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AHHOTanusa. AKmya/16HOCMb UCCIeJ0BaHUS 00yCJIOBJIEHA BO3MOXXHOCTBIO IIPUPOCTA PECYPCOB YIJIEBOLOPOAOB B 06pa3o-
BaHUAX A0IOpPcKoro ¢yHgameHTa 3anafHod CHOGUPH, OTJIOKEHHUS KOTOPOrO MPOJAYKTHUBHBI U PAacCMAaTPHUBAIOTCA Kak Iep-
CIEKTHBHbIE 0G'bEKTHI JJIs1 OTKPBITHUS MECTOPOXK/EHUH YreBoL0poA0oB. Kopbl BbIBETPUBAHUS, Pa3BUTHIE 110 [TOPOaM Ma-
Jleo30ickoro GyHjaMeHTa B npeziesiax TOMCKON 06J1aCTH, XapaKTEPU3YIOTCs CJIOMHBIM BelLeCTBEHHBIM COCTABOM U CTpoOe-
HUeM, NPeJCTaB/IAIT CO60M MPOJAYKT CYMMapHOro B3aUMOJEeHCTBUA MHOXKecTBa GAaKTOPOB — NEPBUYHBIX CeJUMEHTOreH-
HBIX U 3IUT€HEeTHYECKUX NPOLLeCCOB, TPEIUHHOTO QutonHOro MeTacomaTosa. Ljesb, YcTaHOBUTD 0COGEHHOCTH MUHEPAJIO-
FMYECKOr0 COCTaBa M CTPOEHHS NaJIe030MCKUX 06pa30BaHUN KOPbI BbIBETPHUBAHMSA, pa3BUTOH Ha KasnHoBOM HedTerasoko-
H/ZIEHCAaTHOM MeCTOpOXAeHUU. Memodsl. KpucTasijoonTHYeCKUH, PEHTIeHOCTPYKTYPHbIH, CKaHUpYOLlas 3JeKTPOHHadA
MUKpockonus. Pe3yibmamul u 66180046l /leTaJlbHO U3yYeHbI COCTAB U CTPOEHHE NMOPO/, 30HbI KOHTAKTA Me3030MCKUX OT-
JIOXKEHUH M masieo30iickoro ¢yHjaMeHTa B pa3pese 0JHOU U3 ckBaMH KasnHoBoro HedTera3okoH/jeHCATHOI'O MECTOPOXK-
JeHuda. PakTHuecKUH MaTepuas I UCCIeJ0BaHUM Npe/CTaBleH KepHOM U MIJIMbaMHU OTJIOXKEHUH KOPbI BbIBETPUBAHHUA.
OCHOBHBIMHM KOMIIOHEHTAMH, CJIArallMMH MOPOAbI, SBJISAIOTCI MUHEPAJIbI TPYINbl KpeMHe3eMa (KBaply, XaJlleJloH ¥ onas)
Y TJIMHUCTbIE MUHEpaJbl IPU MOJAYMHEHHOU pOJiM KapGoHATOB (cuJepuTa). B 3aBUCHMMOCTH OT CO/lepXKaHUsI MUHEPAJIOB U
OpraHUYecKHUX OCTAaTKOB (pafUo/ISIpUil U CIUKYJI TYGOK) BblJIeJIeHbl IUTOTHUIBI TOPOJ, YKa3blBaKwLIKe Ha UX GOpMHUpPOBaHHE
B 6acCelHOBBbIX yCI0BHSX. [I[pOTOJMTaMHU M3MEHEHHBIX MOPOJ SABJSJINCH KPEMHHUCTO-TJIMHUCTO-KapGOHATHbIE MOPOJbI,
KPEMHEapru/UIMThl, PaZHOJISIPUTBI, KOTOpble B pe3yJbTaTe CTaJUalbHbIX M BTOPUYHBIX THJAPOTEPMa/bHO-
MEeTacoMaTHYeCKHX NMPOLECCOB MPeo6pa3oBaHbl B INIMHUCTO-KPEMHHUCThIE TOPO/ibL. B moc/ieJHUX IPU HHTEHCHBHOM pa3BU-
THH NOCTCTaJIMATbHbIX U3MEHEHHWH MOTYT MpPOSIBJISTHCS XOPOLIMe KOJIJIEKTOPCKHE CBOMCTBAa. B 3TOM ciiyyae mycTOTHOe
NPOCTPAHCTBO MPe/CTaBIEHO OUONYCTOTAMU U MUKPOKaBEPHAMH, MUKPOIIOPaMH M PAaCKPbITBIMU TPEIIMHAMH.
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H3BecTust TOMCKOro NOJUTEXHUYECKOTO YHUBepcuTeTa. UHXXMHUPUHT reopecypcoB. 2024. T. 335. Ne 6. C. 160-174
KpacnowekoBa JI.A.,, Bosnorguna U.B., l'apcus banbca A.C. Kopa BeiBeTprBaHuMe A010pCcKOro komiiekca KaanHosoro ...

Abstract. The study of pre-Jurassic deposits in the southwestern part of Western Siberia is highly relevant due to their poten-
tial of increasing hydrocarbon resources. These deposits are considered as prospective targets for the discovery of hydrocar-
bon accumulations. Weathering crusts developed on the upper part of the Paleozoic rocks in the Tomsk region exhibit a com-
plex composition and structure, reflecting the interplay of various factors, including primary sedimentary processes and later
alteration processes, including fracture-controlled fluid flow and metasomatism. Aim. To establish the characteristics of the
mineralogical composition and structure of the Paleozoic weathering crust formations developed at the Kalinovoe oil-gas-
condensate field. Methods. Optical microscopy, X-ray diffraction, scanning electron microscopy. Results and conclusions.
The composition and structure of the deposits at the boundary zone between the Paleozoic and Mesozoic successions have
been studied in detail in the section of one of the wells at the Kalinovoe oil-gas-condensate field. The factual material is repre-
sented by core and thin sections of weathering crust deposits. The primary rock-forming minerals are silica minerals (quartz,
chalcedony and opal) and clay minerals, with a lesser amount of carbonate minerals (siderite). Different lithological units
were identified based on the content of minerals and bioclast (radiolarians and sponge spicules), indicating their formation
under marine conditions. The protoliths of the altered rocks were carbonate-siliceous rocks, argillaceous limestones, and
radiolarian cherts, which as a result of multiple stages of hydrothermal alteration and metasomatic processes were trans-
formed into argillaceous-silicified rocks. In these rocks, with intense post-alteration overprinting, good reservoir quality po-
rosity can develop. This porosity includes biogenic voids, microcavities, micropores, and open fractures.

Keywords: argillaceous-silicified rocks, weathering crust, upper part of the Paleozoic, Paleozoic (pre-Jurassic complex), hy-
drocarbon horizon of the boundary zone
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BBeaeHnue
B naneo3oiickux (OIOPCKHUX) OTJIOKECHUAX 3amaj-
HoMt Cubupu (3C) 3ajeku yIIeBOJOPOJIOB JIOKAIH3Y-
FOTCS IPEUMYIIECTBECHHO B TPEX OCHOBHBIX THIIAX IO-
pon: 1) KHCIIBIX MAarMaTUYeCKUX, BKITFOYAS IUTYyTOHUTHI
W BYJKAHWTHI; 2) TIIMHUCTO-KPEMHHUCTHIX 00pa3oBaHH-
six kopel BeBeTpuBanus (KB), pa3BuBarommxcs mo
KPpEMHHUCTBIM U3BCCTHSAKAM W KPEMHEAPTUIIIIUTAM;
3) u3BeCTHsIKAX KOPEHHOTo naneo3os [1-4].
[IpoayKTUBHBIE OTIOKEHHS 30HBI KOHTAKTa ME3030M-
CKHMX U JIOIOPCKMX KOPEHHBIX mopoj ¢yHmaamenta 3C u
copMupOBaBIIHECS TI0 HUM KOPHI BHIBETPHBAHHUS BBIJIC-
JSIFOT B Ka4yecTBE CaMOCTOSITETIFHOTO OOBEKTa ITOWCKA
VIJIEBOAOPOJOB — HE(PTEra30HOCHOTO TOPU30HTA 30HBI
konrakta (HI'T3K) [3, 5]. CooTBercTBeHHO, HedTenep-
criekTuBHBIM 00bekToM B HI'T3K sBisercs mmact M, B
KPOBEJILHOM YacTU MaJe030UCKOro (pyHIaMeHTa — IUIacT
M3y, B ri1yOMHHOM Nasieo30e — miacTel My, M3 1 nasee.
30Ha KOHTaKTa ME3030MCKOro 4exja M Maleo30i-
ckoro (aoropckoro) ¢ynnamenta 3C xapakTepusyeTcs
YpEe3BbIYAWHO CIOKHBIM BHYTPEHHUM CTPOCHHMEM, YTO
00yCIIOBIIEHO HE TOJIBKO JITUTEILHON AIIOXOH MOBEpX-
HOCTHOTO BBIBETPHBAHUS, HO U CIIOXKHOHM MPOTOJIKH-
TEJIbHOM MCTOpPUEH CYLIECTBOBAaHUS [aHHOU IIOBEPX-
HOCTH B HOFpC6eHHOM COCTOsIHUH, B YCJIOBUAX TCKTO-
HUYECKOH JC3MHTErpaIliy ¥ Bo3IeHCTBHs (uironoB. B
CBA3U C TEM, YTO U3MCHCHHBIC NOPOJbI B KPOBJIC I1a-
JIe03051 CIIY’)KaT 4acTo pe3epByapaMud HeTH U Ta3a,
BOIIPOC O CTPOCHUH 30HBI MMEET HE TOJNBKO PETHO-
HaJbHOE, HO U OTPOMHOE MPAKTHYECKOE 3HaUeHue [6].
B Tomckoii o0iacTH TmepBbIe CKBaXHHBI, MPOOY-
PEHHBIE O KPOBIH MAaie030s, BCKPBUTH MarMaTHde-
CKHE MOPOJIbI M U3BECTHSAKY, HHTCHCUBHO 3aMEIICHHBIC
TJIMHUCTBIMHU MUHCpaJIaMU, O6’I)CJII/IHCHHI>I€ " OIIMCaH-

HBIE KaK KOPHI BEIBETPUBAHMSA [7] 1 0000IIeHHBIE TT03-
ke B MOHOTrpadguu 1mo MecropoxiaeHusm Cubupu [8].
Crpoenue KB ¢ BbleneHHeM reOXUMHUYECKON, MHHE-
paornyeckoil ¥ MeTpoU3NIECKON HEOTHOPOTHOCTH
¢dyHIamMeHTa He(hTera30HOCHBIX 0aCCEHHOB MPHUBEICHO
B pabotax [9-13 u ap.]. Koppensauus otnoxxenuit KB u
noropckoro ocHoBaHus B 3C, 0COOGHHOCTH pa3BUTHS
30HBI KOHTaKTa, cTparudukanus KB, Bropuunsie mpe-
00pa3oBaHUsl MAaTEPUHCKUX MOPOA MOAPOOHO H3yda-
Tuch B [6, 14-19 u np.].

CBoiicTBa KOPEHHBIX IOPOI, TUIHYHEIC MPOQHIIH,
OCHOBHBIE TPOLIECCHl M KOHTpOIMpYHomue (HaKTOpb
pesepByapoB KB B pa3iuuHBIX pernoHax MHpa HCCIIe-
nosanu [20-31 u gp].

[IpusHaku HEPTEHOCHOCTH U MPOMBILUICHHbIE
CKOIUIeHUS He(pTH W Ta3a, MOMUMO TPAIUIIUOHHBIX
0CaJIOYHBIX TECYAHBIX U KapOOHATHBIX OTJIIOXKCHUM, B
HACTOsIIee BpEMsl YCTAaHOBJEHBI B MarMaTH4eCKUX M
MeTamopduueckux mopoaax u KB, paHee oTHOcuB-
MHXCS K HEeTepCIeKTUBHEIM 00pa3oBaHMsIM Ha YB, a
cefiyac paccMaTpuBacMbIX Kak HOBBIH HE()TESHOCHBIX
ATaXX U TJI00ABLHBIN 00BEKT 3eMHOM KOpHI [32].

Taxkum o6pazoM, «He(Tera30HOCHOCTh (PyHAAMEHTA
Pa3IMUHBIX PErMOHOB MHpPAa M3 YHUCTO TEOPETUUECKON
poOsieMbl He(hTEra30BOM TE€ONIOTHH MEPEXOINUT B MPAK-
THUECKYI0, TpPEOYIOIIyI0 IIeJICHANPABICHHBIX KOM-
IUIEKCHBIX ~ T'€0JIOTO-TeO(PU3NUECKNX  HCCIIEAOBAHHH,
YUUTHIBAIOIINX crenuduky oobekray [33. C. 102].

lenpio paboThl SBISIOCH  ACTANBHOE JIUTOJIOTO-
nerporpaduyeckoe nzydenue oriaoxkennit KB (tmact M)
OMOPHOro paszpe3a OOHOM M3 ckBaxuH KamHoBoro
HedrerazokonaeHcaTHoro (HI'K) mMectoposkaeHus ¢ BbI-
JIeNIEHUEM BTOPUYHBIX U3MEHEHUH MOPOJ, BIMSIIOLIMX Ha
UX (PUITBTPAIIMOHHO-EMKOCTHEIE XapaKTePUCTHKH.
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Kparkas reosiornyeckas XxapaKTepUCTHKa CTOYHYIO 30HY KPEMHHUCTO-TIMHHUCTO-KapOOHATHBIX
HCC/IeyeMOro 06'beKTa nopox (puc. 2).

KammroBoe HI'K mectoposknenne HaxoauTes B mpe-
nenax Yysnkcko-Umkarnckoi 30HbI HeprerazoHakorie-
HHSI, PACIIONOXKEHHON Ha roro-socroke 3C B Iapabens- -
ckoM paiione Tomckoi obmactu. Uysnkcko-Umkarckas
ME30CE/UIOBUHA, SBISACH 30HOM couneHenms Jlaspos-
cKoro Me3oBaiia U [TyZAMHCKOTO ME3OTIOHATHS, OCHOMK=-  awmoovsii okpy:
HEHA 3HAYUTENHHBIM KOJMYECTBOM JIOKAIBHBIX ITOIHS-
THI, B OTJIO)KEHHSIX KOTOPBIX OTKPBITBI MECTOPOXKICHUST  Tovenondy
nedtu u rasa B HIT3K (puc. 1). Hedranas sanexs B
BBIBCTPECIIbIX  OTJIOKCHHUAX KanuHoBOro J0OKajJbHOrO Srcens
MOJHATHS pa3BHUTa TOJBKO HA 3alafHOM KYTIOJe U Mpea- o6acrs,
CTaBJICHA MHTEHCUBHO W3MEHEHHBIMH MOPOJaMHU TJIMHU-
CTO-KPEMHHUCTOTO cocTana [34].
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Puc. 2. Kapma seujecmgeHH020 cOCmasa KOPEHHbLIX nopod dorwopckozo ocHogaHus | '1y3uKCKO-'1UJICanCKaH 30Ha) [3]. 1 -
CKBANCUHbL, 2 — 2paHuysl 6,10k08, 3 — epaHuya pugdo2eHHO-aKKyMyAsamueHol u 6acceliHogoli 30H; uzgecmHsiku: 4 —
HUJCHe20 Je8oHa, 5, 6 — HUNCHe20-cpedHe20 0e8OHA: 5 — opaaHo2eHHble, 6 — 2AUHUCMble; 7 — 0P2AHO2eHHbIL U38ECMHSIK
8epxHe20 0e8OHA-HUJICHE20 Kap6OHa; 8 — KpeMHUCMble U38eCMHSIKU 8epXHe20 0e8OHA — HUJXCHe20 Kap6oHa; 9 -
nopodsl 8epxHe20 0e80HA — HUNCHE20 KAPBOHA: d — meppuzeHHble, 6 — KpeMHUCMble meppuzeHHble; 10 — eauHucmuble
CAaHYbI HUJCHe20 — cpedHezo kap6oHa; 11 - paHHempuacoawle 8y IKAHUMb!

Fig. 2.  Lithological map of Paleozoic deposits (pre-Jurassic deposits) in Chuzik-Chizhapka zone [3]: 1 - wells; 2 - block bound-
aries; 3 - boundary of reef and basin environments of oil generation; limestones: 4 - Early Devonian; 5, 6 - Early-Middle
Devonian: 5 - organogenic; 6 - argillaceous; 7 - Late Devonian - Early Carboniferous organic; 8 - Late Devonian - Ear-
ly Carboniferous siliceous limestones; 9 - terrigenous (a) and siliceous-terrigenous (b) Late Devonian - Early Carbonif-
erous rocks; 10 - Early-Middle Carboniferous clay shales; 11 - Early Triassic volcanics
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Iocnennue sBsAOTCS OOJee TTTyOOKOBOAHBIMU OT-
JIOKCHUSIMU U YKa3bIBalOT Ha YBCJIMYCHUEC FJ'Iy6I/IHI>I
MOPCKOTO OacceifHa B HAaIlpaBJICHUM UX pa3BUTHs. [Ipo-
SIBUBILIASICSL TIO3HEE TEPIIMHCKAsT CKIIAqUaToOCTh U JIe3-
WHTETpalys MOpoJ] B MEPephIBax OCAIKOHAKOIUICHHS B
MIPEABIOPCKUN TTEpUOJ] IPUBOIUT K oOpa3zoBanuio KB
OTJIOXKEHUH maneo3os: OpexunpoBanHeix KB rimHuICTO-
W3BECTKOBUCTOI'O COCTaBa MO OPraHOT€HHBIM M3BECTHS-
KaM, IO KpEMHCAPTWUINTaM U KPpEMHUCTBIM H3BECTHA-
KaM Pa3BUBAIOTCS TIMHUCTO-KpeMHuCThIe KB.

B npenenax Haumbosiee KOHTPACTHBIX SPO3UOHHO-
TEKTOHUYECKHUX BBICTYIOB J0IOpCcKoro ocHoBaHus (I'e-
pacumoBckol, KamunoBoir m OCTaHHHCKOW TUIOIIA-
J51X), CIIO)KEHHBIX KPEMHHUCTBIMH M3BECTHSKAMHU, OT-
MEYaKTCA HaI/I6OJ'H)[HI/Ie 10 TOJIIIMHE TJIHHHUCTO-
kpemuucteie KB (miact M) (puc. 3) [3]. Ilpu uHTEH-
CHBHOCTH TIPOPAOOTKU TaKUX OTIOKEHHH THIICPTeH-
HBIMM M METaCOMaTHYECKUMH TIpOLecCaMH MOTYT
(OpMHPOBATHCS TUTACTHI ¢ XOPOIIUMH KOJUICKTOPCKH-
MU cBoHcTBamu [35].

6 (QH=22.8 M /cyT)(Qr=43.5 m/cyT)
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Puc. 3. 3po3uoHHO-meKmoHuYecKue 8bicmynsl 00HPCKO20
ocHosaHusi KaiuHoeo20 mMecmopoxc0eHusl, CA0XHCEeH-
Hble KpeMHUCMbIMU U38eCMHSIKAMU [3]

Fig. 3.  Erosional-tectonic uplifts of the pre-Jurassic deposits

at the Kalinovoe field, composed of carbonate-
siliceous rocks [3]

MaTepuaJjibl 1 METO/bI M CCJIeJOBAaHUA

Wzyuancs pa3pe3 JOIOPCKOTO KOMILIEKCA OTIOXeE-
Huit (50,96 M kepHa) omgHON M3 cKBaknH KammHoBoro
MECTOPOXKICHHS, U3 KOTOPBIX ObLIM M3roTOBICHB 109
MPOKPAIIEHHBIX CUHEH 3MOKCHIHON CMONOH nuimgos.
JleTanbHOE WCCIIEIOBAaHUE COCTaBa M OCOOCHHOCTEH
MHUKPOCTPOCHHUS TIOPOJ MPOBOAMIIOCH Ha meTporpadu-
geckoM Mukpockore Olympus BX53F ¢ kamepoit
DP23 u nporpammoii m3o0paxenuit cellSens Entry.

Pentrenorckuit mudppakromerp JJPOH-7 ¢ tBepmo-
TENBHBIM SHEPrOAUCIIEPCUOHHBIM JIETEKTOPOM  HC-
MOJIB30BAJICA JJI OIPENENIEHUs MHHEPaJIoru4eckoro
COCTaBa TITHHHUCTOHN (ppakIiii 0Opa3oB TOPHBIX MOPO

METOJIOM MOJTYKOJIHYECTBEHHOTO PEHTIeHO()a30BOT0
aHanmn3a.

Jnst yrounenus (a3zoBoro, XMMUYECKOTO COCTaBa U
MOP(OJIOTHYECKUX XaAPAKTEPUCTUK MUHEPAJOB MOPOJ
MPUMEHSUICS CKAHUPYIONIHIA 3JIEKTPOHHbIA MUKPOCKOIT
JEOL JSM-6510 ¢ merexropom X-MAX" (Oxford
Instruments) u AMAana30HOM W3MEPEHHN JTHHEWHBIX
pasmepos 0,003—1000 MxMm.

Pe3yibTaThl MCC/IeA0BAaHMSI M MX 0GCYXKIeHHE
Ilempozpadhusa nopod Kaarunosozo mecmoposicoeHus

OTn0oXEHUS CKBOKUHBI OXapaKTePH30BaHbI KEPHOM
B MHTepBajiaXx NIyOuH 2887-2946,6 M, B BepxHeil ya-
CTH paspesa (=6 M) Ipu MaKPOCKOIMMYECKOM OIIHCaHUHU
OTIPEICISIOTCSA CBETIO-CEPhIC ANEBPOJIUTHI pa3HO3ep-
HUCTBIC, TJIMHUCTBIC W/WIN C OOJIOMKaMH TPaBHHHOMN
Pa3MEpHOCTH U TPaBeIUThl Pa3HOOOJIOMOYHBIE C AJIeB-
PUTOBBIM LIEMEHTOM.

C rny6unsl 2893 M MOpOAbI IPECTABICHBI TIIHHU-
CTO-KPEMHUCTBIMH  Pa3HOBUIHOCTSAMH, IpEeUMYyIle-
CTBEHHO MACCHBHBIMH WJIM C YYacCTKaMH II0JIOTOBOJI-
HUCTOH CIIOMCTOCTH, HapylIeHHOW Jedopmanueit
(omon3aHueM), MATHICTO OXKEIEe3HEHHEIE, ¢ OTKPBITHI-
MU WIH 3aJIeYeHHBIMU TpelrHaMu. VIMeHHO ykazaH-
HBIH MHTEPBaN TIMHICTO-KPEMHUCTHIX TTOPOJ M SIBIISII-
s LIEJIEBBIM OOBEKTOM MHKPOCKOITHIECKOTO M3YUCHUS
B JITaHHOM pabore.

st GoImbIIelt gacTy UCCIIeyeMoro pa3pesa B HHTep-
Basie 2893-2946,6 M XapaKTEpHO CIIOUCTOE U MHUKPOCIIO-
HCTOE CTPOCHHE, 00YCIOBICHHOE YepeIOBaHUEM IPOCTIO-
€B C Pa3HbIM COJICP)KAHUEM TEX HJIM MHBIX COCTABIISIO-
myX KOMIOHEHTOB. [10 maHHBIM peHTTreHO(pa30BOro aHa-
JM3a B MOPOJax MpeolIaaloT MUHEPAIbl KpeMHE3eMa ¢
conepkanueM 48-97 % (B eaMHHMYHBIX oO0pa3max —
19 %); ocranmpHas YacTh TPHXOMUTCS HAa TIHMHHCTEHIC
(235 % wu ¢parmentapao 69 %) u KapOOHATHBIE
(0-19 %) muHepanbl, YTO MO3BOJSIET BBIICIATH Pa3HO-
BUITHOCTH TIOPOJ] B 3aBUCHMOCTH OT MHHEPAIOTHIECKOTO
COCTaBa: KPEMHHUCTOTO, TJIMHUCTOTO, JKEJIE3UCTOro, Kap-
OOHATHOTO MaTepualla U OPraHOT€HHBIX OCTATKOB.

Y4uThIBast, YTO MUHEPAJIOTHYECKUN COCTAB U Opra-
HUYECKHE OCTaTKH B IMOPOAAX M3y4aeMoro paspesa
OJIHU U T€ K€, U MEHAETCS TOJIBKO WX MPOIEHTHOE CO-
OTHOIIICHUE B ONPECICHHBIX JMTOTHUIIAX, BBIJICICHUE
MOCIIEIHAX OCHOBAaHO Ha Mpeo0iIamaoneM KOMIIOo-
HEHTHOM COCTaBe C TMOCJenyIoulel aeTanu3zanuei B
MOJITUIIAX TIOPOJI.

B wu3ywaemoil TONmIE NO MHMKPOCKOIUYECKOMY
ONpEAETICHUIO BBIJEJIEHBI JIMTOTUIBI C JAeTaln3auueit
Ha Pa3HOBUIHOCTH I10 COCTaBy MOpoj (Tabnuia).

CmpyKkmypHo-meKcmypHble 0c06eHHocmu
cmpoeHust nopod

Jlist Bcex M3y4eHHBIX 00pa3lioB MOPOJI XapaKTepHa
PEJIMKTOBasl OpraHOTCHHAsi CTPYKTypa, YTO OOYyCIIOB-
JICHO TIPUCYTCTBUEM PEIMKTOB PATHOJSIpUN ¢ Qpar-
MCEHTApHBIM TOSBJICHHEM IPUMECH CITUKYJI TYOOK.
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Ta6auya. Tunusayusi nopod no cocmasy 8 paspese ckea-
JcuHbl KaauHosozo mecmopodcdeHust
Table. Lithological classification of rocks in the well
section of the Kalinovoe field
Tun nopof JlutoTun
Rock types Lithotype
[JIMHHUCTO-KPEMHUCTBIN C IPUMECHIO PaJIUOJISIpHit
Argillaceous-siliceous with a mixture of radiolarians;
[ MMHUCTO-KPEeMHUCTBINA paiuoIsipUeBbIi
Argillaceous-siliceous radiolarian;
T MTMHUCTO-KPEMHUCTBIN IUAPOCTIOAUCTbIN
C IPUMECHI0 PaJUOJIAPUH
['nuHuUCTO- p p_ ’q P .
. Argillaceous-siliceous hydromicaceous
KPEMHHMCTBIN . . . .
. with a mixture of radiolarians;
Argillaceous- o .
o [JIMHUCTO-KPEMHHUCTBIN CUIEPUTU3UPOBAHHbIH,
siliceous o
OKpeMHEeHHBIN
Argillaceous-siliceous sideritized hydromicaceous
with a mixture of radiolarians;
[JIMHUCTO-KPEMHHUCTBIH, METACOMAaTUYECKU
HM3MeHeHHbIN
Argillaceous-siliceous metasomatically altered
Kpemnucro-
TJIMHUCTBIN KpeMHHCTO-T/IMHUCTBIN (KpeMHeapruJLINT)
Siliceous- Siliceous-argillaceous
argillaceous
PasnonsipuT rIMHUCTO-KBapI-Xa/lleJ0HOBbIH
Papguonsapur Radiolarite argillic-quartz-chalcedonous;
Radiolarite PajosipyUT rIIMHUCTO-XaJLeJ0H-KBapLeBbIi
Radiolarite argillic-calcedony-quartz
TydoneauToNUT TUAPOCTIOAUCTBIH, KpEMHU-
Tybonenutonut yd)v AP A P
CTBIH, PaAHOISIpUEBbIN
Tuffaceous i . -
s Tuffaceous pelitic hydromicaceous, silicious,
pelitic . .
radiolarian
B KIacmoiumosvlx — TPOCIOAX  T[JIMHHUCTO-

KPEMHUCTBIX MOPOJ CTPYKTYpa HEPaBHOMEPHO3EPHH-
CTasl ¢ mpeobamaHneM HEOKaTaHHBIX U cilabooKkaTaH-
HBIX 00JIOMKOB TicepuToB ¢ pazmepamu 2—10-22 MM u
peke 00JIOMOYHBIX 3€peH ICAMMHUTOBOI pa3MepHOCTH
or 0,1 no 0,5 mm (puc. 4, a). CTpyKkTypa LEMEHTUPY-
omed Macchl CKPBITO- M MHUKPOKpUCTAIIMYECKas,
TOHKOYellyHuaTas OpPUEHTUpOBaHHasd. TuUI IEeMEHTa
MIOPOBBIN OTKPBITHIM, KOPPO3UOHHBINA. OpUEHTUPOBAH-
Has TeKCTypa (opMHpYyeTcs B pe3ylpTaTe cyOmapai-
JICTBHOTO PACHOI0XKEHUS! YIJIOEHHBIX 0OJIOMKOB.

B rIMHUCTO-KPEeMHHUCTHIX MPOCIIOAX CTPYKTypa He-
PaBHOMEPHO3EPHUCTas] U BapbUPYeT OT MEJIUTOBOM,
CKPBITO- ¥ MHKPO3EPHHUCTOM 10 TOHKO- U MEIKO3EpHU-
cToil. OTMe"aeTcs CryCTKOBOE M KOMKOBATOE€ CKOILIE-
HUE arperaToB BellecTBa. B mpocnosx, oOoraieHHbIx
MUKPOKPUCTAIIMUECKMMU U TOHKOUEIIYHYaThIMU BbI-
JENCHUSIMH TUAPOCTIONON, MPOSIBISIIOTCS YYacCTKH C
OPHEHTHPOBAHHBIM CTPOCHHEM.

CeTb TpelIMH 3a/Ie4eHa HEPABHOMEPHO3EPHUCTBIMU
arperataMi KBapla, CHUAEPUTAa MU KOJUIOMOP(HBIMH
arperataMu THIPOKCHJIIOB >Kene3a. Brimemstorcs
YYaCTKH C TPaHOONACTOBBEIMH 3€pHAMH U arperaTraMu
KBaplia KpymHO- U TPyOO3epHUCTON pa3MEpHOCTH, C
MEJKO-KPYITHO3EpPHUCTBIM CUAEPUTOM U MHUKPO3EPHHU-
CTBIM KAQOJMHUTOM.

TexcTypa MUKpPO-, TOHKOCIIOUCTAsA, 00yCIOBICHHAS
YepeI0BaHNEM IIPOCIOCB C PA3HBIM COJICP)KAaHUEM IIe-
JUTOMOP(HOTO TIMHUCTOTO MaTepHana W HaJHIHeM
Ooylee KPEMHHCTHIX TIPOCIIOEB, YacTO ISATHUCTAS, CBS-
3aHHass C Pa3BUTHEM YYacTKOB METaCOMAaTHUYECKOIO
3aMEIIeHHs C arperaTaMu CHICPHUTA, KBapIa W KaoJH-
HUTA, a TAKXKe HAJHMYHEM YYACTKOB C Pa3HBIM KOJIUYe-
CTBOM OYpOro TIIIMHHUCTOTO, TUAPOCIIOIUCTOrO, KPEM-
HHUCTOTO MaTepuaa.

B  KpeMHHCTO-TIMHHCTBIX MPOCIOSX CTPYKTypa
CKpPBITO-MUKPO3EPHUCTAs], IMEIUTOBAs, TOHKOUETyiua-
Tasi OPUCHTHPOBaHHAi. B CBS3M ¢ HamuumeM opraHo-
TEHHBIX OCTATKOB — PENUKTOBAsI OpraHoreHHast. TeKkcTy-
pa IMH30BUHAS U MSTHUCTAS MUKPOTEKCTypa 00yCI0B-
JICHBI ¢ 00pa30BaHMEM arperaTtoB ITMHHCTOTO, KapOo-
HATHOTO W OKejesucroro BemectBa (puc. 4, b).
B BepxHHX yacTsIx paspe3a HaOmromaroTcs aedopMariu-
OHHBIE TEKCTYPHI, BBIPAXKAIOIUECS B CMSITUU B HEOOIb-
M CKJIAJIKHU eIle He OTBEPICBIIETO Ocauka (TEKCTypHI
OTTOJI3aHYS) WUIH K€ BIABIMBAHUS KPEMHUCTBIX PaaHo-
JSIPUTOB B MEHEE IJIOTHBIE TTIMHUCTO-KPEMHHUCTBIE TIPO-
cion. B HIDKHUX "YacTsIX pas3pes3a BBLACISAIOTCS YYacTKU
¢ OMOTEHHBIMHU TEKCTYypaMH, BO3HUKIINMH B PE3yJIbTaTe
KU3HEICATENIBHOCTH HIT0e0B (puc. 4, ¢).

B KpeMHHCTBHIX ¥ TTTMHUCTO-KPEMHHUCTHIX PajIHOIIs-
pHUTax CTpyKTypa HepaBHOMepHo3epHHUcTas. [lo dpopme
arperatoB ceposnuToBast (paguanbHO-IyYUCThIE arpe-
raTel XaJIedOHa 3aMEIIA0T CKENETHl PAAuoJIIpuil) U
IrapoarperatHast (arperaTbl MEKPO3EPHHCTOTO KBapra
3aMEIaroT CKeNeTsl paguonapuit). Hamuune npocioes
B IIOPOJAX C Pa3sHbIM COJICPKAHUEM KEIE3UCTOTO, TUA-
POCIIOANCTOTO0 M KapOOHATHOTO Marepuaia o0yCiiaB-
JIMBAET UX CIOUCTYIO TEKCTYPY.

B Tydonenutonurax crpykTypa mnemionas (0610M-
KH MEHee 2 MM), CKPBITOKPHCTAJUINIECKas, IeITUTOBAS;
[0 COCTaBy OOJIOMKOB KPHCTaJUIOBUTPOKIACTHUYECKAS.
TexcTypa TOHKOCIIOUCTAs, OPHEHTHPOBAHHAs, 00pa3y-
eMasi OJTHOHAIPABIICHHBIM PACHOJIOXKEHUEM yIUTHHEH-
HBIX 00JIOMKOB JINTO- U BUTPOKJIACTOB.

B yuacTkax MeTacoMaTH4eCKOH MUHEpanu3aluu
CTPYKTypa HEpaBHOMEPHO3EPHHUCTAsi — OT MHKpPO3ep-
HUCTOH 10 kpymnHO3epHucTor (0,5—1 MM) u Tpybo3ep-
HUCTOH (>1 MM), pa3Mep OTHENbHBIX 3€pPEeH KBapua
mocturaeT 3 MM. B oTmenbHBIX ydacTkax rpaHoOia-
croBas. TekcTypa cioiuatas, 00yclOBIICHHAsI HAJTUYH-
€M KpPEMHEapTUIIUTOBBIX, XKEJIE3UCThIX POCIOEB, 30H
OKPEMHEHUSI M CUAECPUTHU3ALNYU, HEpeaKo nedopmanu-
ounasi (puc. 4, d). HeoqHOpOOHOCTh M MSATHHCTOCTH
nopoj 00ycIOBIE€HA Pa3BUTHEM YYaCTKOB METacoMma-
THUYECKOTO 3aMEIICHHUS C arperataMu CHAEpUTa, KBap-
IIa ¥ KaOJIHMHUTA, a TaKKe HAJWMYHEM yYacTKOB C pas-
HBIM KOJIMYECTBOM OYpOTO TIIMHHCTOTO, THAPOCIIONH-
CTOT0, KPEMHHUCTOTO MaTepuana

B TpemmHax cTpyKTypa HEpaBHOMEPHO3CpPHHCTAS,
MeCTaMH I'paHo0IacTOBasI, OOIUTOBAS, CHEPOIUTOBAS.
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aHa/auzamopa): a) epaseaumo-

dpecssHas meako3epHucmas cmpykmypa; b) caoucmas mekcmypa. Tygoneaumosblil OKpeMHeHHbIU Npocaoli 8 eau-
HUcmMo-KkpemMHucmotl nopode; ¢) 6uomypbumosass mekcmypa, xo0dbl U/10e008, 3aN0HEHHble 2AUHUCMO-KPEMHUCMbIM
MamepuanoM ¢ nNPuMecbro opeaHu4eckozo sewjecmsa; d) deopMayuoHHAs meKkcmypda 8 30He OKpeMHeHUs U cudepu-

musayuu

Fig. 4.

Textural features of rocks from the Kalinovoe field (without analyzer): a) gravelite-gravel fine-grained structure;

b) laminated texture. Tuffaceous pelitic silicified interlayer in argillaceous-siliceous rock; c) bioturbated texture, bur-
rows filled with argillaceous-siliceous material with an admixture of organic matter; d) deformational texture in the

zone of silicification and sideritization

BewjecmeeHHblli cocmae

MuHepanbl KpeMHe3eMa MPEACTaBICHBl OMAalloM,
KBapueMm, xaneaoHOM.  CKpBITOKpHUCTANINYECKUN
KPEMHHUCTBIH MaTepuall COCTABIIECT OCHOBY TIIMHHICTO-
KPEMHHUCTBIX MOpo. [Ipu OONMBIINX YBEIUYCHHSIX OT-
MeYaeTCs MOJSIPH3aNHs BEIIECTBA, MMEIOIIET0 ONTHYE-
CKHE XapaKTEPHCTUKH KBapIla, XapaKTepPH3yeTcs MUK-
po3epHucteiMu pazmepamu g0 0,005 MM u MeHee.
CKpBITOKpHUCTAIINUECKUI KpeMHe3eM o0pa3yercss B
IMarCeHEeTHYECKYIO, PAHHIOI KaTareHeTHYECKYIO CTa-
U0 B pe3yJbTaTe PACKPUCTALIM3ALUU CEAUMEHTO-
TeHHOTO aMop(HOro KpemHe3ema. B ckpeiTokpucTa-
JIMYECKOM Macce BBLACISIOTCS MUKPO3EPHUCTHIN KBapIl
Y CIUHUYIHBIC TOHKUE YEITYHKH THIPOCITIOIBL.

Ksapy BcTpedaeTcss B BHJIE 3€peH M arperaros,
UMEET ayTUTCHHYIO M AITIOTHTCHHYIO IpUpONy. AyTH-
TCHHBIN KBapIl B BHIE 3¢peH 00pa3yercsi B pe3ylbTaTe
pacKpHCTAIIN3AIMH CEAUMEHTOTCHHOTO KpEMHE3eMa,
¢dopMHpYeT YITMHEHHO-TIPH3MATHUCCKIE JUIHPaMU-
JaTbHBIC KPUCTAIUTE (pUC. 5, @) 1 UIUOMOPQHEIE 3ep-

Ha — rpaHoOmacTel (puc. 5, b), B TpemmHax u 30Hax
METacCOMaTHYECKOTO 3aMelIeHUs (TPEIIMHHBIA MeTa-
coMaTo3). B HEKOTOPHIX TpemKHaX U IyCTOTaX MIECTO-
BaThle KPHUCTAJUIMKM KBapla HApacTalOT Ha CTEHKH,
dopmupys oropouku (puc. 5, ¢, d)

Arperatbl MUKPO3EPHUCTOTO ayTUIEHHOTO KBapiia
COCTABIISIIOT OCHOBY TJIMHHCTO-XAJIIEJOH-KBAPIIEBBIX
pPAIUONSAPUTOB, 3aMEINAIOT CKEJEThl  PaTUuOIAPHA
(puc. 5, €), cuKyJ TyOOK U BBIIOTHSIOT TPELIUHEL

AJITOTUTCHHBIA KBapll — Ty(QOTCHHBIH U TEPPUTCH-
HBIA — HAOMIOAAeTCS B TY(POMETUTOIUTOBBIX IIPOCIOSIX
WM B KAYECTBE MPUMECH IPAKTHYCCKHA BO BCEX 00pa3-
nax. Kpome kBapma B Ty(QOTeHHBIX IPOCIOSIX MPHUCYT-
CTBYIOT CJTA00PacCKpUCTAIIM30BaHHBIC (OKPEMHEHHBIC)
00JIOMKH BYJIKAHUYECKOTO CTEeKJa (BUTPOKIIACTHI) Tal-
JTUTYATON, OCKOJNBYATOH (HOPMBI MM BCTPEYAIOTCS
TOHKHE, YIJIMHCHHBIE OOJOMKH HW30THYTOH (OPMBL,
OKpPEMHEHHBIE (CKPHITOKPUCTAIUIMICCKUI KPEMHHUCTBIN
MaTepHa) BUTPOKIACTHI WK JINTOKIACTHI.
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Puc. 5. MuHepasbl epynnbl KpemHe3ema 6 nopodax naacma M KaauHogozo mecmopoxcdeHusi: a) yOAUHEHHble NPU3Mbl

Fig. 5.

Kpucmannoe keapya; b) eparobaacmosslii azpecam keapya; ¢, d) wecmosamule Kpucmanasl keapya no nepugepuu
mpewuH; e) MuKpo3epHucmulili aymuzeHHblll K8apy 8 pakoguHax paduoaspull; f~i) azpecamul paduasbHO-1y4UCMO20
Xa/ayedoHa, YACMUu4HO 0JXcesfe3HeHHO20; j) onaa 8 peaukmax paduospull; k) zamewjeHue paduoasipuu onasaom u
omopouKoll Mukpokpucmannos keapya; l) onaa e nycmomax evlujena4yu8aHus, 8 mpewuHax — Keapy. Ycio08Hbule
o6o3HaveHus1: Q - keapy, Chal - xaayedoH, Op - onas, Sd - cudepum, Kaol - kaoaunum, OB - opeaHu4eckoe geujecmeo.
Cmpeakamu ykasaHbl ocmamku paduoasputl. ®omozpaguu a-f, h, j-1 - c anaauzamopom, g-i - 6e3 aHauzamopa
Silicate group minerals in the M reservoir rocks of the Kalinovoe field: a) elongated prisms of quartz crystals; b) grano-
blastic quartz aggregate; c, d) columnar quartz crystals along fracture margins; e) microcrystalline authigenic quartz
in radiolarian tests; f-i) radial-fibrous chalcedony aggregates, partially ferruginous; j) opal in radiolarian relicts;
k) radiolarian replaced by opal and rimmed by microcrystalline quartz; 1) opal in dissolution voids, quartz in fractures.
Legend: Q - quartz, Chal - chalcedony, Op - opal, Sd - siderite, Kaol - kaolinite, OB - organic matter. Arrows indicate
radiolarian remains. Photographs a-f, h, j-1 with analyzer, g-i without analyzer
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Xanyeoon COCTAaBISIET OCHOBY B INIMHUCTO-KBapll-
XaJIICIOHOBBIX PaJUOIIPUTaX, B BHAC PaAHANBHO-
JYIHCTBIX arperaToB, 3aMEIIAeT CKEJCTHI paJnosIpHi,
gacto ObiBaeT oxenesnen (puc.5, f-h). B kpymHbIX
sIIpax paguonsapuil uHorga (GopMupyercs mo JBa—TpU
c(epOIUTOBEIX arperaTa XaileaoHa.

Onan BcTpedaeTcss He BO BCEX 00paslax, BHITOIHS-
eT sapa paguossipuii (puc. 5, j), B HEKOTOPBIX pajaHo-
JSpUSX Oman HAOIIONAeTcsi BMECTE C KBAapIeM, MHK-
pOIIeCTOBAThIE KPHCTAIUIBI KOTOPOTO 00pa3yloT OTO-
pouku B siapax (puc. 5, K), a Takke 3amosHseT BbILIe-
JIOYCHHOE MycTOTHOE mpocTpanctBo (puc. 5, ). Ilo
Bceil BuanMOcTH, (popMUpOBaHIE OMaia MPOUCXOANIO
B TO3/HUE, HAJIOXKEHHBIE CTaJuM (TPELIMHHOTO MeTa-
cOMaTo3a) C IPUBHOCOM B MOPOAY KpeMHE3eMa C T'HJI-
porepmansHeIME (mrongaMu. [locie mporieccoB BEI-
[IeJTavyiBaHUs — PACTBOPEHHSI OMOTEHHOT'O KpeMHe3eMa
U JPYTUX KOMIIOHEHTOB — Hadajgach MUHEPAIH3aLUs
ITyCTOT BEHIIIEIAYNBAHHS.

['muHuCTHIC MUHEPAITB Ay TUTCHHBIC, TIPEICTABICHBI
THPOCIIONON U KAOJMHUTOM, TaKkKe B oOpaslax mpu-
CYTCTBYET TPYJIHO AWATHOCTHPYEMOE IEIUTOMOPQHOE
KETE3UCTO-TIMHUCTOE BemecTBo. COriacHo ITaHHBIM
MOJIYKOJIUYECTBEHHOTO PEHTIeHO(a30BOT0  aHAIU3a
peo0IagaonM ITHHACTHIM MUHEPAIOM B OOJIBIIIH-
cTBe 00pasIoB ABIIETCS ruapocioaa (10 83 %).

Tuopocnoda TPUCYTCTBYET B BUAE EIUHMYHBIX
pa3HOHAIPABIEHHBIX TOHKUX YEHIyeK B CKPBITOKPH-
CTaJUIMYECKOM KPEMHHMCTOM Macce WM B BUJIE arpera-
TOB M3 OJHOHANpPABICHHBIX 4YEIIyeK, C OJHOBPEMEH-
HBIM TOTacaHueM, MPUIAIONIUX MOPOJE APTHILIUTONO-
no0OHBIH 00sHK (pHC. 6, a).

Kaonunum Taxxke sIBISICTCS ayTHICHHBIM MHHEpa-
JI0OM Hu 00pa3yercsl B pe3ysbTaTe IeHCTBUS HANOXEH-
HBIX TPOILECCOB TPEIIMHHOTO Meracomaro3a. Kaomm-
HUT 3aT0JHSIET BBILIEIIOUEHHbIE IyCTOThl PAKOBUH pa-
JTUOJISIpUM, W3 KOTOPBIX OBUT BbIHECEH OWOTEHHBIN
KpEeMHE3eM, TPEIIUHBI U KaBEpPHO3HBIE IMOJOCTH, T. €.
SIBISICTCS. MIPOXYKTOM BTOPUYHOW MHHEpATU3aIHN
(puc. 6, b).

B ywacTkax MeTacoMaTHYeCKOTO 3aMEIICHHs Kao-
JUHAT BCErJa HAXOJOHUTCS COBMECTHO C arperaTtamu
cugeputa U kBapua (puc. 6, ¢, d), orMedaercst KOppo-
3Ws 3€peH KBapIia KAOJIHHUTOM.

[IpakTudeckn 1O BCeMy H3ydaeMOMY pa3pes3y
HaOMrOaeTCsl pa3sBUTUE arperaroB Oyporo, CKphITO-
KPHCTAIIIMYECKOT0, NETUTOMOP(HOTO BEIIECTBA XKeTe-
3UCTO-TIIMHHCTOTO, TJIUHHACTOTO, KapOOHATHO-
TIIMHUCTOTO cocTaBa. HanmeHbIee Koau4ecTBo Oypo-
T'O BEIIECTBA OTMEYAETCS B CYIIECTBEHHO KPEMHHUCTBIX
pamuonsipuTax, HauOompliee — B KPEMHHCTO-
TIIMHUCTHIX TPOCIOSX ¢ HEOOJMBITUM KOIHUYECTBOM pa-
nuonspuii (puc. 6, b).

KapOoHaTHBIIi KOMITOHEHT TPEICTABICH CHIEPH-
TOM, SIBIISIFOIIUMCS TIPOJYKTOM HaJOKEHHOH MUHeEpa-
JU3alldy, CBS3aH C IMPOLecCaMM METacOMAaTU4ECKOTro

3aMelleHus. | IMHUCTO-KPEMHUCTBIE MOPOJBI BO BCEM
M3Y4YCHHOM MHTEpBaJie B Pa3HOUH CTETIEHU CHIICPUTU3U-
poOBaHBI. B OTAEIBHBIX YacTAX pa3pes3a CHACPUT BCTpe-
9aeTCsl TOMBKO B TPEIIMHAX W OKOJIOTPEUIIMHHOM IIpO-
cTpaHcTBe (puc. 6, €), 3aMemaeT paguoNIIpUU
(puc. 6,e, f) u dopmupyer arperatsl B TIIHHHCTO-
KPEeMHHUCTOH Macce IMOpOIbI, BILIOTh 10 (GopMupoBa-
HUSl CHJIIEPUTOBBIX MpocioeB. CHAECPUT BBIMOIHACT
PO IIEeMEHTa B OPEKYMPOBAHHBIX M KJIACTOTCHHBIX
MOpOax.

Cuneputuzalys OTMEYaeTcs Takke U B KPEMHHU-
CTBIX PaJUOJIPUTOBBIX Mpociosx. Kpome Toro, arpe-
raTel CHAEPHUTA COCTABILIET OCHOBY B YYacTKax MeTa-
COMAaTHYECKOTO 3aMerteHus (puc. 6, i).

@opMBI BBIJCICHUS CHICPUTA PAa3HOOOpasHBI —
e/IMHUYHbBIE yIUIHHEHHbIE, poMOOBUIHbIE (pHc. 6, Q) U
TaOJHUTYATHIC 3€pPHA, B BHJC MEIbYANIICH CHIITA B OKO-
JIOTPEIMHHOM IPOCTPAHCTBE, chepoarperarsl, Orpyr-
JBIC arperatbl B paauoJSIPHSIX, OKPYTIIBIE arperaTsl ¢
KPYCTH(OUKAIIMOHHOW OTOPOYKOH M3 IIECTOBATHIX KPH-
cTaiukoB (puc. 6, h), CHONOBHIHbBIE arperatsl, 00JIH-
TOBBIE OOpa30BaHUs, YaCTO C OTCIIOMBIIEMHCS CKOp-
JNyNKaMu, ¢ o0pa3oBaHueM IycTOT. Cuaeput ObIBaeT
OKHCJIEH ¢ 00pa30BaHHEM XKEJE3HCTBIX TOHKHX IOJIO-
COK W TIATEH BHYTPH arperatoB. BerpeuaroTcst okpyT-
JBIe, 3BE3IYATHIE arperarsl NeITUTOMOP(HOTO CHIACPH-
Ta, BBIJCISIONINECS Ha CBETJIOM (POHE MOPOAbI TEMHO-
cepoil OKpackod M BBICOKMM peiibedpoMm Oe3 aHanmmza-
TOpa, C aHATU3aTOPOM arperarsl Oypre.

i Bcero paspesa XxapakTepHO OXKeJle3HEHHE B TOH
WIN WHOU CTENEHHU: TMAPOKCUIBI XKeJe3a dYallle BCEro
Pa3sBUBAIOTCS B TPEUIMHAX M OKOJOTPEIIMHHOM MpO-
CTPaHCTBE.

Tloposoe npocmpancmeo Qopmupyercs 3a cyeT
pa3BUTHUSL TPEIIUH W TIPOIIECCOB BHINICTAYUBAHUS U
MPOSABIISIETCS B pPACTBOPEHUH OMOT€HHOI0 KpeMHe3eMa,
[JIMHUCTO-KPEMHUCTOTO M KapOOHATHOTO MaTepuaa
(puc. 7).

TpemuHb! pa3BUTH MPAKTHIECKA BO BCEM HHTEP-
Base. BOJIBIIMHCTBO TPEIUH CeKyInue, CyOBepTUKANb-
HBIE, peke mociolHble. [lo HeKOTOpeIM CyOBEpTH-
KaJbHBIM TPEIIMHAM OTMEYaeTcs IepeMeIIeHIe TOpoT
OTHOCHTEJIBbHO TpewuHbl 10 1 cM. [locnoiinble Tpemu-
HBI 9aCTO BO3HUKAIOT HA TPaHUIC KPEMHHUCTBIX Pajfo-
JSIPUTOB M TIIMHUCTO-KPEMHHCTHIX MPOCioeB (puc. 7,
f). Cnenyer otmetuth, 4TO 3a4acTyio Ha rpaHuie Gop-
MHUpPYETCS 30Ha TPEUIMHOBATOCTH, TPEIIMHBl TOHKHE —
0,01-0,1 mm, Gosbiieit yacThio OTKpBITHIE. K Tpemu-
HaM IPUYPOUCHBI YYACTKU OKEIIC3HCHUS, CHIICPUTH3A-
UMW U BhIIENaunBaHus. [lopoabl mo aOCOIIOTHOM
MIPOHMIIAEMOCTH CUHTAIOTCS HU3KO- U CPEAHETIPOHUIIA-
EMBIMH

Haubonee BBICOKHE 3HAYCHUS] MOPHCTOCTH U IIPO-
HHUIIAEMOCTH OTMEYAIOTCsl B 00pasnax ¢ pacKpHITBIMHU
TpeIIMHAMH, C PACTBOPCHHBIMH CKEJICTaMH paJnoIs-
PHii U OTKPBITBIMH MOJIOCTSIMU KABEPHO3HOTO THIIA.
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T'auHucmoble u Kap6oHamHsle MUHepabl 8 NOpodax Kopwl 8bleempusaHust KaauHosozo mecmoposicdeHus: a) azpezambl
moHKovewyiiuamoil 00HOHanpas1eHHoll 2udpocaodul; b) vewylivamblii KaoauHum 8 ocmamke paduoaspuu; ¢, d) nakemot
KaoAuHUmMa ¢ cudepumom U Keapyem 8 30Hax Memacomamosa; e, f) pasgumue cudepuma 8 pakogUHax pacuoaspuil u mpe-
WUHAxX; g) yOAuHeHHble KpucmaJasl cudepuma ¢ 30HA/IbHOCMbI0, YACMUYHO 0Jice/ie3HeHHble; h) azpezambl cghepocudepuma
¢ kpycmug@ukayuoHHol omopoukoll; 1) 001umosble oKucAeHHble azpe2ambl U KCeHOMOP@Hble 3epHa cudepuma. Yca06Hble
0603HayeHus - Ha puc. 5. Pomoepaguu a-h - c aHaauzamopom, i - 6e3 aHaauzamopa

Clay and carbonate minerals in weathering crust rocks of the Kalinovoe field: a) aggregates of fine scaly unidirectional
hydrous mica; b) scaly kaolinite in radiolarian relict; c, d) kaolinite packets with siderite and quartz in metasomatic
zones; e, f) siderite development in radiolarian tests and fractures; g) elongated zoned siderite crystals, partially ferru-
ginous; h) spherosiderite aggregates with crustification rim; i) oolitic oxidized aggregates and xenomorphic siderite

Fig. 6.

grains. Legend is in Fig. 5. Photographs a-h with analyzer, i without analyzer

IlocmcedumenmayuoHHble npeo6pa3o8aHust nopod

ITopoas!l TIMHUCTO-KPEMHUCTOM TOJIIIM, COCTaBIIS-
IOIlME pa3pe3 CKBAKUHBI, MOABEPTIIMCH KaK CTagHallb-
HBIM, TaK ¥ IMOCTCTaJHaIbHBIM (HaJIOKECHHBIM) TPe00-
pa30BaHUSAM.

CraguanbHble U3MEHEHHS HE MPEBBIIIAIOT MO3AHE-
ro0 KaTareHe3a W BBIPAXKAIOTCS B PACKPUCTAILIN3ALUN
TJIMHACTOTO M KPEMHHCTOTO CEAVUMEHTOI€HHOIO U
OuoreHHoro Matepuana. XajleIoH, KBapl WU THI-
pociofia SBIAIOTCS NPOAYKTaMU JMa- U KaTareHeTH-
4eckuX MpeoOpa3oBannii. V3Ha4anbHO STH TTOPOIBI
XapaKTEpU3YIOTCsl HU3KUMHU KOJUJIEKTOPCKUMH CBOM-
CTBaMH, MEPBUYHBIX TOp He HaOmojaercs. Bee mzMme-

HCHHS, NOBIMABIINE Ha (PHIBTPAMOHHO-EMKOCTHBIE
cBoiictBa (PEC), cBS3aHBI C Pa3BUTHEM HAIOKEHHBIX
SMUTEeHETUYECKUX MPOLECCOB B pe3yJibTaTe ABMKEHUS
¢monoB 1o TpemuHaM. MHOXKEeCTBO TOHKHX TPEIIHH,
CEKYIINX, CYOBEPTUKAIBHBIX M TIOCIIOWHBIX PaCcCEKaloT
MOPOJIbl TIMHUCTO-KPEMHHUCTOH Tonuy. BonbmmHcTBO
W3 HUX 3aJIEYE€HO CHAECPUTOM, MUKPO3EPHUCTHIM KBap-
LeM M THIPOKCUIAMH IKele3a, OJAHAKO HMEITCi M
MOJTHOCTBIO MJIM YaCTUYHO OTKPBITHIE. TO, YTO Tpemu-
HBI SBUWIHCH TPOBOJHHUKAMH THIPOTEPMAIBLHBIX (PITto-
W/IOB, MOATBEP)KAACTCS PAa3BUTHEM YYaCTKOB METaco-
MaTHYECKOr0 3aMeLIEHHUs] B OKOJIOTPEILIMHHOM IIpo-
CTpaHCTBE.
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IlycmomHo-noposoe npocmpaHcmeo 8 nopodax Kopsl gbleempusarusi Kaaunoeozo mecmoposcderusi: a-c) pacmeo-
peHue paduoaapulil ¢ o6pazosanuem nycmom; d) nycmomul 8blwjeAa4U8aHUss paduoaapull ¢ 3ano/iHeHueM Kpucman-
JIUYECKUM cudepumom; e) MUKPOKA8epHA 8 MmpewuHax, 4acmuyHasi MUuHepaau3ayusi mpewuH no nepugepuu Kpu-
cmaaaamu Keapya u cudepumom; f) nocaoliHasi omKpbimass mpewuHd HA 2paHuye Nnpoca0es8 pasHo20 cocmasa;
g, h) COM cHumKu 2auHUCmo-kpeMHUcmbix hopod, pedxcum SE. Pazgumue 2auHUCMbIX MUHEPA.108 8 nopodax, evlujenda-
yygaHue paduoaspull (g) u Memacomamuyeckoe pasgumue KaoJUHUMA 8 yuacmke nopodsl (8videseHo sceamuim) (h).
domozpaduu waugoe a-f 6e3 ananruzamopa. Yca. 0603HayeHUs1 — HA puc. 5

Void-pore space in weathering crust rocks of the Kalinovoe field: a-c) radiolarian dissolution forming voids; d) radio-
larian dissolution voids filled with crystalline siderite; e) microcavern in fractures, partial fracture mineralization
along margins by quartz and siderite crystals; f) bedding-parallel open fracture at boundary of interlayers with differ-
ent composition; g, h) SEM images of argillaceous-siliceous rocks, SE mode. Development of clay minerals in rocks, radi-
olarian dissolution (g) and metasomatic kaolinite development in rock portion (highlighted yellow) (h). Thin section
photographs a-f without analyzer. Legend is in Fig. 5

7[KV] SP=6

Fig. 7.

MOo’XHO BBIAETUTH [1Ba MPOTHBOIIOIOKHO HaIlPaB-
JICHHBIX Tpolecca — (QIIOUIHOE BEHINICIAYUBAHAC U
(dronnHas MuHepanusanus (TUAPOTEPMaTbHOE MeTa-
coMaTnieckoe 3amernienne). OIronIHoe BhIIIEIaYnBa-
HUE MPUBOJUT K PACTBOPEHHUIO OMOTEHHOTO KpeMHe3e-
Ma B PaUOJISAPUAX, a TaKXkKe K (OPMHUPOBAHUIO MTYCTOT
B MaTpulie NOPOJbl U B TPEIIMHAX U, COOTBETCTBEHHO,
k ynyumenuto ®EC nopoxn. ['maporepmansHoe mera-

COMAaTHYECKOE 3aMEICHHE TPHBOAUT K 3aIlOTHEHUIO
MyCTOT ONAajioM, CHUAEPUTOM, MUKPO3EPHHUCTHIM KBap-
1IEM H BeJeT K YMEHBUICHUIO MyTeH MHUTpaluu (Iou-
JIOB W yTJIEBOJOPOAOB B IOopoaax. B To xe Bpems uuer
00pa3oBaHue arperaroB KaOJUHHUTA, KOTOPBIN, KaK U3-
BECTHO, 00JaaeT MEKKPUCTANTUTHON U MeKarperat-
HOU TOpHUCTOCTHI0. B 00MMTOBBIX arperartax cuaepura
MPOSABIISIETCS BTOPUYHAS IOPUCTOCTH BCJEICTBUE OT-
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CJIaNBAHUS «CKOPIYNOK». O6a 3TH mporecca, BO3MOXK-
HO, UAYT OJHOBPEMEHHO, T. K. KHCIIBIC PACTBOPHI MPU-
BOIAT K DPAacTBOPEHHIO KapOOHATHBIX MHHEPAJIOB, a
LIeIOYHBIE — K PACTBOPEHUIO MUHEPAJIOB KpEMHE3eMa.
OueBuHO, YTO MPOLECCH (HIIOUTHOTO BO3AEHCTBUS C
MIPUBHOCOM W BBIHOCOM BEUIECTBA OBLIM MHOTOKPAT-
HBIE, YTO OTPAXKAETCA HA CIIO)KHOM CTPOEHHH Y4aCTKOB
METaCcOMaTUYECKOr0 3aMELICHNUS.

OCHOBHBIM TIPOLIECCOM BTOPUYHOM TI'MIIPOTEPMallb-
HOM MHHEpaJu3allMy SABISAETCS CUIEPUTH3ALMS, CBA-
3aHHas C HPUBHOCOM YTJEKUCIOTHI U TUAPOKCUAOB
xeneza. CUAepUT 3amoiHSAeT OOJBIIMHCTBO TPEIIVH,
pa3BHUBaeTCsl B OKOJIOTPELIMHHOM IIPOCTPAHCTBE, 3a-
MeI[aeT y4acTKU, HHOTAA MOYTH MOJIHOCTBIO, OCOOEH-
HO B HIDKHEW 4acTH paspesa.

YacTo 30HBI METaCOMATHYECKOTO 3aMemieHus (hop-
MUPYIOTCSI Ha TPaHULE KPEMHUCTBIX PaIUOJSPUTOB U
[JIMHUCTO-KPEMHUCTBIX IPOCIOeB. Bromb rpaHuiis
MIPAaKTUYECKH Bcerga (hopMHpYeTCs TpeIlnHa WK JKe
cepusi TPEUIMH, YTO, OYEBHIHO, CBA3aHO C pa3HOI
IJIOTHOCTBIO IIOPOJ U UX YCTOMYUBOCTBIO K CTpECCY.
CocTaB 3TMX 30H CUIEPUTOBBIM, I'MIPOCIIOIUCTO-
CUJIEPUTOBBIN, KBapL-KaOJUHUT-CUAEPUTOBBIN. [Ipak-
TUYECKH BCETA K 9TUM 30HaM IIPUYPOUYEHO OXKEJIE3HE-
HUE.

30HBI METACOMATHYECKOTO 3aMEIICHUS MOTYT OBITh
JIOBOJIBHO OOLIMPHBIMM, (OPMHUPYSICH Ha YdacTKax
nepeceueHnst TpemuH. [IpakTudecku Bcerma B 30HAX
BTOPUYHON MUHEpAIU3aLUU BBIAEISIOTCS 30HBI BbIIIE-
JaunBaHUS.

3aKoyeHue

IToponsr B m3yuenHoM paszpese Kammunosoro HI'K
MECTOPOKICHHS TPEACTABIIOT COO0H KOPHI BEIBETPH-
BaHUsA [JIMHUCTO-KPEMHHUCTOTO, KPEMHHCTO-
TJIMHUCTOTO COCTAaBOB, HO OTHOCSTCS K pa3HbIM 30HaM
npoduiae Kopsl BbIBeTpUBaHUS. CuHTaeTcs, YTO
«HanboJee MEepPCIEeKTUBHBIMI B OTHOIIEHNH Hedrera-
30HOCHOCTH KOPbI BEIBETPUBAHUS SBIISIOTCS KOHTPACT-
HBIE 3PO3UOHHO-TEKTOHUYECKUE BBICTYIIBI, CIIOKEHHbBIE
CHWJIMKAaTOCOAEPKalllUMU IIOPOJaMHM, IOABEpPIraBIIUECs
mpoueccaM JI€3UHTErpaluy, B Mpelesax KOTOPBIX
c(hOpMHUPOBAIUCh KOPHI BBIBETPUBAHUS TJIMHUCTO-
kpemHHcToro cocrasa» [3. C. 545].

CIIMCOK JIMTEPATYPBI

OTnoxeHUst B pa3pe3e CKBaXKUHBI COMOCTABUMBI C
30HOM HauyaJbHOM JE3UHTErpaluy, B KOTOPOH NMOPOJBI
COXPaHWIH CBOW TEPBUYHBIN OOJHK, OCIIOKHEHHBIN
BIIOCJIEACTBUM MPOLIECCAMU METAaCOMAaTHYECKOro 3a-
MEIIECHUSI.

B nmeneBoM wu3yyaeMOM HHTEpBaje CKBa)KUHBI
YCTaHOBJIEHBl T[JIMHUCTO-KPEMHHUCTBIE OpPraHOT€HHBIE
HOPOJIbl, YEPEAYIOUIMECS C HECKOJIBKMMHU IIPOCIOSMU
Tyonenuronuros. I MTHHUCTO-KPEMHHUCTHIC PAa3HOBH-
HOCTU OTJIOKEHHMH CJIOXKEHbI KBapleM, XallelI0HOM,
OIanoM, TUAPOCIIONOH, KaK OTAEIbHBIMU YelTyiKaMH,
TaK ¥ arperaTaMud B KpeMHEAPTIUINTAX, PEIKUMH de-
IIyiikamMu cepunura. B TydonenmuronmTax BRIAEISIOT-
cs KHcJasi 10 COCTaBy IUPOKJIACTUKA — KPUCTAJIOKIIA-
cThl (KBapI)) ¥ OKPEMHEHHBIE BUTPOKJIACTHL. B 1emom
IUTSL pa3pesa XapakTepHO HMPUCYTCTBUE IpUMECH Ty(ho-
TeHHOT0 MaTepuana.

C MeTacoMaTHYECKUMU IPOLECCaMU CBSI3aHO 00pa-
30BaHUE CUAEPUTA, PEXe KaJblMTa, KBapLa, KaOJIUHHU-
Ta, THUAPOKCHIOB xene3a. OpraHoreHHble OCTaTKU
IPEACTaBICHbl MPEUMYIIECTBEHHO PAJUONISIPUIMH, B
MEHBIIEM KOJHMYECTBE B OTACNBHBIX IIPOCIOSX IIPH-
CYTCTBYIOT CHHKYJBI TyOOK. CTpyKTypa HOPOA CKpBI-
TOKpHUCTAITIMUECKAs, MUKPO- U MEJIKO3EpHUCTas, TOH-
KOUellyidarasi, peJIMKTOBas OpraHOTeHHas, cepoin-
TOBasi, OOJNUTOBas U JAp. Tekcrypa MpaKTUYECKH I10
BCEMYy pa3pesy CIOHCTasi, MHKPOTEKCTYPbl — ISATHH-
CTasi, HEsICHOCJIOUCTas, cllolyaras.

Bcerpeuarorest nedopMaiioHHbIe TEKCTYPEL, B HUXK-
Hel yacTu paspes3a oTMeuaeTcs OHOTypOUTOBas TEKCTY-
pa — BUIHBI XOJbI WIOEHOB, OKOHTYPEHHBIE YTIHUCTHIM
OpraHMYeCcKUM BelIecTBOM. B BepxHel yacTu pa3pesa B
HEeOOIBIIIOM HHTEpBaJle HaOJIIONAIOTCd OOJOMOYHBIE M
OpekunpoBaHHble TOpoAbl. Ilopomasl TpemMHOBATH,
TPEUIMHBl YaCTUYHO WM MOJHOCTBIO 3aJ€UYEHbl arpera-
TaMH CHJEpHUTA, KBaplia, B MEHbILIEH CTENIEHU KAOINHU-
Ta. IMEHHO ¢ MHTEHCUBHOM TpPEIIMHOBAaTOCTBIO CBS3a-
Hbl MPOLECChl TPELUIMHHOIO METacoMaTo3a, KOTOpbIE
OKa3any HEOTHO3HAYHOE BIMSHHE Ha (DMIIBTPALIIOHHO-
EMKOCTHBIE CBOHCTBa nopoa. C OfHOI CTOPOHBI, METa-
coMaTHyecKas MMHEepalu3alys IpuBela K 3ajleyuBa-
HUIO TpEeIMH M IYCTOT, C JPyrod — IJIMHUCTO-
KPEMHHCTasl MaTpHlla MOJABEPIaach MPOLIECCaM BBIIE-
JIaYMBaHMS ¢ 00Pa30BAHNEM BTOPUIHON TOPHCTOCTH.
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