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[IpuBeneHa xapakTepucTHKa cOCTaBa NOPOLOOOPa3yOILUX MUHEPAIOB (IJIarMOKJIa3oB,
KJIMHOTIMPOKCEHOB, MEJIMJIUTOB) MapajiaB MUPOMeTaMOpOUIECKIX KOMIUIEKCOB MOHTo-
JIUM, KOTOPbIE 00pa30BaIMCh B MIPOLIECCE BBICOKOTEMIIEpaTypHBIX TpaHchopMaluii Kap-
OOHATHO-TEPPUTEHHBIX MOPOA OCATOYHBIX TOJI BO BPeMs MOJIUCTAAUIHBIX MPUPOAHBIX
YTOJIbHBIX TIOXapOB. MenmnmuT-HedheIMHOBBIE MapaiaBbl cofepkaT (heHOKPUCTDI KeIe3UCTO-
r0 aKepMaHUTa-aIIOMOAaKEPMaHUTa, TUOICUIA-TeNeHOepruTa, coaepxaiuero 1o 49 mon. %
MuHana Kymmpounta CaAlAlSiOg, 1 OCHOBHOTO TUTarMoKIa3a. DHCTaTUT-PEPPOCUIINT SIB-
JISIeTCs TOPOI00OPa3yoIIUM MUHEPAIOM IJIaTMOKIa3—TMPOKCEH + MHIMATUTOBBIX Mapa-
saB. B mapanaBax yacTo HaXOASITCSI KCEHOJMThI TEPMUYECKU U3MEHEHHBIX OCaTOYHBIX MO-
pon. MuHepaibHble acCOLMAalUM B PEJIMKTaX KCEHOJUTOB MEPrejucTOro M3BECTHSIKA,
CJIOXEHHBIE TeJICHUTOM, MOHTUYEJTUTOM-KUPIITEITHUTOM, TIEPOBCKUTOM, OGOTAIlIEHHBIM
Al KTMHOTIUPOKCEHOM, LUMUHEJbIO U APYTUMU MUHEpasiaMU, GOpMUPOBAJIMCh Ha CTaIuU
BBICOKOTEMIIEPATYPHOTO MeTaMopdu3mMa OCaZoyHOIrO MPOTOJIUTA, TPEAlIecTBOBABIIEH
TJIABJICHUIO KapOOHATHO-CUJIMKATHBIX TTOPOII, U B pe3yJIbTaTe peaKIIMOHHOTO B3aUMOIECH-
CTBUSI KCEHOJIUTOB C MUPOT€HHBIMU CUJIMKATHBIMU pacilaBaMy Pa3HOTO COCTaBa.

Karoueeswie cro6a: KTMHONMMPOKCEH, MEJTUJINT, TUTATUOKJIA3, TTapajiaBa, mupoMeTaMopdude-
ckue Koruiekeol, Hurmacekmii m XamapuH-Xypair-Xua, MoHToms
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Ha teppuropuu LlentpanbHoii 1 Boctounoit Monroauu B nepuon 2016—2018 rr. 6bun
M3y4YeHbI U BIEPBbIE OMMCAHBI TTOPOJBI MMPOMETaMOP(MUUIECKNX KOMITIIEKCOB — HuIrnH-
ckoro u XamapuH-Xypan-Xun (Peretyazhko et al., 2017; Ilepetskko u ap., 2018; CaBuHa u ap.,
2020). Kommiekchl cogepKaT NUPOreHHbIe MOPObl, KOTOpble C(hOOPMUPOBAIMCH BO BpeMs
MHOTOCTaIUHBIX TTIPUPOIHBIX MTOXAPOB MPOCIOEeB OYpOro yrisi B 0ocaJlouyHbIX Toiax. B pe-
3yJIbTaTe YaCTUYHOTO WJIM TMOJIHOTO TUIABJEHUSI TEPPUTSHHBIX MOPo. (aprujuIMTOB, ajleBpo-
JINTOB M MECYaHUKOB) 00pa30BaiCh KJIIMHKEPHI, a U3 KApOOHATHO-CYJITMKATHBIX OCATOYHBIX
TOpOoI — TTapaJlaBbl C PA3IMIYHBIMA MUHEPAJTbHBIMU acCOIMAIIUSIMU U 3HAYUTETLHBIMU Ba-
pUansIMM BaJIOBOTO COCTaBa.

B Hamnbonee pacrpocTpaHeHHBIX TTapajgaBaX MEJIWJINTBI, KITMHOTTMPOKCEHBI U TTarnoKJia-
3Bl SIBJISIIOTCS ITOPOA000Opa3yoLIMMU MUHepajiaMu. PaHee ObLIO JaHO OoIMcaHue MUHEPAJIOB
IpYIIbI OJIMBUHA U3 3TUX TTopoa — Ca-coaepskaiiero gasiiira u KupiuTeitHuTa (IIpoayKToB
pacnana TBepaoro pactopa Ca-Fe onuBrHa), MPOMEXYTOUHBIX WIEHOB psina dasiut—oop-
creput 1 MoHTUYesunTa ([mymkosa u ap., 2023). B HacTosiieit pabote MpUBOASATCS TaHHbIE
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0 COCTaBax IUIarMoKjIa30B, MUHEPAJIOB TPy MEIWINTA U KIMHOMUPOKCEHA U3 MEJIWIUT-
HedeJIMHOBBIX MTapajlaB, HEHACBIILIEHHBIX IT0 KpeMHe3eMy 1 oboraiieHHbIX Ca, a TakKe Iia-
TMOKJIa30B U OPTOMMPOKCEHOB (3HCTAaTUTA-(DEPPOCUINTA) U3 TIJIAarMOKJIa3-TIMPOKCEeH * MH-
MUAJIMTOBBIX TTapajiaB, UMEIOLINX BaJIOBBIE COCTaBbI OJIM3KME K OazaibTaM 1 aHIe3uba3aib-
taMm. O6CyXIal0TCss 0COOEHHOCTH COCTaBa MUHEPAJIOB I'PYIIIT MEJTUJINTA M MUPOKCEHA U3 TO-
pon nupoMeTramMophUUeCKUX KOMIUIEKCOB MOHTOJIMM B CPaBHEHWM C TaKOBBIMU U3
Pa3INYHBIX IPUPOIHBIX Y TEXHOTEHHBIX 00BHEKTOB.

NzyuyeHune ocobeHHOCTEil MUHEPAJIbLHOTO COCTaBa MUPOTEHHBIX MOPOJ U COMEPKAIIUXCS
B HUX KCEHOJIUTOB JaeT HOBYIO MH(pOPMAIIMIO O MpolleccaX TEPMUIECKUX TTpeoOpa3oBaHUA
U JIOKQJIBHOTO TUTABJICHUSI OCAIOYHBIX TTPOTOJIUTOB MUPOMETAMOPGHUIECKIUX KOMIUIEKCOB B
YCIIOBUSX BBICOKOI TeMIIepaTyphl U GJIM3KOTO K aTMOC(HEPHOMY TaBICHMUS.

TEOJIOTMYECKHWI OYEPK

IIupomeramopduueckrne KomruieKchl HunrmHckuii m XamapuH-Xypan-Xum, paclioyio-
KEeHHbIe Ha ynajeHuM okoJjio 300 KM apyr oT apyra, chopMUpPOBaIUCh IPU IMTOA3€MHOM TO-
PEHUU TIPOCJIOEeB OYPOTO YIJisl B TEpPPUTeHHO-KapOOHATHBIX OCaIOYHBIX TOJIIIAX PAHHEMEJIO-
BoIi n3yHOanHcKoit cBuThl (Peretyazhko et al., 2017; INepetsixko u np., 2018; CaBuHa u np.,
2020).

Hunrunckuit komrneke oTHocuTest K Youp-HunruHckoit yrineHocHo# npoBuHLMU LleH-
TpasibHOU Monronuu (Erdenetsogt et al., 2009). Ha rutoiianu komruiekca oOHapyKeHbl TpU
octanua BeicoToi 10 40 M (KopoHa, Bepbiron u Masbllin), c1oXeHHbIe B pa3HOI CTeIIeHU
IUIaBJIEHBIMU MUPOTEHHBIMU TOPOJAMHU, KOTOPbIE COXPAHWIMCH TOCJIE 3PO3UM MEJTOBOM
ocanouHoii Tonmu (Peretyazhko et al., 2017; INepetsikko u ap., 2018). [Toponbl nipencrasie-
HbI TEPMUYECKU U3MEHEHHBIMU aprUUIMTaAMU-aJIeBPOJIUTAMU U TIPOIYKTAMU UX YaCTUYHO-
ro IUIaBJIEHUS — CTEKJIOBAaThIM KJIMHKEPOM pa3Horo cocraBa. Q00X KeHHbIE aprUUTUThI-
aJIeBPOJIMTHI U KJIMHKEDP Ha ocTaHile BepOiton yacTo MpoHU3aHbl CEThI0 TOHKUX MPOXUIIOK
napanaBbel. Ha ocTaHIIAX ¥ 5pOIMpOBaHHOI MOBEPXHOCTH BOIM3M HUX TLIOMIAIBIO ~20 KM>
BCTpEUaIOTCS Pa3Bajibl U €AMHUYHBIE TIBIOBI MEIMIUT-HeeTnHOBBIX napayiaB. KinHkepb! u
rnapasasBbl YaCTO COAEPXKAT KCEHOJUThI pa3MEPOM OT 0JIE MM A0 HECKOJIBKUX CM TEpMUYE-
CKM UBMEHEHHBIX (000X KEHHBIX) 0CaIOYHBIX TOPo/. B 4—5 KM K 10r0-BOCTOKY OT OCTAHIIOB
pacIioJioxXeH OypoyroJibHbIi Kapbep Tyrpyr, Ha CTEeHKaX KOTOPOTO BCKPbITa OCaa04YHas TOJ-
112, y4YacTKaM1d MU3MEHEHHasl TMMPOTreHHBbIMU Tipolieccamu. BOmu3u Kapbepa oOHapy>KeHbI
€IMHWUYHbIE TIBIOBI MACCUBHBIX PACKPUCTAJUIM30BAHHBIX TUIArMOKJIA3-TIMPOKCEHOBBIX U
IUIaTMOKJIa3-MMPOKCEH-UHANATUTOBBIX TMapajiaB 6e3 MeauauTa u HedellnHa, KOTOpbIe OT-
JIMYAIOTCSl 10 TEOXUMUYECKUM XapaKTepPUCTUKAM OT MEJWIUT-He(dEeInHOBBIX MapajiaB Ha
OCTaHIIax.

Komnneke XamapuH-Xypai-Xuja pacnojioxkeH B BoctouHoit Monronuu. IluporeHHbie
MOpObl 3€Ch 00Pa3yIOT XapaKTePHBIN MJIsI COBPEMEHHBIX TTMPOMEeTaMOPGUYECKUX KOM-
TUIEKCOB JaHAmadT “ropeTbHUKOB” € TMPOTSKEHHBIMU TPSIIaMU, MHOTOUMCIIEHHBIMU OBpa-
ramMu 1 Heb6ompmuMu nemepamu (CasuHa u np., 2020). C y94eToM TOro, YTO BCKPBITHIE 3PO-
31eil MMPOreHHbIe MTOPO/Ibl Ha TUIOLIAAU MOCIeNHero yroiabHoro noxapa 1932—1947 rr. (Ilo-
KpOBCKUi U np., 1949) B HacTosiee BpeMsl UMEIOT MOBBILIEHHYIO TeMIlepaTypy, Mpoliecc
MOJA3€MHOTO MEIVIEHHOTO ropeHusl (TJIEHUsI) YTOJIbHBIX TUIACTOB MpoaoiikaeTcsi. Ha otmenb-
HBIX yyacTKaxX KOMILIeKca ObLIM ONpoOOBaHbBI pa3pe3bl MMPOTEHHBIX TTOPOJ MOIITHOCTHIO 10
15 M, OCHOBaHUE KOTOPBIX CI0XEHO TEPMUYECKU U3MEHEHHBIMU apTUUIMTAMU, aJIeBPOJIM -
TaMU 1 TIeCUaHUKAMU C PEJIMKTaMHM MPOCJIOEB CropeBlero yrisi. B BepxHeil yacTu HeKOTO-
PBIX Pa3pe30B BCKPHIT OPeKYMPOBAHHBIN CI0M MOIITHOCTBIO 10 3—5 M, COCTOSIIIIUMI U3 CIIeK-
IKXcsl 06JIOMKOB 000X KEHHBIX apTUJUTUTOB-AJIEBPOJIUTOB, CTEKJIOBATOrO KJIMHKEPa U Me-
JIVIUT-HedeTMHOBOM MapajaBbl pa3Hbix pa3MmepoB u ¢opm (CaBuHa u ap., 2020).

B 060ux KoMIUIeKcax cpeau napajaB IpeobianaloT pacKpUCTaUIM30BaHHbIE METUJIUT-
HedennHOBbIE pa3HOBUIHOCTH, CJIOKEHHbIE (heHOKPUCTAMU TIJIarMOKJ1a30B, KIMHOIIMPOK-
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CEHOB M MEJWUJIUTOB, MHTEPCTULIMU MEXAY KOTOPBIMU 3aMoOJIHEHbI He(EJIMHOM U KUCIIbIM,
o0oralieHHbIM KajlueM, aJlloOMOCUJIUKATHBIM CTEKJIOM C BKJIIOUEHUSIMA MUHEPAJIOB TPYIIN
onuBuHa, K-Ba moneBrIx mmaTtoB (Lenb3uaHa, Tuaodana, Ba-cogepxaiero oprokiasa),
IIITMHEJIW, peHUTa—KypaThTa, MMPPOTUHA U APYTUX Gojiee penKux MuHepasioB. Pexe BcTpe-
YaloTCs MapaiaBbl MJIarMOKIa3-TIMPOKCEHOBOTO + MHIMAJIMTOBOTO M CUJIMKATHO-KEIE3U-
CTOTO COCTaBOB, a TaKXKe YaCTUYHO TUIaBJIEHbIE TTOPOAbLI OCANOYHOM TOJIIIM, coaepXKallre
AJTIOMOCUJIMKATHOE CTEKJIO, PEJIMKTOBBIE 3epHa KBaplia, nmoJjieBbix 1mnatoB, Fe-Ti okcumon
(Ti-marHeTuTa, WIIBMEHUTA, PyTUJIA), IIUPKOHA, KCEHOTUMA, a TaKXXe BKPATJIeHHUKU HOBO-
00pa3oBaHHBIX U BTOPUYHBIX (TUTIEPTeHHBIX) MUHEPAJIOB: TPYIIITBI KOPAUEPUTA, TTOJIMMOP-
¢oB KpeMHe3eMa (KpUCToOaanTa, TPUINMUTA), MYJUINTA, SHCTATUTAa-PEePPOCIIINTA, HETb-
3MaHa, IJIarMoKJIa30B, ITPYIIIbI LITNUHEIU, ¢dasuiuTta, ¢pTopanaTura, réTura, reMaTura, oapu-
Ta-1IeJIeCTUHA, CyIb¢haTOB, KAOJMHUTA, KApOOHATOB U JIp.

METOAWKA UCCJIEHJOBAHUM

BanoBeiit coctaB nmuporeHHbIx nopon onpenensuics B LIKIT “HM3oTomnHo-reoxumMudeckux
nccienoBanuit” UI'X CO PAH (r. UpKyTcK) peHTreHO(MIIOOPECIEHTHBIM METOAOM Ha
MHorokaHaiabHOM X-Ray crekrpomerpe CPM-25. MuHepalibl aHAIM3UPOBAIM METOIOM
CKAHUPYIOLIEH 3JEKTPOHHONH MUKPOCKOIIMM M SHEPTOJAMCIIEPCUMOHHOM CIIEKTPOMETPUU
(COM BJ1C) Ha anektpoHHOM MuKpockorne Carl Zeiss LEO-1430VP (LEO Electron Mi-
croscopy Ltd.) ¢ cucremoit mukpoananusza INCA Energy 350 (Oxford Instruments Nano-
analysis Ltd.) B Ananutuyeckom nieHtpe [MH CO PAH (r. Ynan-Yn3). MaTtpuuHbie a¢-
dexTHl yunThiBanu o Metony XPP, peamm3oBanHoMy B rmporpaMMHoM obecriedeHn INCA
Energy. AHaiu3bpl MUHEPAJIOB IPOBOIMIIM B peXXMME CKAHMPOBAHUS YYACTKOB IUIOIIAABIO OT
1 mo 10 MKM? ITpH ycKopsttolieM HanpsikeHnu 20 KB, Toke 30H1a 0.5 HA ¥ IUTUTeIBHOCTH Ha-
koruteHus1 criekTpoB 50 ¢. Kpucramioxumuueckue popMyibl 1 MUHAIBI MUHEPAJIOB PacCuu-
ThiBasM B iporpaMmHoM komrutekce CRYSTAL (Tlepetskko, 1996).

BAJIOBbIM COCTAB ITAPAJIAB

OnpeneneHbl COCTaBbl METUIUT-HE(METMHOBBIX MapajiaB MUPOMeTaMophUIECKIX KOMITIEK-
COB, a TaKXe TUIarMoKJIa3-MMPOKCEeH T MHAMAIUTOBBIX MapajaB BOJU3U OYypOYroJbHOTO Ka-
prepa Tyrpyr (Hunruxckuii komiuiekc). JetambHass reoXuMudecKasl XapaKTepUCTUKA 3THX
IHUPOreHHEIX mopon ObU1a gaHa paHee (Peretyazhko et al., 2017; I1epetstkko m np., 2018; Ca-
BuHA 1 Ap., 2020).

Menunut-HedeInHOBbIE napajaBbl XaMapuH-Xypal-Xuaa UMeIOT HEIOCHIIIEHHBIN T10
kpeMHe3emy coctaB (SiO, 39.7—45.4 mac. %) v 3HauuTenbHOE Npeodananre Na,O (4.5—
6.5 mac. %) Han K,O (0.3—0.7 mac. %). Ha TAS nuarpamMme TOUYKM COCTaBOB I1apaiaB noma-
IaloT B 1101 pouanTa u 6azanuta (puc. 1). st mapanaB xapakKTepHEI O1M3K1e KOHIIEHTpa-
uuu Al,O5 (17.5-21.1 mac. %), CaO (17.5—23.5 mac. %), FeO (2.2—4.1 mac. %) u MgO (3.5—
5.3 mac. %). B Bume mpumeceit mocTossHHO mpucyTcTByorT (Mac. %): TiO, 0.7—0.9, MnO
0.2—0.3, P,05 0.2—1.3, S,g,, 2o 0.4. Conepxkanue H,O" Bapbupyer ot 0.2 no 0.6 mac. %,
H,O~ He npespiaet 0.3 mac. %.

Hunrunckue Menunut-HedenuHoBble napaiaBbl conepxar SiO, 36.7—44.4 mac. %, u
GOJBIITMHCTBO TOYEK UX COCTAaBa HAXOMATCS B MoJie PoMaANTa TIPU Bapralusix cyMMsl Na,O u
K,0 ot 0.8 10 2.3 mac. %. ConepxaHre OKCHIIOB ITOPOA00OPA3yIOLINX JIEMEHTOB B Mapajia-
Bax paBHO (Mac. %): Al,05 13.7—16.0, FeO 7.0—10.0, MgO 7.0—8.9, CaO 22.6—23.9. Conep-
xanus npumeceit TiO, u Fe,O5 He mipeBpimator 1.9 mac. %, MnO — 0.5 mac. %, P,O5 — 0.1
Mmac. %. Bo Bcex nmpobax napajnas obHapyxeHa cepa (S.s, < 0.25 mac. %). ConepxaHue
H,O" cocrasnsier 0.3—0.8 mac. %, a H,O~ — menee 0.5 mac. %.
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Puc. 1. ®parment TAS-auarpaMMsl IS apajaB MUpoMeTaMopdruecKux KOMIUIEKCOB MOHTOIMU. 1 — MeTUInT-

HedeTMHOBBIE TTapajiaBbl KOMILIEKca XaMaprH-Xypai-Xul; 2 — MeJTWIUT-HedeJIMHOBbIe MapaiaBbl HuiarnHckoro
KOMILIeKca; 3 — IUIarMoKJIa3-IIMPOKCEHOBBIE MapaiaBbl BOJIM3KM Kapbepa Tyrpyr, 4 — rjiarnokjia3-nupoKCceH-H-
IMAJIUTOBBIE MapajiaBbl BOJIM3K Kapbepa Tyrpyr.

Fig. 1. Fragment of TAS-diagram for paralavas of Mongolian combustion metamorphic complexes. 1 — melilite-
nepheline paralavas, Khamaryn-Khural-Khiid; 2 — melilite-nepheline paralavas, Nyalga complex; 3 — plagioclase-
pyroxene paralavas near the Tugrug quarry; 4 — plagioclase-pyroxene-indialite paralavas near the Tugrug quarry.

Bommsu kapeepa Tyrpyr 0but oTOOpaHEI 1Ba 00pa3ia INIarnoKJIa3-mupoKCEHOBOM mapa-
naBel (MN-1310 1 MN-1317), Touku cocTaBa KOTOphiX Ha TAS muarpamMmme HaxomsITCS B T10-
Jie 6a3anpra. ComepkaHusI KpeMHe3eMa M CyMMBI IIeJIOYHBIX KOMITOHEHTOB B HUX COCTaBJISI-
ot (Mac. %): Si0, 46.1-50.4, K,O + Na,O 1.2—1.4 (puc. 1). [TapanaBa oTim4aeTcst BLICOKUM
colepxkaHueM rimHo3eMa (Al,05 21.4—23.1 mac. %) u cieayOIIMMU BapuauusiMy coaepKa-
HMit okeunos (Mac. %): CaO 11.9—15.3, FeO 5.2—5.8, Fe,05 0.2—2.2, MgO 4.8—5.3. Cozep-
xxanus ipumeceit TiO,, MnO, P,Os He nipeBbiatoT 1 mac. %, a moTepu Npy NPOKIMBAaHUM —
1.5 mac. %. Touku cocTaBa TJIarMoKJIa3-IMPOKCEH-MHINATMTOBOM NapajaBbl (06p. MN-1275,
MN-1276 u MN-1277), oto6paHHoi1 BOiM3u Kapbepa Tyrpyr, nonagaroT Ha TAS guarpam-
Me B ToJie 6asaspToBoro anne3ura (Si0, 54—55 mac. %, Na,O + K,0 0.9—1.7 mac. %). Orta
Mopo/ia OTAUYAETCs OT TMJIAarMoKJIa3-TMPOKCEeHOBOI MapaaBbl 60Jiee BBICOKON KOHIIEHTpA-
uueit Al,O; (1o 26 mac. %) n Huskoit — CaO (<6.3 mac. %). [lapanaBa TakKe COAEPXKUT
(mac. %): FeO 6.1-7.9, Fe,05 0.2—3.8, MgO 2.8-3.1, TiO, < 1.0, MnO < 0.1, P,05 < 0.2,
H,0" 0.7-0.9, H,O~ 0.2—0.3. Tlnarnokna3-nupoKceH + WHANAILTOBbIE MApaTaBbl UMEIOT
MPOMEXKYTOUHBIE COCTABbI MEXK1Y MEJIWJIUT-HeDETMHOBBIMY MapajlaBaMU U KJIMHKEpaMU.
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Jnsa miarnokja3-nmupoKceHoBOoM mapanaBbl XamapuH-Xypan-Xuma (o6p. MN-1406) u
MPOXWUJIKOBBIX TIJIarMOKJIa3-TIMPOKCeHOBBIX (00p. MN-1129, MN-1177, MN-1310) un
oboralleHHbIX TUpokceHoM (00p. MN-1136, MN-1137) nmapanas HuirnHckoro Komruiekca
ObLI OIpeesieH TOJIbKO MUHEPATbHBIN COCTaB.

IMTOPOAOOBPA3YIOIIIME MUHEPAJIbI IMPOTEHHBIX ITOPO/I

MuHepaiibHas accolalus MeJTUIUT-HeGEIMHOBBIX MapajaB MpeacTaBieHa MUHepasa-
MM TPYIII TJIariokKJia3a, KIMHOMMPOKCceHa 1 Meviuta. MHTepcTMMy MexXny (peHOKpucTa-
MU 3TUX MUHepayioB 3anojHser HedenuH (HunrnHucekuit komreke) uim Ca-comnepskaiimii
MUWHepaJ rpyrmbl HedelnHa — 1aBUACMUTUT (XamapuH-Xypayi-Xumi) ¢ BKIOYEHUSIMU JIpYy-
rMx MUHepaiaoB * amoMocuiimkaTHoe crekiao (Peretyazhko et al., 2017; IlepeTskko u mp.,
2018; CaBuna u gp., 2020). Kpome menmanuT-HedeIMHOBBIX apajiaB, BCTPEYAIOTCS TaKXKe
IUIarMOKJ1a3-MMPOKCEHOBbIE Pa3HOBUIHOCTU, B KOTOPBIX MeXIy (heHOKPUCTAMHU ILIaruo-
KJla3a M 3HCTaTUTa-PeppoCHINTa (IMAarHOCTUKA IO JaHHBIM PaMaHOBCKOU CIIEKTPOCKO-
MUK) HaXOOUTCS aTIOMOCHIMKATHOE cTeksio (06p. MN-1406, XamapuH-Xypan-Xun) a B
06p. MN-1310 (HunruHCcKuMit KOMIUIEKC) MHTEPCTULIMM MEXITY TIJIarMOKJIa30M U KJIWHOIIM -
POKCEHOM 3aIlOJTHEHbI CJTMKATHO-XKEJIe3UCTO oboraiieHHON Bomoi dha3oii mepeMeHHOTO
cocrtaBa. [lpoxuiku mapanaB B obpasuax Hunrunckux knuHkepoB (MN-1129, MN-1177,
MN-1136 1 MN-1137) ctoXeHBI aTIOMOCHIMKATHBIM CTEKIJIOM, SHCTATUTOM-(PEPPOCUINTOM T
+ miarvokinasamu. IlapanaBel BOaM3u Kapbepa Tyrpyr (06p. MN-1275, MN-1276 1 MN-
1277), KpoMe TUIarMoKjIa30B U 9HCTaTUTA-(EPPOCUINTA, COIEPKAT MUHEPAJIBI Psijia MHIUA -
JIUT—(EeppONHINATUT B MUKPOJIMTAX U CPACTaHUSIX 3epeH pa3Hoilt mopdonoruu (IMepersxk-
Ko u 1p., 2018).

ILnarnokaassl 0OpPa3yloT UTOJbUYAThle MUKPOJUTBI U peaKrue (eHOKPUCTHI pa3MepoM 10
0.5 MM B MaTpukce TapanaB (puc. 2, a). Penkue BKIIIOUEHUs TUIaTMOKJIA30B BCTPEUAOTCS
Takke B PeHOKpUCTaX KIMHOMMPOKCEeHAa ¥ MeJTUIUTa. B MemminT-HedeTMHOBBIX MapaiaBax
XamapuH-Xypan-Xuna npeo0iramaioT Jadpagop U OUTOBHUT, conepxamyre (Mac. %): K,0O < 1.8,
FeO < 3, BaO < 2.8, SrO < 3.4 (tab6a. 1, aH. 1). I (peHOKPUCTOB IJIarMOKJIa30B XapaKTep-
HO 30H&JIBHOE CTPOEHME: IEHTPAJIbHAsI X YacThb CIOXEHa OMTOBHUTOM-aHOPTUTOM An;o_joos
KpaeBasi — aHJIe3UMHOM-JIabpanopoM Anyg_7q (Tab. 1, aH. 2, 3). [Inarnokia3-nupoKceHoBast
napanasa (06p. MN-1406) conep>XuT naariokias ¢ 60JbIIMMU BapUaLMsIMU COCTaBa ANyg g5
(Tabm. 1, an. 4, 5).

[Tnarnokiia3sl MeJTUIUT-HEe(DETMHOBBIX MapajaB HUJIrMHCKOro KoMIuieKca COOTBETCTBY-
10T aHOPTUTY U aHOPTUTY-OUTOBHUTY ¢ conepxxaHueM npumeceit Na,O u FeO no 2.5 mac. %
(tabu. 1, aH. 6, puc. 3). KoanuecTBo OpTOK/Ia30BOr0 MUHAJIa B HUX, KaK MPaBUJIO, HE Mpe-
BhIIIAEeT 5 Moj1. %. HekoTopbie heHOKpUCTHI comepxkaT B cyMMe 10 6 mac. % BaO u SrO. 30-
HaJILHOCTh B mpenaeiiax (eHOKPUCTOB He oOHapykeHa. [lnarnokia3-nmipoKCeHOBbIE MPO-
KWIIKM B KIMHKepe (06p. MN-1136 1 MN-1137) ciioxeHbl aHIEe3MHOM Ansy_y3, @ TTapajlaBbl
BOM3U Kapbepa Tyrpyr (06p. MN-1310, MN-1275, MN-1276 u MN-1277) — GUTOBHUTOM-
aHOPTUTOM Any,3_g (Tabdm. 1, aH. 7-9).

ITupokceHbl BCTpevyaloTCsl BO BCEX Pa3HOBUIHOCTSX IMapajaB B BUIEe UIMOMOPOMHBIX (he-
HOKPHCTOB Y MUKPOJIMTOB pazmMepoM 10 0.5 MM, pexxe — B BUIE YIUTMHEHHBIX T€HIAPUTOBBIX
KPUCTAJIJIOB U 3€peH pa3Hoii Mopdonorun. /111 GeHOKPpUCTOB KIMHOIIMPOKCEHOB 13 MEJIN -
JINT-HeEINHOBBIX ITapajiaB U IJIarMoKja3-IMmMpoKceHoi napanaBsl (00p. MN-1310) xapak-
TEPHO 30HAJIbHOE CTPOCHHUE: OT LIEHTPA K Kpaw CHUXaeTcs conepxxaHue Al, Mg 1 Bo3pacra-
et Fe. LleHTpasnbHble 30HbI o6orameHsl MaraueM (Mg# = Mg/(Mg + Fe?t + Fe3') 0.5—0.8)
u AIV! (mo 0.25 k. @.), 4TO IPUBOAUT K PACITOJOKEHUIO TOYEK COCTABOB Ha KJlacCuGUKaIM-
OHHOI1 TarpaMmme nupokceHoB Wo — En — Fs Bbiliie nosieit nuoricuna v reaeHoeprura (puc. 4, a).
[ToaToMy mist nadbHENUIIIEro ONMUCaHUS COCTaBa KJIMHOMMPOKCEHOB PACCUMTHIBATIOCH KOJIM-
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200 MKM

Puc. 2. ®parmeHThl MaTpUKca napaian. a — HEeHOKPUCT IJIarnoKiia3a B aCCOLMALMU C MEJIVJIUTOM, JaBUACMUTH -
TOM U MarHeTuToM, o6p. MN-1412 (Xamapun-Xypan-Xun); 6 — MUKPOJIUThI 060raneHHoro Al KTMHONMUPOKCEHa B
rutaruokiase, 06p. MN-1127 (HwirnHckuii KOMIUieKc); 6 — heHOKpUCThl Mn-coiepxkalliero aHcraturta-geppocu-
JINTA B CTEKJIE TIPOXMIIKA MapajaBbl B KJIMHKepPe, 06p. MN-1136 (HuiarnHCcKuii KoMILieKe); 2 — (heHOKPUCTBI K-
HOMUPOKCEHA U TJIarnoKJia3a, MHTEPCTULIMU MEXIY KOTOPBIMU 3aITOJIHEHbI CUJTMKATHO-3KeJie3ucTol da3oii u mar-
HeTuToM, 06p. MN-1310 (B6au3u Kapbepa Tyrpyr, HunruHackuit koMmruiekce). M3o006paxeHuss B 00paTHO-paccesiH-
HBIX 2j1eKTpoHax. Cpx — oboraieHHbIi Al KimHonupokceH, En-Fs — sHcratur-deppocunur, Gl — crekiio, Nph —
HedeauH (IaBUACMUTUT), Mgt — MarHeTut, Spl — MUHepaJbl TpyIIbl HinuHeau, Pl — minaruoknas, Si-Fe — cunu-

KaTHO-XeJie3ucTasi (pasa.

Fig. 2. Matrix fragments of paralavas. a — plagioclase phenocryst in association with melilite, davidsmithite and mag-
netite, sample MN-1412 (Khamaryn-Khural-Khiid); 6 — Al-rich clinopyroxene microliths in plagioclase, sample
MN-1127 (Nyalga complex); ¢ — mn-containing enstatite-ferrosilite phenocrysts in glass vein of paralava in clinker,
sample MN-1136 (Nyalga complex); ¢ — Al-rich clinopyroxene and plagioclase phenocrysts interstitials between
which are filled in silicate-ferruginous phase and magnetite, sample MN-1310 (near the Tugrug quarry, Nyalga com-
plex). BSE images. Cpx — Al-rich clinopyroxene, En-Fs — enstatite-ferrosilite, Gl — glass, Nph — nepheline (david-
smithite), Mgt — magnetite, Spl — minerals of the spinel group, Pl — plagioclase, Si-Fe — silicate-ferruginous phase.
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Taommna 1. CoctaBbl MUHEPATIOB IPYIITHI IJIarMokiasa (mac. %)
Table 1. Composition of plagioclase group minerals (wt %)

Komrmneke Xamapun-Xypan-Xua Hunrunckuii komruieke
1420 1410 1406 1193 1136 1310 1275
1(8) 24) 3(2) 4 (14) 5(6) 6 (14) 7(5) 8 (20) 9 (17)
SiO, 46.52 48.91 52.68 48.27 54.87 43.35 62.93 45.69 47.32
Al,O4 32.01 31.06 27.68 314 26.73 34.72 22.19 334 34.32
Fe,05 0.23 0.14 0.19 0.37 0.40 0.46 0.60 0.37 0.87
CaO 17.25 15.75 12.95 16.26 10.54 19.22 5.98 17.79 17.02
Na,O 1.91 2.85 4.27 2.46 5.18 0.43 5.93 1.42 1.02
K,O — - 0.17 - 0.24 0.02 1.38 0.22 0.15
BaO — - - - — 0.48 - — -
SrO 1.19 - - - - 0.50 - - -

Cymma 99.11 98.71 97.94 98.76 97.96 99.17 99.01 98.89 100.70
KoadbdutmeHnTs B popmynax (O = 8)

Ca 0.87 0.78 0.64 0.81 0.52 0.97 0.29 0.89 0.83
Na 0.17 0.26 0.38 0.22 0.46 0.04 0.51 0.13 0.09
K 0.01 0.01 0.08 0.01 0.01
Ba 0.01

Sr 0.03 0.01

Fe3* 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.03
Cymma 1.08 1.04 1.04 1.04 1.01 1.05 0.90 1.04 0.96
Si 2.19 2.27 2.44 2.24 2.52 2.04 2.82 2.13 2.16
AlY 1.78 1.70 1.51 1.72 1.45 1.92 1.17 1.84 1.84
Cymma 5.05 5.01 5.00 5.00 4.98 5.01 4.89 5.01 4.96
An 83.41 75.33 62.02 78.51 52.18 96.03 32.58 86.27 89.37
Ab 16.59 24.67 37.01 21.49 46.40 3.86 58.46 12.46 9.69
Or 0.00 0.00 0.97 0.00 1.42 0.11 8.96 1.27 0.94

IMpumeuanue. 3mech 1 gajaee HoMepa oopasioB uMeroT rpedukce “MN-". TTociie NOpsIIKOBOro HOMepa B CKOOKax —
kommaectBo COM BJIC aHanM30B, TTO0 KOTOPBIM paccuMTaHbl cpenHue 3HaueHus. ComepkaHusi MUHAJIOB TaHbI B
moit. %. TIpodepk — colepkaH1ue KOMITIOHEHTa HYXe Mpefesia OOHapyxeHust. 1, 7, 8 — OUTOBHUT; 2, 3 — 30HaJIbHbIE
KPUCTAJLIBI C IIpOM GUTOBHUTA U KPaeBoii 30HOM 1abpanopa; 4, 6 — aHIe3UH; 5 — aHOPTUT.

yecTBO MUHazna Kymupouta CaAlAlSiOg (Ks) 1 yuuThIBaIOCH MOJOXEHUE TOUEK COCTABOB
Ha nuarpamme (Si+ Ti)*" — APT (puc. 4, 6).

KnanHonupokceHbl B MeIWIMT-HE(PEIMHOBBIX MapajaBax XaMapuH-Xypaia-Xujga cooT-
BETCTBYIOT OoOoraieHHbIM Al Auoncuny-reieHoepruTy ¢ NpuMechlo MUHaJa KyIIupouTa 10
42 moit. % Tipu clenylolx Bapuanusx MuHanoB (Moj. %): Wo 22—45, En 3—38, Fs 3—33,
Ks 9—42 (puc. 4). B xiiuHOTIMpOKCcEeHax conepxaHue TiO, MeHbIe 6 Mac. %; TOIBKO B 00p.
MN-1420 KOJIM4eCcTBO 3TOro KOMIMOHeHTa gocturaet 12 mac. % (ta6:n. 2, aH. 1). KoHueHTpa-
1mst Na,O B KIMHOITMPOKCEHAX M3 BCEX Pa3HOBUIHOCTEH MapaiaB MeHblre 2.8 Mac. %. B o6p.
MN-1367 BcTpeuaroTcsl €IMHUYHBIE 3€pHA aBrurTa CaNa(R”Al)(SiAl)QOG U MDKOHUTA
CaR2+Si206, e R = Mg2*, Fe?" (ta6u. 2, aH. 2). B kpaeBoii 30He (heHOKPUCTOB BO3pACTaeT
conepxanue FeO (mo 20 mac. %), MnO (mo 1.6 mac. %), cHukaercsa — MgO (Mg# ot 0.47—
0.81 10 0.13—0.4) u Al,O3 (Tabn. 2, aH. 3, 4). [1Ipu 3TOM TOUKU COCTaBOB KJIMHOMIMPOKCEHOB
HAXOMSITCS MIPEUMYILIECTBEHHO B TIoJIe refeHoepruta (puc. 4, a), a Ha auarpamme (Si + Ti)* —
AT pacnionaraiorest B o6nactu (Si+ Ti)*t > 1.7 k. ¢. (puc. 4, 6). B sucrarure-deppocuure
(Eny,_g;) 13 TIarnoKIIa3-mupoKCceHoBo mapanassl (00p. MN-1406) KormiecTBO MIHATIOB
Wo u Ks He nipeBsiiaer 8 moit. % (tabi. 2, aH. 5, puc. 4).
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Puc. 3. Ca—K—Na nuarpamma cocrapa 1iarvokiasa. 1 — nmapanaBbl XamapuH-Xypain-Xuna; 2 — napaiassl Hu-

TUHCKOTO KOMIUIEKca; 3 — INIaruokia3-nmpokceHoBas (06p. MN-1310) nmapanaBa BOoau3u Kapbepa Tyrpyr; 4 —
TUIarMoKJIa3-IMPOKCEH-MHANAINTOBBIE (06p. MN-1275, MN-1276, MN-1277) napaiaBbl BoM3u Kapbepa Tyrpyr.
An — a”HoptHT, By — 6utoBHUT, Lab — na6pamop, And — aHme3unH.

Fig. 3. Ca—K—Na diagram of plagioclase composition. 1 — paralavas of the Khamaryn-Khural-Khiid complex; 2 —
paralavas of the Nyalga complex; 3 — plagioclase-pyroxene (sample MN-1310) paralava near the Tugrug quarry; 4 —
plagioclase-pyroxene-indialite (samples MN-1275, MN-1276, MN-1277) paralavas near the Tugrug quarry. An — an-
ortite, By — bytownite, Lab — labrador, And — andesine.

KimaonupokceHnsl B nmapaiaBax HUITMHCKOro KoMILIeKca BCTpedaloTcss B Buie (heHO-
KPUCTOB pazMepoM 110 0.5 MM 1 MUKPOJIUTOB (puc. 2, 6). BOIbIIMHCTBO COCTABOB KJMHOIIM -
POKCEHOB 13 METWIUT-HEeDETUHOBBIX ITapajiaB COOTBETCTBYET OOoramieHHbIM Al quorcumy-
refeHOepruTy MPHU CIASIYIONIX Bapualusax MUHaIIOB (Moi. %): Wo 23—41, En 0—49, Fs 055,
Ks 4—49 (puc. 4, a). Conepxanne TiO, penko npessimaeT 2—3 Mac. %. Anst heHOKPUCTOB
KJIMHOMMPOKCEHOB XapaKTepPHO 30HAJIbHOE CTPOCHUE: UX 1LIEHTpaJbHbIE YacTH oOoraiieHbl
marauem (Mg# 0.7—0.75) u mmmHozemoM (Al,O5 1o 15—17 mac. %), kpaeBble — OOGETHEHBI
maruuem (Mg# 0.19—0.5) u muHozemoM (7—13 mac. % Al,O5, Tabun. 2, aH. 6, 7). Touku co-
cTaBa 30HAJIBHBIX (DEHOKPUCTOB KIIMHOMMMPOKceHa Ha auarpamMmMme Wo—En—Fs tak xe, Kak 1
TSI KoMIIeKca XaMapuH-Xypaia-Xum, o0pas3yioT TpeHI OT AMOIICUAA C BBICOKMM COAepKa-
HueM muHaia Ks no remen6eprura (puc. 4). KnuHonupoxkceH u3 mapanaBs HuiruHckoro
KoMITTeKca conepxut 1.4 — 2 k. . (Si+ Ti)** 1 0.8 — 0.03 k. . Al (puc. 4, 8).

I[IupoxceHbl M3 IUIArMOKIIA3-MMPOKCEHOBBIX IIPOXWIKOB B KimHKepe (06p. MN-1129 u
MN-1177) xapakTepu3ylOTCsl OOJBIIMMHA BapHallsIMU COCTaBa. MaTpHMKC IPOXMIKOB CO-
IepPKUT 30HAIbHBIe (DeHOKPUCTHI oboraieHHoro Al nuocnuaa-reneHoeprura, eqMHUYHbIE
3epHa MWXXOHUTA U aBruTa, a BOJIU3U 000CO0IeHUI KUCIOTO aIlOMOCUJIMKATHOTO CTEKJIa C
pEJMKTaMU OTLJIaBJICHHBIX 3€peH AETPUTOBOTO KBaplia U MUKPOJIUTOB HOBOOOPa30BaAaHHOTO
WHIMAJIMTA BCTPEUYAIOTCS TOHKOUTOJIbYATBIE KPUCTAJIIBI SHCTATUTA-(PEPPOCUINTA, CONMEp-
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Puc. 4. DBosoLKs cocTaBa KJIMHOMUPOKceHa: (@) KinaccudukaunornHast nuarpamma Wo—En—Fs, (6) Bapuanvu co-

cTaBa 30HAJIbHBIX (HEHOKPUCTOB 0OOTallleHHOro Al KIIMHOMMPOKCEHA, (6) 3BOJIOLMS COCTaBa KIIMHOMMPOKCEHA Ha

nuarpamme (Si + Ti)4+—Al3+. 1, 2 — mapanaBbl XamapuH-Xypain-Xuaa; 3 — napanassl HUATMHCKOTO KOMIUIEKCA;
4, 5, 6, 11 — muarMokja3-nmMpoKCeH-UHINAIUTOBAsT M TUIATMOKJIA3-ITMPOKCEHOBAsI MapajaBbl BOJIM3U Kapbepa
Tyrpyr; 7, 8 — Hunrunckuii komruiekc; 9, 10 — Xamapun-Xypan-Xua. CTpenakaMu Ha iuarpaMmax oka3aHo U3Me-
HEHUE COCTaBa OT LIEHTPAIBHOM K KpaeBoit 30HaM (DEeHOKPUCTOB.

Fig. 4. Composition evolution of clinopyroxene: (a) classification diagram Wo—En—Fs, (6) composition variations of
Al-rich clinopyroxene zonal phenocrysts in paralavas, (8) clinopyroxene composition fields on the diagram (Si +
+ Ti)4+—Al3 *, 1, 2 — paralavas of the Khamaryn-Khural-Khiid; 3 — paralavas of the Nyalga complex; 4, 5, 6, 11 —
plagioclase-pyroxene-indialite paralavas near the Tugrug quarry; 7, 8 — the Nyalga complex; 9, 10 — the Khamaryn-
Khural-Khiid. Arrows show evolution from central to external phenocryst zones.

xKammx g0 3.2 mac. % CaO (tab. 2, aH. 8). DHCTAaTUT-(hOEPPOCUITUT B IMPOXKMUIIKAX 0OOTaIlIeH-
HO ITMPOKCceHOM MapanaBbl (00p. MN-1136, MN-1137) xapakTepu3yeTcst BBICOKOI KOHIIEHTpa-
et MnO (4.5—24 mac. %, Tabi. 2, aH. 9, puc. 2, ).

B mmarnoxiiaz-nupokceHoBoii mapanae (06p. MN-1310) KIMHOMUPOKCEHbI 00Pa3yioT
3epHa HemnmpaBUJIbHOIT (popMbI pasmepom mo 100 MKM M TipeacTaBiieHbl Al-comepKamyMu
JTHUOTICUIOM-TEIeHOEPTUTOM CO CIASAYIOIIMMHY BapralusiMi MUHaIOB (MoJ. %): Wo 31—43,
En 8.5—38, Fs 7—49, Ks 3.5—20. Xopo11o IposiBjieHa 30HAJIbHOCTh OT LIEHTPa K Kpalo 3epeH:
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conepxanue FeO yBenmnunBaercs ot 5—11 1o 22 mac. % Ha (poHe yMEHbILIEHUST COAEPKaAHU I
Al,O3; u MgO (taba. 2, an. 10, 11, puc. 4, 6). DHcTaTUT-PEPPOCUIUT B TUIArMOKIIA3-TUPOK-
CEeH-VHANATUTOBOM mapaiase (06p. MN-1275, MN-1276 u MN-1277) 06pa3yioT TOHKOUTOJTb-
yaTble KPUCTALUTHI clienytoiero cocraBa (Moi. %): Wo < 1, En 13—55, Fs 24—71, Ks 9—19 (puc.
4, a). KnuHonupoxceHsl conepxat npumecu (Mac. %): K,0 < 1.1, Cr,05 < 0.3, V,05; < 0.4,

P,05< 0.8, SO; < 0.7 (Taba. 2, aH. 12), a Ha auarpamme (Si + Ti)** — A’ Touku ux cocra-

BOB ripu cymme (Si + Ti)* > 1.8 k. ¢. HaxomsITCsl BOIM3M MUHATA CaR2+Si206.

MuHepasibl rpynmbl MeJMIATa 00pa3yloT ¢eHOKPHUCTHI pazMepoM 10 0.5 MM (puc. 5, a). B ma-
pajilaBax KOMILUIeKca XaMapuH-Xypaa-Xua OHU XapaKTepU3yIOTCSl 3HAYNUTEIbHBIMU Bapyallys-
Mu coctaBa (mac. %): SiO, 21—44, CaO 22—43, Na,O < 5.7, TiO, < 1.8, MnO < 1.2. B mipo-
rpaMMHOM KoMrmiekce CRYSTAL (Tlepetspkko, 1996) macc-6alaHCOBBIM METOAOM C MMHU-
MaJTbHBIMU HEBSA3KAMU TI0 (OPMYJIbHBIM KO3(MGUIIMEHTaM OBbUTM PAcCUUTaHBl COCTaBbI
MEJIWIUTA Ha MATh MUHAIOB: akepMaHUT Ca,MgSi,O; (Ak), amomoakepmaHuT CaNaAlSi,O,
(AAK), reniennt Ca,AlAISiO; (Gh), Ca,Fe?*Si,0, (Fe2-Ak) u CaNaFe**Si,0, (Fe3-Ak) (Ta6u. 3).
Junara3oH KOHLIEHTpALIMi MUHAJIOB B U3yUYeHHBIX MUHepaiax cienyooimii (Moi. %): Gh 4—
92, Ak 13—58, Adk 0—54, Fe2-Ak 0—34, Fe3-Ak 021 (puc. 6, a, 7). [Ipeo6iagaoT MUHATBI
Ak, Adk nu Gh, cymMmMa KOTOpbIX B OOJILIIMHCTBE aHaAM30B IpesbiiiacT 90 moa. % (Tada. 3,
af. 1) mpu marHe3uanbHocT Mg# 0.3—1.0 (B cpegaem 0.7—0.8).

B o6pasiax mapanaB MN-1367, MN-1411, MN-1419 1 MN-1425 ¢beHOKpUCTH MUHEpa-
JIOB TPYMITbI MEJIWJTATA OT LIEHTPa K KPalo CTAHOBSTCA GoJiee JKeJIe3UCThIMU, MeHee TIMHO3eMU -
cThiMHU (puUc. 6, 6; 7, 6) n conepxat (Moj. %): B LieHTpanbHOM 30He 19—40 Gh u 4—9 Fe2-Ak,
B KpaeBoit — 9—15 Gh u 17—29 Fe2-Ak (tabu. 3, aH. 2, 3). B o6pa3uax MeauauT-HedeanHo-
Boit mapanaBel MN-1410, MN-1411, MN-1420 u MN-1425, Hapsioy ¢ TOpox000pa3yonInMu
KEJIE3UCTHIMUA aKepMaHUTOM M aTIOMOAKEPMaHUTOM, B PETMKTaX KCEHOJUTOB MEPTeIUCTO-
ro m3BecTHsIKa HaxomsiTcs rejaeHut (Gh 43—92 mon. %, Tabn. 3, aH. 4), MPOMEXYTOYHBIE
YJIeHBl psiia MOHTUYEINIUT—KUPIITEHHUT, TIEPOBCKUT, oboraleHHas Al mmuHenb (06p.

Puc. 5. ®parMeHTb MaTpUKCca METMINT-HehETMHOBBIX MapajiaB U PEIMKTOB KCEHOJIUTOB MEPTEIMCTOTO U3BECTHSI-
Ka. @ — HEHOKPUCTBI MEJWINTA, KIMHOMMPOKCEHA U TUIATMOKIIa3a, MHTEPCTULMU MEXIY KOTOPBIMU 3aIlOJIHEHBI
CTEKJIOM C BKJIIOUEHUSIMUM KypaTUTa, KUPIITeiTHUTA, TUPPOTHHA, 00p. MN-1127 (HunrnHckuii komruiekc); 6 — de-
HOKPHCTBI C TEJICHUTOM B LIEHTPAIbHOI 30HE U KaliMOIl XeJIe3UCTOro akepMaHUTa-aJlloMoakepMaHuTa, oop. MN-
1425 (XamapuH-Xypasn-Xum); 6 — GdparMeHT peJMKTa KCEHOJMTa OCaTOYHON MOPOABI, CIOKEHHOTO TEJICHUTOM U
oborameHHbIM Al quoricuaom, oop. MN-1411 (XamapuH-Xypan-Xun); ¢ — ¢pparMeHT peIuKTa KCEHOJIUTa Mepre-
JINCTOTO U3BECTHSIKA, CJIOKEHHOTO TeJICHUTOM C BKJIIIOYEHUSIMU MOHTUYEITUTa-KUPIITEHHNUTA, MATHETUTA ¥ LN -
Henu, 06p. MN-1133 (HunruHckuii komruieke). Al-Di — oboramennsbiit Al quornicun, Gh — renenur, Gl — crekio,
MIl — Xxene3ucThlii akepMaHUT-aTOMoakepMaHuT, Kir — kupireitHut, Mtc — MuHepasnbl psiia MOHTUYETUIUT—
kupireitHut, Ku — kyparut, Pyh — nuppotun. OctanbHble 0003HaueHus cM. Ha puc. 3. M3o0paxkeHus B 0OpaTHO-
PacCesiHHBIX JIEKTPOHAX.

Fig. 5. Matrix fragments of melilite-nepheline paralavas and remnant xenoliths of marly limestone. a — phenocrysts of
melilite, clinopyroxene and plagioclase interstitials between which are filled by glass with inclusions of kuratite,
kirschsteinite, pyrrhotite, sample MN-1127 (Nyalga complex); 6 — phenocrysts with gehlenite in the central zone and
Fe-rich akermanite-alumoakermanite in the rim, sample MN-1425 (Khamaryn-Khural-Khiid); ¢ — fragment of
remnant xenolith of marly limestone consisting of gehlenite and Al-rich diopside, sample MN-1411 (Khamaryn-
Khural-Khiid); ¢ — fragment of remnant of marly limestone containing of gehlenite with inclusions of minerals of the
monticellite—kirschsteinite series, magnetite and spinel, sample MN-1133 (Nyalga complex). Al-Di — Al-rich diop-
side, Gh — gehlenite, G1 — glass, Ml — Fe-rich akermanite-alumoakermanite, Kir — kirschsteinite, Mtc — minerals of
the monticellite-kirschsteinite series, Ku — kuratite, Pyh — pyrrhotite. Other designations see on the Fig. 3. BSE im-

ages.
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MN-1410, MN-1420 1 MN-1425), nuoncun (o6p. MN-1411, puc. 5, ), comepxaiiuii 10
42 moi. % Ks.

MuHepasibl Ipynnsl MenwinTa HUArmHCKMX napajiaB MMEIOT cieylolle Bapualuu co-
craBa (moi. %): Gh 0—80, Ak 10—83, Adk 0—45, Fe2-Ak 0—44, Fe3-Ak 0—23 (tabm. 3, aH. 5;
puc. 6, a, 7). [IpeobnamaioT MarHe3uaibHble pasHoBuaHocT (Mg# 0.7—0.8). B kauecTBe npu-
Meceit mHoraa otmevatorcss MnO (mo 3.1 mac. %) 1 K,O (mo 1.4 mac. %). B 06p. MIN-1133 Bctpe-
4yaroTcs (PeHOKPUCTHI MEJIMJIMTOB, comepkarye 10 1.4 mac. % BaO u no 1.4 mac. % SrO (tabur. 3,
aH. 6). 3o0HabHBIE (PEHOKPUCTHI MEJIWIIUTOB, B KOTOPBIX OT IIEHTPA K KPalo MOBBIIIIAETCS CO-
nepxaHue Fe u cHuxxaercs — Al, BcTpeyaloTcest BO Beex napajiaBax HuiarnHckoro koMmriekca
(puc. 6, 6). Takue memUTH conepxart (Moi. %): Fe2-Ak 4—20, Gh 15—47 B ileHTpaTbHOM 1
Fe2-Ak 24—36, Gh 8—11 B kpaeBoii 30Hax (Tadu. 3, aH. 7, 8). B o6pasiax napanaB MN-1133,
MN-1176, MN-1193, MN-1279, MN-1234 u MN-1185 Takke BCTpeYalOTCsl PeTUKTHI KCe-
HOJIUTOB MEPTEJIMCTOTO U3BECTHSIKA, CIOXKEHHBIC TeJICHUTOM, coaepxkarmM o 80 mMor. %
Gh (Tabn. 3, aH. 9), NEPOBCKUTOM, IIMUHEIBIO, TPOMEXYTOUYHBIMU YIEHAMU psiia MOHTH-
YEJUTUT—KUPIITEUHUT U KaJIbLIMTOM (pUC. 5, &).
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Ta6imua 2. CocraBbel MUHEPAJIOB TPYIIILI TUPOKceHa (Mac. %)
Table 2. Compositions of pyroxene group minerals (wt %)

Komrmnekc Xamapun-Xypan-Xua Hunrunckuii komruieke

1420 | 1367 1425 1406 1128 1177 | 1136 1310 1275
1(S) | 2(3) | 3(4) | 44) | 5(43) | 6(16)| 7(19) | 8(6) | 9(35) | 10(8) | 11 (4) | 12(24)

SiO, [42.23 | 49.05 |42.49 |43.64 [50.05 | 42.34 |42.42 | 50.10 [45.33 [48.99 |48.46 |47.80
TiO, 9.66 | 0.84 | 2.64 | 240 | 1.20 | 1.78 | 1.64 | 1.31 | 0.05 | 1.69 | 1.64 | 1.69
AlLO3 | 9.89 | 3.41 [10.34 | 6.90 | 2.08 | 13.27 [12.37 | 2.50 | 4.78 | 5.30 | 3.56 | 7.03
FeO 0.00 | 19.81 | 2.31 [10.86 |25.28 | 4.72 | 8.33 | 25.89 |24.73 | 8.57 |15.40 |25.24
Fe,O5 | 1.84 | 2.61 | 9.61 |10.01 | 3.11 391 | 409 | 1.42 | 344 | 0.30 | 0.65 | 0.00
MnO | 099 | 0.54 | 0.20 | 0.58 | 0.62 | 0.00 | 0.27 | 0.47 [13.98 | 0.24 | 0.66 | 0.56
MgO [10.72 | 13.37 | 796 | 3.67 [17.37 | 9.19 | 7.21 | 17.61 | 8.10 |12.31 | 9.55 [16.03
CaO [22.76 | 11.88 [23.62 [22.93 | 1.19 | 24.20 (23.85 | 1.86 | 0.54 |22.65 (20.50 | 0.84

K,0 0.30
Cr203 0.13
V,0, 0.21

Cymma|98.09 [101.50 {99.15 {100.99 {100.90 | 99.41 |100.16 |101.14 |100.95 |100.05 |100.41 |99.84
DdopmynbHbIe KO3hGULIEHTH (O = 6)
Ca 0.92 | 0.48 | 0.97 | 0.96 | 0.05 | 0.98 | 0.97 | 0.08 | 0.02 | 0.91 0.84 | 0.03
Fe2* 0.00 | 0.63 | 0.07 | 0.35 | 0.80 | 0.15 0.27 | 0.82 | 0.84 | 0.27 | 0.50 | 0.80
Fe3* 0.05 | 0.07 | 0.28 | 0.29 | 0.09 | 0.11 0.12 | 0.04 | 0.10 | 0.01 | 0.02 | 0.00
Mn 0.03 | 0.02 | 0.01 0.02 | 0.02 | 0.00 | 0.01 0.02 | 0.48 | 0.01 0.02 | 0.02
Mg 0.60 | 0.76 | 0.45 | 0.21 0.98 | 0.52 | 041 0.99 | 0.49 | 0.69 | 0.55 | 0.91

Aly; 0.02 | 0.02 | 0.09 | 0.02 0.19 | 0.17 | 0.01 | 0.06 | 0.07 | 0.02 | 0.14
Ti 0.27 | 0.02 | 0.08 | 0.07 | 0.03 | 0.05 | 0.05 | 0.04 | 0.00 | 0.05 | 0.05 | 0.05
K 0.014
Cr 0.004
v 0.007
Cymma| 190 | 2.00 | 1.93 | 192 | 1.98 | 2.00 | 2.00 | 1.99 | 2.00 | 2.00 | 2.00 | 1.98
Si 1.59 | 1.86 | 1.62 | 1.70 | 1.90 | 1.60 | 1.62 | 1.90 | 1.83 | 1.83 | 1.86 | 1.82

Alpy 041 | 014 | 038 | 0.30 | 0.09 | 0.40 | 0.38 | 0.10 | 0.17 | 0.17 | 0.14 | 0.18
Cymma| 390 | 4.02 | 393 | 392 | 397 | 4.00 | 4.00 | 3.99 | 4.00 | 4.00 | 4.00 | 3.98
Wo 35.08 |19.34 [34.81 |38.47 | 0.00 | 32.24 | 32.97 | 0.57 | 0.22 |39.11 |37.66 | 0.00
En 32.73 |37.33 |22.18 [10.59 | 49.43 | 24.73 | 19.46 | 49.79 | 31.02 |34.38 |27.40 |45.58
Fs 5.32 |34.68 | 17.01 |32.29 | 44.85| 11.86 | 18.11 | 43.08 | 53.69 | 13.85 |25.74 [40.28
Ks 26.88 | 8.65 |26.00 |18.64 | 5.72 | 31.17 | 29.46 | 6.55 | 15.07 |12.66 | 9.20 |14.14
Mgt 092 | 0.52 | 0.56 | 0.25 | 0.52 | 0.67 | 0.52 | 0.54 | 0.34 | 0.71 | 0.52 | 0.53

TIpumedanue. | — oGoralieHHbI# TUTAHOM IUOTICUI; 2 — aBruT; 3, 4, 6, 7, 10, 11 — 30HaIbHBIE 3€pHA C SIAPOM TUOTI-
cuza M KpaeBoil 30HO# reneHbeprura; S, 8, 9, 12 — sHcTaTUT-(DEeppOCHITUT.

OBCYXIEHMUE PE3VIIbTATOB

KimHonmMpoKceHbl 1 OCHOBHBIE TIAarMOKJIa3hl IBJISTIOTCSI Hanbosiee pacrpocTpaHeHHBIMU
MOPOA000Opa3yIOIIMMA MUHEpajJaMH TMapajiaB BO MHOTMX NHUPOMeTaMOP(MPUUECKUX KOM-
mwiekcax. Hampumep, Hapsny ¢ dasimutoMm u Ti-MarHeTUTOM, OHM CJIaraloT MUHEPaIbHEIS
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Taommna 3. CoctaBbl MUHEPAJIOB IPYIITBI MewinTa (Mac. %)
Table 3. Compositions of melilite group minerals (wt %)

Komrmuteke XamapuH-Xypan-Xun HunrnHckuii koMrmieke

1410 1419 1410 1193 1133 1127 1234

1(7) 2(12) 309 4 (10) 50) 6(2) 7(8) 8(4) 9(4)

SiO, 42.81 39.17 41.78 25.75 40.84 | 41.41 39.76 | 40.94 | 30.84
Al,O4 8.59 14.41 9.60 27.61 6.66 3.24 9.09 7.62 | 20.64
FeO 1.92 1.28 5.12 1.13 2.87 1.32 4.37 8.31 0.85
Fe,05 0.71 1.48 2.16 1.83 0.26 1.53 0.41 0.26 2.20
MnO 0.06 - 0.35 0.17 - - - - 0.13
MgO 6.98 5.33 4.25 2.40 9.22 11.00 7.16 5.26 5.31
CaO 34.90 35.97 33.80 38.06 39.15 37.37 | 36.56 | 35.02 | 40.37
Na,O 3.94 3.61 4.30 0.46 1.22 1.03 2.00 2.49 0.39
BaO — — — - — 1.31 — — -

SrO — — - - - 1.25 — — —

CymmMma 99.82 101.11 101.17 97.42 100.07 99.44 | 99.31 99.86 |100.49
DdopmynabHbie KO3bduLeHTs (O = 7)

Ca 1.69 1.72 1.64 1.92 1.92 1.87 1.81 L.75 1.98
Na 0.35 0.31 0.38 0.04 0.11 0.09 0.18 0.23 0.03
Fe?t 0.07 0.05 0.19 0.05 0.11 0.05 0.17 0.32 0.03
Fe’" 0.02 0.05 0.07 0.07 0.01 0.05 0.01 0.01 0.08
Mn 0.01 0.01 0.01
Mg 0.47 0.36 0.29 0.17 0.63 0.77 0.49 0.37 0.36
Aly; 0.39 0.51 0.41 0.75 0.23 0.11 0.33 0.32 0.52
Ba 0.02

Sr 0.03

Cymma 2.99 3.00 3.00 3.00 3.00 3.00 3.00 2.99 3.01
Si 1.94 1.75 1.90 1.22 1.87 1.93 1.84 1.91 1.41
Alyy 0.06 0.25 0.10 0.79 0.13 0.07 0.16 0.09 0.59
Cymma 4.99 5.00 5.00 5.00 5.00 5.00 4.99 4.99 5.01
Ak 49.20 37.37 30.41 14.63 64.09 | 76.89 | 48.93 | 35.65 36.13
Adk 30.73 24.78 29.49 0.00 8.72 5.46 17.00 | 23.06 0.00
Gh 7.75 25.81 11.16 71.70 13.76 6.37 16.17 9.21 56.29
Fe2-Ak 9.44 6.62 21.09 6.78 12.21 5.54 16.53 31.50 3.21
Fe3-Ak 2.89 542 7.85 6.89 1.22 5.74 1.30 0.58 4.36
Mg# 0.83 0.78 0.52 0.61 0.84 0.88 0.73 0.52 0.77

IMpumeuanue. 1, 5, 6 — akepmaHuT; 2, 3, 7, 8 — 30HaJIbHbIE 3epHA aKepMaHUTA C SIAPOM CYIIIECTBEHHO NIMHO3EMMU-
cToro cocTaBsa (2, 7) 1 KpaeBoii 6oiee xxene3ucToit 30Hoii (3, 8); 4, 9 — reseHuUT.

accouMaluuy Tapada3anbToB (Keje3ucTbiX MapanaB) YensiOMHCKOro yrojibHoro 6acceiiHa
(IMuporeHHB#lii..., 2005), napanas yroabHoit npoBuHiuKu [lanxu (Shanxi) B Kurae (Grapes,
2009) u Kennepsbikckoit BnaauHbl B Kazaxcrane (Kamnyrux u op., 1991).

l'[apanaBLI MOHTOJIbCKHX HHpOMeTaMOpCbI/I‘-IeCKI/IX KOMIIJICKCOB CXOXKH IO MUHEpaJIbHO-
MYy COCTaBy " OCOOEHHOCTSIM 2BOJIIOIIUU COCTaBa Hopoz[006pasylomnx MHHEPpAJIOB. Cornac-
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C‘clelAlSiO7 6 CazAlAISiO7

C'dNaAlSizO7

2
0 CaNaAlSi>O Caz(MgFez+)SizO70 CaNaAISi,O

B O N Bl o5 60708

Puc. 6. Bapuanuu coctaBa MUHEPAIOB TPYIIbI MEJUJIUTA: @ — MEJWINT U3 MTapajaB U PEJTUKTOB KCEHOJMTOB OCa-
TMOYHBIX KapOOHATHO-CUJIMKATHBIX TTOPOM; 6 — BapvallMi COCTaBa 30HAJbHBIX PEHOKPUCTOB. 1, 2 — XaMapuH-Xy-
pan-Xum; 3, 4 — HunruHcekuit KoMiuieke; 5, 6 — XamapuH-Xypan-Xun; 7, 8 — HuaruHckuit Komruieke. CTpenkaMu
Ha quarpamme (6) moka3aHo U3MEHEHKe COCTaBa OT LIEHTPAIbHOM K KpaeBoii 30HaM (eHOKPHUCTOB.

Fig. 6. Composition variations of melilite group minerals: @ — melilite from paralava matrix and remnant xenoliths of
carbonate-silicate sedimentary rocks; 6 — composition variations of zonal phenocrysts. 1, 2 — Khamaryn-Khural-
Khiid; 3, 4 — Nyalga complex; 5, 6 — Khamaryn-Khural-Khiid; 7, 8 — Nyalga complex. Arrows on the diagram (6)
show evolution from the central to the external phenocryst zones.

HO neTporpaduyeckum HaomoaeHUsIM 1 1aHHbiM COM BJ1C, niepBbIMU Npu popMUpOBa-
HUM METUIUT-HeGhEJIMHOBBIX MapajiaB KPUCTAULTU30BAIUCH 3epHA (MUKPOJIUTHI) MUHEPAJIOB
TPYMITHI IIMWHEIN ¢ O0NBIIMMHY BaprualusIMu cofepxkanuit Fe, Al u Mg (HunrnHckuit KoMm-
wiekc, Ilepersckko u ap., 2018), a Takke dpochdunsl Fe (Xamapun-Xypan-Xun, CaBuHa u 1p.,
2020). ITocne aToro o6pazoBagach accoruanys GeHOKPUCTOB OCHOBHBIX IUIArMOK/Ia30B, MUHE-
pajioB IpymIibl MEJIWJINTA U OOOralieHHbIX Al KIIMHOMUPOKCEHOB (IMOICHAa-TeIeHOepruTa).
Kpome nipeobGiagaroimx MeauauT-HedeIMHOBBIX TTapajiaB, BCTPEYAlOTCs IUIaruoKiia3-IM1poK-
CeH T WHIMAJIUTOBbIE MapaJiaBbl C TIOPOIOOOPA3YIOIINM OPTOITMPOKCEHOM (3HCTAaTUTOM-(ep-
POCUITUTOM), TIPOMEXKYTOUYHBIE TTO BAJIOBOMY COCTaBY MEXTY METUINUT-HeMETMHOBBIMU T1apaja-
BaMU M KJIMHKepaMu. Pa3zHooOpa3re MUHepalTbHBIX aCCOLIMALIMi TUPOTEHHBIX MTOPO, chOpMU-
POBaHHBIX B pe3yJbTaTe BBICOKOTEMIIEPATYPHbIX M HU3KOOAPWYECKUX IpeoOpa3oBaHUiA
KapOOHATHO-CUJIMKATHBIX OCAIOYHBIX TTPOTOIUTOB, SIBJISIETCS CJSACTBHEM OOJIBIIMX Bapyualvit
COCTaBa OCaIIOYHBIX TOJIIII, & TAKXKE JIOKATbHBIX PA3IMYUil YCIIOBUIA TIABICHUS M KPUCTALIN3a~
I TAPOTeHHBIX CUIMKATHEIX paciuiaBoB (Peretyazhko et al., 2021).

IMnarnoknassl MeIUMIUT-He(ETNHOBBIX MapajiaB MpeNCcTaBlIeHbl, B OCHOBHOM, aHOPTH-
TOM U JlabpamopoM. Penkume o6ocoOiieHusT aHAe3nHa OOHApYXXEHBI TOJIBKO B KCEHOJIUTAaX
KJIMHKEepa, 3aXBa4eHHBIX PaCIlJIABOM Mapajias.

KJImHONMMpPOKCEeHBI TI0 COCTAaBy OTBEYAIOT NMPOMEXKYTOYHBIM WIeHaM psiaa JUOICHUI—Te-
IIEHOEPrUT CO 3HAYUTEILHOM MPUMEChI0 MUHAJIa KyImuponTa. BoJbIITMHCTBO MX EeHOKPH-
CTOB MM€ET 30HAJIbHOE CTPOEHUE: LIEHTPaJIbHbIE 30HBI 00JIee MarHe3UalbHbIE U ITTMHO3EMU -
CTBIC TI0 CPaBHEHMIO C KpaeBbIMU, oborameHHBIMU Fe 1 Mn. Panee KIMHONTMPOKCEH O3~
KOTO cocTaBa ¢ o0meil (opmynoi (Ca,Na)(Mg,Fe2+,A1,Fe3+,Ti)(Si,Al)206 Ha3BIBAJICS
daccautoM. DToT MUHEpan nuckpeautupoBadH IMA (Morimoto, 1989) u Tenepb 10JKeH Ha-
3bIBaThcsl Al-comepskamuM (o6orameHHBIM Al) TMONICUAOM MJIM aBIUTOM. TaKoil KIIMHOITH -
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poKceH 4acTo BcTpevaetcs B meteopuTtax (Blander, Fuchs, 1975; Hazen, Finger, 1977), 30-
Hax KoHTakToBOro meramopdusma (Owen, 2000; [Tymkapes u np., 2004; Pascal et al., 2005),
B KceHomTax nmupokceHUToB (Kanamnukosa u ap., 2015) 1 3KJIOTUTOB U3 KUMOEPIUTOB
(Agasheyv et al., 2018), B kap6oHaTutax (Cundari, 1982) u nuporeHHbIx nopoaax. K penkum,
6oraTbiM aJTIOMUHUEM Pa3HOBUIHOCTSIM KaJIbIIMEBOTO KIMHOMMPOKCEHA, UMEIOIINM CTaTyC
CaMOCTOSITeJIPHOTO MMHEpayia WX MUHala, OTHOCSTCS 3CCEUHUT CaFeHAlSiOG (Cosca,
Peacor, 1987), rpoccmanut CaTi**AISiO¢ (Ma, Rossman, 2009) u kymmpout CaAlAlSiOg.
IlepBast 1 moka enMHCTBEHHAs HaXOOKa KyIIUpouTa, comepxkariero 40—42 mac. % Al,O3,
obu1a onucana B xoHnpute ALH 85085 CH (Kimura et al., 2009). O6oraiieHHbIi Al KITUHO-
MMUPOKCEH B MEJIMJINT-HeDEJTMHOBBIX TTapajlaBaxX GJIM30K ITO0 COCTaBy K TAKOBOMY B Iapaba-
s3anpTax ([IuporenHslii..., 2005), ourymuHo3HbIX (Kruszewski et al., 2018) u mupomeTamiyp-
rndeckux nutakax (Warchulski et al., 2016), HO UMEET OTIMYUTETHHYIO OCOOEHHOCTD IS TTH-
POTEHHBIX TTOPOJ — B CpeHEM 0oJiee BhICOKYIO INIMHO3EMUCTOCTD MPU CONePXXaHUKU MUHAJIA
kymmponta 1o 49 mon. % (Al,O5 ~ 20 mac. %).

DHCTaTUT-PEPPOCIIINT ClIaraeT MaTPUKC MJIarnoKja3-ImMpoKCceHOBo (XamapuH-Xypa-
Xua) v Maruokaa3-nmupoKceH-uHInanuToBoi (HUIrMHCKuMii KoMIuieKe) napaian, a Takxke
SABJISIETCS TJIaBHBIM MUHEpaJOM OOOralleHHOl IMMPOKCeHOM mnapajasbl (00p. MN-1136,
MN-1137) B npoxunkax u3 kKinHkepoB Hunrnackoro komrmiekca. Conepxkanue MnO B 3H-
cratute-GeppOCUINTE 13 TaKOM MapajaBbl gocturaeT 24 mMac. % (06p. MN-1136, Tab:. 2, aH. 9).
MapraniieBble TUPOKCEHBI BCTpevaloTcs KpaliHe peako. EquHcTBeHHas Haxonka poMouye-
ckoro noHnukoputa (MnMg)MgSi,O4 onucana B Mpamopax (Petersen et al., 1984), a MoHO-
KJIMHHBINA KaHOUT Mn(MgMn)Si,O 06HapyXeH ToabKo B MeTaMopduueckux nopopaax (Ko-
bayashi, 1977; Gnos et al., 1996; Saldgo et al., 2019).

MuHepaJibl TPYIIbl MEJIMJINTA pa3HOOOPa3HbI MO cocTaBy. MUHeEpaJTbl psiia TeIeHUT—aKep-
MaHUT KPUCTAJUTU3YIOTCS B MeuTonuTax (Stoppa, Sharygin, 2009), Ho 6oJiee Bcero xapaKTepHbI
IUTST KapOOHATHO-CHJTMKATHBIX OCATIOYHBIX TTOPO, METAMOPGU30BAHHBIX B YCIIOBUSIX CITyPPHUT-
MEPBUHMTOBOI (hallvu, HAIIpUMep, B 30He KOHTAKTa MEPTeJIMCThIX U3BECTHIKOB M TPAIToB 6a-
3anbToB (Cokon u ap., 2019; Hesstusiposa, 2022). AKepMaHUT U XKEJIE3UCTbIA aKEPMaHUT SIBJISI-
IOTCSI TIOPOA00OPa3yIOIIMMU B YIBTPAOCHOBHBIX ByJKaHUYeckux noponax (Melluso et al.,
2010; HwukomaeBa, 2014; Lustrino et al., 2020) ¥ B NHMpPOMETA/UIyPTMYECKUX IIIJJAKaX
(Warchulski et al., 2016). ArroMoakepMaHUT OOHapyXeH B METUIUT-He(hEIMHOBBIX Tydax
BysikaHa Onnounbo Jlenran (Wiedenmann et al., 2009). MuHepas rpyrnmnbl MeJIWJIUTA, CO-
nepxamuii 6onee 40 mac. % Fe,0;, BcTpedaeTcs B moponax MupoMeTaMopdOrUIecKoro KoM-

iekca baddano (Foit et al., 1987), a 6apueBblit METUIUT — OEHHEIIEPUT BazFe2+Si207 He-
JIaBHO OTKPBIT B MMPOTeHHBbIX Mopoaax Komruiekca Xarpypum (Krzatata et al., 2022).

MuHepalibl TpynIibl MEJIMJINTA U3 MOHTOJILCKUX MapajaB OJIM3KM 110 COCTaBy M OCOOEH-
HocTsIM 3BoJiIoumnu. [lapanaBbl coaepKar XKeae3ucThlif aKepMaHUT-aTIOMOAKEPMaHUT C He-
OOJIBILION TTPUMeECHIO MUHaIa reieHuTa (Si > 1.5—1.6 k. ¢., Gh 3—18 mon. %, puc. 7). UHo-
rIa BCTpevaloTcsl 30HajbHble (hDeHOKPUCTHI, B IIEHTPAIbHOM (PEJIMKTOBOM) SIIPE KOTOPBIX
conepxurcst 10 40—47 moin. % Gh. I'enenut (Gh > 70 moin. %) B accoumanuy ¢ oGoraiieH-
HbIM Al Ayoncumom, NMpoMeXXyTOUYHBIMM YJI€HAMU DPsia MOHTUYEIIUT—KUPIITEHHUT, Tie-
POBCKMTOM, KaJbLIMTOM U IPYTMMU MUHEpaiaMU OOHApYKEH TOJIbKO B PEIMKTaX KCEHOIU-
TOB MEPTeJIMCTOrO U3BECTHsIKA. bonbliioe pazHOOOpasue coctaBa MUHEPAJIOB IPYIIIBI METU-
JIUTa MMpoMeTaMOp(UIECKOTO M KOHTAKTOBO-MeTaMOP(UYECKOT0o TeHe31ca OTJIMYaeT ux OT
TaKOBBIX B MAarMaTUYE€CKUX U TEXHOTEHHBIX MTOpoaax. MeTuIuThl U3 BYJIKAHUYECKUX MTOPO]T
¥ IIMPOMETAJLTYPTUISCKIX IIIJIAKOB OOBIYHO coAepKaT Si B KOJIMYECTBE ~2 K. (0. M TOYKU UX
coctaBoB Ha guarpamme Si*'—AIPT pacnonaraiorcst mexny MuHatamu (CaNa) RSi,O; u
ajmoMoakepMaHuTa (puc. 7). 1 MeTuaInuToB MUpoMeTaMoOp(pUIEeCKX 1 KOHTAaKTOBO-MeTa-
MopdrUeCcKUX MOPOJ XapaKTepHa 3BOJIIOLMS COCTaBa OT reJIeHUTa 10 KeJIe3UCTOro akepMa-
HUTa-ajoMoakepmaHurta (puc. 7). Tonbko B o6pasiie mapanaBel MN-1133 (HunrunHckuit



80 [NIYIIKOBA u np.

(CaNa)RSi,0s,
R=Mg> + Fe?* + Fe’*  CaNaAlSi,O,
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Puc. 7. DBomonus coctaBa MeJIWIINTA Ha 1MarpaMmme sitt-APt. 1, 2 — reneHUT U3 LEHTPAIbHOI 30HBI (HEHOKPHU-
cToB B mapajiaBax HwirnmHckoro komruiekca (1) m XamapunH-Xypan-Xunma (2); 3 — TreJIeHUT, comaepxkaiimii 88—
92 mon. % Gh, U3 peauKTa KCEHOJUTA MEPTEJUCTOTO U3BECTHsIKA, 00p. MN-1410 (Xamapun-Xypan-Xum); 4, 5 —
beHOKpUCTBI MeuauTa U3 napaiaB HuirnHckoro koMruiekcea (4) u XamapuH-Xypan-Xuna (5); 6 — MeJWINT U3
ByJIKaHW4YecKuX mopoj (mo: Hukomnaesa, 2014; Lustrino et al., 2020); 7 — MeJIWINT U3 MeTUTOIUTOB (110: Stoppa,
Sharygin, 2009); 8§ — MenMIUT U3 MPaMOPU30BAaHHBIX MEPTEIMCTHIX U3BECTHSIKOB B 30HE KOHTAKTa C Ga3ajbTaMu

(no: HessatusipoBa, 2022); 9 — MEIWIUT M3 MUPOMETAUTYpruueckKux nuiakoB (mo: Warchulski et al., 2016).
(CaNa)RSi»O7 — cymma munanos CayMgSir 07, C32F62+Si207 n CaNaFe3+Sizo7.

Fig. 7. Evolution of melilite composition on the diagram Si4+f A]3+, 1, 2 — gehlenite from central zone of phe-
nocrysts in paralavas of the Nyalga complex (1) and Khamaryn-Khural-Khiid (2); 3 — gehlenite containing 88—
92 mol. % of Gh end-member from the remnant xenolith of marly limestone, sample MN-1410 (Khamaryn-Khural-
Khiid); 4, 5 — melilite phenocrysts from paralavas of the Nyalga complex (4) and Khamaryn-Khural-Khiid (5); 6 —
melilite from volcanic rocks (after Nikolaeva, 2014; Lustrino et al., 2020); 7 — melilite from melitolites (after Stoppa,
Sharygin, 2009); 8 — melilite from marbled marl limestones in the contact zone with basalts (after Deviatiyarova,
2022); 9 — melilite from pyrometallurgical slags (after Warchulski et al., 2016). (CaNa)RSi,O7 — sum of end-mem-

bers CayMgSi>O7, CayFe?"'Si,04, and CaNaFe>*Si,0,.

KOMIIJIEKC) BCTpevaroTcst GeHOKPUCTHI MeJIJIMTa ¢ puMechio Ba u Sr (Ta6:. 3, aH. 6), co-
CTaB KOTOPBIX OTHOCUTCS, BEPOSTHO, K U30MOP(MHOMY PSITY MEXKIY KEJIE3UCThIM aKepMaHU-
TOM 1 Sr-cofepXXaliuM GeHHEIIEPUTOM.

Xopo1iio MposIBIeHHBIE TPEHIBI U3MEHEHHST COCTABOB MEJIMIIMTOB U KIMHOITMPOKCEHOB
psima quoricua—reaeHoeprura, coaepxaiux a0 49 moi. % Ks, HanpapieHHbIE OT LIEHTpa K Kpa-
€BBbIM 30HaM (PEHOKPUCTOB MIPU 3HAYNTETLHOM CHIDKEHUH MX ITIMHO3eMKcToCcTH (puc. 4, 6, 6, 0,
7), a TaKKe HaJIu4Ke peJIMKTOB KCEHOJIMTOB MEPTEJIMCTOTO U3BECTHSIKA C TEJICHUTOM, CONEep-
KaiuM 10 92 moin. % Gh, oTimyaioT mopomoodpasyiole MUHEPaIbHbIE ACCOLIMAM MOH-
TOJIbCKMX TapajaB OT TAKOBBIX U3 APYTUX MTUPOMETaMOPGHUIECKUX KOMIUIEKCOB.

Bonbiioe pazHooOpasue MapayaB U TUIABJICHBIX TTOPOM CBSI3aHBI C JUTOJIOTHEH (cocTa-
BOM) OCaOYHBIX MPOTOJNTOB 1 JIOKATLHBIMU YCIIOBUSIMU TTOJTUCTAAUMHBIX TIPOIIECCOB (Pop-
MHUPOBaHUS MUpOMeTaMOpPUIECKIX KOMIUIEKCOB MoHronuu. MuHepaibHash accoldaliust
reJieHuTa u oboramieHHbIX Al nuoncuaa-reneHOepruTa B MEPreJIMCThIX U3BECTHSIKAX oopa-
30Bajlach Ha CTaIMU BLICOKOTEMIIEPaTypHOTO U HU3KOOapUueCcKoro MetaMmopdurama ocaaod-
Horo npotosiuta (CaBuHa u ap., 2020; Peretyazhko et al., 2021). [ToBblllIeHHE TeMTIEPaTYPhI
0OCaZOYHOM TOJIIN, BBI3BAHHOE TON3EMHBIMU YTOJBHBIMU TIOKapaMu, MPOMCXOIUIIO TIPU
OTHOCUTEJIBHO BBICOKOM NapuuaibHOM aasieHuu CO, B P-T yciioBUSIX, TPENSITCTBYIOLIMX
paszyioxxeHuo KanbuuTa. [Ipeamnonaraercs, 4To B pe3yjbTaTe MHKOHTPY3IHTHOTO TUIaBJICHUS
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TepMUUYECKH MeTaMOphHU30BaHHOTO MepreJncToro ussectHsika rmpu 7' > 1100 °C miaBuiics
K-Na nonesoii mimar, a mpu 7> 1250 °C — KaabLXT, MUHEPAJIbI TPYTITT MEJTWJINTA U KIIMHO-
MUPOKCEHa, JAPYrve TYroIUIaBKMe MUHEpPasIbl, YTO MPUBEJIO K 00pa30BaHUIO HECMECUMBIX
pacmiaBoB — kapboHaTtHoro (CaCOj; + CaO) u HeCKOJIBKMX CMJIMKATHBIX C OOJIBIIUMU Ba-
puanmsimMu cocraBa (Peretyazhko et al., 2021). [Tocyie cnusiHust (KoaJleCLUEHIIMU) CUJIMKAT-
HBIX PacIUIaBOB 00pa3oBaJicsl HEMOCHIIIEHHBII 10 KpeMHe3eMy U oboraimieHHbIii Ca pac-
IJIaB, U3 KOTOPOTO (POPMUPOBATUCH METMIUT-HeeTMHOBbIE MapaiaBbl. B JIoKaTbHBIX 00-
JIACTSIX TaKMX TOPOJA COXPAaHWIMCh 3€pHa TeJIeHWTa, KOTOpble O0pacTaiy KeJIe3UCThIM
aKepMaHUTOM-aJIlOMOAKEPMaHUTOM, (DOPMUPYST 30HANIbHbIE (PEHOKPUCTHI (pUC. 5, 6), a Tak-
K€ PEJIMKTBI KCEHOJIMTOB MEPTEIMCTOrO U3BECTHSIKA, CoAep XKalllye reJIeHUT (puc. 5, 6, 5, 2).

SAKJIIOYEHUE

B nupomeTaMopdudyeckux KoMmruiekcax MOHTOJIUM Cpeay napajiaB IpeobianatoT pa3Ho-
BUIHOCTHU, CJIOKEHHBIE OCHOBHBIMHM TUIATMOKJIa3aMU, KIMHOTIMPOKCEHAMU psifia TUOTICUT—
reneHOeprut, comepkamuMu 1o 49 mon. % Ks, Xene3ncThiM aKepMaHUTOM-aJlloMoaKepMa-
HUTOM, HedemmHOM. Pexke BCTpedaroTcs TIarnoKiia3-mupoKCeHOBas M TUIATHOKIIa3-ITMPOK-
CeH-MHIMAIMTOBAs MapajaBbl C IIOPOI000PaA3YIOIIMMHU YHCTATUTOM-(peppocuanuToM. boab-
1110e pa3HooOpa3ue MUPOTEHHBIX MOPOJ U CJIAraloIIuX UX MUHEPATIbHBIX aCCOIIMAIINA SIBIISI-
eTCsl CJIGACTBMEM 3HAUYWTEJbHBIX BapuallMii COCTaBa IMPOTOJUTOB MUPOMeTaMOpGhUIYECKUX
KOMITJIEKCOB MOHTOJINU, JIOKAJIbHBIX YCIIOBUI TEpMUYECKUX TpaHCHOpMAIIUiT M YaCTUYHO-
TO TUTaBJICHUSI OCaIOYHBIX TTOPOJ, a TaKXKe KWHETUKY KPUCTAIN3AIUNA TTUPOTEHHBIX CHJTA-
KaTHBIX pactuiaBoB. MUHepabHbIE aCCOIMAIINM B PEJIMKTaX KCEHOJIMTOB MEPTEINCTOTO 13-
BECTHSIKA, CJIOXKEHHbIE TeJICHUTOM, O0OTallleHHBIM Al IUOTICUIOM-TeAeHOepTruTOM, MUHE-
pajaMu psila MOHTUUYEJUIUT—KUPIITEHHUT, TIEPOBCKUTOM, IIMUHENbIO U IPYTUMU OoJiee
pEeOIKUMU MHUHepajdaMu, (DOPMUPOBAIUCH B Pe3yJbTaTe BBICOKOTEMIIEPATYpPHOIO METaMOp-
¢r3mMa KapOOHATHO-CUJIMKATHBIX TTOPOI OCAMOUYHBIX TOJII U TOCIENYIOIIET0 peaKIIMOHHOTO
B3aMOJIEUCTBUS KCEHOJIMTOB C IMTMPOTeHHBIMU CYJIMKATHBIMU pacIulaBaMU pa3HOTO COCTaBa.

Pab6ora BoInmosiHeHa py (PMHaHCOBOM nomaepxke rpanta PH® 23-27-00031.
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Major Rock-Forming Minerals of Paralava in Mongolian Combustion Metamorphic Complexes

V. E. Glushkova® *, I. S. Peretyazhko?, E. A. Savina?, and E. A. Khromova®

Vinogradov Institute of Geochemistry Siberian Branch RAS, Irkutsk, Russia
b Dobretsov Geological Institute, Siberian Branch RAS, Ulan-Ude, Russia
*e-mail: glushkova@igc.irk.ru

Paralavas of combustion metamorphic complexes in Mongolia were formed in high-tem-
perature conditions from carbonate-terrigenous rocks of sedimentary formations due to to
multistage spontaneous underground coal fires. Melilite-nepheline paralavas contain phe-
nocrysts of Fe-rich dkermanite-alumodkermanite, clinopyroxene of the diopside—heden-
bergite series containing up to 49 mol. % of kushiorite end-member, and basic plagioclase.
Enstatite-ferrosilite is the rock-forming mineral in paralavas of the plagioclase-pyroxene
+ indialite composition. Paralavas often contain xenoliths of thermally altered sedimentary
rocks. Mineral associations in remnant xenoliths of marly limestone are composed of ge-
hlenite, minerals of the monticellite—Kkirschsteinite series, perovskite, Al-rich clinopyrox-
ene, spinel, and other minerals. They were formed both at the stage of the high-temperature
metamorphism of sedimentary protolite, preceding the melting of carbonate-silicate rocks,
and as a result of the reactionary interaction between xenoliths and pyrogenic silicate melts
of different composition.

Keywords: plagioclase, clinopyroxene, melilite, paralava, Nyalga and Khamaryn-Khural-
Khiid combustion metamorphic complexes, Mongolia
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