTHBIM U (PU3NYECKMM CBOK-
ctBam B nporpamme Microsoft Excel 6binm no-
CTPOEHbI rpadmKn-geHaporpaMmbl Ans OLEHKK
YPOBHS UX B3aMOCBSI3EN.

B VpKyTckOM HauMOHanNbLHOM uMccnenoBa-
TeNbCKOM TEeXHMYeckoM yHuBepcuteTe (r. Wp-
KyTCK) MO CTaHOapTHOM MeToAuKe AN HEKOTOo-
pbiX 06pa3uoB KOMNEKUMM onpeaensnuce npe-
Aenbl NPOYHOCTM NMPU BEPTUKANbHOM CxXaTun R,
MMa, n pactsxenun Rz, MMa. Onsa kaxgoro 06-
pasua Bblpe3anuch wecTb 06pa3sLoB-6pycoykos,
ANS KOTOPbIX onpeaensnucb NPOYHOCTb Ha Cxa-
TWE W pacTsKeHue, cpedHee 3HayeHue u npe-
[enbl u3MeHeHus. Hanpumep, ans obpasua
Ne 10 (TydporeHHbin necyaHuk) R =101 Mla
(cpeaHee 3Ha4yeHune), Npeaenbl UBMEeHEHUN — 84—
121 Mla; R, = 24 Mlla (cpegHee 3HayeHue),
npegensl nameHeHun — 20-29 MrMa. Kpome Tor0,
Mo CTaHAapTHLIM MEeTO4MKaM U3MepPEHbI NPUPOA-
Has NNOTHOCTb Prp, r/cM3, 1 BogonormnoLieHme
Woen, %; ans o6pasuyos Ne 1 n 5, Ne 3 n 6 gonon-
HUTENbHO onpefeneHbl MNAOTHOCTL MUHepasb-
HoW YacTu Ps, r/cm3, n nopuctocTs N, %.

Pe3ynbTtaTthl uccnegoBaHus
n ux obcyxaeHue

B pesynbTaTe npoBeAEHHOrO UCCNEfOBaHMUS
aBTopaMu Oblfia daHa WHXEHepHo-reonornye-
ckasi XapakTepuCTMKa CKasbHbIX FPYHTOB NO Ma-
Tepvanam KOnnekumn, B KOTOpou npeacTaBeHbl
obpasubl pasfnMuHbIX NeTporpapuyeckmx TUMNoB
MopoA, (CKanbHbIX FPYHTOB) ONPeAENeHHbIX reo-
normyecknx opmaumin, pacnpocTpaHeHHbIX B
pavioHe MecTopoxaeHus. B reonornyeckom pas-
pese OHW NPUCYTCTBYIOT B COCTaBE ABYX CTPYK-
TYPHbIX 3Taxen. HwxHui 3Tax npegcra.neH
HWKHEIOPCKOW MeTamopdmyeckon dopmaumen
(MeTanecyaHvkn, CraHubl, MeTacomaTuThbl),
BEPXHUN — 3(Py3nBHOW hopMaLMen HUXHEro
Mena — no3aHel opbl (aHAEe3NTbl, aHae3unTbI-6a-
3anbTbl, 6a@3anbThl, 4AUUTLI, CIUANUTBI) U UHTPY-
31MBHOW (hopmaLmMen HUXKHero mena (rpaHogwo-
PUTLI, TPAHNUT-NOPAUPDI).

Konnekuns 06pasuoB cKanbHbIX FPYHTOB HE
npeaHasHavaeTcs Ans cratucTuyeckux obobule-
HWI, NOCKOMbKY NMpY NOMOLLM Hee peluaeTcs apy-
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ras 3agava — Ha npumepe npegcraBuTenen ne-
PEYUCNEHHbBIX reoNnorn4Yeckmnx popmaLimii B CO0T-
BETCTBUM C NpeaSIOKEHHON METOAMYECKON CXe-
MoV cobpaTb crneayoLyo MHPOpPMaLUI: BU3Y-
anbHoe onucaHue 06pasLoB; W3rOTOBNEHWE U
onuncaHue netporpauyecknx WnMgos (Mccne-
OYIOTCA TEKCTYPHO-CTPYKTYPHble OCOBEHHOCTH,
MUHEparnbHbIi COCTaB W MPU3HaKU NPOLLECCOB
mMeTamopduama); U3MepeHue Metogamu no-
BEPXHOCTHOTO UM CKBO3HOMO MPO3BYYMBaHMSA
«cencmmyeckon ckopoctu» (Vp1 U Vpe, M/C, COOT-
BETCTBEHHO); OnpeaesieHne NPOYHOCTM Npu BEp-
TUKanbHOM cxatum R¢, MMMa, n pactsaxeHun Ry,
MTla; onpeneneHve NpUPOAHON MAOTHOCTU Py,
r/cm®, u BogonornouieHns Wen, %.

Ha ocHoBe nony4yeHHOW WHGOpMauuM Bbl-
NONHSAETCH CPaBHUTENbHBLIN aHanu3 obpas3uos C
Pa3NMYHbIMK 3HAYEHUAMMN «CENCMUYECKON CKO-
POCTW» M MPOYHOCTW, BBISICHAKOTCSA MPUYUHBI 3TUX
pa3fnnuni, a TaKkke NPOBOANTCS KONIMYECTBEHHAS
OLleHKa B3aMMOCBSA3el nokasaTernen ¢ nomMoLL b
nporpaMMbl KNacTepPHOro aHanmaa.

CpasHumenbHbIU aHanu3 obpa3yos Ne 1 u 5.
O6paseu Ne 1 — gaumtoBblit nopdmp (3hdysns-
Has popmaLnsl HUXXHEro Mena — No3aHew Hpbl).
Wnunep npenctasned Ha puc. 1. CTpykTypa 06-
pa3ua nopdguposas, npeobnagatoT 3epHa pas-
mepom 0,1-0,25 mm, nopdpmpsbl gocturatot 0,6—4
MM; TEKCTypa naTHUcTas. MuHepanbHbIN cOCTaB
obpasua umeeT cneayoLwmin BUA;: rmaBHble KOM-
MOHEHTbI — nnaruoknassl (39 %), keapy (18 %),
kanuwnatbl (19 %); BTOPOCTENEHHbIE — KanbLWT
(11 %), cepuumt (10 %), pyaHble (3 %). OcHos-
Has Macca CKpbITOKpUcTannumyeckas (genb3nTo-
Basi), METCSA KpynHble nNopdupoBble BKIKOYE-
HUS MOMEBbIX LINATOB W KBapLa, OTMeYarTcs
NPU3HaK1 annoTpnamopHON CTPYKTYpbl (MUHE-
panbl He UMEeIOT KpucTannorpauyeckmx YeTKnx
oyepTaHui). Monesble WnaThbl UHTEHCUBHO Karb-
LMTU3NPOBAHbI, CEPULMTU3NPOBaHLI. KBapu-no-
nesownaToBble (henb3nTOBbIE UK  annoTpua-
MOpHbIE arperatbl pacnonaralTcs HepaBHO-
MEpPHO: MeJIKu1e 3epHa PenMKTOBOro pyaHOro Mu-
Hepana 3ameLlleHbl nenkokceHoMm. Cnabo pas-
BWUTbI NPU3HAKM NPOLIECCOB KaTaknasa; NpusHaku
BnacToreHesa (nepekpucTannusaums B TBEPLOM
COCTOSIHUW) MPOSIBIEHbI B BUAE CEpULMTA3ALNN
W KanbLMTM3aLum.

C uenbto n3MepeHnss «CENCMNYECKON CKOPO-
CTu» Vp2 NPOBEOEHO CKBO3HOE MPO3BYYMBAHME.
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Fig. 1. Sample no. 1 — dacite porphyry

Mpn T =13,8 Mkc n L = 52 MM Vp2 = 3768 m/c.
Mpu T =10,8 Mkc 1 L = 45 mm V2 = 4166 m/c.
CpegnHee 3HaveHue Vpo = 4070 m/c (n = 2 %).

MNokaszaTenn uUsnyYeckux CBOWCTB WUMEIDT
cneaywoume 3HaveHus: Pp, = 2,65 r/em?; Ps =
2,69 r/cm3: n = 1,4 %:; Wen = 0,53 %.

O6paseu Ne 5 — meTanecuyaHuk (MetTamopdu-
yeckas hopmaums HwkHen topbl). Wnud npea-
CTaBneH Ha puc. 2. CTpykTypa ncammutoBas,
pa3mep 3epeH — 0,1-0,7 MM, LLEMEHT FMNHUCTLIN,
6a3anbHbIn 1 6a3anbHO-NopoBebI (80 16 %); Tek-
CTYpa HeAICHO OpUEHTMPOBaHHAas. MuHepanbHblii
cocTas obpasua uMeeT crneayrLmi Bg: OCHOB-
Hble KOMMOHEHTbl — nosesble wnatbl (38 %),
kBapy (18 %); BTopoCTENeHHble — KanbuuT, pya-
Hble, BUMOTUT, cepuumnT. 3epHa MUHepasnoB Kop-
pPOOMPOBaHHbLIE, YrroBaTble, Kpas W3bedeHbl
TMUHUCTBIM LLEMEHTOM; BCTpeYatoTcs aedopmu-
POBaHHbIE W XNOPUTU3NPOBaHHbIE 06n0MKK Bro-
TUTa; MEX3EpPHOBbIE NPOCTPAHCTBA 3aMoSHAT
KCEHOMOpPMHbIE (DOPMbI PYAHOro MUHepana, no
MUKPOTPELLUMHKAM Habniogaetcss KceHoMopd-
HbIN Kanbumt. Kpome ykasaHHbIX MUHEpanos B
obpasue B 60MbLIOM KOMMYECTBE NPUCYTCTBYIOT
obnomku nopoa (8o 29 %) — anesponuTbl, Aa-
UMTbl, aprunnutel. BnusHue wmeTamopgmama
NPOSIBNAETCA B BUAE OKBApPLEBAHUS W KanbLuUTH-
3aumy; 0TMeYarTCs NPU3HaKWM BNUSHWUSA AUCHO-
KaumnoHHOro metamopduama — 06noMkM Keapua

cOaBrieHbl, UMEIOT BOITHUCTOE noracaHue, Kpome
TOro, NOPUCTOCTb FPyHTa HNYTOXHA — 0,2 %, BO-
gonornolleHune, cootBeTcTBeHHo, 0,1 %. NHTeH-
CUBHOrO pasgpobneHns 3epeH (KNacTOreHHbIi
npoLiecc) He HabnaaeTcs.

C uenbto 3MepPeHNs «CENCMUYECKON CKOPO-
CTM» Vp2 U Vp1 BbINOSTHEHbI CKBO3HOE W NOBEPX-
HOCTHOEe Npo3ByYMBaHWs. B nepeom cnyvae Vp:
coctasuna 4800 1 5000 m/c; cpegHee 3HaveHne —
4900 m/c. Bo BTOpOM cnyyae nonyyeHsl cregyto-
wwe pesynbtatol: npu T=19,6 Mmkcn L = 120 Mm
Vp1=6122 mic; npn T = 21,1 mkc n L = 120 mm
Vp1=5970 m/c; npu T = 19,7 mkc n L = 120 mm
Vp1 = 6091 m/c; cpegHee 3HayeHue: Vp1 = 6061
m/c.

MNokasatenn u3nyecknux CBOWUCTB WMET
cnenytolime 3Hauyenus: Pp, = 2,65 r/em®; Ps =
2,68 r/cm®; n = 0,2 %; Wer = 0,1 %.

pn NOBEPXHOCTHOM MPO3BYYMBAHUMN «CEN-
cMMYeckas CKOpoCTb» Okasanach 6osblie, Yem
MpY CKBO3HOM: CYMTAETCS KOI(PMULMEHT aHN30-
Tponum — KLy = Vp1/ Vp2 = 6061 / 4900 = 1,24,

W3 npakTukn 3amepoB «CENCMUYECKON CKO-
POCTU» Kak B CKanbHbIX OBHaXeHWsIX, TaK U B 40-
CTaTOuYHO BonbluMx obpasuax M3BECTHO, YTO NO-
BEPXHOCTHOE MPO3BYYMBaHWE npeacTasnseT 6o-
nee HafexHble pe3ynbTaTbl N0 CPaBHEHWUIO CO
CnocoboM CKBO3HOrO u3MepeHus. 10 AaHHbIM
konnekumn (obpasubl Ne 5-11) 3acpukcmpoBaHbi
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Fig. 2. Sample no. 5 — metasandstone

koadpcpuumneHTbl aHmzoTponum Klay = 1,13-1,24.
MoyeMy npu NOBEPXHOCTHOM MPO3BYYMBAHWU
«cecMMyeckas CKopocTb» Bo3pacTaeT? Haiuu
NPEAnONOXEHNS 3aKIYalTCa B CNeayrLeM.
BeposiTHee Bcero, B npoLiecce NoOBEPXHOCTHOO
NPO3BYYMBAHUA MPU MPOXOXAEHUM CencMuye-
CKOW BOMHbI y4acTByeT BcsA macca obpasua. Mpw
CKBO3HOM MpO3BYYMBaHWM BOMHa npoberaeT
onpeaeneHHbIn NyTb, rAe MOXHO BCTPETUTL pas-
NUYHble «OTpULaTENbHbIe 0COBEHHOCTUY (CBOE-
obpasHble NPensaTCTBUS) — MUKPOTPELLMHKM, BTO-
pUYHble 0bpa3oBaHusi, «nopdupbl», aedopmu-
pOBaHHbIE 3epHa WNW KpucTanmbl, YTO CNocob-
CTBYET CHWKEHWUID W3MEPSEMON «CKOPOCTUY.
Kpome TOro, aHuM3oTponus CKOpPOCTM pacnpo-
CTPaHEHUs MPOAOSbHON CENCMUYECKON BOJHbI
3aBUCUT OT Hann4uus B obpasLie CroncTocTu — n3-
MepeHUs, BLINMOSTHEHHbIE NapannenbHO CoUCTo-
CTU (MNW TPeLLMHE), YBENNYMBAIOT «Cencmuye-
CKYI0 CKOPOCTb» KaK NMpu CKBO3HOM, TaK U NOBEpPX-
HOCTHOM NPO3BYYMBAHUM.

PesynbTaTbl CpaBHUTENBHOTO aHanuaa nabo-
paTopHbIX nccnegosaHunin obpasuos Ne 1 n 5 3a-
KntoyvatoTcsa B cnegytowem. Mpu conoctaBneHum
YCTaHOBIIEHO, YTO CKOPOCTb pacrnpoCTpaHeHust
NPOLONbHbIX CENCMUYECKUX BOMH («CencMmuye-
CKasi CKOPOCTb») B MeTanecyaHuke (obpasew; Ne
5) okasanachb Bblle (MakcMMaribHoe 3HavyeHue —
6061 m/c) No cpaBHEHWIO C aHANOTMYHOW CKOPO-

CTblo B Aauute (obpaseu Ne 1, makcumanbHoe
3HayeHne — 4070 m/c). MNnoTHOCTL 3TUX 0bpas-
LIOB NOYTU He pa3nundaetcs (2,65-2,69 r/cm?), Ho
MMEKTCA YeTKMe pas3fnuuns no nopucTocTu: B
paunte — 1,4 %, B necyanuke — 0,2 %. MoxHo
NPeAnoNOXUTb, YTO MNOPUCTOCTb B CKamnbHbIX
rpyHTax umeet 6onbluee BNUsSHWE Ha CEMCMUYe-
CKMe CBOWCTBA, YeM WX MIIOTHOCTb, MOCKOSIbKY
OHa CBsi3aHa C Npu3HaKamm, KOTOPblE MOXHO
YCTaHOBWTb TOMbKO HA MUKPOYPOBHE (B Wnude).

B otyeTe MHcTutyTa ropHoro gena 1BO PAH
(r. Xabaposck) ot 2021 r. no pesynbTatam cra-
TUCTUYECKON 06paboTKN AaHHBIX O MOPUCTOCTH
WectTn netporpapuyecknx TUMOB CKamnbHbIX
rpyHTOB MecTopoxaeHus AnbasuHo (AnbasuH-
ckoe) oTMevanacb Hambonbluas cTeneHb ee n3-
MEHYMBOCTU — KO3PULMEHT Bapuaumm gOCTH-
raet B psae cnyyaes 88-94 % (4ns nnoTtHoOCTH
3TOT nokasaTtenb coctaBnsieT meHee 3 %). Bos-
MOXHO, NosiBreHne ob6pasLoB C MOBbILLEHHBIMM
3HAYEHNSIMU MOPUCTOCTU CBSI3AHO C HEKOTOPbLIM
pa3ynnioTHeHUEM, TaKke MpuyYMHa  MOXeT
KpbITbCS B MeTporpaduyeckon nHpopmawmu, Ko-
Topas B OT4eTe OTCyTCTBYET. IMEHHO 3Ta WH-
opmauusa nmeetcs gns obpasuos Ne 1 (adpdy-
3mBHas copmauus) n Ne 5 (metTamopduyeckas
opmauus).

Oaumut (obpaseu Ne 1) umeeT nopdmposyio
(pa3HOPOAHYI0) CTPYKTYPY M NATHUCTYIO TEKCTYPY,
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CpeaM rmaBHbIX MUHepanoB npeobnagatoT nna-
rmoknasbl n kanuwnatbl (B cymme 58 %), npucyT-
CTBYIOT HEPAaBHOMEPHO pacnpefeneHHble KBapL-
nonesownaToBble (Penb3NTOBLIE arperatbl B
CKPbITOKPUCTaNNUYECKO Macce; OTMevarTCs
npusHaku npoueccoB bnactoreHesa (nepekpu-
cTannu3aums B TBEPAOM COCTOSIHMM) B BUAE
kanbLMTM3auuM — cepuunuTMdaumm u cnaboro
AMCNOKaLMOHHOTO MeTaMmopduaMa (MHorga oT-
MEYaeTCs MUKPOTPELLMHOBATOCTb 3€PEH); NOpU-
ctocTb — 1,4 %. MNepeyncneHHble npusHaku asu-
NUCb MPUYMHOW MOHWKEHHON «CENCMUYECKOW
ckopocTuy: Vp2 = 4070 m/c.

MeTtanecyaHuk (obpaser, Ne 5) nmeet ncam-
MUTOBYIO (OQHOPOAHYIO) CTPYKTYPY, CPEAM rnas-
HbIX MWUHEpPAnNoB MPUCYTCTBYHOT CEPULIMTU3UPO-
BaHHble Nnarmoknasbl 1 NeNUTU3MPOBaHHbIE Ka-
nvwnatel, MHOro O6GMOMKOB nopod; MmeloTcs
COaBfieHHble 3epHa KBapua (4Nns HUX Xxapak-
TEPHO BOSTHWUCTOE noracaHue) n aepopmmpoBaH-
Hble 3epHa BMOTUTA, YTO CBA3AHO C WHTEHCMB-
HbIM BNMSIHWEM BbICOKOTO AABMEHUS; NpU MeTa-
Mopu3me NposIBNEHO OKBapLiEeBaHWE U KamnbLm-
Tn3auus; nopuctoctb — 0,2 %. lNepeuncneHHble
MPU3HAKN ABUIUCL MPUYMHOW  NOBbILLIEHHON
«CENCMUYECKON CKOPOCTMY: Vp1 = 6061 m/c.

Takum obpa3om, rmaBHble NPUYUHBI YKa3aH-
HbIX PasfuyMn No CENCMUYECKUM CBOWCTBaM
CBSi3aHbl C NPU3HaKamu CTPYKTYpPbl U TEKCTYPbI,
cocTaBa, npoLeccamu krnactoreHesa v bnacrore-
He3a (obpasubl Ne 1, 5).

CpasHumenbHbIli aHanu3 obpa3syos Ne 3 u 6.
O6bpaseu Ne 3 — meTanecyaHuk (meTamopduye-
ckas hopmaums HUxHen topbl). Lnud npeacras-
neH Ha puc. 3. CTpykTypa MeTanec4aHunka ncam-
muToBas menkosepHuctas (0,1-0,25 mm); Tek-
CTypa HEeSICHO OpUeHTUpoBaHHas. MuHepanbHbiii
coctaB obpasua UMeeT crnegywmnin Bua; rnas-
Hble KOMMOHEHTbl — nonesble wnatbl (32 %),
kBapy (16 %); BTopocTeneHHble — 6ruoTnT (3 %),
cepuumt (4 %), kanbuuT (4 %), pyaHsle (5 %); ak-
LLeCCOPHbIE — LMPKOH, NENKOKCEH (eAWHUYHble
3epHa); BTOPUYHbIE — XNOPUT, CEPULINT, KanbLuT,
rmapookmcnbl xenesa, keapuy. Cpean 3epeH B
MeTanecyaHuke BcTpevaetcs bonbluoe Konuye-
cTtB0 obnomkoB nopog (2o 30 %), npeacTasnex-
HbIX aPrUNAUTOM, aneBpoSINTOM, FPaHNTOUAAMM,
apdysnBamu kucnoro coctaea. LiemeHT meTa-
necyaHuka  MUHUCTBIN  Ba3anbHO-NOPOBbLIN
(okono 20 %); obromkmM yrnosatble, N0 Kpasm U

2022;45(2):197-210

no TpelinHaMm u3beeHbl MUHUCTLIM LLEMEHTOM.
3epHa noneBbIX LINATOB TpellMHOBaTble, Npu
9TOM Nnarnoknasbl CepuLUTU3MPOBaHbI, Kanu-
WnaTbl UHTEHCUBHO NENUTU3NPOBaHbl. OBIOMKM
bvotuta gedopmmpoBaHbl (CMATbI), YaCTUYHO
XNOPUTU3NPOBAHLI. PyaHblE 3anOfHAT MUKPO-
TPELLUMHKK, B BUAE MENMKMUX 3ePEH NPUCYTCTBYIOT
cpeawu 0CHOBHOM Macchl. B nopax mexay obnowm-
KaMmn oTMeYaeTcs KCeEHOMOPMHLIN Kanbuut. Me-
TanecyYaHUK MHTEHCMBHO KaTaknasupoBaH, MUK-
POTPELLUMHKM 3anOMnHEHbl TMOPOOKUCTIAMM Ke-
nesa. MetareHeTMYeCcKMe W3MEHEHUS B necya-
HUKe MPOsIBIEHbI B BMAE KaTaknasa, CepuuuTm-
3auuy, KanbuuTM3auumM M OKBapueBaHus (npo-
Xunku keapua — 0,03 mm).

N3mepeHne «cencMmnyeckon cKopocTu» Vpr
BbINOMHEHO B OJHOM BapuaHTe CKBO3HOMO Mpo-
3ByunBaHus. [Mpn T=11,3 MKC n L = 47 Mm Vp2 =
4159 m/c.

lNokasaTenn U3NYeckux CBOWCTB WMEIT
cnenytolime 3Havyenus: Pp, = 2,65 r/cm®; Ps =
2,71 rlcm3: n = 2,2 %; Wen = 0,82 %.

O6paseu Ne 6 — meTanecyaHuk (MetTamopdu-
yeckas hopMaums HuxHen topbl). Wnud npea-
cTaBneH Ha puc. 4. CTpykTypa meTtanecyaHuka
ncammuToBas MenkosepHuctas (0,1-0,25 mm);
TEKCTypa HEACHO OpUeHTMpoBaHHas. MuHepanb-
HbIM cocTaB obpa3ua MMeeT crnegyrLwnn BuUa;
rnaBHbIE KOMMOHEHTbI — noneBble wnatbl (32 %),
kBapL (16 %); BTopocTeneHHble — 6MOTUT (3 %),
cepvumt (4 %), kanbunt (4 %), pyaHole (5 %); ak-
LLeCCOPHblEe — LMPKOH, NENKOKCEH (€AMHUYHbIE
3epHa); BTOPUYHbIE — XNOPUT, CEPULIUT, KanbLuT,
rmapookMcnbl xenesa, keapu. Cpeaun 3epeH B
MeTanecyaHuke BcTpevaeTcs 6onbluoe Konuye-
cTBO 0bnomkoB nopog (ao 30 %), npeacraeneH-
HbIX aPrMNAUTOM, aneBposIMTOM, FpaHUTONAAMY,
adhpysmBamm Kucnoro coctasa. LlemMeHT meta-
necyaHvka  MUHUCTBIN  ©asanbHO-NOPOBLIN
(okono 20 %); obnomku yrnosaTble, MO Kpasm u
No TPeLHaM n3beaeHbl rMUHUCTLIM LIEMEHTOM.
3epHa noneBbIX LINATOB TpellMHOBaTble, Npu
9TOM Nnarnoknasbl CepuLMUTU3MPOBaHbI, Kanw-
WnaTbl UHTEHCUBHO NENUTU3MPOBaHbl. OBNIOMKM
bvotuta geopmmpoBaHbl (CMATHI), YaCTUYHO
XNOPUTU3NPOBAHEI. PyaHbIE 3anOfHAT MUKPO-
TPELUMHKK, B BUAE MENKUX 3€PEH MPUCYTCTBYHOT
cpeawv 0CHOBHOMW Macchl. B nopax mexay obnowm-
Kamy oTMeYaeTcst KCeHOMOPMHbIN Kanbuut. Me-
Tanec4YaHuK MHTEHCMBHO KaTakna3vpoBaH, MUK-

WwWw.nznj.ru

I 203


http://www.nznj.ru/

Hayku o 3emne n Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

2022;45(2):197-210 I

POTPELLUMHKM 3anOMnHEHbl MAPOOKUCIAMMU Xe-
nesa. MetareHeTWYeCKMEe M3MEHEHMS B necya-
HUKe NMPOsIBIIEHbl B BUAE KaTaknasa, cepuunTu-
3aumu, KanbuuTU3aumm n okBapueBaHus (npo-
xunku keapua — 0,03 mm).

N3mepeHne «cencMmyeckon cKopocTu» Vpi
BbINOMHEHO B BapuaHTE MOBEPXHOCTHOMO Mpo-
3ByumBaHus. Mpn T=12,2 Mkc 1 L =53 MM Vp1 =
4300 m/c. Mpu T =20,5mkc n L = 78 Mmm Vp1 =

Puc. . Oeu Ne 6 - 'emaécq
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3800 m/c. Mpn T =129 Mmkc n L = 56 MM Vp1 =
4300 m/c. PaccunTbiBaeTca cpeaHee 3HayeHue
Vp1 = 4133 m/c (n = 3 %).

lNokasaTenn U3NYeckux CBOWCTB WMEIT
cnenytowme 3Hauyenus: Py, = 2,72 r/em’; Ps =
2,75 r/cm®: n = 1,2 %; Wen = 0,43 %.

PesynbTaTbl CpaBHUTENBHOMO aHanm3aa nabo-
paTopHbIX uccnegoBaHui o6pasuos Ne 3 n 6 3a-
KntovatoTcs B cnepytoweMm. Mpu conoctasnexHum

&
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Fig. 4. Sample no. 6 — metasandstone
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0bpasLoB YCTaHOBIIEHO, YTO OHW XapakTepusy-
OTCA MOHWXKEHHbIMW 3HAYEHUAMMU «CENCMUYe-
ckom ckopocTuy (Vp2 = 4159, Vp1 = 4133 m/c), npu
aTom oba obpasua npeactaBneHbl MeTanecya-
HUKamn C OTHOCWUTESIbHO OJHOPOAHON MCaMMm-
TOBOW CpefHe-MenKO3epHUCTON CTpYKTypon. B
TO e BPEMSI HAa MUKPOYPOBHE (LUNUbI) BbISB-
NEHO, YTO MUCCNEAOBaHHbIe MeTanecyaHWkn WH-
TEHCMBHO KaTaknasupoBaHbl (CM. puc. 3 — obpa-
3eu Ne 3, puc. 4 — obpasey Ne 6). Takum obpa-
30M, B JaHHOM NpUMepe YeTKO BbIPaXEHO BIUS-
HUEe Ha CEeNCMUYECKME CBONCTBA CKambHbIX FPYH-
TOB MPOLIECCOB KaTaknasa, CTpyKTypa oTCTynaeT
Ha BTOPOW NnaH.

CpasHumenbHbIU aHanu3 obpasuos Ne 9 u 11.
B kpaTkom BapnaHTe BbIMOMHEH CPaBHUTENbHBbIN
aHanus obpasuoB Ne 9 (aHge3uToBbI Nopdu-
put) n Ne 11 (metacomatut). B nepsom crnyyae
(aHOEe3nTOBbIN NOPGUPUT) «CENCMUYECKAs CKO-
pocTb» Vp1 = 5192, V2 = 4393 Mm/c, BO BTOPOM
(MeTacoMaTtut) — cooTBeTCTBEHHO 4197 1 3513
m/c. [na aTOn napbl UMEKTCS AaHHbIe MO NPoY-
HOCTW: aHOE3UTOBbIN NOPMUPUT XapaKTepusy-
€TCA NOBbILLEHHON NPOYHOCTLID NPU CXKaTUM K
pactshxeHumn (101-24 MIMa), meTacomatut — no-
HWKeHHon (40-7 MIMa). TNpuymHon pasnuyui
TakKe SBNSAIOTCA NPU3HAKK, YCTAHOBIIEHHbIE HA
MUKPOYpOBHe. [1OBbILEHHbIE MOKa3aTenun «cew-
CMUYECKOW CKOPOCTU» U MPOYHOCTU aHae3unTo-
BOro nopguputa MOXHO OOBACHUTL cnabdbim
pasBUTMEM MPOLECCOB KaTaknasa M Of4HOBpe-
MEHHO OTHOCWUTENbHO OAHOPOAHON PENUKTOBOW
nopdMpoOBON CTPYKTYPOWN; NOHMXKEHHbIE MOKasa-
Tenm «CercMMUYECKOn CKOPOCTU» U NMPOYHOCTM Me-
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TacamoTuTa, BEPOSITHEE BCEro, CBA3aHbI C pasHo-
POAHBIM MUHEpPAsbHBIM COCTaBOM (FMaBHble MU-
Hepanbl — XJIOpUT, PYAHblE, KanbuuT, KBapL, pyk-
CUT) U XapakTepHOM MeTacomaTuyeckon (BTO-
PUYHOW) KaTakNa3npoBaHHOW CTPYKTYPOMN.

OueHka 83aumocssizell nokasamenel cel-
CMUYECKUX, MPOYHOCMHBIX, (hU3UYECKUX ceolicmea
CKallbHbIX 2pyHMo8 (npoepamma KracmepHo20
aHanu3sa R-muna). OueHka B3anMoCBsi3e noka-
3aTenen ykasaHHbIX CBOWCTB CKasnbHbIX FPYHTOB
KONSeKuMm1 NpoBoAMUNack Ha npuMepe rpynnol U3
wectn obpasuos, ANA KOTOPLIX ONPEAEnsnnch
npefensl U CpefHWe 3HaYeHWs MPOYHOCTM Ha
BepTukanbHoe cxatue (R¢, MIMa) n pactsxeHune
(Rz, MIMa), cpegHue 3HaYeHUs «CencMU4ecKom
ckopocTu» (Vp1, Vp2 M/C), a Takke npupogHas
NNOTHOCTb (Prp, T/CM3) ANA KOHKPETHOro 00-
pasua.

B Tabnuue npegcraeneHa matpuua AaHHbIX,
C nomoLbl KoTopoi B nporpamme Microsoft
Excel 6binM NOCTPOEHbI Pa3nUyHbIE BapUaHTLI
rpacuKoB-AEHAPOrpamMM MO Mporpamme  kna-
CTepHoro aHanm3a R-tuna. Kaxgeii obpasel
Tabnuubl NpeacTaBneH neTporpacmyeckum Tu-
nom nopoabl (rpyHTa): 9 — aHae3nToBLIN NOpu-
put, 10 — TydoreHHbI necyaHuk, 11 — metaco-
MaTuT, 12 — aHge3nToBbIv nopuput, 13 — aHge-
3uT, 14 — cnunur.

OueHka B3aMMOCBA3EN Mexay nokasaTe-
NSMK OLLeHMBaETCS NO KO3 PULMEHTY Koppens-
Lun (ropusoHTanbHas oCb Ha rpaduke-aeHapo-
rpamme): npu koadduumeHTe bonee 0,7 cBs3M
Mexay nokasaTensmMu u knactepamm (rpynnamu
Pa3nnYHbIX Nnokasatenen) CYMTarTCs CyLLECTBEH-

MpoYHOCTb, «CecMMYecKasi CKOPOCTbY» U NAOTHOCTb CKaNbHbIX FPYHTOB

(konnekums, o6pasubl Ne 9-14)

Strength, “seismic velocity” and density of rocky soils (collection, samples no. 9-14)

Homep ob6pasua NokasaTenb
(onnekuns) | Re(mp) | Re(6p)n=6 | Re(mp) | Re(cp)n=6 | Vi (cp) | Vi (cp) Prp
9 93-121 101 20-29 24 5192 4393 2,9
10 93-133 115 15-36 31 5560 4627 2,58
11 34-49 41 5-8 7 4197 3513 3,5
12 71-117 93 11-31 19 4554 4002 2,58
13 59-107 86 15-24 19 4734 4552 2,5
14 53-102 67 9-20 14 5370 5512 2,96

lpumeyaHue. R¢, R; — NPOYHOCTb Ha CXaTue 1 pacTshkeHne cooTBeTCTBEHHO, MIMa; Vpi, Vp2 — «cericMmyeckas CKoOpoCTby
MPU NOBEPXHOCTHOM M CKBO3HOM MPO3BYYMBAHUM COOTBETCTBEHHO, M/C; Pr, — NpUpoaHas nnoTHOCTb AN KOHKPETHOro
ob6pasua, r/cm3; n — nopucTocTb, %. Mp — Npeaesbl USMEHEHUI, CP — CPEAHWUE 3HAYEHUS.

Note. R, R, — compressive and tensile strength, respectively, MPa; V1, Vp2 — “seismic velocity” at surface and through
sounding, respectively, m/s; P, — natural density for a particular sample, g/cm3; n — porosity, %. [Ip — variation limits,

Ccp — average values.
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HbIMK, ecnu koapduumeHT meHee 0,4 — cna-
ObiMu; Npu ko3 duumeHTe B npeaenax 0,4-0,7
CBSI3M CpefHero YpoBHS (MX MOXHO Has3BaTb 3a-
METHbIMW).

[NepBbln BapuaHT rpadumka BKNOYaeT cpea-
HUEe 3HAYEeHUS MPOYHOCTU U «CENCMUYECKON CKO-
pocTu» (puc. 5).

BbigeneHbl gBa knactepa npu3HakoB: nep-
Bblil BKMKOYAET OYeHb TECHO CBSA3aHHbIe NoKa3a-
TEeNN MNPOYHOCTU (KOSPPULMEHT Koppenaumm
6nu3ok K eamHule, TemM He MeHee Bcerga Re >
R:); BTOpoi 06beanHsaeT «CencMmyeckmne cKopo-
CTU», HO KO3(h(DULMEHT KOppensaumm mexay
HUMK cHuxaeTca go 0,8 (Takke cobniopaerca
HepaBeHCTBO Vp1 > Vpz). CBA3b Mexay aTUmm
Knactepamu 3aMeTHasl, HO He SBNSeTCs cylue-
CTBEHHOM (k03 MUMEHT Koppensuum — 0,48).

[Mpy NOCTPOEHMM BTOPOrO BapuaHTa rpadmka
B 4MCno npusHakoB AobaBnseTcsa npupogHas
MMOTHOCTb (puc. 6).

BblgeneHbl ABa knactepa npu3HakoB, KOTO-
pble Mexay cobon He WMEKT CyLeCTBEHHOM
cBsA3n (koahdumumeHT koppenaumm — 0,3). Ypo-
BEHb B3aNMOCBSA3M MNOTHOCTM U «CEACMNYECKOM
ckopocTuy (BTOpoM knactep) — meHee 0,7 (koad-
umeHT koppensuum — 0,62). MpoyHocTb (Re,
R;) HE MMEET KOHTaKTOB C NMOTHOCTLIO U «CENn-
CMUYECKON CKOPOCTbIOY» (KO3hMLUMEHT Koppe-
nsauum — 0,3). 3HaunT, MMeroTcs apyrue akTopbl

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

V

BO3[ENCTBUSA, KOTOPbIE, BEPOSITHEE BCETO, CyLLe-
CTBYIOT Ha MUKPOYPOBHE.

Kpome TOro, npu ncnonsb3oBaHMn GOHO0BbLIX
maTepvanos no Anb6asnHCKOMY MECTOPOXAEHMIO
Obina Takxke yCTaHOBNEHA «aHOMasnbHas» 3aBu-
CUMOCTb, KOTOpas 3aknyanacb B TOM, YTO Npu-
pOAHAs NOTHOCTb CKasbHbIX TPYHTOB (MeTanec-
YaHWKOB W JALMUTOB) HE BNUSET CYLECTBEHHO Ha
UX MPOYHOCTb, NOCKOMbKY KOI(hULMEHT Koppe-
nAuuM Mexagy aTMmu npusHakamm — meHee 0,4
(0,27) [19].

AHanornyHas «aHomanus» Obina BbisiBieHa
NPU M3yYeHUn NpPOTEepPO30UCKUX NECHaHWKOB M3
paiioHa YOO0KaHCKOro MeCTOpOXAeHWs, Ans Ko-
TOpPbIX BeayLmMMKU hakTopaMmu okasanucb 0OCo-
BEHHOCTU UX CTPYKTYpbl U TEKCTYpbl, YCTAHOB-
NeHHble NpY U3yYeHun nNeTporpaduIeckmx LWm-
¢os [20].

3aknoyeHue

B pesynbTate npoBedeHHOro UccnenoBaHus
MOXHO cenatb crnegyrLive BbiBOAbI:

1. OueHka cencMMYecKnx CBOMCTB CKanbHbIX
FPYHTOB (ONpegeneHune CKopocTu pacnpocTpaHe-
HUSI NPOAONbHbIX CENCMUYECKIX BOMNH B 06pasue
MeTO4OM MPO3BYYNBaHUS — YCIIOBHOE Ha3BaHMe
«CencMmYeckast CKoOpoCTb») 3aBUCUT OT KOMMMe-
kca (haKkTOpOB, KOTOpbIE ONpeaensitoTCs MHOro-
YMCNEHHbIMW NpU3HaAKaMu neTporpadu4eckoro

00 -02 -04 -06 -08 -10

Knacmep R
10 08 06 04 02
Rc :l -
Rz
VR
Vp2

Puc. 5. Bzaumocesiau npo4Hocmu u «celicMu4eckoli ckopocmu»
lopusoHmarneHas ocb — K03ghguyueHm Koppenayuu
Fig. 5. Correlation of strength and “seismic velocity”
The horizontal axis is the correlation coefficient

00 -02 -04 -06 -08 -1,0

Knacmep R
10 08 06 04 02
Rc 7
Rz i
Vp2
Prp

Puc. 6. Bzaumoces3u npoYyHocmu, «celicMuyeckoli CKopocmu» U NPUpPodHoU niaomHocmu
lopusoHmarnbeHas ocb — K03ghghuyueHm Koppenayuu
Fig. 6. Correlations of strength, “seismic velocity” and natural density
The horizontal axis is the correlation coefficient
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XapakTepa B yCnoBusx pasHoobpasHoro coveta-
HUA NOMOXWUTESIbHOrO U OTpULATENBHOIO BRUS-
HUS Ha BENWYMHY CeNcMUYeckoro nokasartens. K
3TUM MpU3HaKaM OTHOCATCS TWUMbl CTPYKTYpbl W
TEeKCTypbl, 0bpa3oBaHWe arperaToB pasnU4HOro
COCTaBa, CTeneHb pasBUTUS MPOLECCOB KaTa-
knasa (apobneHve 3epeH n Kpuctannos) u bna-
cToreHesa (BTOpUYHble npeobpa3oBaHns Belle-
CTBa B TBEPAOM COCTOSIHUM), UHTEHCUBHOE CAaB-
n1BaHve Npu AMCOKaLUMOHHOM MeTamopguame,
0COObIl COCTaB rMaBHbIX MUHEParoB.

2. naBHbIMK  (haKkTOpamy  «CENCMUYECKOW
CKOPOCTU» CKasbHbIX TPYHTOB, BEPOSITHEE BCETO,
OKa3blBaKOTCA NPU3HaKK, KOTopble Heobxoaumo
(uKcMpoBaTbh Ha MUKPOYPOBHE (COBPEMEHHOe
HanpaBneHWe npu MHXEHEPHO-reonornyeckom
M3yYEHUMN CKanbHbIX FPYHTOB W CKaNbHbIX Maccu-
BOB). B Hawem cnyyae aT0T (hakT yCTaHOBMEH
npu cpaBHeHWM obpasuoB C pa3HOOOpa3HbIMU

| 2022:45(2)197-210

npusHakamu, CBSI3aHHBIMU C KI1acTOreHe3oM,
BnactoreHe3oM v ApyruMu BO3AENCTBUAMU Me-
TaMopUYECKUX W3MEHEHUIN, KOTOpble Obinu
yCTaHOBSIEHbI C MOMOLLbI0 ONTUYECKOrO MeToaa.

3. MNonyyeHHble pe3ynbTaThbl 4alOT NOBOZ, pe-
KOMEeHO0BaTb BKIOYUTb B METOAMKY MHXEHEPHO-
reosIorMYecknX N MHXEHEPHO-CENCMONOrMYEeCKnX
“ccnegoBaHuii nokasaTenb «neTporpaguyeckun
knactep». CnegyeT 0TMETUTb, YTO BBUAY HE3Ha-
YUTENBbHOrO Konuyectea o6pasuoB, NpuHagne-
Xalmx K ogHOMY 00BbekTy (MecTopoxaeHue An-
6a3unHckoe), NonyyYeHHble pe3ynbTaTbl ABAAOTCS
npefBapuTenbHbIMK, B CBA3K C YeM TpebyeTcs
[anbHenwee NpoaomKeHNe UCTbITaHWUI, a Takxke
COMOCTAaBMEHNE W CPaBHWUTESbHbIA aHanu3 ux
pesynbTaToB C pesynbTaTamy aHanornyHbIX uUc-
CnefoBaHUI CKanbHbIX NeTporpaguyecknx pas-
HOBWUAHOCTEN APYrMX PErMOHOB.
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YBaxaemble aBTOpbI!

TpeboBaHus K 0HOPMINEHNIO HAYYHbIX CTaTEN, U3NOXEHHbIE HIKE, pa3paboTaHbl peaakumen xyp-
Hana gns Toro, YTobbl NoMoyb Bam npegoctaBuTb Bce HeObXoauMble Ans nyGnukauum ceeaeHuns
n3bexatb Hanbonee pacnpoCTpaHeHHbIX OLUNOOK.

1. HayuHbI )ypHan «Hayku o 3emne 1 Hegpononb3oBaHWey» NpUHUMaET K Nybrukaumum HayyHble
maTepuansl B BUAe cTaTen no crneayowmum TeMaTukam:

—25.00.22. 'eoTexHonorusa (nog3emHas, oTkpbiTas U CTpoUTENbHAs) (TEXHUYECKME HaYKN),

—25.00.35. 'eomHopmaTHka (reonoro-MuHepanornyeckne Hayku);

—1.6.9. M'eousuka (TEXHUYECKIE HAYKN),

- 1.6.9. ['eodusuka (reonoro-mvHepanornyeckme Haykm),

—1.6.10. ['eonorus, NOUCKK 1 pa3Beaka TBEPAbIX NOME3HbIX UCKOMAEMbIX, MUHEepareHus (reonoro-
MWUHepanormyeckmne Haykm),

—2.8.1. TexHonorus n TexHyKa reonoropa3sefoyHblX paboT (TEXHUYECKME HayKK),

— 2.8.3. [opHOMpOMbILWIeHHas U HeTerasonpoMmbICoBas reonorus, reousnka, Mapkwenaep-
CKO€E [er10 1 reoMeTpust Heap (TEXHUYECKME HayKK),

— 2.8.3. [opHOMpOMBILWSIeHHas U HeTera3onpombICoBas reonorus, reousnka, Mapkwenep-
ckoe [ieno 1 reomeTpus Heap (reonoro-MuHepanornyeckme Haykm).

2. MNpuopuTeTHbIMK ANa nybnukaumm AaBNSIOTCS CTaTbi B 0611aCTU MEXOUCUUNIIMHAPHBIX U MYSb-
TUONCUMNIIMHAPHBIX UCCNefoBaHWiA, a Takke pedynbTaTbl paboT ¢ UCNONb30BaHUEM LIU(POBLIX TEX-
HOMOTUNA.

3. CtaTtby NPUHMMAIOTCS Ha PYCCKOM, aHIIIMNCKOM, KUTANCKOM 1 MOHIOMbCKOM A3blkax OT aBTOPOB,
paboTatoLmx B POCCUMCKMX 1 MHOCTPaHHbIX By3ax, akafeMUYecknx 1 oTpacrneBbiX Hay4YHO-Uccneno-
BaTeSIbCKUX MHCTUTYTaX, a Takke NPOM3BOACTBEHHbLIX FOPHO-re0NOrMYECKNX OpraHn3aLmsXx.

4. Ctatbsa CONpoBOXaaeTCs:

— 3NEeKTPOHHbLIMW BEPCUSIMU BCEX AOKYMEHTOB (CKaH), B TOM YKCIE:

aBTOPCKOro 3asiBfIeHUs, 3an0nHEeHHOro 1 NOANUCAHHOTO BCEMI COABTOPaMK CTaTbU;

aBTOPCKOro A,0roBOpa;

aKTa 3KCNepTHOro 3aKo4YeHMst 0 BO3MOXHOCTU OTKPLITOW Ny6nvKaumm matepuanos;

cBefeHuWii 060 BCEX aBTOpax Ha PYCCKOM W aHIMUNCKOM A3blkax C yka3daHWeM Ha3BaHus By3a, op-
raHu3auuy, yyYpexaeHus, 4OMKHOCTU U CTPYKTYPHOro nogapasfeneHunsl, Hamuyms y4eHON CTeneHu,
YYEHOrO 3BaHWS, NOYTOBOIO U 3IEKTPOHHOIO afpecoB KaX4oro aBTopa ctaTby;

— LUBETHbIMW MOPTPETHLIMU (hoTOrpadmsMmn aBTOPOB Ha CBETIIOM OHE (Aef0BOW CTUIb) B XOPO-
wem kavectse B popmate *.JPEG;

— 10 XenaHuo aBTopa B cTatbe MOryT BbiTb yKa3aHbl €ro Npouny B CUCTEMAX LUTUPOBAHUS W
apyrve ceegenuns (npocomnu B PUHLL, ORCID, Scopus, B gpyrx cucteMax LMTUPOBaHWUS, MOXHO
NPefoCTaBMTb CChISIKY Ha NUYHYIO CTpaHuuy B IHTepHeTe, BKIYas CTpaHNLbl B COLMAbHbBIX CETAX).

O6pawaem Bawe sHumaHue, Ymo 8cs nepeyucrieHHas ebile uHgopmayus nybnukyemcs 6 xyp-
Harne 8 omkpbimom docmyne!

5. CTaTbM NPMHMMAIOTCA OTBETCTBEHHLIM CEKPETApPEM B ANEKTPOHHOM Buae B hopmaTte Microsoft
Word ans Windows no anektpoHHon noute nzn@istu.edu. Wpudpt — Times New Roman, pasvep
Wwpugta — 12 (CTpoku Yepes 1 MHTepBaar), NepeHoOC CNoB — aBTOMaTUYECKUI. [apaMeTpbl CTpaHULbI:
OTCTYMbl CBEPXY M CHU3Y — 2,5 cM, cneBa K cnpaea — 2 cM, ab3auHbin oTcTyn — 0,6 CM, OpueHTauus
CTpaHWLbl — KHUXHaS.

6. Obbem Tekcta — ot 10000 3HakoB, BKMOYasa Npobenbl, UNNCTPALMOHHBIA MaTepuan — oo 6
PUCYHKOB.

7. CTatby [OMKHbI OblTb CTPYKTYPMPOBaHbI U BLIMOMHEHbI MO MEXAYHApOAHOMY CTaHaapTy
IMRAD. Crtpyktypa ctateu: mHgekc Y[K, HasBaHue ctatbu, hamunus, Ums, OTYECTBO aBTOPOB,
Ha3BaHWe yypexaeHns, rae BeinonHeHa paboTa, aHHOTaLUWs 1 KMYeBble COBa Ha A3blke opuUrMHana
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(PyCCKOM / KUTANCKOM / MOHIOMbCKOM) W aHTIIMACKOM A13blkaX, BBEAEHUE, LieNb UCCNea0BaHNsA, MaTe-
puan n MeToAbl UCCrneaoBaHNs, pesynbTaTthl UCCNeoBaHNs U X 06CyxaeHWe, BbIBOALI UK 3aKnio-
yeHue, bubnuorpaduyecknin cnucok u references, kputepum aBTopcTBa, KOHQNUKT MHTEPECOB U CBE-
LeHns 06 aBTOpax (BCS MHGOpMaLMs NpeaocTaBnsaeTcs OgHUM aniom, Ha3BaHHbIM CreayoLwmm
obpasom: @amunus nepeo2o asmopa — [lepebie mpu-4embipe cro8a HazgaHus.doc).

8. PexomeHayemast anuHa HaseaHua ctatbn — Ao 100 3HakoB ¢ npobenamu. HazeaHue ctaTby
LOMKHO ObITb NULLEHO CoKpalleHun, abbpeBuatyp, ONUCbIBaTb COAEPXaHWe CTaTb TOYHO U KOH-
KPETHO, NPX 3TOM OHO AOMKHO OblTb 4OCTATOMHO ANMHHBIM, YTOObI OAHO3HAYHO BbIPA3nTb FNaBHYHO
UOe CTaTbh, M KOPOTKUM HACTOMBbKO, YTOOLI H OAHO CROBO HENb3s BbiNo BbIOpOCUTL 6€3 NnoTepu
CMbICna.

9. AHHOTaUMs JoSmKHA OTpaxaTb OCHOBHYIO WAEH CTaTbW, MOCKOMbKY ANns 60MbLMHCTBA YnuTaTe-
nen oHa SABNAETCA MMaBHbIM UCTOYHMKOM MHPOPMaLMM O NpeacTaBneHHoOM uccnegosaHun. O6bem
aHHoTaumm — 1500-2000 3HakoB, NpUMepHas CTPYKTypa: Lenb, MeToabl, npeameT, OObeKT U pe3ynb-
TaTbl UCCNEfoBaHNS, BbIBOAbI. He cnefyeT cebinatbCs Ha Tabnuubl v / Unu pUCyHKK, NpuBedeHHble B
OCHOBHOM B TEKCTE CTaTby, a TakKe UCNOSIb30BaHHYIO NMTepaTypy, NOCKOMbKY aHHOTaL UK Takxke ny6-
NIUKYIOTCA OTAENBHO OT cTaThk. He ncnonb3ynte B aHHOTaUMK CoKpalleHus, abbpeBumaTypebl, a Takxke
chopmynbl, Tak Kak aHHOTauMKn B 6onbwMHCTBE 6a3 AaHHbIX, HaumHas ¢ PUHLL, nybnukyotcsa B dop-
maTe, UCkIovaroLwemM otobpaxeHue opmyr.

KntoueBble crnoBa JOMKHbI OTpaxaTb CyTb MCCReaoBaHus, cnocobCTBOBaTh paboTe MOMCKOBLIX
CUCTEM, NO KONMMYecTBY He npesbiwaTtb 10 eauHUL, CnoBocoYeTaHns — He bonee 3 eguHuL,.

10. ®opmynbl B TEKCTe 0SKHbI BbITb HabpaHbl B CneumnansHOM pegaktope dopmyn. Bee akennu-
Kauum anemeHToB hopMyn HeobxoaMMO TakxXKe BbIMOMHATL B pegakTope opmyn.

11. Tabnuupbl 4OMKHbI cCoaepXaTb TONMbKO HEOBX0AMMbIE AaHHbIE U NpeacTaBnsaTb cobon 0606-
LLleHHblE U cTaTUCTUYeCKn 0bpaboTaHHble MaTepuansl C ykadaHneM 0603Ha4YeHUst nepeMeHHbIX. Kax-
fas Tabnuua cHabxaetcs 3aronoskom. dopmat Tabnuuy — KHUXKHBIA, HanpaseHue WwWpugTa — no ro-
PU3OHTanw.

12. M'padhmueckne matepuarnsl k ctatee (PUCYHKM 1 hoTorpadmm) NpeacTaBnsanTCa B MAUHUMarb-
HOM KonmyecTBe (He bonee 6 egunHUL) M 4OMKHBI ObITb BbINOSTHEHLI B COOTBETCTBUM C TPEOOBaHNSAMMU
K reonormyeckon rpacuke. BeilbmupaeTtca macluTab, npurogHeli 4N TMPaXWPOBaHUS, a pa3mep — He
bonee 170%245 mM. [padmyeckne matepuasnbl OMKHbI JONYCKaTb NepeMeLleHne B TeKCTe U BO3-
MOXHOCTb M3MEHeHUs pa3MepoB. Kaxabl pUCyHOK CONPOBOXAAETCH HAAMMCAMMU B cOAepKaTeNbHOM
4acTu 1 NOAPUCYHOYHOW MOAMNUCHIO, B KOTOPOW NpeacTaBnseTcs 00bACHEHNE BCEX Er0 AfIEMEHTOB.
HasBaH1s pUCYHKOB 1 NOAPUCYHOUHBIE MOANUCK AOMKHbI ObITb MAKCUMarbHO KpaTKWe, OCHOBHAS WH-
hopmaums NpenocTaBnseTcs B TEKCTE.

Bce Hagnucy Ha pucyHKax AomkHbl 6bITb pedakTMpyeMblMu U BbINOMHEHHbIMUY 8 KerneM wpudTa
Arial (ocHOBHOW) Ha A13bIKe TEKCTa CTaTbW. B HEKOTOPLIX Criyvasx pa3mep wpudTa MOXET BbITb YMEHb-
LeH 8o 5-6 pt. bykBeHHas Hymepaums pucyHkoB BeinonHsaeTcs 10 kernem wpudta Arial (MOnyXUpHbIA
KypCWB) Ha aHrMUIUCKOM A3blke. [TOMUMO TeKCTa PyKOMMCK PUCYHKM JOSKHbI ObITb NpefoCTaBneHbI
oTAenbHbIMK (hannamun. BektopHas rpadumka npegoctasnseTca B popmarax .cdr, .ai ¢ BO3MOXHO-
CTbi0 PEAAKTUPOBaHWA, NPU SKCMOPTE M3 ApYyrux nporpamm CrnegyeT MUcnonb3osatb opmat
PostScript (.eps) ¢ paspewweHvem 300 dpi. oTorpacumn, ckaHMpoBaHHbIE MaTepuansl npeacTaBns-
etca B popmate TIFF unu JPEG (coxpaneHwne B hopmate JPEG Heobxoanmo NponsBoauTb B Mak-
CUMarnbHO BbICOKOM KavecTBe). Pa3pelueHne pactpoBom rpadpuku AOSMKHO cocTaBnsaTb He MeHee 600
dpi ans yepHo-6enbix pucyHkoB 1 He meHee 300 dpi ans doTorpacduin. Cxembl, rpacmku, Anarpammbi
npefocTaBnsanTCa ¢ pacwupenuem .xis (MS Excel).

13. Ccbinkn Ha nuTepaTypHble NCTOYHUKM NPUBOASATCA B KBafApaTHbIX CkobKax B nopsiake Bo3pac-
TaHus. bubnuorpaduyeckuit cnMcok opMupyeTcs No Mepe YNOMUHAHKUS UCTOYHMKOB B TekcTe. Pe-
KOMeHAYyeMoe KONIMYECTBO MCTOYHMKOB B Brubnunorpacuyeckom cnucke — He meHee 20, 13 HUX He Me-
Hee S CCbISIoK Ha CTaTby U3 UHOCTPAHHbLIX XypHanoB. [1pn 3TOM camounUTMpOBaHMe aBTopa He AOMKHO
npesbiwath 25 % ot 0bLyero KonnyectTBa UCTOYHMKOB 1 MOMHOCTLIO UCKIOYAETCS CaMOLUTUPOBaHWE
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XypHana. He gonyckaloTcst CChIfIKM Ha 3aKOHbI, roCy4apCTBEHHbIe CTaH4apTbl, NONOXeHUs, auccep-
Taumu 1 aBTopedepartsl, y4ebHUKM 1 y4ebHble Nocobus, CNpaBOYHUKK, CIOBApM W SHUMKNONeaWH, a
Takxe reonornyeckue kapTtbl. [Mpyn HeobxoanMoCTH obpalleHns K 3TUM UCTOYHMKAM CCbISIKY Ha HUX
cnegyeTt pa3smellaTb B MOACTPOYHONM CHOCKe. PegakumoHHas Konnerms pekomeHgyeT B Crucke
NUTEepaTypbl CCbINATbCA Ha CTaTbK U3 XXYPHANOB, BXOASALLMX B MEXAYHAPOAHbIE 6a3bl AaHHbIX MO rno-
6anbHbIM MHAeKcaM uuTupoBanus (Scopus, Web of Science v gpyrue).

14. Cnucok nuTepatypbl COCTaBnseTca B ABYX BapuaHTax. B Gubnuorpaduyeckom onvcaHum cta-
TbW HEOBXOAMMO yKa3blBaTb BCEX aBTOPOB. [1epBbili BapuaHT (Gubnuorpaduyecknii cnncok) ohopm-
nsieTcs Ha sA3blke UcTovHuka B cootsetcTBum ¢ FOCT P 7.0.5 2008. Btopoit BapuaHT (references)
ohopMmnseTcs B BUAE TpaHCNMUTepauum pycckoro TeKCTa B NaTWHULY C NepeBOAOM Ha aHIMUACKUN
A3bIK U CRYXUT NS OTCREXMBAHWUS LUMTUPYEMOCTU aBTOpOoB. [puMepbl 0hOPMIEHUS UCTOYHUKOB B
cnuckax MOXHO NOCMOTPETL Ha HalleM caiTe B pasgene « TpeboBaHWs K CTaTbsMy.

15. MNpu nogaye ctatby aBTOpaMU NPELOCTABNSAIOTCA HA aHIMUICKOM A3blke crneaylolime ane-
MeHTbl paboTbl: Ha3BaHMe CTaTbW, CBEAEHNS 00 aBTOpax, aHHOTaUus, KnYeBble cnosa, bnarogap-
HOCTW, Ha3BaHMs TabnuL, 1 NOAPUCYHOYHbIE NoanucK, Bubnuorpadus.

16. ABTOpbI CTaTen OOSKHbI NPUAEPXKNBATLCH 005S3aHHOCTEN, NPEAYCMOTPEHHbIX «PeaakumnoH-
HOW NONUTUKOMN XypHanay.

17. Pegakums octaensieT 3a coboi npaBo OTKIOHATL CTaTby, HE OTBEYatoLMe yYKazaHHbIM Tpebo-
BaHuaM. NocTynatowwme B pefakumio MaTepuansl BO3BpaTy He noasexar.

18. Pegakums octaBnseT 3a cobon NpaBo Ha Hay4YHOE M NUTEpaTypHOe peaakTUpoBaHWE cTaTei
C nocneaywLMM CornacoBaHWeM ¢ aBTopamu.

19. MNpeacTaBneHHble CTaTbi NPOXOASAT NPOBEPKY HA HANMuMe 3aMCTBOBAHWN.

20. XXypHan BbinyckaeTcs ¢ NepMogMYHOCTLI0 4 HOMepa B rof.

BHumaHwue! MNybnukauua craten asnsetcsa 6ecnnaTHom.

Mbi npuenawaem Bac k yyacmuto 8 Hawem rpoekme 8 kadyecmee aemopos, pekrnamodamernel
u yumamernedu.

Mo Bonpocam ny6nukauuum obpawartbca no agpecy: 664074, Poccusa, r. UpkyTck,
yn. JlepmoHTOBa, 83, WpPKYTCKMN HauMOHaNbHbIN UCCNeAoBaTeNbCKMN TEeXHUYECKUM
YHUBepcuUTeT, peakonnerus, aya. E-317.

MmaBHbIn pepaktop Pauca MouceeBHa Jlobaukaa, Ten.: +7 (3952) 405115,
e-mail: lobatskaya@gmail.com

3amectutenb rnaBHoro pepaktopa Jlapuca MBaHoBHa Ay3uHa, Ten.: +7 (3952) 405108,
e-mail: lauzina@mail.ru

3amecTutennb rnaBHOro peaakTopa Cepren lOpbeBuy KpacHowTaHoB,
Ten.: +7 (3952) 405101, e-mail: geo_info@istu.edu

Cratbm cnegyeT HanpaBnATb OTBETCTBEHHOMY cekpetapto Mapuu HukonaeBHe [onrux
4yepe3 NUYHbIA KabMHET Ha calTe WWW.NzNnj.ru MM no 3feKTPOHHOW noyTe Nnzn@istu.edu;
Ten.: +7 (3952) 405108, agpec: 664074, Poccus, r. UpkyTck, yn. JlepmoHTOBa, 83, aya. E-2109.
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Obpas3ey, oghopmneHus cmambu

YOK 549.09
MuHepanoro-TexHonorn4yeckue Tunbl pya
TomuHcKkoro mectopoxaeHua meam (KOxHbin Ypan)

EneHa MuxannosHa KypueBckas, MapuHa BnagucnaBoBHa SIXHOP,

Apkagun EBreHbeBnY CeH4YeHKo®

aCHUUlN « TexHonozuu obozawieHus1 MUHepanbHO20 Chipbsi», 2. pkymck, Poccus

bpkymckuli HayuoHanbHbIl uccnedogamenbCKuli mexHudeckuli yHugepcumem, 2. Mpkymcek, Poccusi
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Pe3rome: Ll,enb. U,eJ'Ib AaHHOro uccnenoBaHnA 3akn4aeTca B U3y4eHUN TEXHONOINMYECKUX TMNoB pya TOMMWHCKOro me-
CTOPOXAEHNS Medu, a Takke MUHepanbHOro COCTaBa BMELLAIOLWMX MOPOA W PYA KaXA0ro M3 TPEX TUMOB, BbISIBIIEHWN
MWHEPanornyeckmx 1 CTPYKTYPHO-TEKCTYPHbIX 0COOEHHOCTEN pyA, BbISBIIEHNM B3aUMOCBSA31 M3MEHEHUS PYAHON MUHepa-
nu3auum 1 cTeneHn metamopduama ans kaxgoro Tuna pyn. Merogbl. PygHble Tena TOMUHCKOTO MeHO-NMOpdMpoBOro
MeCTOpOXaeHud, 3aneraroine B AMopmuTax n KBapuesblX AMOpuUTax, npeacrtasnaroT cobon NPOXWUIKOBbIE N NMPOXWUNKOBO -
BKpaniieHHble CKOoNneHnsa B 30HaxX ,qpo6neH|/|;|. Ha MEeCTOPOXAEHUN LLMPOKO pa3BnUTbl METACOMAaTUTbI KBale-CepI/ILl,I/ITOBOI7I
chopmaumu. syyeHne TMNOB pya NPOBOAMIOCH C MCMONMb30BaHWEM MUKPOCKONOB. Pe3ynbTaThbl. B pesynbTate BblaeneHo
TPpX reonoro-TexHoNiorM4ecknx Tuna pya B npegenax TomuHckoro MeCTOpPOXAEeHNA. I'IepBb||7| TN npeacraeneH nepeuy-
HbIMM CYNbGUAHBIMU pyAamu, KOTopble HabnogarTcs B cpeaHeM Himke rnybuHel 50-55 m. Mo cocTaBy 310 XnNOpUT-My-
CKOBUT-KBapLieBble MeTacomaTtuTbl. Bmellatowme nopogbl npedcTaBneHbl CEPULMTU3MPOBAHHBIMU, XTOPUTU3UPOBAH-
HbIMM 1 kapboHaTU3NPOBaHHLIMKM AnopuTamu. B cocTaBe pya npeobnagatot xanskonuput u nupmT. MpakTuyeckn BCs Mefb
COLEPXKUTCA B Xanbkonupute. BTopoi TMn — 370 pyaHbIE 30HbI BTOPUYHOTO CynbdMAHOro oboraleHus. AToT TUM CHOXKEH
NEPBMYHLIMU 1 BTOPUYHBIMK Cynbdugamu meaun. Bce nopoabl aprunnmanpoBaHHble U NpeacTaBneHbl MeTacomaTuTamu
pasnuyHoro coctasa. Bce Buabl nopog HecyT B cebe pyaHyto MuHepanu3aaumio. K TpeTbemy Tny OTHOCSTCS OKUCTEHHbIE
pyabl, KOTOpble 06pa3ytoT 30HY OKUCMEHNS MecTOpoXaeHus. OHW OensaTcs Ha TPWU NOATUNA: TMUHUCTbIE, TMUHNCTO-Leb-
HUCTbIE U U.l,e6HVICTbIe pyAbl. MnHKCTBIE pPyAdbl 3aneratoT B CaMblX BEPXHUX YaCTAX KOPbI BbIBETPUBAHUA, FJ'II/IHVICTO-LIJ,eﬁ-
HUCTbIE pyAbl cnaratoT LUeHTpalnbHY0 ee 4acCTb, a pyabl B LI.I,e6HI/ICTbIX o6pasoBavax OTMEeYeHbl B HWXKHUX TOPU3OHTaX.
MNpenctaBneHo neTporpauyeckoe onncaHne Kaxaoro U3 TMNoB. BelSBNEHbI MUHepanorMyeckme 1 CTPYKTYPHO -TEKCTYp-
Hble 0cOBEeHHOCTH pya. B pesynbTtaTe nsyyeHns netporpadmyeckoro CocTaBa Kaxzaoro Tuna pys yCTaHOBNEHa pasnuyHas
cTeneHb MeTamopduama 1 BCrieACTBUE TOTO — M3MEHEHUEe pyaHO MuHepanu3aumn. BeiBogsbl. MNpocnexvsaeTcs Bnvs-
H1e MeTacoMaTU4ECKMX NPOLLECCOB, U3MEHUBLLIMX CTPOEHWNE U MUHEPASIbHBIA COCTaB pya. [ns nepBoro Tuna pyabl Xxapak-
TEpPHO Hanu4ue NePBUYHbLIX NOPOL — AMOPUTOB C HACBILLEHHON CyNb(UAHON BKPANIEHHOCTBIO U C HE3HAYUTENbHBIMU Me-
TacoMaTU4YeckUMM U3MeHeHNsIMK. B 30He BTOpMYHOro oboralleHnst nopodbl NpeTepnenyt MHTEHCUBHOE MeTacomaTtuye-
CKOe 13MeHeHme. MNopofabl 3TOM 30HbI HACKILLEHBI TMAPOKCUAAMY Xene3a. [1s 30Hbl MHTEHCUBHOIO BbIBETPUBAHWS Xapak-
TEepHbI FMWHUCTBIE U XTTOPUTU3MPOBAHHLIE MOPOALI. PyaoHas MuHepanuaaunst npeacTaBrieHa WCKIMHYUTENBHO OKWUCHIEH-
HbIMK MuHepanamu. Cynbduasl e4uHWYHLL. Pasnuyns B MUHepansHOM COCTaBe Tpex TUMOB pya BNMSIOT Ha BbiBop cro-
coboB nepepaboTku pyabl B npeaenax TOMUHCKOrO MECTOPOXAEHMS.

Knrodesnbie crioea: TOMUHCKOE MeCTOpPOXAEHWE, MeAHO-NOpthMpPOBOe OpYAEHEHWe, MeTaMopdU3M, TeXHonornyeckne
TWMbI py4
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Mineralogical and technological types
of Tominskoye deposit copper ores (Southern Ural)

Elena M. Kurchevskaya?, Marina V. Yakhno®, Arkady Y. Senchenko®

acNIPI TOMS (Scientific Research and Design Institute “Technologies of Minerals Separation’), Irkutsk, Russia
bIrkutsk National Research Technical University, Irkutsk, Russia

Corresponding author: Marina V. Yakhno, ymar@istu.edu

Abstract. Purpose. The purpose of the article is investigation of the technological types of Tominskoe copper deposit
ores; examination of the mineral composition of the host rocks and ores of each of the three types; identification of miner-
alogical and structural-textural features of ores, research of the relationship of mineralization and metamorphism intensity
alteration for each type of ore. Methods. Ore bodies of the Tominskoye porphyry copper deposit occurring in the diorites
and quartz diorites are veinlet and porphyry-stringer clusters in crush zones. The deposit is characterized with the predom-
inant metasomatic rocks of quartz-sericite formation. Results. Three geological and technological ore types are distin-
guished within the Tominskoye field. The first type is represented by primary sulfide ores, which occur on average lower
than 50-55 m depth. By composition they are chlorite-muscovite-quartz metasomatic rocks. The host rocks are repre-
sented by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
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sition. Chalcopyrite contains carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore composition.
Chalcopyrite contains almost all of the copper. The second type includes the ore zones of secondary sulfide concentration.
This type is composed of primary and secondary copper sulfides. All the rocks are dirty argillaceous and are represented
by metasomatic rocks of different composition. All types of rocks feature ore mineralization. The third type covers oxidized
ores, which form the oxidation zone of the deposit. They are divided into three subtypes: clay, claydetrital and detrital ores.
Clay ores occur in the uppermost parts of the crust of weathering. Clay-detrital ores compose its central part, while ores in
detrital formations have been found in the lower horizons. Each of the type is given a petrographic description. Mineralogical
and structural-textural features of ores are identified. The study of the petrographic composition of each type of ores
showed a varying degree of metamorphism that resulted in changes in ore mineralization. Conclusions. The influence of
metasomatic processes is indicated. The last have changed the structure and mineral composition of ores. The presence
of primary rocks — diorites with saturated sulfide impregnation and insignificant metasomatic alterations is typical for the
first type of ore. The rocks in the zone of secondary concentration have undergone intense metasomatic alteration. These
rocks are saturated with iron hydroxides. The presence of clay and chloritized rocks characterize the zone of intense
weathering. Ore mineralization is represented exclusively by oxidized minerals. Sulfides are rare. Variations in the mineral
composition of the three types of ores influence the choice of ore processing methods at Tominskoye ore deposit.
Keywords: Tominskoye field, porphyry copper mineralization, metamorphism, technological ore types
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