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Ob6vexm uccredosanus. VI3ydanuch 3aKOHOMEPHOCTH pacmpeneicHus mnpumeceit Al m Li B 30510TOpyaHOM KBapiie.
Mamepuan u memoosi. MaTepraiaoM s HCCICIOBAHUH CIY KM KBapIl MECTOPOKACHHI 30510Ta JlapacyHCKOTO pyIHOTO
noist: MapacyH, Tepemkunckoe u Tanaryit. Onpe/enienue BaIOBBIX cojiepskanuii nmpumeceid Al u Li B kBapIie mpoBouiIoch
meroznoM LA-ICP-MS, n3mepenue koHueHTpauuii nzomop¢hHoit npumecu Al ocymectsisuiock Metogom DI1P. dopmsl Ha-
XOXKAEHHS IpuMecH Al yCTaHABIMBAINCH MO Pe3yJIbTaTaM H3yUCHUs ee MOBEICHNUS B IIPOIECCe PeKPUCTAIUIN3AINH KBap-
na. ['eneTnyeckoe 3HaueHue npuMmeceil Al u Li B kBapIie OLleHNBAJIOCH C Y4ETOM IeHETHYECKOH HH(pOPMALH, ITOIyYeH-
HOM NIPH HCCIEA0BAaHUH PACHpeACICHIU KOHIEHTpaluii m3oMopdubix npumeceit Al u Ti. Pesyrvmamuir. OGHapyXeHO, 4TO
npuMech Al IpUCYTCTBYET B KBapIie B ABYX OCHOBHBIX ()OpMax — B BHJE N30MOP(HOIT IPUMECH U CIIOXKHBIX aJIFOMUHHE-
BBIX KOMIIJIGKCOB, JIOKaJM30BaHHBIX B 30HaX BBICOKOI1 AeekTHOCTH MuHepana. Vons! Li' pacnonararotcst B CTPYKTYPHBIX
KaHaJIaX MAHEpaJla U CIIy>kKaT HOHAMH-KOMIIeHcaTopamu it ooenx Gopm HaxoxaeHus npumecu Al. [Ipeamonaraercs, 4to
B COCTaB CJIOKHBIX QJIFOMHHHEBBIX KOMILIEKCOB BXOAAT TpU HoHa AP 1 omun noH H niit Li*. BeIsSiBIICHBI [BE CTaAUH pe-
KpUCTAJIN3alluH KBapla, MPOTEKAIOIINE MIPU Pa3HbIX TeMIlepaTypax MuHepanoobpasoBaHus. [lepBas u3 HUX, HU3KOTEM-
nepaTypHasi, IpHBOIUT K 00OTameHuIo KBapia u3oMop¢hHoi npuMecsio Al. Bropas craaus, BEICOKOTEMIIEpaTypHasi, BbI-
3bIBAaeT PACIaj CIOXKHBIX ATIOMUHHUEBBIX KOMIUICKCOB. MIeHTHHUKAMs CTaAui PEKPUCTAIUIN3ALNHE MOYKET IIPOBOIUTHCS
0 BUAY B3aMMOCBS3U MEXy BaJOBBIMHU KOHIEHTparusmMu Al u Li. YcTaHOBIEHO, YTO MOBBIIIEHHBIE COAEPKAHUS MIPHU-
Mecu Al B pyAHOM KBaplIie CBS3aHbI C IIPUCYTCTBHEM OOJIBIIIOT0 YUCIIA CIOKHBIX AIIOMUHHEBBIX KOMILUIEKCOB. BBIiBHHYTO
HPEIoJIOKEHHE, YTO UX 00pa3oBaHue 00YCIIOBICHO KPUCTAIM3ALMEeil MUHepaia n3 paCTBOPOB C BBICOKUM COJCPIKaHUEM
HOHOB METAIJIOB. Bb1600¢bi. [lomydeHHbIe pe3yIbTaThl CBUAETENBCTBYIOT, YTO BEICOKHE KOHICHTpAIUK IpuMecu Al MOryT
HCIIONb30BaThCS B KAYECTBE ITOKa3aTesel pyiHoro kBapia. [Ipn 3ToM HeoOX0IMMO YIHUTHIBAThH PACIIAL CIOXKHBIX aJTFOMU-
HHEBBIX KOMIUIEKCOB MPH PEKpUCTAIUTN3aLUK KBapia. [IpeanoikeH cnocod oneHKH MX MepBOHAYaIbHON KOHIEHTPALUH,
SIBIISTIOILIEHCS O0JIee TOCTOBEPHON e HEeTHYECKON XapaKTePHUCTUKOM.

KuroueBble ciioBa: 3o010mopyonwiii keapy, npumecu Al u Li, P, LA-ICP-MS, cenemuueckuii nokazamens
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Research subject. The distribution regularities of Al and Li impurities in gold-ore quartz. Materials and methods. The
quartz of the Darasun, Teremkinskoye and Talatuy gold deposits of the Darasun ore field was studied. The gross contents
of Al and Li impurities in quartz were determined by the LA-ICP-MS method; substitutional Al impurity concentrations
were studied by the EPR method. The forms of Al impurity in quartz were determined based on the results of studying its
behavior during material recrystallization. The genetic significance of Al and Li impurities in quartz was estimated taking
into account the genetic information obtained during the study of the distribution of substitutional Al and Ti impurity con-
centrations. Results. It was found that Al is present in quartz in two main forms, i.e., as a substitutional Al impurity and Al
complexes localized in the areas of high mineral defectiveness. Li* ions are located in the structural channels of the mine-
ral, serving as compensating ions for both Al impurity forms. The composition of Al complexes is assumed to include three
A" ions and one H* or Li* ion. Two stages of quartz recrystallization occurring at different temperatures of mineral forma-
tion were identified. The first, low-temperature stage leads to quartz enrichment with substitutional Al impurities. The se-
cond, high-temperature stage causes the decomposition of Al complexes. The recrystallization stages can be identified by
the type of relationship between the gross concentrations of Al and Li. The increased content of Al impurity in ore quartz
was found to be related to the presence of a large number of Al complexes. An assumption is made that these complexes
formed during mineral crystallization from solutions with a high content of metal ions. Conclusions. The results obtained
indicate that high Al impurity concentrations can serve as a genetic sign of ore quartz. At the same time, the decomposition
of Al complexes during quartz recrystallization should be taken into account. A method for estimating the initial concen-

tration of Al complexes is proposed, which is a more reliable genetic indicator.

Keywords: gold-ore quartz, Al and Li impurities, EPR, LA-ICP-MS, genetic indicator
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BBEJIEHUE

XapakTep Hax0XKIeHUs aTOMOB ipuMeceit Al u Li B
KBapIle pa3iuieH.

Houbl APP* cniocoGHBI BHEAPSITHCSA B YIOPSIOUYCH-
HYI0O KPHUCTAIIMYECKYIO CTPYKTYypy KBapua BMECTO
Si*" u HaxomuThes B m3oMopdHO# hopme (MapdyHuH,
1975). Nonamu-koMrieHcaTopamH JUIst HUX ciyxar Li,
H* mnu Na'. Ilpu pangnanmoHHOM 00JydeHHH KBapla
nzomopdHas npumech Al MoxeT 00pa30BBIBATH [IbI-
pounbie Al—O -TICHTPHI B PETHCTPHUPOBATHCS METOIOM
3JIEKTPOHHOTO TapaMarHuTHoro pesonanca (OIIP).
KoHneHTparust 3Tix MeHTPOB OTPAKAET KOJTHYECTBEH-
HOe cojepkaHue nzomopdHoi npumecu Al B kBapie
(OkcnopeccHoe ompeneneHue. .., 1991).

Housr Li* He MoryT, Kak HOHBI Al**, 3aHMMAaTH TIO-
JI0’)KEHHE B y3J1aX KPUCTAUTUYECKOH pelIeTK KBapIia.

B psne pabot npenmnonaraercs, 9To Best ©30Mop Q-
Hasi mpuMech Al 3axBaThIBaeTCS NMPU KPUCTALIH3A-
MW KBapIa, a TIaBHBIM (aKkTOpOM, OIMpPEAEISIONNM
ee coiepkaHue, spisercs Temmneparypa (PymsHies,
1970). Ha 3Tux mpencraBieHUsSX OCHOBAHO HPEIJIO-
KEHHE HCIONB30BaTh €€ COAepKaHue B KaueCTBE UH-
IUKaTopa TemIeparypsl oOpa3oBanus kBapua (Den-
nen et al., 1970). Ognako no3aHee ObUIO YCTaHOBIIE-
HO, YTO 3aMETHBIN BKJIAJ] B KOHIIEHTPALIUIO U30MOP]-
HOH mpuMecH Al BHOCHUT peKpHUCTa/UTH3aINs KBapIa,
YIOPSAIOYUBAIOIIAS €T0 KPHUCTAJUIMIECKYI0 CTPYKTY-
py (Paxog, 2006). CteneHs ee BO3eHCTBUS Ha KBaPII
MOJKET ONPEIENATHCS MO COAEPKAaHUIO M30MOpP(dHO-
ro Tutana Ny, orleHuBaeMomy metogom JIIP (Pakos
u ap., 2019a). Kak uzBectHo, 3HaueHue Ny; SIBISET-
Cs MHJIUKATOPOM TeMIlepaTypbl 0Opa3oBaHMs KBap-

ua (bepmos u ap., 1975), urpatomieit posib BeIyIero
¢dakropa ero pekpucramumsanuu (Passchier, Trouw,
1996).

PesynbraTel nccnenoBaHuil CBUACTEIbCTBYIOT, UTO
MeXIy KOHIeHTpanusimMu npuMeceit Al u Li B kBapiie
CYIIECTBYET KOPpESIMOHHAast CBsi3b. OHA MPOSBISIECT-
csl B OTACIBLHOCTU Kak Juis nu3omopdHoii nmpumecu Al
(CraBpoB u ap., 1978), Tak u 17151 BCETO €€ KOJIUYECTBa,
JIOKQJIM30BaHHOTO B 30HAX YMOPSI0YCHHON U Ae(eKT-
HOM cTpyKTyp kBapia (Iwasaki et al., 1991).

B mepBom ciydae 3Ta B3aMMOCBS3b IPEICTABIIA-
€TCsl 3aKOHOMEPHOM, TaK Kak I M30MOp(HON mpH-
Mecn Al moHBI Li* SBISIOTCS OCHOBHBIMH HOHAMH-
KoMIieHcaTopaMu. [IpudnHBI KOPPESIMOHHON 3aBH-
CUMOCTHU MEXJy BaJIOBBIMU KOHIIEHTPAIIUSIMH MTPHME-
ceit Al u Li go xoHma He sacHbel. TeM He MeHee HalU-
YHE TAKOW B3aWMOCBSI3H [TO3BOJISET MPEAIOJIaraTh, YTo
HE TOJIbKO B 00J1aCTAX YHOPSIOYEHHOM KPUCTaInde-
CKOH CTPYKTYPHI, HO ¥ B 30HaX Je()eKTHOCTH OCHOBHAS
gacTh mpuMecHu Al HaxoauTcs B n3oMopdHOH dopme.
Opnako ee peructpauus metonom JOIIP 3aTpynHena
M3-32 UCKAXKEHUS KPUCTAILTMYECKON CTPYKTYPHI KBap-
na (JIrotoes, 2004).

B3auM03aBHCHUMOCTE ~ MEXKJY  KOHIICHTpAIUs-
MU TOYEUHBIX JIe()EKTOB B KBapIe MOXKET UMETh I'e-
HETHYECKOE 3HaUYeHHEe. B 3TOM CMEBICIIE MOKa3aTelb-
HBIM SBJIIETCS TIpUMeEp M30MOPGHEBIX MpuMeceit Al u
Ti, peructpupyembix merogom JIIP. B pabore (Pa-
koB, Ulypura, 2009) O6pu10 ycTaHOBIEHO, YTO KOppe-
JALUS MEXAY UX KOHIeHTpauusiMu (N, 1 Nr;) BbI3Ba-
Ha B3aMMOCBSI3BIO MpUMeECEH MEXIy co0oif, a mapa-
METPBI 3TOTO CBS3U OMPEICIISIOTCS YCIOBUSIMH 00pa-
3oBaHuA kBapma. [lokazano, 4yTo st 06pa3oB KBap-
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1a, GoOpMUPYIONUXCS B HICHTUYHBIX YCJIOBUSX, IPa-
(uku 3aBUCUMOCTEN N4 (N) UMEIOT BU MIPSIMBIX JIH-
HUU (M30TEH).

[Ipu mocnemyronmx MCCIIeIOBAHUAX 0OHAPYKEHO,
YTO KOJHUYECTBO WM30TCH, WX IOJIOKEHHWE B rpadude-
CKOM TIPOCTPAHCTBE, YTOJl HAKJIIOHA M30T€H K OCH a0-
CIINICC U pacrpejelieHre Ha HUX SKCIEPUMEHTAITBHBIX
TOYEK HECYT Pa3sHOCTOPOHHIOI HH(POPMALIUIO 00 yCIIo-
BusX oOpa3oBanus kBapua (PakoB u ap., 2019a, 0).
Amnpobanus TONYYCHHBIX IaHHBIX HAa KOHKPETHBIX
00BEKTaxX OTBEPAMIIA TIEPCTICKTUBEI X TPUMCHEHIS
TIPH BBISICHEHUH CTaIUHHOCTH PyA000pa30BaHHUS, U3Y-
YEHHUH TIEPEOTIIOKEHIS PYJHOTO BEIIECTBA U PEIICHUN
IpYTUX 3a/1a4.

s BanoBeIx conepxkanuii Al u Li B kBapiie ana-
JIOTUYHBIX UCCIIEOBAHUI HE MTPOBOIUIOCH, U UX T€HE-
TUYECKOE 3HAUEHUE B MOJHON MEpe HE OLEHEHO. B To
e BpeMs B psijie paboT oTMevaiach BO3MOXKHOCTh HC-
MMOJB30BAaHUS JTHX ITOKa3aTejied B KayeCTBE ITOMC-
KOBBIX IPU3HAKOB. B dYacTHOCTH, 1T MECTOpPOXKIe-
HUH 30JI0TOKBapIIeBON MajocynbhGuaHON (Qopmanun
BepxosHo-KonbMckoii ckimamgaroil o01acTu mokasa-
HO, YTO K TeHETUYECKHUM TPU3HAKaM PYyJTHOTO KBapIia,
[0 JAHHBIM CHEKTPOXUMHUYECKOTO aHaIn3a, OTHOCAT-
cs BBICOKHE BaJloBEIe coniepxkanus npumecu Al (Iops-
yeB, 1984). Kpome Toro, Obu10 3aMe4€HO, 4TO MO3/-
HUI KBapll, BBIJIENAEMBIM Ha psAJie 3TUX MECTOPOXKIE-
HHW, OTJIMYAETCS 3HAYUTEITHFHBIMHA BAJIOBEIMU KOHIICH-
tpanusamMu Al u Li. OOHapyXeHHbIe 3aKOHOMEPHOCTH
pacnpeneneHus npumeceid Al u Li B MuHepane npen-
CTaBJISIIOT HECOMHEHHBIN uHTepec. [loaToMy Bo3HUKA-
€T HEOOXOAMMOCTh U3yYCHUS IMPOIECCOB BXOXKICHUS
STUX IMPUMECEH B KBapIl U MPOBEICHUS OLIEHKHU UX Te-
HETUYECKON 3HAYMMOCTH.

B mactosmedr pabore mMomoOHBIC HCCIEIOBAHUS
BBITOJIHEHBI JUIsl KBaplla MECTOPOXKJIeHHUM 30510T1a Jla-
pacyHckoro pyaHoro mois (Bocrounoe 3abaiikanbe,
Poccust). Ilpu onieHke reHeTHYecKOl 3HAYMMOCTH Ba-
TOBBIX coniepkanuit Al u Li B kBapiie ncnoib30Baiach
nH(pOpMAaIHs, TONIyYCHHAs TP U3yYCHUU H30MOP(-
HBIX ipuMeceid Al u Ti.

I'EOJIOI'O-MHUHEPAJIOI'MYECKHUE
OCOBEHHOCTHU MECTOPOXIAEHNU
JAPACYHCKOI'O PYJJHOI'O ITOJIA

UccnenoBanus mpoBOAWINCH Ha 00pasmax KBap-
a MectopoxkaeHuil 3onora lapacyn, TepeMKUHCKOE
u Tanatyil. ['eosnoruueckass XxapakTepuCTHUKa KaKJ10r0
u3 HUX 00cyxnanack B mureparype (IIpokodbes u mp.,
2000, 2004, 2007; Prokofiev et al., 2009). MecTopox-
IEHUsI TPEeICTaBIeHbl TypMaIHH-KBAPI-CYIb()HUIHON
30JI0TOPYJHOM MHHEpanu3auued Me3030HCKOro BO3-
pacTa, JTOKaTM30BaHHOHW B Ipenenax OJIoKa MarMaTH-
YECKUX MOPOJ Majae030MCKOro Bo3pacTa.

Ha mectopoxnenuun JlapacyH HaOItOaeTCs cove-
TaHUE MPOTSHKEHHBIX 30JI0TOCYJIb(MUIHBIX KBAPIEBBIX
KW U MUHEPAIM30BAaHHBIX 30H, PACIIOJIOKEHHBIX BO-
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KpYT' CyOBYJIKAHUUECKOW MHTPY3UH BBICOKOKAIHEBBIX
IPaHOAHOPUT-TIOPPHUPOB aMYHKUKAHCKOTO KOMILIEK-
ca. KpaeBble "acTu MHTpy3uBa MmectopoxaeHus Jla-
pacyH cofepiKar Tesla IKCIUIO3UBHBIX OpeK4Hid, CIie-
MEHTHPOBAHHBIX KBapIeM C TYPMAIWHOM H CYIb(pU/I-
HOM MuHepanu3auue. TepeMKHHCKOEe MEeCTOpPOXKIe-
HHUE 00pa30BaHO KPYTOMAAAIOIIMMH U MTOJIOTHMH 30J10-
TOHOCHBIMHU CYJIb(UTHO-TYPMANH-KBAPIIEBEIMH KH-
JaMHM 1 MHUHEpaJI30BaHHBIMU 30HamMH. Ha MecToposk-
JeHuu TanaTyil 0TMEUaloTCsl METACOMAaTUYECKUE PY/I-
HBIE Tella C MPOKUIKOBO-BKPAIUIEHHOW MHHEpaIn3a-
nueil. BMemaroniue mopoasl MECTOPOXKIECHUNA BCeX
TpPEeX MECTOPOXKICHUH CII0KEHBI Tab0OponIaMu KpydH-
HUHCKOTO Komruiekca (PZ,), kpome Toro, Ha OTIENb-
HBIX y4acTKaX MECTOpOXIeHHs JlapacyH mpucCyTCTBYy-
0T aM(puO0I-OMOTUTOBBIE TPAHUTHI KPECTOBCKOTO
komruiekca (PZ,) (puc. 1).

I'eonornueckue u MUHEpaIOTUYECKUE TaHHBIE CBU-
JIETENBbCTBYIOT, 4TO MecTopoxnaeHus J[lapacyn, Te-
peMKuHCKoe U TanmaTyi ImpeacTaBisioT COO0M pa3HbIe
YPOBHH TIIYOMHHOCTH €IWHOW PyI000pa3yromei cH-
cremnl (Prokofiev et al., 2009). Mecropoxnenue Ta-
JaTy#, pacrojioXeHHOe OJImke BCeX K MaTepUHCKO-
My MarmMaThyeckoMmy odary, (opMHpOBajOCh Cpelu
MarmMaTU4eckux MOpOj OCHOBHOIO COCTaBa IpHU ca-
MBIX BBICOKHX TemIlepaTypax. [Ip¥ MEHbIIHX TemiIle-
parypax MpOUCXOIUIIO O0pa30BaHUE 30JI0TOHOCHBIX
CyNb(PUIHO-TYPMATHH-KBAPIIEBRIX KIWI OoJjiee yma-
JICHHOro MectopoxkaeHusi Tepemkunckoe. Ilpu ca-
MBIX HU3KHX TeMIiepaTypax (OpMUPOBAIHCH 30J0TO-
cyab(uIHbIE KBapLEBbIE XUJIbI MecTopoxaenus [la-
pacyH, HanOoJiee ylaleHHOrO OT MaTepUHCKOrO Mar-
MaTHyeckoro ouara. Oco0oe MOJIOKEHHE 3aHUMAIOT
TeNla IKCIUIO3MBHBIX OpeK4Hid, CPOPMHUPOBAHHBIX Ha
panHeii ctagun MmuHepanooOpasoBanus (IIpoxodres u
ap., 2000).

HccnenoBanne (IOWIHBIX BKIIOYEHHA B KBap-
[Ie T0Ka3ajo, YTO PYIOOTIOKEHHE Ha MECTOpPOXKJe-
Hun TanaTy# mpoucxoguio mpu teMmepaTtypax 611—
133°C (IIpoxodwer u ap., 2000, 2004, 2007). Pyn-
HbIE XUIbl MecTopoxacHuil JlapacyH u TepeMkuH-
CKO€ KPHUCTAIIIN30BaJINCh NMPHU CYLIECTBEHHO MEHb-
mux temmeparypax — 429-124 u 466—-118°C coort-
BETCTBEHHO. B KBapIie SKCIUTO3UBHEIX OPEKUNHA U Py
MecTopoxaeHus JlapacyH TeMIiepaTypsl TOMOTEHH-
3aruy (QIOUIHBIX BKIIOYEHUH NOCTUTAIOT 3HAYCHUN
618-216°C.

MATEPUAIJI U U3YUYEHUA

Jna uccnenoBaHmii oTOMpancs KBapll, MpPeAcTaB-
JSIFOILMIM OCHOBHBIE 3Talbl PyAOOOpPa30BaHUS U PYI-
HbIE TeJla paccCMaTpUBAEMbIX MECTOPOXKIeHUH. B me-
pedeHb 00pasLoB AJIS U3yUeHHs ObUTH BKIIOUYEHBI IPO-
OBl KBapLa W3 KBapLEBBIX JKWJI U TN KCIUIO3UBHBIX
Opexunii Mectopoxkaenus apacyn. Ha mecropox-
neanu Tanatyii oOpasubl KBapla OTOMPAIUCH C ABYX
YY9aCTKOB — U3 pyAHBIX 30H Ne 3 u 2. OTIHYuTeNbHON
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Puc. 1. I'eonornyeckas xapra lapacyHckoro pynHoro mois (mo mMarepuanam JlapacyHCKoi reosioropa3BefouHoi
SKCIICTUIIHH).

1 — aJUTIOBHATIBHBIE OTIIOXKEHUS; 2, 3 — aMy/PKHUKaHO-CPETEHCKHH KoMIuTeKC (J, 3): 2 — ByJIKaHUTHI, 3 — cyOBYJIKaHHYECKHE U Jaii-
KOBBIE TeJa MOPGHUPOBBIX MOPOJ (IMOPUTOBBIE TOPOUPUTHI, TPAHOTHOPUT-TIOPGUPEI, IPAaHUT-OPOGUPHI U 1p.); 4 — aMaHAHCKUH
komruiekc (T) — GHOTHT-pOrOBOOOMAaHKOBEIE TPAHUTHI, TPAHOAUOPHTEL, 5, 6 — oekMUHCKHN kKomiuteke (PZ;—MZ,): 5 — 6uorturo-
BEI€ U JIGHKOKPATOBBIE I'PAHUTEI, 6 — CHEHHUTHI, TPAHOCHEHHTHI, KBapIeBbIe CHEHUTHI; 7 — KpecTOBCKHI Kominteke (PZ,) — nnopu-
ThI, KBAPLIEBHIC AUOPUTHI, [PAHOAUOPUTHI; 8 — KPYUHHUHCKUH KOMIUTEKC MeTaMop(u30BaHHBIX radopouaHbix nmopox (PZ,) — rpa-
HUTU3HPOBaHHBIE Ta00pO, aM(pHOOINTEI, TabOPO-ANOPUTEL, TPOKTOIHTHL; 9 — TeKTOHNYeCcKHe Hapymenus; 10 — pyarsie Tema; 11 —
MectopoxaeHus: / — Tanatyi, 2 — JlapacyH, 3 — TepeMKUHCKOE.

Fig. 1. Geological map of the Darasun ore field (based on the materials of the Darasun geological exploration expe-
dition).

1 — alluvial deposits; 2, 3 — amudjikano-Sretensky complex (J,.3): 2 — volcanites, 3 — subvolcanic and dike bodies of porphyry
rocks (diorite porphyritic, granodiorite-porphyry, granite-porphyry, etc.); 4 — Amanan complex (T) — biotite-hornblende granites,
granodiorites; 5, 6 — Olekminsky complex (PZ,-MZ,): 5 — biotite and leucocratic granites, 6 — syenites, granosienites, quartz
syenites; 7 — Krestovsky complex (PZ,) — diorites, quartz diorites, granodiorites; 8 — kruchininsky complex of metamorphosed
gabbroid rocks (PZ,) — granitized gabbro, amphibolites, gabbro-diorites, troctolites; 9 — tectonic disturbances; 10 — ore bodies; 11 —
deposits: / — Talatuy, 2 — Darasun, 3 — Teremkinskoye.
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0COOEHHOCTBIO MOCIETHETO yJacTKa SBISETCS MIUPO-
Kasl pacrpoCTPaHEHHOCTh MO3/IHEr0 KBapIia.

[penpiaymmmu uccineoBaHusIMA Ha MECTOPOIK/IC-
HUSAX 30510Ta J[apacyHCKOTO PYAHOTO TIOJIS BBISBIEHBI
YeThIpe TeHeTHdecKue rpynmbl kBapria (PakoB u mp.,
20196). Kaxnas w3 mux, no manasiM JIIP, xapakre-
pHU3yeTCsl ONpPEAETICHHBIM THUIIOM B3aUMOCBSI3U MEX-
Iy KOHLEHTpalMsIMH M30MOPQHBIX MpUMEceld U IpH-
ypoueHa K Kakomy-iau0o 3tamy pynooOpa3oBanus. Ha
pHC. 2 3Ta B3aUMOCBSI3b JEMOHCTPHUPYETCS Ha MpHMe-
pe u3omopdHbIx npumeceit Al u Ti, rae Beskoi u3ore-
He [-IV oTBedaeT CBOS TeHETHYECKas TpyIia KBapla.

YcTaHOBIEHO, YTO Ha MecTopoxacHuM Tanaryil
BBIIETISIIOTCS [IBE TeHeTHUYeCKue rpynnsl 4 U B, KOTo-
PBIM COOTBETCTBYIOT H30TCHBI, UMEIOIIUE OIWHAKO-
BBII YTroJI HAKJIOHA, HO 3aHMMAIOIINE Pa3HOE MOJIOKe-
HUe B TpaduyeckoM npocTpaHcTBe (cM. puc. 2a). [Ipu
9TOM TE€HETHYECKYIO TpyImy A COCTaBJISIOT 00pa3iibl
KBapla u3 pyaHoi 3086l Ne 3, a rpynry B — KBap1l u3
pyaHOM 30HBI No 2,

Be npyrue renetndeckue rpynmsl, C u D, 00HApY-
JKeHbI Ha MecTopokaeHusx [lapacyn u TepemkuHCKOE.
OnHHM Tarxke OMUCHIBAIOTCA MHIMBUAYaJIbHBIMH HU30Te-
Hamu N, (Ny;), TepeceKarIuMu OCh OPAMHAT B OJTHOU
TOYKE, HO OTIMYAIOIIUMHUCS IPYT OT APYra yrioMm Ha-
kJoHa (cM. puc. 20, B). [IpucyrcTBre OHUX U TEX Te-
HETHYECKHX TPYII KBapla Ha MecTopokaeHusx Jla-
pacyH u TepeMKHHCKOE CBHIIETENECTBYET O ONM3KUX
YCIOBHSX UX (hOPMUPOBAHUSI.

Henuuerinocts wu3zorensl /I/ mig reHETHUYECKOU
rpynmsl C Ha puc. 26 BeI3BaHa COXpaHEHHEM 00pasLa-
MU 19 1 20 cBOMCTB BBICOKOTEMIIEPATypHOIO Marma-
ToreHHoro kBapia (Pakos u np., 201906).

Kak OpUIO0 TOKa3aHO, TOSBICHHWE TEHETUYECKUX
rpymnm A u C ¢BS3aHO ¢ TIEPBBIM ITAIIOM PyA000pa3o-
BaHWsI, Ha3BaHHBIM HaMH “oTiiokeHueM’ (PakoB u 1p.,
20196). OH mpoTeKkan Ha CPaBHUTEIHHO OONBIITNX TITy-
OnHax ¥ 00YCIIOBJIEH BHEJPEHUEM CYOBYIKAHUIECKON
WHTPY3HMU U MOCIENYIOUIMM aBToMeTacomaro3oM. Ha
9TOM 3Tare npeodiaaan MUHepaaoo0pasytomui ¢ro-
UJ TIOCTOSIHHOTO COCTaBa, MMEIOIINH MarMaTuyeckoe
npoucxoxaeHne. DopMupoBaHHWE KBapla, OTHOCS-
LIErocss K FeHETUYECKUM rpymnnaM B u D, npoxoauio
To3THee, Ha JTare “nepeoTinoxeHus”’. OHO MPOTEKaIo
Ha BEPXHUX FOPU30HTaX MECTOPOXKICHUN B 00CTaHOB-
Ke OBICTPOTO OCTBIBAaHUS MarMaTH4ecKoro (iroujaa,
€ro paccioeHus 1 pa30aBiIeHUs] METEOPHBIMU BOAAMHU.

Wzorensl N, (Ny;) Ha puc. 2 TOCTPOEHBI MO Pe3yJib-
TaTaM M3y4YeHUs OOJIBIIOTO Yuciia o0pasIoB, odecre-
YUBILETO JOCTOBEPHOCTh T'E€HETUYECKOTO aHaju3a
kBapra /lapacyHckoro pymHoro nojs. Mx moapobHoe
omHcaHue mpuBeneHo B myOmmkanusx (PakoB w mp.,
2019a, 6). B Hacrosmeit paboTe MCIONB3YIOTCS TONb-
KO HEKOTOphIe U3 3TuX 00pa3ios. Ha rpaduke puc. 2
UM OTBEYAIOT TOYKH, 0003HAUEHHBIE 3AIUTHIMH MapKe-
pamu. [Tog6op 06pa3uoB ocymiecTBIsIICS TaKUM 00pa-
30M, YTOOBI B JOCTaTOYHOM Mepe ObUTH MPEICTaBIICHBI
BCE TEHETHYECKHUE TPYIIBI KBapLa.
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METOJIKA AHAJIN3A

Otobpanubie 00pa3ibl KBapIa UCCIEIOBAINCH M-
togamu DIIP m mMacc-crieKTpoMeTpur ¢ MHIYKTHBHO-
CBSI3aHHOW TTa3Moi m JazepHoil admsmuen (LA-ICP-
MS). DTo gaBao BO3MOKHOCTh OMPEENATH BaIOBBIC
koHneHTparuu npumeceit Al u Li (Cy, u Cy;) B xBapie,
a 1o kKoHueHTparusM Al-O -IIEHTPOB — OLICHUBAThH CO-
nepxanue N, nzomoppHoro Al B 30HaX yrnopsig04YeH-
HOM cTpykTypsl. MeToa OIIP npumensuics u ans n3me-
penust KoHneHTpanuid uzomopdHoro Ti(Ny;), UCTIONb-
3yeMBIX B Ka4eCTBE IMOKA3aTeNsl CTETIEHH PEeKPHUCTal-
nmzanuy kBapia (Pakos u mp., 2019a).

Hccnenosanue kBapua metonom 1P npoBoaunocs
MOCJIe U3MEIBUYECHHUSI €r0 10 KpynHOCTH MeHee 0.1 MM.
[TepeBoa n3oMoOp(dHBIX MpUMeced B COCTOSIHHE Mapa-
MAarHUTHBIX IIEHTPOB OCYIIECTBIISUICS IIyTEM paJualu-
OHHOT'O OOJIydeHHS KBaplia dJIEKTPOHAMHE C DHEpPrueit
7 MbsB. s npumecu Al no3a 00iydeHHs COCTaBIsLIa
1 MI'p, a s mpumecu Ti — 10 xI['p.

Peructpanust cnektpoB OIIP BhimonHsANach Ha
cnextpomerpe ER-420 (Bruker) B nnana3one A = 3 cm
npu Temneparype 7' = 77 K. KonndecTBeHHas OIeH-
Ka KOHIICHTpAllMii MapaMarHUTHBIX IIEHTPOB MPOBO-
JTWJIACh C IPUMEHCHHEM KOHTPOJIHBIX 00Pa3IioB C U3-
BECTHBIMH 3HAYCHUSAMU UX copepxanuii. ConeprkaHus
“30MOPGHBIX MPUMECEH ONPEACAINCh M0 METOIUKE
(OkcnpeccHoe ompexaenenue..., 1991). OtHOCHUTEND-
Has ommnOKa U3MepeHnid He TpeBbimana 15%.

Amnanu3 kBapua merogom LA-ICP-MS npoBoauics
Ha Macc-criektpomerpe X-Series II. Beenenue mpermna-
paTa uccieayemMoi npoObl B Macc-CIIEKTPOMETpP OCY-
LIECTBISIOCH B MIOTOKE CMECH aproHa B BHJE a’3po-
307151, €T0 MOHM3AIUS BBIMOIHSIACH B HMHIYKTHBHO-
CBsI3aHHOM I1a3mMe. JlazepHast a0msaIus IpoBOAIIACE C
ITOMOIIBIO JTa3epHO# nprucTtaBku NWR-213.

Conepxanus npumeceit Al u Li B kaxxaoMm oOpas-
ue merogoM LA-ICP-MS oueHuBanuchk mo pesyibra-
TaM aHaIM3a HECKOJbKUX 3epeH kBapia (oT 3 mo 6).
Pesynbrarsl n3MepeHuid, pe3K0 BBIJICISIOIIUECS U3 00-
Iei BEIOOPKH, CYUTAITUCH TPOMaXaMHU U UCKITFOYAIUCh
u3 paccMoTpenus. Kpurepuem aiist HCKITIOUEHUS SIBIIS-
JIOCh TPEXKpaTHOE MPEBBIICHNE HAJ CPEIHUM 3HAYEC-
HHAEM CpeIu ApyTrux comepkanmii. OHO HAOII0IAIO0CH
npumepHo s 20% U3ydeHHBIX Po0 U 0OBACHAIOCH
npucyTcTBHeM B kBapie npumeceid Al u Li B dopme
MUHEPATbHBIX MUKPOBKIFOYCHUH.

I'paduku 3aBUCUMOCTEH MEXIy KOHIICHTPALUSIMU
pa3IMYHBIX MPUMECEH B KBapIle co3gaBaiuchk B Excel
IIyTEM IOCTPOEHUS JIMHUN TpEHJa B PEKUME JIMHEU-
HOM anmnpoKCUMAallUH.

PE3VJIbTATBI UCCJIEJOBAHUI
Jdannble ucciaenoanus kpapua meroaom JIIP

Ha puc. 3 nokasan cnextp DIIP Al-O™-ueHTpoB u
0003HaueHa periepHas JUHUS, BEIOPaHHAS [T OLCHKU
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Puc. 2. Uzorensr N, (Ny;) s o0pa3moB kBapia u3 mectopoxaeHuit Tanatyit (a), HapacyH (0) u TepemkuHckoe (B).
Yka3aHbl reHeTHYecKue rpymnsl kBapua: 1 — A4, 2 — B, 3 — C, 4 — D, otBevarontue uzoresam /, I/, 111 v IV. 3anuTeiMu MapKepamu
0003HaYEHBI 06pa3um, HCITIOJIB30BAHHBIC B HACTOAIICM HUCCJICJOBAHUH.

Fig. 2. Ny (Ny;) isogenes for quartz samples from Talatui (a), Darasun (6) and Teremkinskoye (B) deposits.

The genetic groups of quartz: 1 — 4,2 — B, 3 — C, 4 — D corresponding to isogenes 7, I1, IIl and IV are indicated. The filled-in markers
indicate the samples used in this study.
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Puc. 3. Criextp DIIP Al—O -1iertpoB B kBapiie JlapacyHCKOro pyaHOro moJist.

I, — ammuuTyna perniepHoit tuHuM ¢ g = 1.993, ucnonp3yemoii Aj1st OLEHKH coepKaHus H3oMopdHoii mpumecu Al.

Fig. 3. EPR spectrum of Al—-O-centers in quartz of the Darasun ore field.

1, is the amplitude of the reference line with g = 1.993 used to estimate substitutional Al impurity concentration.

WX KOHIEHTpaIMi U cojaep:kaHus M3oMop(hHOM mpu-
mecu Al B kBaprie.

B psime o6pasiioB Habmomamach HCKaXKeHHAS Qop-
Ma CHEKTpa, KOTOpasi CBUAETEILCTBOBAJIA O HAJIOXKe-
Hud Ha Hero JuHui OIIP oT LEeHTpOB, CBSI3aHHBIX C
npumecbio Al B 30Hax nedexTHOoCcTH KBapua (JIroto-
eB, 2004; PakoB u nip., 2019a). B aTom cinyuae npoBo-
IUJIOCH Pa30MEHUE CIIEKTPa Ha COCTAaBIISIOUINE U JUIS
BBIICJICHHOTO curHaja Al—O -IIEHTPOB ONpeaeIisioch
3HAYCHUE /).

s m3omopduoi mpumecu Ti B umcciaemyeMom
KBaple oOHapykeHbl nBa Tuma Ti-mentpoB — Ti(Li)
u Ti(H), pasnuvaromuxcs MOHAMHU-KOMIIEHCATOPAMU
(Li* mmm H) (Weil, 1984). [Ipu onenke cremneHu pe-
KpHUCTAIIM3alMHU KBapla UCIOIb30BaIach X CyMMap-
Hasi KOHUEHTpauus Nry;.

Pe3ynbraThl OLEHKM KOHLIEHTpaLUW HpUMECEH,
cBsa3aHHbIX ¢ Al-O™- u Ti-neHTpaMu, B H3y4eHHBIX 00-
pasmax kBapria MerogoM OIIP momemiensr B Tabm. 1.
PazOuenmne o0pasnoB KBaplia Ha TEHETHYECKHE TPYII-
el B Taba. | MpOBEAEHO C y4eTOM JaHHBIX paOOoTHI
(PaxoB u 1p., 20190).

Pe3yabTaThl anaan3a kBapua
metoaom LA-ICP-MS

B Tabm. 1 mpuCyTCTBYIOT Takke TaHHBIC M3Mepe-
Hus MetoioM LA-ICP-MS BanoBsIx cofep:kaHuii npu-
meceit Al u Li B kBapue. HeTpynHO 3aMeTuTh, 9T0 MX
3HA4YEHUs AJsl OCHOBHOW YacTH 00pa3loB KOIEOIIOT-
csl B Ipezienax OJHOTO MopsiaAKa. AHOMalbHO BBICOKHE
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BenmuunHbl C,; HAOIOMAIOTCS TOIBKO B 00p. 16 u 22,
a Cy;—BoOp. 16,22,39 n 45.

W3 anammza 1abn. 1 ciemyer, 9TO KOHIIGHTPAITHH
n3omop¢HOro Al, JTOKaTM30BaHHOTO B OONACTSIX CO-
BEPIICHHOW KPUCTAJUTMYECKOM CTPYKTYPBI, B TIOABIIS-
FoIIeit YacTh 0Opa3loB KBapila HAMHOTO MEHBIIE €ro
BaJIOBBIX CoJiepKaHuii, T. €. Cy/Ny >> 1. [loaTOMY Be-
mnauHbl Cyj, TIO CYIIECTBY, OTPAXKAIOT COJIEpKaHUE
MIPUMECH ATIOMUHHS B 30HaX Je(EeKTHOCTH KBapIia.

IloBenenue npumeceii Al u Li B kBapue
NPU PEeKPUCTAITU3AIAN

Jisa BeisicHeHus moBeAeHus rpumecert Al u Li npu
PEKPUCTAJUIM3AMH KBapla H3y4ajcs XapakTep 3aBHU-
cumocteit Cy(Nyj) 1 Ci(Nyy) U pa3TudHBIX TEHETU-
YecKuX rpymnn kBapia. O6HapyXeHO, YTO KOPPEsIH-
OHHas CBs3pb MeXay mpumecsmMu Al m Ti cymecTBy-
€T TOJILKO B KBaplle reHeTHYeCcKol rpymnmnsl B. B Hem
BaJIOBOE cojlepkaHue mpuMecu Al mpu yMeHbIIeHHH
KOHIeHTpaluu n3oMoppHoro Ti MOHOTOHHO yMEHB-
[IaeTCs MOYTU HA TOPSIOK. [Jish reHeTHUSCKUX TPYIII
A, Cu D xonnenrpanuu C,; B KBaple ¢ BO3pacTaHUEM
Nii BApBUPYIOT OECCUCTEMHBIM 00pa3oM.

KoppensinuonHasi ¢BsI3b MEX]y BaJlOBBIMU COJIEP-
kauusMua Li u koHmeHTtparusaMu uzomopduoro Ti
MIPOCIIEKUBAETCS TSI BCEX TEHETHUECKUX TPy KBap-
112 ¥ MOXeT OBITh Mpe/cTaBiIeHa B rpaduuecKoM BH-
ne (puc. 4). Onnako ee xapakrep paznuueH. st ksap-
na rpynnsl B mexay 3HaueHusmu Cp; u Ny oT™Mede-
Ha oOpaTHasi KOpPEeJSILIUOHHAS 3aBUCUMOCTH (CM. Tpsi-
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Tadaunua 1. Pesynbrarsl n3MepeHnii KoHLIEHTpaui nzoMmopdHbix npumeceit Ti(Ny;) u Al(N,;) metomom DI1P u BanoBbIx co-
nepxxanuit Al(Cy) u Li(Cp;) meronom LA-ICP-MS B nccnenoBaHHbIX 00pa3nax KBapua, I/T

Table 1. Results of measurements of substitutional Ti and Al impurities concentrations (Ny; and N,;) by EPR method and
gross contents of Al(C,) and Li(Cy;) by LA-ICP-MS method in the studied quartz samples, ppm

JIab. Ne | I'eneTmueckas rpynmna | Ny | Ny | Cy | Cu | Cu/Ny
Mectopoxaerne Jlapacyn (Knibl)
1 D 0.6 26 690 26 27.0
4 D 0.4 34 260 23 7.6
5 C 0.9 22 620 8 28.0
9 C 0.5 18 150 8 8.3
11 C 0.9 21 900 13 43.0
12 D <0.1 15 250 4 17.0
13 D 0.6 39 470 29 12.0
15 D 0.4 40 250 21 6.3
16 C 1.0 21 1200 76 57.0
17 D 0.5 33 340 22 10.0
18 D 0.7 33 630 27 19.0
21 D 0.3 23 300 17 13.0
Mectoposxaenue JlapacyH (3KCIIO3UBHAs OpeKdus)

19 C/A 3.9 39 210 23 54
20 C/A 4.8 44 270 22 6.1
Mecropoxaenue TepeMKUHCKOE
22 D 0.3 35 2600 107 74.0
23 D 0.2 11 170 6 15.0
25 D 0.5 42 290 36 6.9
26 D 0.2 26 150 16 5.7
28 D 0.1 17 250 19 15.0
29 D <0.1 23 290 43 13.0
31 D 0.4 40 180 21 4.5
32 D 0.5 41 170 27 4.1
34 D 0.4 59 260 44 4.4
35 C 1.3 39 150 21 3.8
Mecropoxnenue Tanaryi
37 A 0.5 27 230 16 8.5
38 A 1.7 30 280 11 9.3
39 B 3.1 93 690 70 7.4
40 A 0.5 32 170 14 53
42 A 0.3 25 250 9 10.0
45 B 1.6 64 900 85 14.0
458 B 5.5 84 97 22 1.2
46 B 6.2 79 100 25 1.3
48 A 3.2 35 150 23 43

Myto 2 Ha puc. 4a). [lo Buay oHa uaeHTUYHA B3aUMO-
cBs3u Mexny BennunHamu Cy U Np. B xBapue npy-
I'MX TEHETHYECKHX TPy OOHapy>KUBAaeTCsl yBeJIuue-
HUE BaJOBBIX cojepkanuil Li ¢ moBeieHueM Ny (cM.
npsaMyto / Ha puc. 4a u npsMeie / U 2 Ha puc. 40).
Hapymarot o6HapykeHHYI0 3aKOHOMEPHOCTB JIMIIb
HECKOJIBbKO 00pa3ioB. K HuM oTHOCsATCS 00pasisl 19 u
20, mpeacTaBIBSIIONIIE KBAPIT SKCINIO3UBHBIX OpeKInii
mectopoxaerus Jlapacyn. Ha rpaduke Cpi(Ny;) Toukn,
OTBEYaroUIMe 3TUM oOpaslam, Jiexar B 00JacTi pac-
MIOJIO’KEHUS TOYEK I pyAHOM 30HBI Ne 3 MecTOpok-
nenust Tanaryii (cMm. npsmyro / Ha puc. 4a). Tem ca-
MBIM MOATBEPKIAETCs TeHETHYeCKasl TBOMCTBEHHOCTh
00p. 19 u 20. Haxoascek B mpenenax MeCTOPOXKICHHUS
JapacyH u coxpansas 4yepTsl reHeTndeckor rpynmsl C,

OHH I10 PACHPEAETICHUIO CTPYKTYPHBIX J€(EKTOB TATO-
TEIOT K OoJlee BhICOKOTEeMITepatypHoil rpymme A (Pa-
KOB U J1p., 20190).

3HaYnTENbHOE OTKIOHEHHE OT YKa3aHHBIX 3aKOHO-
MEpHOCTeH Habmomaercs aus oop. 22, 16 u 29. Bun-
HO, 4TO NEPBBIA U3 HUX U3 CBOEH F€HETUYECKOU IpyII-
nel C monajiaeT B rpymiy D, a 1Ba JpyruxX 3aHUMAIoT
B rpaduueckom npoctpanctse Ci(Ny;) 060cobneHHOe
rostoxkeHue (cM. puc. 46). CMmemeHne ToYeK, OTBeYa-
rorux oop. 22, 16 n 29, BeposiTHO, 00YCIOBICHO TIepe-
OTJIOKEHHEM KBapla. Ha 3To yka3pIBaroT M3MEHEHHs
B TIOpOJax U pyAax, U3 KOTOPBIX MEepeUnCIeHHbIE 00-
pasiupl ObUH BEIOpaHbl. Tak, 00p. 22 mpeacTaBisieT co-
001 KBaplLEBBIH MPOXUIOK B M3MEHEHHOM rabopo, a
00p. 29 oToOpaH U3 MOPOI, CIAATAOIINX IKCIIJIO3UBHBIC
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Puc. 4. 3aBucumMocThb COACPIKaAHUS JIUTUA CLi OT KOHLCHTpAlun I/I3OMOp(1)HOFO THTaHa NTi B KBApLC 'CHCTUYCCKUX

rpynn A-D.

Mecropoxnenus: a — Tanatyii, 6 — Jlapacyn u TepemkuHckoe. ['eHeTHIeCKMM IpymIiaM KBapiia OTBEYAIOT T€ K€ MapKephl, YTO U

Ha puc. 2. OcTayibHBIC TIOSICHEHUS CM. B TEKCTE.

Fig. 4. The dependence of the Li content (Cy;) on the substitutional Ti impurity concentration (Ny;) in quartz of gene-

tic groups A-D.

Deposits: a — Talatui, 6 — Darasun and Teremkinskoye. The same markers correspond to the genetic groups of quartz as in Fig. 2.

See text for other explanations.

OpeK4ru U coaepKalux u3MeHeHHoe rabopo (Pakos
u ap., 20196). OcoOyto nmpeasicToputo umeeT oop. 16,
CBSI3aHHBIN € 3TanoM “OTIOXKEHHUS U B TO )K€ BpeMs
HaXOJSIMACS B acCOLUaNUU ¢ KapOoHATOM. DTO I0-
3BOJIAET TIOJIaraTh, 4TO OOOTalleHHe KBapla MpHuMe-
cpio Li mpom3omno Ha Oojiee MO3mHEM 3Tare ‘‘mepe-
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otnoxenus”. [loaromy 06p. 22 u 29, ¢ ogHOil cTOpO-
HBI, 1 00p. 16, ¢ IpyTroii, HE YUUTHIBAIUCH NIPHU ITOCTPO-
enun rpadukoB 3aBucumocterl Cp;(Ny;) s TeHeTHYe-
ckux rpynn D u C COOTBETCTBEHHO.

AHanu3 NOJyYeHHBIX Pe3yIbTaTOB MO3BOJISAET CHE-
JIaTh BBIBOJ, YTO IPOLIECC PEKPUCTAIIN3ALMU IPUBO-
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smu Li u Al B kBaplie MecTopox/ieHnH (CIIIOIIHBIC
JINHUK).
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3nech u Ha puc. 6: a— Jlapacyn; 6 — Tepemkunckoe; B — Ta-
natyit (pyanas 3oHa Ne 3); r — Tanaryii (pyaHas 3oaa Ne 2);
IITPUXOBEIMH JIMHUSAMH Ha Qparmenrax “6”—“r” Bocnpo-
u3Benensl rpapukn 3aBucuMoctd Cy(Cyp) AT MECTOPOXK-
nennst JlapacyH (¢pparmeHt “a”). OcTanbHBIC TOSCHEHUS
CM. B TEKCTE.

Fig. 5. The relationship between the total contents of
Li and Al in quartz deposits (solid lines).

Here and in Fig. 6: a— Darasun; 6 — Teremkinskoye; B — Ta-
latuy (ore zone No. 3); T — Talatuy (ore zone No. 2); dashed
lines on fragments “6”—“r” reproduce graphs of the C,(Cy;)
dependence for the Darasun deposit (fragment “a”). See
text for other explanations.

IWUT K BHEIPEHUIO npuMecu Li B KBapIl reHeTHYeCKuX
rpynn A4, C u D u K ee BBIHOCY U3 KBaplla TeHeTH4e-
CKOH rpymisl B. B nocineaHem cinyyae MIpoOUCXOIUT BbI-
HOC U mpuMecH Al, XOTs ee ToBeIeHHe B APYTUX TPYTI-
Iax KBapla OCTacTCs HEACHBIM.

B3aumocBs3b Ba0BBIX COAEpP:KAHUNA IpUMecei
Al u Li B kBapue

YcTaHOBIIEHO, UTO MPOLECCHl BHEAPEHHS IPHUMECEH
Al u Li B xBapl He MPOTEKAIOT W30JIMPOBAHHO JAPYT
OT Jpyra, a B3aUMOCBs3aHbl. Ha 3T0 yka3biBaeT cy-
[IECTBOBAaHUE KOPPEISIMOHHBIX 3aBHCHMOCTEH MEX-
Iy WX BaJIOBBIMH KOHIEHTpanusaMu. OTHAKO XapakTep
ATOW KOPPEISIUK CI0XKEH U MOXKET ObITh 0OOHApYKEH
TOJIKO MPH JETATHHOM aHaJIM3€e TPaQuKOB 3aBUCHMO-
creit Cy(Cyy) (puc. 5).

HeiictButensHo, Mexny 3HaueHusiMu C, u Cp; B
KBaple MecTopoxJeHus [lapacyH Ha mepBblid B3I
OTCYTCTBYET KaKas-Tiu00 B3aWMMOCBS3bL (CM. pHC. 5a).
OpHako ee MOXXHO 3aMETHTh, €CIIi paccMaTpUBaTh B
OTIENBHOCTH OOpa3Ilbl KBapIla, MpeTepIieBIINe HU3-
KYIO CTeIeHb pekpucTaumu3anuu (Ny; < 0.5 1/1) u 6onee
BBICOKYIO CTeleHb pekpuctamnuzanuu (Ny > 0.5 1/T).

I'pynmy [ cocrasusiroT 06p. 4, 9, 12, 15, 17 u 21,
rpynre /] orHocsTes 06p. 1,5, 11, 13 1 18 (em. Tadm. 1).
I'paduk Ha puc. 5a MOKa3bIBACT, YTO AJIs TPYIILI [ HA-
OmoaeTcsl yBelIMUeHHe BAJIOBOTO cozepkanus Al c
BO3pacTaHueM KoHIeHTpamuu Li (ipsmast /, 3a1uThie
MapKephl), a I BTOPOH — yMeHbIeHue (mpsmas 2,
ITyCTBIE MapKephI).

Te e TeHOEHUMH B TOBEICHUU 3aBHCUMOCTH
Ca(CL;) oOHapyXUBalOTCS U B KBaplle MECTOPOXKIIC-
Hult TepemMknHCKOe U pynHOU 30HBI Ne 3 MecTOpok-
nenust Tanmatyii (cMm. puc. 50, B). [t nepBoro us Hux
MPaKTUYECKH Bce 00pasipl XapaKTepU3yIOTCs 3Haue-
HusMHA Ny < 0.5 1/T (em. Tabm. 1). Comepxxanus Cy B
HUX, KaKk 1 B 00pa3iax KBapiia rpymnmsl / MecTopoxae-
Hus [lapacyH, BO3pacTaroT ¢ yBeJInueHHeM KOHIIEHTpa-
uu Li (cMm. npsamyro 3 Ha puc. 56). Haobopor, B kBap-
1e pyaHoi 30HbI Ne 3 mectopoxaenus TanaTyi Benu-
yuHa Ny > 0.5 1/T 1, Kak 1 KBapiia rpymmsl // Mecto-
poxnenust lapacyH, koHneHTpanuu Al yMeHbIIaloTCs
¢ noBbrmeHueM Cy; (cM. TipsiMyto 4 Ha puc. 5B).
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Puc. 6. B3auMocBs3p Mexay conepkaHusMu Li u
KOHIICHTpaUsAMH u3oMopdHoii mpumecu Al B kBap-
IIe MECTOPOXKICHUH (CIUTONITHBIC TNHIH).
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Fig. 6. Relationship between Li contents and substi-
tutional Al impurity concentrations in quartz depo-
sits (solid lines).

IIpuyem xapakTep U3MEHEHUI KOHLEHTPALMN ato-
MUHUS B BBIJEJIEHHBIX TPYTINIaX KBapIia MMeeT HE TOJb-
KO OJHY HAaIlpaBJI€HHOCTb, HO M OJIN3KYIO AWHAMHUKY.
s ee neMOHCTpanmy Ha puc. 50, B (LITPUXOBBIE JIU-
HUM) Bocnpoun3BeaeHsl rpaduxu 3apucuMoctu Cy (Cyy)
st pynn [ u Il xBapua MecropoxzaeHus JlapacyH.
Jlerko 3ametutsh, uto Tpaduku Cy(Cy;) 11 00pasinos
rpymnmsl [ u mMecTopoxjaeHuss TepeMKUHCKoe mnapall-
JenbHBI (CM. puc. 50), KaK mapajuielbHbl APYT APYTY
rpadvku g rpynmnsl [/ u pyaHO# 30HBI No 3 MecTo-
poxknenus Tamaryii (cMm. puc. 5B).

Taxum 00pazom, Kaxylieecs Xa0THIHOE PACIIOIo-
XKeHue Touek Ha rpaduke 3aBucumoctu Cy, ot Cy; (cM.
pHc. 5a) oOBsACHIETCS HE OTCYTCTBHEM MEXKIY HUMHU
KOPPEISIIMOHHOM CBA3M, a HAJIO)KEHHWEM Ha OJIMH Ipa-
(UK TOYEK, ONMHICHIBAIOIINX Pa3HOHAIIPABICHHBIC MTPO-
neccsl. [IpudeM oanH U3 3TUX TPOIECCOB B IBHOM BH-
JIe peann3yeTcsl B KBapIie MECTOPOXKICHHS T epeMKHH-
CKOE, a IPYro¥ HaOIIoaeTCs B KBapIle PYIHOW 30HBI
Ne 3 mecropoxnenus TanaTyi.

OtnenpHBIA cay4all mpencTaBisieT rpaduk 3aBu-
cumoctu Cy(Cy;) anst kBapna pymHoO# 30HEI Ne 2 Me-
cropoxkaeHus Tanatyil. EMy oTBedaer npsiMas JIMHUS,
HE coracyomasics HA ¢ OJHUM IrpaduKOM JJIsl MECTO-
poxknenus apacyH (cM. psiMyto 5 Ha puc. 5T).

Cas3b Li ¢ conep:rannem nzomopdHoii mpumMecu
Al B xBapue

Cynuts 0 moBeleHUH n3oMopdHOil mpumecn Al
B 00JacTsAX yHOpAJOYCHHOW CTPYKTYphl KBapla Io-
3BOJIAIOT pe3yJbTaThl aHanM3a rpaduKoB 3aBUCHMO-
ctu N, (Cy) Ha puc. 6. Ilo xapakrepy 3To#l 3aBHCH-
MOCTH Ha MECTOPOXAECHWHU JlapacyH BBLAETSIOTCS Te
ke Tpymisl — [ u I] — o0pa3ioB KBapIa, KOTOphie ObI-
JIM YCTaHOBJIEHbI NpH aHanu3e 3aBUCUMOCTH Cy(Cy).
OHM ONHKCHIBAIOTCS Pa3NUYHBIMU IpaduKaMu, 0003Ha-
YEHHBIMU Ha pUC. 6a CIUIOMIHBIMU JTUHUAMU [ (3au-
ThIE MapKepbl) U 2 (ycTble MapKepsl), a Ha pHc. 60,
B, I' — IITpuxoBbeIMU. Kak u panee, rpaduk Ny (Cy;) s
rpymisl / MecTopoxaeHus JlapacyH napajieneH Tako-
My Ke TpapuKy AT MECTOPOXACHHS TepeMKHHCKOoe
(cM. mpsimyto 3 Ha puC. 60).

OmnaoBpemenHo Tpaduk N, (Cp) ans rpynmsr [
OKa3bIBAETCs MapauIeIbHBIM TpaduKy Il pyAHOH 30-
Hel Ne 3 mectopoxxkaenus Tanatyit (cM. mpsMyio 4 Ha
puc. 6B). OTcroza ciieyeT BEIBOJ, YTO B 00JIaCTAX yIO-
PAIOYEHHON KPUCTAJUIMYECKOM CTPYKTYphl IIPU pe-
KpUCTAJUTM3AIMU JEHCTBYIOT T€ K€ 3aKOHOMEPHOCTH,
KOTOpBIE TPOSABISAIOTCS B 30HAX AeQeKTHOCTH. Tomb-
KO JUIs Tpynmsl /] HaOIIogaeTCsl He CHHKEHHUE COIep-
*aHus Al, a ero MoBbIILIEHHUE, XOTSI U HE CTOJb 3aMeT-
HOE, KaK JUIs TPYIIHI /.
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Kak u npu wu3ydeHun rpaduka 3aBHCUMOCTH
Ca(CL), oOHapyxwuBaeTcs o0cCOObIM Buj rpaduka
Na(Cyy) st xBapria pyaHoi 30HEI No 2 MECTOPOXKe-
Hus Tanaryit (CM. IpssMyIo 5 Ha puc. 6T).

OBCYXXJIEHUE ITOJIYYHEHHbBIX PE3VJIbTATOB

IIpuunna 3axBata npumecu Li kBapuem npu
PEeKpHCTANIN3AHNA

AkTHBHOEe BHenpenume mnpumecu Li oOBscHseT-
Csl T€M, YTO C IOBBIIICHUEM CTENEHH PEKPUCTAIIIU-
3alMM B KBaple BO3pAacTaeT MOTPEOHOCTh B HOHAX-
KoMrieHcaTropax Li'.

Kak Ob110 ycTaHoBneHO, B Ie(heKTHBIX 30HaX KBap-
11a OCHOBHBIM BHJIOM MOHOB-KOMIIEHCAaTOPOB ISl U30-
MOp(dHBIX HOHOB Al*" SBIISIOTCSA MPOTOHBI, @ B 30HAX
COBEpPIIIEHHOW KPUCTAJUIMYECKOW CTPYKTYPBHI — HOHBI
Li* (PakoB u np., 2019a). duddepennumanns noHOB-
komrieHcatopoB H™ m Li" mo 30Ham pa3HoOU AedekT-
HOCTH OOBSICHACTCSI NX HEOIWHAKOBBIMU NN Y3HOH-
HBIMH CBOHCTBaMH. B neeKTHBIX 30HaX HanOOIbIIeH
1} dy3uoHHON MOABMKHOCTBHIO 00JIaAal0T MPOTOHBI,
CIOCOOHBIE MEepPEeMEIIaThCsl TI0 MEXaHU3MY MPBIKKO-
Boit 1 dy3un O CTPYKTYpHBIM AederTam ¢ dpdek-
TUBHBIM OTpPUIIATEIBHBIM 3apsaoM (Ypurkuid, [{u-
nubKoBCKmiA, 2014). B 30HaX COBEPIICHHON KPUCTAII-
JIMYECKON CTPYKTYpPbl KOHLEHTPALUsA TaKuX Je(PEKTOB
yMeHbInaeTcs u 0oiee BrICOKYI0 uPpy3noHHYIO TOA-
BIDKHOCTH TIproOpeTatoT noHbl Li*. [loaTomy mo me-
pe ynopsao4eHnus KpUCTAIUINYECKON CTPYKTYPBI KBap-
LA TPy PEeKPUCTALIM3ALUU 3HAauY€HHE MPOTOHOB KaK
HOHOB-KOMIIEHCATOPOB CHUXKAETCs, a POJib HOHOB Li*
BO3pacTaer.

Conep:xxanus Li kak moka3zartejb cTeneHH
PEKPHUCTAIU3ANUM KBapIa

Jluneiinenii xox 3aBucuMoctd Ci;(Ny) maeT Bo3-
MOXHOCTb HUCIIOJIb30BaTh 3HaueHus Cp; AJIA OICHKHU
CTENeHN peKpucTauM3anuu kBapua. IIpu sTom He-
00X0IMMO YYHTHIBATh (POPMY KOPPEISIMOHHOW CBS-
3u Mexay BenmmuuHaMu Ny 1 Cpy. J[1sg reHeTmaecknx
rpymm A, C u D oHa mipsiMast, a Ju1s TPYIIIeL B — 00pat-
Had. [losToMy B mocienHeM cilydyae MOBBILIEHUIO CTe-
MIEHU PEKPUCTAIUIM3ALNU KBapla OTBEYAET YMEHbIIIE-
HHUe conepxkanus Li.

OTMeTuM, 4yTO CMBICH MoKazaTenen N u C; Heoau-
HAaKOB, TaK KaK UX 3HaYeHHS OTPakatoT pa3HbIe CTOPO-
HBI pEKpUCTAIIIM3alnU KBapua. IlepBblil u3 HUX Xapak-
TEpHU3yeT TEMIEPaTypHBIE YCIOBUS PEKPUCTAILIIN3A-
LIMH, OTNPEJEIAIONINE €€ MHTEHCUBHOCTh. BTOpOil mo-
Ka3aTelb KacaeTcsi CBOMCTB KBaplia, MPHOOPETEHHBIX
npu pekpuctauinzauuu. [losiBiaeHUe IUTUA CIY>KUT
MPSIMBIM JIOKA3aTEIbCTBOM 3aMEHBI JIe()eKTHBIX 30H B
KBaple 00JIACTIMH YIOPSI0YCHHOM KPUCTATUINIESCKON
CTPYKTYpPBI ¢ HOHAMHU-KoMIleHcatopamu Li*. [ToaTomy
WCIIONIb30BaHue 3HaueHU| Cr; 7151 OLIEHKU CTENeHH pe-

Paxos u op.
Rakov et al.

KpUCTAJUIM3allMKd KBaplla UMeeT HEKOTOphIe MpeuMy-
1IEeCTBA NEpe] BENIUUMHAMU Nr;.

BMecTe ¢ TeM HY)KHO yYUTBIBATh, YTO BO3pACTaHHUEC
conepkanus Li MOXeT OBITH CBS3aHO HE TOJLKO C pe-
KpUCTAJUTH3AIMeH, HO U C TPOoIleccaMi MepPeoTIONKe-
Hus kBapua. [Ipumep ¢ o0p. 22, 16 u 29, paccmoTpeH-
HBIH paHee, IEMOHCTPUPYET, YTO TAKyI0 BO3MOKHOCTD
clleyeT NPUHUMATh B pacyeT BCeraa.

Craquu peKpuCTALIN3AaIMT KBapua

MO’HO TIPEAIIONIOKATE, YTO PA3IMYHBIE THIIBI 3a-
BucuMocTd Cy(Cy;) (cM. pHc. 5) OTBeHalOT pa3HBIM
CTaIusAM peKpUcTauM3anuu KBapua. s kaxmoi
W3 CTauil XapaKTEePHBI OMpENeICHHBIE CTPYKTYpHBIC
peoOpa3oBaHus B KBapIle, YTO HAXOAUT OTPAKCHUE B
noBeieHuu npumeceit Al u Li.

B aTOM OoTHOIIEHNY B 30J10TOPYIHOM KBapiie Jlapa-
CYHCKOTI'O PYJIHOTO IOJISi MOYKHO BBIJCIIUTE JIBE CTaIUU
pexpuctaumzanui. OHA pa3NnHyaroTcs M0 XapakTepy
MTOBE/ICHUST BAJIOBOTO cojepaHus mpumecu Al. s
nepBoi cTaguu ero 3HaueHune C,, IPU peKPUCTATIIA3A-
MU Bo3pacTtaeT (CM. IpsiMyto / Ha puc. 5a ¥ mpsamyto 3
Ha puc. 50), a U1 BTOPOH CTaauy OHO YMEHBIIACTCS
(cM. mpsimyto 2 Ha puc. Sa, IpAMyto 4 Ha puc. 5B, Tps-
MYIO 5 Ha pHC. 5T).

IlepBasi craaus peKpUCTAIUIN3ANMA. DTa CTaausg
peam3yeTcsl IPH OTHOCHUTENFHO HU3KHX TEMIIepaTy-
pax peKpHUCTAILTU3AINH, KOT/la B KBapIlle BO3HHUKAIOT
koHneHTparu Ny MeHee 0.5 r/1. Ee nporekanne 3a-
MEYEHO B 30JI0TOPYIHOM KBapIle MecTOpoxacHus Te-
PEMKUHCKOE 1 00pa3iiax HU3KOTEMIIEpaTyPHOTO KBap-
1a MectopoxaeHus JapacyH.

I'papuku 3aBucumocteii Cy(Cy;) IS 3TOM cTaauu
napajuiejbHbl M XapaKTePU3YIOTCS YIJOM HaKIIOHA,
TaHTEHC KOTOPOTO UMEET 3HaUYCHHE, OJIM3Koe K 4 (CM.
npsimyto [ Ha puc. Sa u npsmyroo 3 Ha puc. 50). Ilo-
CKOJIbKY aToMHast Macca Al mpuOnm3urensHO B 4 pa3a
0oJbIle TakoBOW Li, TO SCHO, YTO aTOMBI 3THUX MpPH-
Mecell 3aXBaThIBAIOTCS KBapIeM B OJMHAKOBOM KO-
JndyecTBe. Takoe COBIAJEHUE HE KAXKETCA Cllydaii-
HBIM, TeM 0oJiee eciii OHO UMEET MECTO cpa3y Ha 000-
HUX MECTOpOXIeHUsIX. [103TOMY MOXHO CUHTATh, YTO
paccMmarpuBaeMble TpadUKH ONHCHIBAIOT BHEAPEHHE
HOHOB Al*" KpHCTAIMYECKYIO CTPYKTYPY KBapIia BMe-
cto Si*", a 3axBaueHHbIe HOHEI Li* 00eceunBaroT deK-
TPUYECKYIO HEUTPATLHOCTh 00Pa30BaHHBIX Te(DEKTOB.

JlaHHBII BBIBOJI COTTIACYETCS C pe3yJIbTaTaMH JIPY-
rux uccienonareneii. B padore (Iwasaki et al., 1991)
ABTOPBI NPHUILIA K aHAJIOTHYHOMY 3aKJIHOUYCHHUIO, aHa-
T3Upys copepxkanus npumeceit Al m Li B oOpasmax
kBapua 10 kBapueBbIx MecTOpOXKaeHU bpa3uinuu Me-
TOJIOM aTOMHO-a0COPOIMOHHON CIIEKTPOPOTOMETPHH.
Toli ke Bepcum npuaepx UBarOTCsI U B padore (Miil-
ler et al., 2021), rne metogom LA-ICP-MS uzyuancs
KBapll W3 MErMAaTUTOBBIX TEJI PAJa MECTOPOKICHUN
mupa. B HacToslel cTaTbe CrpaBeIJInBOCTb MOJTYYEH-
HOTO BBIBOJIA TIOATBEPKIACTCS BO3PACTAHUEM TP Pe-
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KpucTayuu3auu KoHIeHTpaiuii Al—-O -1eHTpoB (cMm.
npsmyto / Ha puc. 6a u npsmyro 3 Ha puc. 60).

B T0 xe Bpemsi 00Hapy>KUBAIOTCS pa3ilyus B CKO-
pOCTSIX HaKOIUICHUS KoHIeHTparuii Cy, 1 Coep KaHmid
n3oMophHBIX puMecerd N,.. BuaHo, 9To TaHreHc yr-
na HaksoHa rpaduka N, (Cy;) moutu B 4 paza MeHbIIIe,
yem rpaduka C,(Cy;). OTcrona cieayer, 9YTo U3 Kax-
JIBIX TPEX-YeThIpeX HOHOB Al**, MOCTymaroNuX B KBapIl
MPU PEKPUCTAJUIM3AIINY, JIUIIL OJWH 3aXBaThIBACTCS
00JIaCTSIMU COBEPILICHHOW KPUCTAIITUUECKON CTPYKTY-
Pbl, @ OCTalIbHbIE — NE(PEKTHHIMU 30HAMHU.

OO6pamaet Ha ceOs BHUMaHWEe OObIIast JUTMHA OT-
pe3koB, oTcekaeMbix rpadukamu Cyu(Cp;) OT ocu op-
nuHAT (cM. puc. 5a). OtBevaromiue uM 3HadeHus (Cy,)°
COOTBETCTBYIOT KOHIIEHTpausaM Al, BO3HHKArOIIUM B
KBaplle NMpu KpucTautm3anuu. J[eficTBUTenhHO, KBapIl
¢ C; = 0 He moABeprayics peKpUCTAIIIU3AINHT U TO3TO-
My HE MOT 3aXBaThIBaTh Ha 3TOH cTajuu mpuMech Al.

CrnenoBaTesibHO, 110 XapaKTepy CTPYKTYPHBIX Ipe-
o0pa3oBaHUi MepBasi CTaANS PEKPUCTAIUTH3AINH SIBIIS-
etcs mpoctoil. Ha Heit mpoucxoaut HakorieHue Al B
(dhopme mzomopdHO mpuMecH, a puMmech Al, 3axBa-
YeHHAs paHee, COXPAHIETCS B MPEKHEM KOJTHMYSCTBE.

Bropas cragusa pexkpucraumzanuu. Bropas
cTagusi HaOmogaeTcsi B 30J0TOPYAHOM KBaple ¢ Io-
BBIIICHHBIMUA COJICPIKAHUSMH H30MOP(HOr0 THTaHA
(N > 0.5 1/1), yka3bIBaloUMMH Ha 00Jiee BHICOKOTEM-
MepaTypHbIE YCIOBUS PEKPHUCTAIUIM3ANN MUHEpaia.
Taxumu cBOWMCTBaMH O0JIamaeT psia 0Opas3IoB KBapIa
MecTopoxaeHus JlapacyH M KBapi MECTOPOXKICHHUS
Tanaryit.

W3 ananuza rpaduka Ha pHc. Sa AN MECTOPOXKAe-
Hug JlapacyH cieqyer, 4To BTOPOU CTaANH PEKPUCTAII-
JIM3AIUH MPEANIECCTBYET aKTUBHOE BXOXKICHUE PUME-
cu Al Bo Bpems kpuctayutuzanuu kKBapra. Ecim mepen
mepBoii cramueii ee kourentpaius (Cy)° He IpeBhIIa-
na 200 /T (cM. OTpe30K, OTCEKaeMBIH TpsIMOH /), TO
repe BTOpoi cTanueii oHa craHoutcs Boime 800 1/T.

3tot ckauok koHueHTparuu (Cy))° HEe MOXKET OBITH
CBsI3aH ¢ 00pa3oBaHueM n3oMopdHoii npumecu Al, Tak
Kak He HaOJromaeTcs OJHOBPEMEHHOTO CKayKa KOH-
nertpanuii (Ny)°, oTBedaromux 3uaueHusm Cp; = 0
(cMm. puc. 6a). K tomy xe mpumech Al, 3axBadeH-
Has MPHU KPUCTAJUIM3AINH, HA BTOPOW CTaJAHH PEKPH-
CTAJUTM3AIMH BHITECHSAETCS U3 KBapla (CM. mpsamMyro 2
Ha pHC. 5a), a KOHIICHTpalus U30MOP(PHON MprMecH
yBenuuuBaeTcs (CM. IpsMyto 2 Ha pHc. 6a). [loatomy
MOKHO TIPEJIOJIOKUTh, YTO IpUMech Al, BHepeHHas
B KBapll Nepej BTOPOM CTaaueld peKpHUCTaIM3aLuH,
HaxomuTcs B (opMe KOMILIEKCOB, MMEIOIIUX Oolee
CIIOKHBIN cocTaB. Pekpucramnuzanus MpUBOIUT K UX
pa3pyILIeHHIO U BEIHOCY YacTh mpuMech Al U3 kBapiia.
Coxpanusinnecs HoHsl A3 mepexomat B uzoMopdHoe
MIOJIO’KEHUE, O YeM CBUETEIhCTBYET BO3pACTaHUE CO-
nepxannii Al-O™-11eHTpOB.

Bce ckazaHHOE MOKHO OTHECTH M K KBapILy U3 PYy/I-
HbIX 30H Ne 3 u 2 mectopoxxaenus Tanaryit. 13 uzmno-
KEHHOT'O CIIEAYET, YTO BTOPas CTalusl peKpUCTAIIIN3a-
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LUK XapaKTepU3yeTcsl paclagoM CIOXKHBIX aJFOMHHU-
€BBIX KOMIUIEKCOB, 00Pa30BaHHBIX MPH KPUCTAJTU3a-
UK KBapia. [Ipruem B OOJBIIMHCTBE UCCIIEIOBAHHBIX
00pasmoB KBapIa dTOT pacmaj IpoTeKaeT mpu aedu-
uuTe MoHOB Li*, a B kBapie pymHoii 30HBI Ne 2 MecTo-
poxknenus Tamatyii — mpu UX H30BITKE.

Poas npumecu Li B pexkpucTaniu3anuu KBapua

OOHapyXeHO, YTO HE TOJIBKO PEKPUCTAIUIN3AIUS
BIHMSIET Ha cojepkanue Li B KBapiie, HO U cama IMpH-
Mech crocoOcTByeT ee peanmuzanuu. OO 3TOM CBHjIE-
TENBCTBYIOT OTIENbHBIE OTKIOHEHHS OT 3aKOHOMEp-
HOCTEH MpOTEeKaHUs MEPBOM U BTOPOM cTaguil pekpu-
CTAJUTM3ALMU B KBapIlE C HU3KUM COZACPIKaHUEM JIUTHUS.
K obpa3nam nmomgoOHOTO THIA OTHOCSTCS 00P. 35, 5, 11
u 9, cocraBistone reieTnueckyto rpymmy C (cM. u30-
reny / Ha puc. 40). B wactHOCTH, B 00p. 35 ¢ conepxa-
HueM Ny = 1.3 r/T peanu3yercs JUIIb NepBast CTaaus
TUHAMAYECKON pPEeKpUCTAILTU3AINH, XOTS BO BCEX APY-
TUX 00pasnax ¢ TAKMMH K€ 3HaYeHUSIMHU Nr; TPOTEKaeT
BTOpas ctanus. Ta jxe TeHAeHI POsBIIIETCS B 00p. 5
u 11. Mimes Gosee BBICOKOE coiepKaHne H30MOPGHHOTO
TUTaHa, 4eM oop. 1, 13 u 18 (cM. Tabn. 1), oHu 3aHUMA-
10T KpaliHee JIeBOe MOJIOKEHHE Ha rpadKe 3aBUCUMO-
ct Cy(CLy) (cM. ipsimyro 2 Ha pHC. 5a), UTO yKa3hIBaeT
Ha MEHBIIIYIO CTEIIEHb UX PEKPUCTAIIIM3AIINH.

Jannple GaKThl CBUAETENHCTBYIOT O BIMSHAN MPH-
MecH Li Ha CKOPOCTh peKpUCTATH3AINH KBapIia. Yem
Ooxpmre Li B MuHEpale, TeM Jierde oHa OCYIIECTBIIA-
etTcst. Bumumo, 3TUM 0OBSACHSETCS BBICOKAsi CKOPOCTh
PEKpUCTAIM3alMU KBaplla pyaHOUW 30HBI Ne 2 wme-
CTOpOXJIeHUs Tanaryif, rae 3amMedeHa HauOOJbIIas
Onn30ocTh Mexay 3HadueHusAMU C, U N, (cM. Tabi. 1,
00p. 458 11 46).

BepOHTHaﬂ MOJ€Jb CJI0KHBIX aJIIOMUHHEBBIX
KOMIIJIEKCOB

Amnanu3 rpagpukoB Cy(Cy;) 11 BTOpOH cTaauu pe-
KPUCTAIJIM3ALMHU TT03BOJISIET CYyJTUTh O COCTABE CIIOXK-
HBIX AJTIOMHUHHAEBBIX KOMIUIEKCOB. YTIBI UX HaKJIOHA,
KaK U B clly4dae TIepBOi CTaJiH, HeCyT HH(OpMAIIHIO O
KOJIM4ecTBaxX MOHOB AI*" 1 Li*, mocTymarommx B KBapil
WIH YXOASIIUX U3 HETO MPU PEeKPUCTAIUIM3ALUHN. DTH
CBEIEHHs IIOMOTal0T YCTaHOBHUTH COCTaB paspyluae-
MBIX KOMIIJICKCOB.

Kak HerpyaHo onpenenuTs, TaHT€HC YIII0B HAKJIO-
Ha rpadukoB 3aBucuMocTH Cy(Cy;) Ui BTOpOH cTa-
JUY PEKPUCTAIIM3ALMNA KBaplLa MeCTOpoxaeHui Jla-
pacyH (cM. psmyto 2 Ha puc. 5a) u Tanaryii (cm. mpsi-
MyI0 4 Ha pHUC. 5B) MPUOIM3UTEIHLHO pPaBeH 8, T. €. B
2 paza 0oJIbIIe, YeM IS IEPBOH CTaTuu peKPUCTATIIH-
3auun. IloaTOMy MOKHO TONarate, 4YTo Ha BTOPOH cTa-
UM TPOLECC paspyLICHUs CIIOKHBIX KOMILJIEKCOB CO-
MPOBOXKAACTCS MOTepeil IByX MOHOB Al’" Ha Ka)IbIit
npuoOpereHHblid noH Lit. THUI CI0XXHBIX KOMIUIEKCOB,
pacnajarouMxcs 1o Takor cxeMe, Mbl Ha3Baju D).
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[Ipu 3TOM 3HAaYCHHME TAHTCHCA YIJla HAKJIOHA rpa-
¢uka Cy(Cy) ans xkBapua pynHoi 30HBI Ne 2 MecTo-
poxnaenust Tanaryii (cM. psiMyto 5 Ha pHC. 5T) OJIM3KO
K 12, T. e. mpumMepHO B 3 pasa OoJbie, 9eM I aHajIo-
TUYHBIX TpaduKoOB, HAOFOMaeMbBIX Ha TTEPBOM CTaIuu
pEeKpHUCTaNIN3alui. DTO JaeT OCHOBAHHE MPEIoa-
rath, 4TO yKa3aHHbBIN rpaUk OMHUCHIBAET MPOIIECC pa3-
PYLIEHUS CIOXHBIX KOMIUIEKCOB, B KOTOPOM Ha OJMH
BBITECHCHHBIM MOH Li" MPUXOIUTCS TPU TOTEPSHHBIX
noHa Al**. Buaumo, HabOp 3THX HOHOB U COCTABIISIET
OJIVH MEPBUYHBINA CIOKHBIA KOMILIEKC, HA3BAHHBIN Ha-
mu D,.

CioxHble KoMIuiekchl D, u D,, ckopee BCero, nMe-
0T OJMHAKOBYIO CTPYKTYPY U pa3iIHYalOTCS TOJb-
KO HOHaMHU-KoMIieHcaTopamu. [loaTomy MOXKHO 10-
MyCTUTh, YTO B COCTaB CJIIOKHOTO KOMILIeKca D, Tak-
ke BXOAAT Tpu moHa Al¥, a MOHOM-KOMIIEHCATOpOM
SIBJIICTCSL MPOTOH. Torjga CTaHOBHUTCS SICHBIM, IOYe-
My TpU €ro pa3pylIieHHd BO3HUKAIOT JBa JIMITHUX
noHa Al** u mosiBIIsteTCS TIOTPEOHOCTH B 3aXBaTe HOHA-
komrencaropa Li*. Tperuit non AI**, panee BXOIuB-
IV B COCTaB CJIOXHOTO KOMIUIeKca D), IpHU peKpH-
CTAJUTM3AIlMA BHEAPSETCS B YHOPSAOYCHHYIO KpPH-
CTAJUIMYECKYIO CTPYKTYpy KBapia. Bwmecto uona-
komrieHcaropa H* mais oOpasoBasiieiics nzoMophHoOn
npumecu Al 3axBarbiBaercs HoH Li'.

CTpyKTypa CIIOKHBIX aJFOMHMHHUEBBIX KOMILIEKCOB
B KBapIe Hem3BecTHa. He nckimo4yeHo, 9to oHU CBs3a-
HBI C KJIacTepaMH WM TPEICTABISIOT COOOH MOJEKy-
ae1 HALOs (mmm LiAl;Os), nokan3oBaHHBIE B 30HAX
BBICOKOH J1e(heKTHOCTH KBapIia.

BuamsiHue cTaauiiHOCTH pPy/1000pa3oBaHUA
HA PEKPHCTAIN3ANMI0 KBAPIA U cOAep:KaHue
B HeM CJIOKHBIX aJIIOMHMHHEBBIX KOMILJIEKCOB

OO6pazoBanue OONBIIOTO KOJIMYECTBA CIIOKHBIX
QIIOMUHHMEBBIX KOMILJIEKCOB B KBapLE MOXET IPOHUC-
XOAWTH TPH BBICOKOM COJECPKAHUM MOHOB METAJJIOB
B MHHEPaIooOpa3ymomeM pacTBOpe, YTO XapakTep-
HO JUTA pYIHBIX mporeccoB. Hanbomnee 3aMeTHBIM OHO
JOJDKHO OBITh Ha PaHHHUX CTaAusX PyHooOpa3zoBaHUs,
KOTJ]a pyZ000pa3yoluii pacTBOp UMeeT MaKCUMallb-
HYI0 TeMIepaTypy M, Kak IPaBHJIO, CONEPKHUT Hau-
Oosiplllee KOJIMYECTBO MOHOB METAJIOB, B TOM YHCIIE
A**. YacTh 3THX MOHOB BHEIPSETCS B KBAPI| MPH KPH-
CTAJUTM3alMK U (POPMHUPYET CIIOKHBIE ATIOMUHHUEBBIC
KOMILJIEKCHI.

BricokoTemnepaTypHble yCIOBHS, COXpaHSIOIINE-
Cs1 IPH MOCTIEAYIOIIEH peKPUCTAIUIN3AIINN, MOTYT MIPH-
BOJIUTH K Pacrajy CJIOKHBIX aTFOMHUHUEBBIX KOMILICK-
coB. IlosToMy Ha paHHUX cTaausAX PyAooOpa3oBaHUSA
HUMEIOTCS YCIIOBUSA ISl peasIn3allii BTOPOH CTaquu pe-
KpHUCTAJIM3aluH KBapla.

Ha no3maux cragusx pympooOpa3oBaHusl TeMIiepa-
Typa MUHEpajio00pa3yIoIIero pacTBopa yMeHbIaeTcs,
KaK ¥ KOHIIEHTpalus HOHOB METalIoB B HeM. M Torom
3TOrO CTAHOBUTCS PE3KOE CHIDKEHHUE B KBapIle COJEp-

Paxos u op.
Rakov et al.

JKAHUH CIIOXKHBIX aTFOMUHUEBBIX KOMILJICKCOB U OTCYT-
CTBHUE yCJIIOBUU JUTsl X pacmnana. B pesynsTaTe B KBap-
[Ie OCYILIECTBIISIETCS MepBasi CTaaus pPEeKpUCTaIN3a-
WU,

IIpumecs Al kak reHeTHYeCKUI NPU3HAK
PYIHOTr0 KBapua

U3 ckazaHHOTO CllelyeT, YTO MPUCYTCTBHE B KBapIe
OOJIBIIIOTO KOJTMYECTBA CIIOKHBIX ATFOMUHHEBBIX KOM-
TUIEKCOB MOYKET CITY)KHTh TIPU3HAKOM €r0 KpUCTAJIIU-
3aldd U3 PyI000pasyIonux pacTBOpoB. Tem cambiM
MTOATBEPIKIAETCS BBIIBUHYTOE paHee PEIOoI0KeHHE,
YTO BBICOKHE BAIOBBIE COICPKAHUS IPUMECH AIFOMH-
Husi C,; COCOOHBI UTPaTh POJIb MHANKATOPOB PYIHO-
ro kBapua (I'opsues, 1984). OnHOBpEeMEHHO C 3THUM
HY>KHO YYHUTBHIBAaTh, YTO IMOCJEAYIOUIas PEKPUCTAIIIHU-
3a1us crocoOHa MPUBOIUTH K paciajy CJIOXHBIX ajlto-
MUHHEBBIX KOMIUIEKCOB, B PE3YJIbTATe KOTOPOTO PY/I-
HBI KBapIll CTAHOBUTCS MPAKTHYECKA HEOTITHIUMBIM
ot 6e3pynHoro. [loatomy Benmnumny C,; HENB3S CUH-
TaTh HAJIE)KHBIM TEHETHYECKUM MPHU3HAKOM PYIHOTO
KBapIa.

Bonee mnpennodTUTENnbHBIM TMPEACTABISIETCS HC-
mosp3oBanue 3HaueHuit (Cy)’, OTBeUaromux Ccojep-
*aHusM Al B kBaplie, CyIIECTBOBABIIUX B MOMEHT €T0
BO3HUKHOBEHHS, T. €. IO Hayalla PeKPUCTAILTH3AIINH.
OHU COOTBETCTBYIOT BaJOBBIM cojiepkaHusM Al B He-
W3MEHEHHOM KBapiie M B OOIBINEH CTEIIeHH OTpaxka-
10T YPOBEHB COJIepP’)KaHW MOHOB METAJJIOB B MUHEPa-
nooOpazytomeM pactBope. [lopsinok onpenenenus Be-
syl (C,))° onuceiBasics panee. [ X HaXOKIACHUS
HEOOXOIUMO OLIEHUTDH JUIMHBI OTPE3KOB, OTCEKAEMBIX
rpapukamu Cy(Cy;) OT OCH OpJIUHAT.

Ananu3 rpaduKoB Ha pHC. 5 MOKA3bIBAET, YTO Ha-
OmromaeTcs cBsi3b Mekay 3Hadenusmu (C,))° B KBapie
¥ MacITaboM MECTOPOXKICHUH, N3 KOTOPBIX OH OTOH-
pancs. JledcTBUTENBHO, Ui KPYITHOTO MECTOPOXKIe-
Hus JlapacyH, 3amacel KOTOPOro B HACTOALIEE BPEMs
coctaBisaoT 100 T, 3Hauenue (Cy)° MOXKET IPEBHIIAT
800 r/1. Cpennee mo 3amacaMm MecTopoxiacHue Taia-
Ty#i (okomno 30 T) xapakrepusyercs BeauduHOH (Cy;)°,
omu3koii k 350 r/T. HakoHerr, st KBapIia MEJIKOTO Me-
cropoknenus 3omota Tepemkuackoe (10 T) 3HaUCHNE
(Ca)° =100 /1.

Kaxk ormeuanocs, Mmectopoxxknenus Japacyn, Tana-
Tyt 1 TepeMkuHCKOE (POPMUPYIOT EAMHYIO pyA000Opa-
sytromryto cucremy (Prokofiev et al., 2009). Bo3moxHo,
YTO pa3Has METAJUIOHOCHOCTH PyJ000pa3yIomux pac-
TBOPOB 3TOH CHCTEMBI TPENOINpeeNInia MOsBICHUE
Pa3IMYHBIX 110 MacIITady MECTOPOXKACHUH 30J10Ta.

HyxHO 3amMeTnTh, 9TO IS KBapIia, HE CBSI3aHHOTO
¢ pyaHbIM mporieccoM, 3HaueHHs (Cy)° CyIIecTBEHHO
ke 100 r/T. Tak, nns 0Opas3IoB KBapiia, UCCIIe0BaH-
HBIX B padote (Iwasaki et al., 1991), Benuunnsl (Cy,)°
BapbUPYIOT B OCHOBHOM B IpeJesiaX OT HyJIEBBIX 3Ha-
yennii 1o 20 r/T.

JINTOCDEPA TomM 23 Ne2 2023
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BbIBO/IbI

1. UccnenoBanna meromamu OIIP u LA-ICP-MS
KBaplia MECTOPOXJEHUN 30si0Ta J[apacyHCKoro pyji-
Horo nons ([Japacyn, Tepemkunckoe u Tanaryit) cBu-
JIETENBCTBYIOT, UTO MpUMech Al MIPHUCYTCTBYET B HEM
MIPEUMYIIECTBEHHO B IBYX (popMax — B BUIE H30MOP(h-
HOU MPUMECH U CIOXKHBIX aTFOMUHUEBBIX KOMILIEKCOB.
Nzomopduas hopma oOpasyeTcs npu KPUCTAIUTU3ALUN
U peKpHCTALTU3allMU KBaplia, a CJIOXKHbBIE aTIOMUHIE-
BBIE KOMIUIEKCHI BO3HHKAIOT TOJHKO MPHU KPUCTAJUIN-
k¥:1105178

2. CHOXHbIE aIFOMHUHHEBBIE KOMILJIEKCH TEpMUYE-
CKM HECTaOWJIBHBI M TTIOTOMY MOTYT pacrlalaThCs MpU
peKpucTaIM3anuy Keapua. JlaHHble W3y4deHHs TpO-
lecca uX pacmazaa MoKa3bIBaIOT, YTO B COCTaB KaxIo-
'O CJIOKHOTO KOMILIEKCa BXOAAT Tpu noHa Al** u oguH
noH-komnencatop H mmm Li*.

3. Mexy BaJOBBIMH KOHIIEHTPALUAMHU IIpUMeceit
amomunus (Cy)) u yatus (Cp;) B KBapIe CyIMeCcTBYET
TeCHasi B3aNMOCBS3b, BHJT KOTOPOH OTPaYKAEeT XapaKTep
CTPYKTYPHBIX NpeoOpa3oBaHUil B MHHEpalle TpU pe-
kpuctamumzanuu. C yueToM 3TOro BBISBICHBI IBE CTa-
JIUU PEKPUCTATUTU3AIUY.

[lepBast craaus ocymiecTBiseTCS P OTHOCHUTENb-
HO HM3KHX TeMIlepaTypax peKpHUCTaIIU3aIllii KBapla
Y COTIPOBOXK/IAETCS 3aXBaTOM B PAaBHBIX KOJIMYECTBAX
noHoB Al*" u Li*. X mocTymuieHre o6ecrieunBaeT BO3-
pacTaHue B MUHEpaJe CoAepKaHusi n30MOp(hHOM MpH-
mecu Al. Ilpuyem nump Manasi 9acTh 3aXBadeHHBIX
HOHOB Al’* BHezapsieTCs B 30HBI COBEPIICHHOW KpH-
CTAJUTMYECKON CTPYKTYphI KBaplla U PETUCTPUPYETCS
metoom OIIP.

Bropas cragus, peanusyromiascs npu Ooliee BBI-
COKHX TeMIlepaTypax, MPUBOJUT K pachagy CI0X-
HBIX JIFOMUHUEBBIX KOMILIEKCOB M (DOPMHUPOBAHUIO 32
WX CYET IOTOJHHUTEIHHOTO KOJIHYECTBA M30MOPGHHON
npumecH Al. IlpoTexanue BTOpoli cTagui MOKET OBITh
Pa3IMYHBIM IS 00pa3IoB KBapia ¢ HU3KUM U BBICO-
KHUM COJICpP>KaHUEM JIUTHSL.

4. YCTaHOBIEHO, UTO PYIHBIN KBapI] COAEPIKUT TO-
BBIIICHHBIC BAJIOBBIC Colep:kaHus Al, cBs3aHHBIC CO
CIIOXKHBIMHM QTIOMUHUEBBEIMU KoMIuiekcamu. OOora-
IeHue 3ToH GopMON MTPUMECH MMPOUCXOANT TIPH KPHU-
CTAJUIM3AIMH KBapla U3 pya000pa3yIoux pacTBOPOB
C BBICOKOW KOHLEHTpaunue noHoB metayuioB. [lomy-
YEHHBIE PE3yJIbTAThl MOATBEPKAAIOT BO3MOKHOCTH HUC-
MOJIb30BAHUS TIOBBLIIICHHBIX COJEPKAHUM aTIOMUHUS
Ca1 B KaueCcTBe HHAMKATOPA PYJHOTO KBapIia.

5. BrisBnenne pyaHoro kBapua mo 3HadeHusM Cy,
JOJDKHO TIPOBOAMTHCS C yUETOM IPOIIECCOB pa3pyliie-
HUSl CIIOKHBIX ATIOMHHHUEBBIX KOMIUIEKCOB TPU pe-
Kkpuctayumzanuu. BenenctBue aToro 3Hadenue Cy; He
BCEr/Ia OTBEYAET UCXOIHOMY COJIEPIKAaHUIO aTFOMHUHUS
(Cy)°, HAbMIOJTaEMOTO TIOCIIE KPUCTATLTU3AIMY KBapIia.
s naxoxaenus: Benuaunbl (Cy))° HEOOXOAUMBI TIO-
CTPOEHHE U aHAJIN3 IKCIIEPUMEHTAILHON 3aBUCUMOCTH
C(CL) s uccnenyeMbpIx 00pas3IoB KBapiia.
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