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Âî âêðàïëåííûõ ðóäàõ èíòðóçèâîâ Íîðèëüñêîãî ðóäíîãî ïîëÿ â îðåîëàõ ôëþèäíîãî âîçäåéñòâèÿ íàä
ñóëüôèäíûìè êàïëÿìè îáíàðóæåí èëüìåíèò ñ ëàìåëëÿìè ðàñïàäà áàääåëåèòà. Áàääåëåèò ñîäåðæèò äî 1 âåñ. %
HfO2. Äàííàÿ íàõîäêà áàääåëåèòà è ñîñòàâû ñëàãàþùèõ ïíåâìàòîëèòîâûå îðåîëû ìèíåðàëîâ ñâèäåòåëüñòâó-
þò î òîì, ÷òî íà êîíå÷íûõ ýòàïàõ êðèñòàëëèçàöèè ñóëüôèäíîé æèäêîñòè ïðîèçîøëî îòùåïëåíèå îò íå¸
ôëþèäíîé ôàçû, áîãàòîé â ïåðâóþ î÷åðåäü Ê, P, Ti, íåêîòîðûì êîëè÷åñòâîì Zr, REE è ëåòó÷èìè êîìïîíåí-
òàìè (Cl, F, H2O, SO3 è äð.). Òåìïåðàòóðà îáðàçîâàíèÿ îðåîëîâ ïî äàííûì èëüìåíèò-òèòàíîìàãíåòèòîâîãî
ãåîòåðìîìåòðà ñîñòàâëÿåò 780—820° Ñ.

Ê ë þ ÷ å â û å ñ ë î â à: áàääåëåèò; èëüìåíèò; Íîðèëüñêîå ðóäíîå ïîëå.

BADDELEYITE IN PNEUMATHOLYTIC AUREOLES ABOVE THE SULFIDE
DROPLETS IN PICRATE GABBRODOLERITES, PLAGIOLHERZOLITES

AND TROCTOLITES OF ORE INTRUSIVES OF NORILSK TYPE
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Baddeleyite has been found in disseminated sulfide ores of the Noril’sk ore field within the pneumatholytic
aureoles presented above the sulfide droplets. The baddeleyite occurs as lamellae within ilmenite crystals. It contains

�1 wt.% HfO2. This new occurrence of baddeleyite and the pneumatholytic aureole mineral assemblage indicates that
fluids exsolved from highly fractionated sulfide meltswere enriched in Ê, P, Ti, but also contained Zr, REE and Cl, F,
H2O, SO3. The mineral assemblage of the pneumatholytic aureoles is estimated to form at temperatures around
780—820°Ñ based on the titanomagnetite-ilmenite geothermometry.

K e y w o r d s: baddeleyite, ilmenite, Noril’sk ore field.

Áàääåëåèò, ìîíîêëèííûé ZrO2, îòêðûòûé â
1892 ã. Ë. Ôëåò÷åðîì [7], ÿâëÿåòñÿ õàðàêòåðíûì àê-
öåññîðíûì ìèíåðàëîì íåíàñûùåííûõ êðåì-
íåç¸ìîì ìàãìàòè÷åñêèõ è âûñîêîòåìïåðàòóðíûõ
ìåòàñîìàòè÷åñêèõ ïîðîä, îáû÷íî ïîâûøåííîé
ù¸ëî÷íîñòè. Áàääåëåèò ðàçâèò â öåìåíòèðóþùåé

ìàññå ùåëî÷íûõ è óëüòðàîñíîâíûõ-ùåëî÷íûõ ïî-
ðîä, êàðáîíàòèòîâ, êèìáåðëèòîâ è èíûõ ëàìïðî-
ôèðîâ [7, 4, 1, 19, 17]. Áàääåëåèò óñòàíîâëåí â
óëüòðàìàôè÷åñêèõ êóìóëÿòàõ èíòðóçèâà Ðàì [7],
ñðàâíèòåëüíî ðåäêî ðàçâèò â îñíîâíûõ ïîðîäàõ, ÷àùå
âñåãî ýòî àíîðòîçèòû [18] è ëóííûå áàçàëüòû [11].
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Â çåìíûõ ãàááðîèäàõ áàääåëåèò êàê ïîçäíåìàãìà-
òè÷åñêèé ìèíåðàë íàõîäèòñÿ â âåðõíèõ è íèæíèõ
ãîðèçîíòàõ äèôôåðåíöèðîâàííîãî ãàááðî-äîëåðè-
òîâîãî èíòðóçèâà Íîðèëüñê-I [5, 6], â äàéêàõ
î. Àêñåëü Õåéáåðã [14]. Áàääåëåèò, ïðåäñòàâëåííûé
ëàìåëëÿìè ðàñïàäà â èëüìåíèòå, ðàçâèò â ãîðèçîí-
òå ïèêðèòîâûõ ãàááðî ñèëëà Áàñèñòîïïåí (Ãðåí-
ëàíäèÿ) [15] è â óëüòðàîñíîâíûõ ïîðîäàõ Âîñ-
òî÷íûõ Ñàÿí [8]. Ãðàíäèîçíûå êîëè÷åñòâà áàääàëå-
èòà — ìèëëèîíû òîíí íàõîäÿòñÿ â ïîçäíèõ ïðîèç-
âîäíûõ êàðáîíàòèòîâûõ ìàññèâîâ Áðàçèëèè [12],
ñóùåñòâåííûå êîëè÷åñòâà — â êàìàôîðèòàõ Áàë-
òèéñêîãî ùèòà è Âîñòî÷íî-Ñèáèðñêîé ïëàòôîðìû
[2], íåáîëüøèå — â êðàéíå âûñîêîòåìïåðàòóðíûõ
ìàãíåçèàëüíûõ ñêàðíàõ Ìàäàãàñêàðà [13].

Â Íîðèëüñêîì ðóäíîì ïîëå øèðîêî ðàçâèòû
âêðàïëåííûå ðóäû «êàïåëüíèêè», êîòîðûå ðàçìå-
ùåíû â ïðèäîííûõ ÷àñòÿõ èíòðóçèâîâ â ãîðèçîíòàõ
ïèêðèòîâûõ ãàááðî-äîëåðèòîâ, ìåëàíîêðàòîâûõ-
òðîêòîëèòîâ è ïëàãèîëåðöîëèòîâ. Ýòè ðóäû ñîäåð-
æàò èçîëèðîâàííûå êàïëè ñóëüôèäîâ îêðóãëîé èëè
îâàëüíîé ôîðì ðàçìåðîì äî 6 ñì. Íàä èõ âåðõíåé
÷àñòüþ ðàñïîëîæåíû îòîðî÷êè ôëþèäíîãî âîçäåé-
ñòâèÿ òîëùèíîé îò íåñêîëüêèõ äîëåé äî 12 ìì, ýòè
îðåîëû ñëàãàþò âûñîêîòèòàíèñòûé áèîòèò (îò 5—6
äî 10—11 ìàñ. % TiO2), õëîðàïàòèò, ôòîðàïàòèò,
àíãèäðèò, òèòàíîìàãíåòèò, èëüìåíèò, õëîðñîäåð-
æàùèé ãàñòèíãñèò, ùåëî÷íûå õëîðñîäåðæàùèå
ñóëüôèäû — äæåðôèøåðèò è áàðòîíèò [5, 3, 10, 9].
Â îðåîëàõ ôëþèäíîãî âîçäåéñòâèÿ íàáëþäàåòñÿ
êîíöåíòðàöèÿ ìèíåðàëîâ ýëåìåíòîâ ãðóïïû ïëàòè-
íû [9]. Òåìïåðàòóðà îáðàçîâàíèÿ îðåîëîâ, ñóäÿ ïî
èëüìåíèò-òèòàíîìàãíåòèòîâîìó ãåîòåðìîìåòðó,
780—820°Ñ [16], êîëåáàíèÿ ñîñòàâà èëüìåíèòà è
Ti-ìàãíåòèòà Ilm84.5-Hem15.5 — Ilm92.7-Hem7.3 è
Mt81.3-Uvs18.7 — Mt57.7-Uvs42.3 ñîîòâåòñòâåííî. Íàëè-
÷èå îòîðî÷åê ôëþèäíîãî âîçäåéñòâèÿ ñâèäåòåëü-
ñòâóåò î òîì, ÷òî ïðè êðèñòàëëèçàöèè ñóëüôèäíûõ
ðàñïëàâîâ ïðîèçîøëî îòùåïëåíèå ôëþèäíîé
ôàçû, áîãàòîé Ê, P, Ti, Cl, F, H2O, S.

Íàìè âïåðâûå â ýòèõ îðåîëàõ îáíàðóæåíû òîí-

êèå âêëþ÷åíèÿ (ëàìåëëè) áàääåëåèòà äëèíîé äî

20 ìêí (ðèñ. 1, 2) â èëüìåíèòå. Ñóäÿ ïî ìîðôîëî-

ãèè, ýòî ïðîäóêòû ðàñïàäà âûñîêîòåìïåðàòóðíîãî

òâ¸ðäîãî ðàñòâîðà. Ýòè íàõîäêè ñäåëàíû â îáðàçöàõ

Òàéìûðñêîãî, Òàëíàõñêîãî è Íîðèëüñêîãî èíòðó-

çèâîâ. Â èëüìåíèòå ìàãìàòè÷åñêèõ ïîðîä çà ïðåäå-

ëàìè îðåîëîâ ôëþèäíîãî âîçäåéñòâèÿ ïîäîáíûõ

âêëþ÷åíèé íå íàáëþäàåòñÿ. Ñðåäíèé ñîñòàâ áàääå-

ëåèòà (n = 4, ìàñ. %): ZrÎ2 96,89, HfÎ2 1,15, TiÎ2

0,02, Al2O3 0,03, Gd2O3 0,20, Nd2O3 0,11, Er2O3 0,04,

FeO 0,06, MnO 0,07, ñóììà 98,57 % (ýëåêòðîííûé

ìèêðîçîíä Camebax Microbeam ñ âîëíîâûì äåòåê-

òîðîì, ýòàëîíû äëÿ Zr è Hf — ñèíòåòè÷åñêèå ZrO2

è Na2HfSiO5; àíàëèòèê È.Ì. Êóëèêîâà, ÈÌÃÐÝ).

Ñîñòàâ èëüìåíèòà ñ âêëþ÷åíèÿìè áàääåëåèòà,

ìàñ. % (n = 5): MgO 3,49, FeO 34,95, MnO 0,97,
TiÎ2 46,85, Fe2O3 13,93, Al2O3 0,13, Cr2O3 0,31,
Nb2O5 0,21, ñóììà 100,84 %.

Íàõîäêà áàääåëåèòà â îðåîëàõ ôëþèäíîãî âîç-
äåéñòâèÿ íàä ñóëüôèäíûìè êàïëÿìè — íîâûé
øòðèõ â êàðòèíå ôîðìèðîâàíèÿ ñóëüôèäíîãî îðó-
äåíåíèÿ â èíòðóçèâàõ íîðèëüñêîãî òèïà.Òàêèì îá-
ðàçîì, âî ôëþèäå, âûäåëåííîì ïðè êðèñòàëëèçà-
öèè ñóëüôèäíûõ ðàñïëàâîâ, ïðè âûñîêîé òåìïåðà-
òóðå ìèãðèðîâàëè íå òîëüêî Ti è Ð, íî è Zr, Hf,
REE, à ñèñòåìà áûëà íåäîñûùåíà êðåìíåç¸ìîì.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå
Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâà-
íèé (ãðàíò ¹ 13-05-00839).
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Ðèñ. 1. Ëàìåëëè áàääåëåèòà (ñâåòëûå) â èëüìåíèòå âî ôëþèäíûõ
îðåîëàõ íàä ñóëüôèäíûìè êàïëÿìè; ïëàãèîëåðöîëèòû Òàéìûð-
ñêîãî èíòðóçèâà, ðóäíèê Îêòÿáðüñêèé; ôîòî â îòðàæ¸ííûõ

ýëåêòðîíàõ

Ðèñ. 2. Äåòàëü ðèñ. 1. Ëàìåëëè áàääåëåèòà â èëüìåíèòå;
ôîòî â îòðàæ¸ííûõ ýëåêòðîíàõ
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