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Èçó÷åí õèìè÷åñêèé ñîñòàâ è ãåíåçèñ ãëàâíûõ ðåäêîçåìåëüíûõ ìèíåðàëîâ èç ýãèðèíîâûõ,
ýãèðèí-àðôâåäñîíèòîâûõ, àðôâåäñîíèòîâûõ è àííèò-ðèáåêèò-àðôâåäñîíèòîâûõ ãðàíèòîâ Êà-
òóãèíñêîãî ðåäêîìåòàëëüíîãî (Ta-Nb-Zr-Y ñ êðèîëèòîì) ìåñòîðîæäåíèÿ â þãî-çàïàäíîé ÷àñòè
Àëäàíñêîãî ùèòà. Ðåäêîçåìåëüíàÿ ìèíåðàëèçàöèÿ â ãðàíèòàõ ïðåäñòàâëåíà äâóìÿ òèïàìè:
âêðàïëåííûì, îáðàçîâàííûì çåðíàìè ïèðîõëîðà è â ìåíüøåé ìåðå äðóãèõ Nb-Ln-îêñèäîâ,
Ln-ôîñôàòîâ è Ln-ôòîðêàðáîíàòîâ â àññîöèàöèè ñ öèðêîíîì, èëüìåíèòîì, ñôàëåðèòîì è äð., è
èíòåðñòèöèàëüíûì, îáðàçîâàííûì ñðàñòàíèÿìè Ln-ôòîðèäîâ.

Êëþ÷åâûå ñëîâà: ùåëî÷íûå ãðàíèòû, ðåäêîçåìåëüíûå ýëåìåíòû, ïèðîõëîð, ãàãàðèíèò-(Y),
ôëþîöåðèò-(Ce), èòòðîôëþîðèò, áàñòíåçèò-(Ñå), ôòîðèäíûé ñîëåâîé ðàñïëàâ.
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Chemical composition of principal rare-earth minerals in aegirine, aegirine-arfvedsonite, arfved-
sonite and annite-riebeckite-arfvedsonite granites of the Katuginskoe rare-metal (Ta-Nb-Zr-Y, with
cryolite) deposit occurring in the southwest part of the Aldan Shield has been studied. Rare-earth mi-
neralization in those granites is represented by two its types: 1) dissemination of pyrochlore grains
and in, a lesser degree, of other Nb-Ln-oxides, Ln-phosphates and Ln-fluorine carbonates in associati-
on with zircon, ilmenite, sphalerite, etc. and 2) an interstitial type formed by intergrowths of Ln-fluo-
rides. This interstitial type is characteristic mainly to arfvedsonite granites. Crystallization of ra-
re-earth oxides, phosphates and fluorine carbonates from the silicate melt has caused the fractionation
of, predominantly, LnCe and, partly, of Y and LnY. The presence of interstitial intergrowths of gagari-
nite-(Y), tveitite-(Y), yttrofluorite and fluocerite-(Ce), as well as inclusions of these minerals in zir-
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con and pyrochlore, suggests that their formation was connected with the separation of fluoride calci-
um melt with concentrated Na, Sr, Y and lanthanides, predominately LnCe-Sm. Crystallization of the
fluoride melt took place at the late magmatic-postmagmatic stage. Formation of bastnaesite-(Ce) rims
around gagarinite-(Y) segregations and replacement of tveitite-(Y) by bastnaesite-(Ce) indicates the
effect of a Ln-fluoride fluid rich in CO2 separated during crystallization of the silicate melt. Hyd-
rothermal change of pyrochlore accompanied by Ln remobilization and formation of veins of the
low-temperature bastnaesite-(Ce) suggests an increase of the F concentration in water-carbonic fluid
after finished crystallization of fluoride melts.

Key words: alkaline granites, rare-earth elements, pyrochlore, gagarinite-(Y), fluocerite-(Ce),
yttrofluorite, bastnaesite-(Ce), fluoride salt melt.

Ïîäàâëÿþùåå áîëüøèíñòâî ìåñòîðîæäåíèé ðåäêèõ çåìåëü ãåíåòè÷åñêè
ñâÿçàíî cî ùåëî÷íûìè ïîðîäàìè (Ñîëîäîâ è äð., 1987). ×òî êàñàåòñÿ ãðàíèòî-
èäîâ, òî ðåäêîçåìåëüíàÿ ñïåöèàëèçàöèÿ â íàèáîëüøåé ñòåïåíè õàðàêòåðíà
äëÿ ãðàíèòîâ À-òèïà, áîãàòûõ F (Bonin, 2007). Ôòîð èãðàåò âàæíóþ ðîëü â
ïðîöåññàõ êðèñòàëëèçàöèè ðàñïëàâîâ. Îí ñóùåñòâåííî ñíèæàåò òåìïåðàòóðó
ñîëèäóñà è âÿçêîñòü ðàñïëàâîâ (Manning, 1981; Dingwell et al., 1985; Giordano
et al., 2004), îáóñëîâëèâàÿ áîëåå ãëóáîêóþ èõ äèôôåðåíöèàöèþ, óâåëè÷èâàåò
ðàñòâîðèìîñòü â ðàñïëàâàõ âûñîêîçàðÿäíûõ ýëåìåíòîâ (Keppler, 1993), à
òàêæå âñëåäñòâèå âûñîêîé ñïîñîáíîñòè ê êîìïëåêñîîáðàçîâàíèþ ñïîñîáñò-
âóåò ïåðåíîñó è êîíöåíòðèðîâàíèþ ëèòîôèëüíûõ ðåäêèõ ýëåìåíòîâ, â òîì
÷èñëå Ln è Y (Williams-Jones et al., 2000; Webster et al., 2004; Schönenberger
et al., 2008; Agangi et al., 2010; Huang et al., 2014; Dostal, Shellnutt, 2016).
Â ëåéêîêðàòîâûõ àëþìîñèëèêàòíûõ ðàñïëàâàõ ñ âûñîêèìè êîíöåíòðàöèÿ-
ìè F ïðîÿâëÿåòñÿ íåñìåñèìîñòü ñèëèêàòíîãî ðàñïëàâà ñ ôòîðèäíûì ñîëåâûì
ðàñïëàâîì, îáëàäàþùèì âûñîêîé ýêñòðàãèðóþùåé ñïîñîáíîñòüþ ïî îòíîøå-
íèþ ê Y è Ln (Ãðàìåíèöêèé è äð., 2005; Veksler et al., 2005, 2012; Ïåðåòÿæêî,
Ñàâèíà, 2010; Ñîëîâîâà è äð., 2010; Ùåêèíà è äð., 2013; Vasyukova, Wil-
liams-Jones, 2014à, b).

Êàòóãèíñêîå ìåñòîðîæäåíèå íàõîäèòñÿ â þãî-çàïàäíîé ÷àñòè Àëäàíñêîãî
ùèòà è îòíîñèòñÿ ê ÷èñëó óíèêàëüíûõ ìåñòîðîæäåíèé Ta, Nb, Zr, U, ÐÇÝ è
êðèîëèòà (Îñîêèí è äð., 2000). Íà ðàííèõ ñòàäèÿõ èçó÷åíèÿ âìåùàþùèå îðó-
äåíåíèå ïîðîäû áûëè îõàðàêòåðèçîâàíû êàê ùåëî÷íûå ìåòàñîìàòèòû (Ïðî-
õîðîâ, Ñîáà÷åíêî, 1985; Àðõàíãåëüñêàÿ è äð., 1993, 2012; Áûêîâ, Àðõàíãåëü-
ñêàÿ, 1995, è äð.), îäíàêî èññëåäîâàíèÿìè ïîñëåäíèõ ëåò îáîñíîâàí ìàãìàòè-
÷åñêèé ãåíåçèñ ìåñòîðîæäåíèÿ, à ðóäîâìåùàþùèå ïîðîäû ðàññìàòðèâàþòñÿ
êàê àíîðîãåííûå ùåëî÷íûå ãðàíèòû (Ëàðèí è äð., 2002, 2012, 2015; Ëåâàøî-
âà è äð., 2014; Êîòîâ è äð., 2015). Ðåäêîçåìåëüíàÿ ìèíåðàëèçàöèÿ â ãðà-
íèòàõ ïðåäñòàâëåíà äâóìÿ òèïàìè — âêðàïëåííûì, îáðàçîâàííûì ãëàâíûì
îáðàçîì ïèðîõëîðîì è â ìåíüøåé ìåðå çåðíàìè äðóãèõ ðåäêîçåìåëüíûõ îê-
ñèäîâ, ôîñôàòîâ, ôòîðêàðáîíàòîâ, è èíòåðñòèöèàëüíûì, ïðåäñòàâëåííûì
ìåæçåðíîâûìè âûäåëåíèÿìè Ln-ôòîðèäîâ è áàñòíåçèòà-(Ñå) (Ñêëÿðîâ è äð.,
2016). Ïðèñóòñòâèå â ãðàíèòàõ êðèîëèòà ïîçâîëÿåò ðàññìàòðèâàòü ôòîð êàê
îäèí èç âàæíåéøèõ ôàêòîðîâ, âëèÿþùèõ íà ïîâåäåíèå ðåäêîçåìåëüíûõ ýëå-
ìåíòîâ.
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ÎÁÙÀß ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ
ÊÀÒÓÃÈÍÑÊÎÃÎ ÌÅÑÒÎÐÎÆÄÅÍÈß

Ìåñòîðîæäåíèå íàõîäèòñÿ â þæíîé ÷àñòè Ñèáèðñêîãî êðàòîíà, íà ñòûêå
Êàòóãèíñêîãî âûñòóïà àðõåéñêîãî Àëäàíñêîãî ùèòà è Êîäàðî-Óäîêàíñêîãî
ðàííåïðîòåðîçîéñêîãî ïðîòîïëàòôîðìåííîãî ïðîãèáà (Àðõàíãåëüñêàÿ è äð.,
1993; Ñêëÿðîâ è äð., 2016) (ðèñ. 1). Ùåëî÷íûå ãðàíèòû êàòóãèíñêîãî êîìï-
ëåêñà îáðàçóþò äâà ìàññèâà: ïëîùàäüþ îêîëî 18 êì2 (Çàïàäíûé ìàññèâ) è
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Ðèñ. 1. Ñõåìû ðàñïîëîæåíèÿ Êàòóãèíñêîãî ìåñòîðîæäåíèÿ (à) è ìàññèâîâ ãðàíèòîèäîâ êàòóãèíñêîãî
êîìïëåêñà (ïî: Ëàðèí è äð., 2012) (á), ñõåìàòè÷åñêàÿ ãåîëîãè÷åñêàÿ êàðòà Âîñòî÷íîãî Êàòóãèíñêîãî

ìàññèâà (ïî: Ïðîõîðîâ, Ñîáà÷åíêî, 1985, ñ èçìåíåíèÿìè Å. Â. Ñêëÿðîâà è Ä. Ï. Ãëàäêî÷óáà) (â).

1 — êàéíîçîéñêèå îòëîæåíèÿ; 2 — ãðàíèòîèäû Pz3-Mz; 3 — ïîñòêîëëèçèîííûå ãðàíèòîèäû êîäàðñêîãî êîìïëåêñà
(1.88—1.87 ìëðä ëåò); 4 — ñèíêîëëèçèîííûå ãðàíèòû (1.91 ìëðä ëåò); 5 — àíîðîãåííûå ùåëî÷íûå ãðàíèòû êàòóãèí-
ñêîãî êîìïëåêñà (2.07 ìëðä ëåò); 6 — ìåòàîñàäî÷íûå ïîðîäû ýïèêðàòîííûõ âïàäèí Óäîêàíñêîãî òèïà (PR1); 7 — êà-
ëàðñêèé ïîñòêîëëèçèîííûé àíîðòîçèò-÷àðíîêèòîâûé ìàãìàòè÷åñêèé êîìïëåêñ (2.62 ìëðä ëåò); 8 — âûñîêîáàðè÷å-
ñêèå ãðàíóëèòû; 9 — ñóïðàêðóñòàëüíûå îáðàçîâàíèÿ ñòàíîâîãî êîìïëåêñà; 10 — òîíàëèò-òðîíäüåìèòîâûå îðòîãíåé-
ñû è çåëåíîêàìåííûå ïîÿñà; 11 — ðàçðûâíûå íàðóøåíèÿ; 12 — ãíåéñû, ìèãìàòèòû; 13—17 — ãðàíèòû êàòóãèíñêîãî
êîìïëåêñà: 13 — áèîòèòîâûå, 14 — ðèáåêèò-áèîòèòîâûå, 15 — áèîòèò-àðôâåäñîíèòîâûå, 16 — àðôâåäñîíèòîâûå,

17 — ýãèðèí-àðôâåäñîíèòîâûå è ýãèðèíîâûå; 18 — ðàçëîìû; 19 — ýëåìåíòû çàëåãàíèÿ ñëàíöåâàòîñòè.

Fig. 1. Scheme of location of the Katuginskoe rare-metal deposit (a), granitoid massifs of Katuginsky complex
(b), and a geological sketch map of the East Katuginsky massif.
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