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ÓÄÊ 550.93 (234.83)

ÂÎÇÐÀÑÒ ÌÎÍÀÖÈÒÎÂ ÆÈËÜÍÎÉ ÑÅÐÈÈ ×ÅÒËÀÑÑÊÎÃÎ ÊÎÌÏËÅÊÑÀ
(ÑÐÅÄÍÈÉ ÒÈÌÀÍ): Th-U-Pb-ÄÀÍÍÛÅ

Î. Â. Óäîðàòèíà1, À. À. Âèðþñ2, È. Â. Êîçûðåâà1, È. Â. Øâåöîâà1, Â. À. Êàïèòàíîâà1

1Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð
udoratina@geo.komisc.ru

2 Èíñòèòóò ýêñïåðèìåíòàëüíîé ìèíåðàëîãèè ÐÀÍ, ×åðíîãîëîâêà
mukhanova@iem.ac.ru

Óñòàíîâëåí âîçðàñò ìîíàöèòîâ èç ïîðîä æèëüíîé ñåðèè Íîâîáîáðîâñêîãî ðóäíîãî ïîëÿ (Ñðåäíèé Òèìàí). Ïîëó÷åí-
íûå äàííûå ïîäòâåðæäàþò, ÷òî ïîðîäû æèëüíîé ñåðèè, íåñóùèå êîìïëåêñíóþ ðåäêîìåòàëëüíî-ðåäêîçåìåëüíóþ ìèíå-
ðàëèçàöèþ, áëèçêè ïî âðåìåíè îáðàçîâàíèÿ ê âåíäñêèì ìàãìàòè÷åñêèì ïîðîäàì (ïèêðèòàì è êàðáîíàòèòàì ÷åòëàññêî-
ãî êîìïëåêñà), ñ êîòîðûìè ñâÿçàíû ãåíåòè÷åñêè.

Êëþ÷åâûå ñëîâà: ìîíàöèò, Th-U-Pb-ìåòîä, Ñðåäíèé Òèìàí.

Th-U-Pb-AGE OF MONAZITE VEIN SERIES OF CHETLASSKY COMPLEX
(NOVOBOBROVSKOE ORE FIELD, MIDDLE TIMAN)
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The age for monazite (552 ± 31 Ma, Th-U-Pb, CHIME) from the rocks vein series of Novobobrovskoe ore field (Middle
Timan) has been determined. These data confirm that the rock vein series, bearing complex rare-metal-rare earth mineralization
(columbite, monazite, xenotime, rare earth carbonates), are close to the time of formation of Vendian magmatic rocks (picrites
and carbonatites of the Chetlassky complex (Middle Timan)), which are genetically related.
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Ââåäåíèå

Â áàññåéíàõ ðåê Êîñüþ è Áîáðî-
âàÿ íà Ñðåäíåì Òèìàíå âñêðûâàþòñÿ
ùåëî÷íî-óëüòðàîñíîâíûå ïîðîäû è
ñâÿçàííûå ñ íèìè ìåòàñîìàòèòû, ìàð-
êèðóþùèå øèðîòíûå ðàçëîìû. Ðàñ-
ïðîñòðàíåíû ïèêðèòû, êàðáîíàòèòû,
ðàçíîïðîÿâëåííûå ôåíèòû, êàê ìåëà-
íîêðàòîâûå, òàê è ëåéêîêðàòîâûå, à
òàêæå æèëüíûå îáðàçîâàíèÿ [8, 9]. ×åò-
ëàññêèé êîìïëåêñ äàéêîâûõ óëüòðàîñ-
íîâíûõ ïîðîä áëèçîê ðàííèì è ñðåä-
íèì ñòàäèÿì àâòîíîìíûõ ïèêðèò-ëàì-
ïðîôèðîâûõ ñåðèé, àññîöèèðóþùèõñÿ
ñ óëüòðàîñíîâíûìè ùåëî÷íûìè êîì-
ïëåêñàìè, è èìååò ñâîþ ñïåöèôèêó,
ñâÿçàííóþ ñ îòñóòñòâèåì ôåëüäøïàòî-
ëèòîâ è ïðèñóòñòâèåì êèìïèêðèòîâ è

àéëèêèòîâ [5—6]. Êîìïëåêñíàÿ ðåäêî-
ìåòàëëüíî-òîðèé-ðåäêîçåìåëüíàÿ ìè-
íåðàëèçàöèÿ â îñíîâíîì ñâÿçàíà ñ ïî-
ðîäàìè æèëüíîé ñåðèè è ðàññìàòðèâà-
åòñÿ â ðàíãå ðóäíûõ ïîëåé (è ó÷àñòêîâ).
Ñ þãà íà ñåâåð ýòî Ùóãîðñêîå → Ìå-
çåíñêîå (Ìåçåíñêîå è Íèæíåå Ìåçåí-
ñêîå) → Êîñüþñêîå (Êîñüþ) → Áîá-
ðîâñêîå (Áîáðîâñêîå è Íèæíåå (Íîâîå)
Áîáðîâñêîå) → Îêòÿáðüñêîå (Âåðõ-
íåå (Ñòàðîå) Áîáðîâñêîå è Îêòÿáðü-
ñêîå). Â òàêîì æå íàïðàâëåíèè óáûâà-
åò ãëóáèíà âñêðûòèÿ ïîðîä.

Èçó÷åíû ðåäêîçåìåëüíûå ìèíå-
ðàëû ãèäðîòåðìàëüíî-ìåòàñîìàòè÷åñ-
êèõ ïîðîä æèëüíîé ñåðèè êàðáîíàòè-
òîâ, ðàçâèòûõ â ïðåäåëàõ Íîâîáîáðîâ-
ñêîãî ó÷àñòêà (ðèñ. 1).

Ãèäðîòåðìàëüíî-ìåòàñîìàòè÷åñ-
êèå ïîðîäû (ãåòèò-ïîëåâîøïàòîâûå è
êâàðö-ãåòèò-ãåìàòèòîâûå), êàê è ìàã-
ìàòèòû, ïðèóðî÷åíû ê ðàçëîìàì ñåâå-
ðî-âîñòî÷íîãî çàëîæåíèÿ. Ó÷àñòêè èõ
ëîêàëèçàöèè — ýòî ìåòàñîìàòè÷åñêè
ïðåîáðàçîâàííûå çîíû âìåùàþùèõ ïî-
ðîä — ôåíèòû. Â æèëàõ ðåäêîìåòàëëü-
íî-ðåäêîçåìåëüíûå ìèíåðàëû îáðàçó-
þò äîñòàòî÷íî êðóïíûå âûäåëåíèÿ.
Ðåäêîçåìåëüíûå ìèíåðàëû ïðåäñòàâëå-
íû ìîíàöèòîì, êñåíîòèìîì, ðåäêîçå-
ìåëüíûìè êàðáîíàòàìè [2, 10—12, 16].

Ìåòîäû èññëåäîâàíèÿ

Êðèñòàëëû ìîíàöèòîâ èç ïîðîä
æèëüíîé ñåðèè (àâòîðñêèå êîëëåêöèè
È. Â. Øâåöîâîé, Á. À. ßöêåâè÷à) èçó-
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Ðèñ. 1. Ãåîëîãè÷åñêàÿ êàðòà þæíîé ÷àñòè ×åòëàññêîãî Êàìíÿ ïî ìàòåðèàëàì Óõòèíñêîé ÃÐÝ. Óñëîâíûå îáîçíà÷åíèÿ: 1 — Ñ3k-g
êàñèìîâñêèé — ãæåëüñêèé ÿðóñû (èçâåñòíÿêè äîëîìèòèçèðîâàííûå); 2 — C2m ìîñêîâñêèé ÿðóñ (èçâåñòíÿêè äîëîìèòèçèðîâàí-
íûå, èçâåñòíÿêè); 3 — C2b áàøêèðñêèé ÿðóñ (èçâåñòíÿêè, äîëîìèòèçèðîâàííûå èçâåñòíÿêè); 4 — C1v-s âèçåéñêèé è ñåðïóõîâñ-
êèé ÿðóñû (àðãèëëèòû, ãëèíû, àëåâðîëèòû, èçâåñòíÿêè äîëîìèòèçèðîâàííûå); 5 — RF3pn ïàóíñêàÿ ñâèòà (ñëàíöû, àëåâðîëèòû,
èçâåñòíÿêè, äîëîìèòû); 6 — RF3pv ïàâüþãàíñêàÿ ñâèòà (äîëîìèòû, èçâåñòíÿêè); 7 — RF3vr âîðûêâèíñêàÿ ñâèòà (äîëîìèòû, èçâå-
ñòíÿêè, ñëàíöû, ìåðãåëè); 8 — RF3an àíüþãñêàÿ ñâèòà (ãðàâåëèòû, êâàðöèòîïåñ÷àíèêè, ñëàíöû); 9 — RF2vs âèçèíãñêàÿ ñâèòà
(êâàðöèòîïåñ÷àíèêè, ñëàíöû, àëåâðîëèòû, ðåäêî òóôôèòû); 10 — RF2nb íîâîáîáðîâñêàÿ ñâèòà (ñëàíöû, àëåâðîëèòû); 11 — RF2sv
ñâåòëèíñêàÿ ñâèòà (êâàðöèòîïåñ÷àíèêè, àëåâðîëèòû, ñëàíöû, ðåäêî ãðàâåëèòû); 12 — ïîçäíåäåâîíñêèå èíòðóçèè (áàçàëüòû, äî-
ëåðèòû); 13 — ïîçäíåðèôåéñêèå èíòðóçèè (ìåòàáàçàëüòû, ìåòàäèàáàçû, ìåòàãàááðîäèàáàçû) 14 — âåíäñêèå èëè êåìáðèéñêèå
èíòðóçèè (ôëîãîïèò-ïèðîêñåíîâûå ïèêðèòû, ñóáùåëî÷íûå îëèâèíîâûå äèàáàçû, êóìóëàòèâíûå äóíèòû, âåðëèòû);
15 — à) — ãðàíèöû ìåæäó ðàçíîâîçðàñòíûìè îáðàçîâàíèÿìè (äîñòîâåðíûå è ïðåäïîëàãàåìûå), á) — òåêòîíè÷åñêèå êîíòàêòû
(äîñòîâåðíûå è ïðåäïîëàãàåìûå); 16 — îáëàñòè ðàçâèòèÿ ìåòàñîìàòè÷åñêèõ ïîðîä ñ ðåäêîçåìåëüíî-ðåäêîìåòàëëüíûì îðóäå-

íåíèåì. ÍÁ — Íîâîáîáðîâñêîå ðóäíîå ïîëå

Fig. 1. Geological map of the southern part of Chetlassky Stone (materials of Ukhta GRE). Legend: 1 — S3k-g kasimovsky-gzhel stages
(dolomitic limestone); 2 — C2m moscow stage (dolomitic limestone, limestone); 3 — C2b bashkirian (limestone, dolomite limestone);
4 — C1v-s visean tiers and serpukhov (argillites, clay, siltstone, dolomitic limestone); 5 — RF3pn paunskaya formation (shale, siltstone, limestone,
dolomite); 6 — RF3pv pavyuganskaya formation (dolomite, limestone); 7 — RF3vr vorykvinskaya formation (dolomite, limestone, shale, marl);
8 — RF3an anyugskaya formation (grits, quartzite, sandstone, shale); 9 — RF2vs vizingskaya formation (quartzite-sandstones, shales, siltstones,
rarely tuffites); 10 — RF2nb novobobrovskaya formation (shale, siltstone); 11 — RF2sv svetlinskoye formation (quartzite, sandstone, siltstone,
shale, rare grits); 12 — late devonian intrusions (basalt, dolerite); 13 — late riphean intrusion (metabasalts, metadiabases, metagabbrodiabazy)
14 — vendian and cambrian intrusion (phlogopite-pyroxene picrites, sub-alkaline olivine diabase, kumulativnye dunite, wehrlites);
15 — a) — boundaries between different age formations reliable and expected, b) — tectonic contacts reliable and prospective; 16 — development

of metasomatic rocks with rare-earth-rare metal mineralization. NB — Novobobrovskoe ore field
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÷åíû íà ñêàíèðóþùåì ýëåêòðîííîì
ìèêðîñêîïå JSM-6400 ñ ýíåðãîäèñ-
ïåðñèîííûì ñïåêòðîìåòðîì ISIS Link
è âîëíîâûì ñïåêòðîìåòðîì Microspec
â ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ; äëÿ äàòèðî-
âàíèÿ âûáðàíà ïðîáà ¹ 460.

Äëÿ ïîëó÷åíèÿ êàòîäîëþìèíåñ-
öåíòíûõ èçîáðàæåíèé ìîíîôðàêöèÿ
öèðêîíà èíòåãðèðîâàëàñü â ýïîêñèä-
íóþ øàøêó è èññëåäîâàëàñü â öåíòðå
SUMAC Ñòýíôîðäñêîãî óíèâåðñèòå-
òà è Ãåîëîãè÷åñêîé ñëóæáû ÑØÀ íà
ñêàíèðóþùåì ýëåêòðîííîì ìèêðî-
ñêîïå Jeol 5600.

Êðèñòàëëû è çåðíà ìîíàöèòà äëÿ
ãåîõðîíîëîãè÷åñêèõ èññëåäîâàíèé
áûëè íàíåñåíû íà äâóñòîðîííèé ñêîò÷,

àíàëèç âûïîëíÿëè â ÈÝÌ ÐÀÍ (ã. ×åð-
íîãîëîâêà) íà ðàñòðîâîì ýëåêòðîííîì
ìèêðîñêîïå Tescan Vega II XMU ñ ýíåð-
ãîäèñïåðñèîííûì (INCAx-sight) è âîë-
íîâûì (INCA wave 700) ðåíòãåíîâñêè-
ìè ñïåêòðîìåòðàìè ïðè óñêîðÿþùåì
íàïðÿæåíèè 20 êÂ; òîê çîíäà 200 íÀ,
óãîë îòáîðà ðåíòãåíîâñêîãî èçëó÷åíèÿ
35°. Th, U, Pb â ìîíàöèòàõ îïðåäåëÿëè ñ
ïîìîùüþ âîëíîâîãî ñïåêòðîìåòðà.

Âîçðàñò ìèíåðàëîâ ðàññ÷èòûâàëè
ìåòîäîì CHIME (chemical Th–U-total
Pb isochron method) [15] ïî ðåçóëüòà-
òàì ýëåêòðîííî-çîíäîâîãî ðåíòãåíî-
ñïåêòðàëüíîãî îïðåäåëåíèÿ Th, U, Pb.
Äëÿ ïîñòðîåíèÿ èçîõðîíû èñïîëüçî-
âàëè ïðîãðàììó Isoplot 3.66 [14].

Ðåçóëüòàòû

Ìîíàöèò îáðàçóåò êðèñòàëëû è
íàáëþäàåòñÿ â âèäå ìåëêèõ âêëþ÷å-
íèé â ðàçëè÷íûõ ìèíåðàëàõ (ðèñ. 2, à,
á). Êðèñòàëëû ìîíîêëèííîé ñèíãî-
íèè èìåþò ïèíàêîèäàëüíûé îáëèê,
óïëîùåíû ïî {100}, ñïàéíîñòü ñîâåð-
øåííàÿ ïî {001}, îêðàñêà æåëòî-êî-
ðè÷íåâàÿ. Äëÿ ìîíàöèòîâ õàðàêòåðåí
ãåòåðîâàëåíòíûé èçîìîðôèçì ñ Th,
(2Ce3+P5+↔Th4+Si4+(Th[SiO4]). Ìîíà-
öèò íàáëþäàåòñÿ íåðåäêî â ñðàñòàíèè
ñ òîðèòîì (ðèñ. 2, â, ã) è èìååò ñêðû-
òóþ çîíàëüíîñòü (ðèñ. 1, ä, å), îáóñëîâ-
ëåííóþ íåðàâíîìåðíûì ðàñïðåäåëå-
íèåì ýëåìåíòîâ.

Ìîíàöèò, âñòðå÷àþùèéñÿ â æè-
ëàõ è àññîöèèðóþùèé ñ Mn-êîëóìáè-
òîì, ñîäåðæèò (ìàñ. %): La2O3 íà óðîâ-
íå 8, Ce2O3 — 26—28, Nd2O3 — 16—18,
ThO2 íà óðîâíå 5 (ðèñ. 3). Òàêèì îá-
ðàçîì, â ìîíàöèòå ðåçêî ïðåîáëàäàåò
öåðèé, íàáëþäàåòñÿ âûñîêîå ñîäåðæà-
íèå íåîäèìà è ïîñòîÿííîå ïðèñóò-
ñòâèå òîðèÿ, à âîò ñîäåðæàíèå ñòðîí-
öèÿ çíà÷èòåëüíî âàðüèðóåò â ñîñòàâå
äàæå îäíîãî çåðíà.

Èçó÷åííûå ìîíàöèòû æèëüíîé
ñåðèè îòëè÷àþòñÿ îò òàêîâûõ â êàðáî-
íàòèòàõ. Ïî äàííûì Í. Ñ. Êîâàëü÷óê
ñ ñîàâòîðàìè [3—4], ìîíàöèòû èç êàð-
áîíàòèòîâ íà ìèêðîóðîâíå îáðàçóþò
ðàçëè÷íûå âûäåëåíèÿ â âèäå ìåëêèõ
çåðåí ðàçìåðîì íåñêîëüêî ìêì, ôîð-
ìèðóþò ðàçëè÷íûå àãðåãàòû è íàáëþ-
äàþòñÿ â ðàçëè÷íûõ ìèíåðàëüíûõ àñ-
ñîöèàöèÿõ. Ïî õèìè÷åñêîìó ñîñòàâó
îíè ïîäðàçäåëåíû íà òðè ãðóïïû ïî
ïðåîáëàäàþùåìó êàòèîíó: 1òèï
(La2O3 ≥ Ce2O3), 2 òèï (La2O3 = Ce2O3),
3 òèï (Ce2O3 > La2O3). Íàáëþäàåìûé
ðîé òî÷åê (ðèñ. 3) èññëåäóåìûõ ìîíà-
öèòîâ (ïîëíîñòüþ) è ïîëå òî÷åê ñîñòà-
âîâ ìîíàöèòîâ èç êàðáîíàòèòîâ (÷àñ-
òè÷íî) ïåðåêðûâàþòñÿ ïîëåì ñîñòàâîâ
ìîíàöèòîâ èç ðîññûïè È÷åòüþ [5].
Ïðåäïîëîæèòåëüíî ìîíàöèòû èç êàð-
áîíàòèòîâ è êâàðö-ãåòèòîâûõ æèë ðàç-
ìûâàëèñü è íàêàïëèâàëèñü â ðîññûïè.

Íàìè ïðîâåäåíî îïðåäåëåíèå
âîçðàñòà ìîíàöèòîâ èç æèë Íîâîáîá-
ðîâñêîãî ðóäíîãî ïîëÿ (ñì. òàáëèöó).
Çíà÷åíèÿ òî÷å÷íûõ Th-U-Pb-âîç-
ðàñòîâ ìîíàöèòîâ ëåæàò â èíòåðâàëå
450—600 ìëí ëåò, ïîãðåøíîñòü îïðå-
äåëåíèÿ (ïî 2σ-êðèòåðèþ) ïîðÿäêà
±92 ìëí ëåò. Ñðåäíåâçâåøåííàÿ âå-
ëè÷èíà òî÷å÷íîãî Th-U-Pb-âîçðàñòà
ìîíàöèòîâ ñîñòàâèëà (527 ± 12) ìëí 
ëåò (ðèñ. 4, à). Âîçðàñò ìîíàöèòîâ,
ïîëó÷åííûé ìåòîäîì ïîñòðîåíèÿ
èçîõðîíû ThO2* — PbO, ñîñòàâèë
(552 ± 31) ìëí ëåò (ðèñ. 4, á). Ïîëó÷åí-
íûå çíà÷åíèÿ àáñîëþòíîãî äàòèðî-

Ðèñ. 2. Ìîíàöèò, èçîáðàæåíèÿ âî âòîðè÷íûõ ýëåêòðîíàõ: à — ïëàñòèí÷àòûé êðèñ-
òàëë, á — ðîìáîýäðè÷åñêèå ñóáèíäèâèäû âòîðîé ãåíåðàöèè íà ïèíàêîèäå ïëàñòèí-
÷àòîãî êðèñòàëëà (äåòàëü à), â—ã — ïðèìåðû ïðîàíàëèçèðîâàííûõ çåðåí â óïðóãî-
îòðàæåííûõ ýëåêòðîíàõ (ã — ñâåòëîå — òîðèò), ä—å — êàòîäîëþìèíåñöåíòíûå èçîá-

ðàæåíèÿ çîíàëüíîñòè â ìîíàöèòàõ

Fig. 2. Monazite in secondary electron images: à — lamellar crystals, á — a detail, see the
rhombohedral subindividuals of the second generation on pinacoid of crystal plate,
â—ã — examples of grains analyzed in elastically scattered electrons (ã — light — torite),

 ä—å — cathodoluminescent imaging of zoning in monazite
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âàíèÿ èìåþò îòíîñèòåëüíî áîëüøóþ
ïîãðåøíîñòü, ÷òî ñâÿçàíî êàê ñ íåî-
äíîðîäíûì ñîñòàâîì ìîíàöèòîâ, òàê
è ñ îñîáåííîñòÿìè âûáðàííîãî ìå-
òîäà.

Âûâîäû

Ñîãëàñíî K-Ar-äàííûì Â. Ë. Àíä-
ðåè÷åâà è Â. È. Ñòåïàíåíêî [1], ìàã-
ìàòè÷åñêèå ïîðîäû (ïèêðèòû è êàðáî-
íàòèòû) õàðàêòåðèçóþòñÿ øèðîêèì ðàç-
áðîñîì öèôð àáñîëþòíîãî âîçðàñòà îò
660 äî 555 ìëí ëåò. Ïðèíÿòûé âîçðàñò

ôîðìèðîâàíèÿ ïîðîä êîìïëåêñà, óñòà-
íîâëåííûé ñòàòèñòè÷åñêèì è èçîõðîí-
íûì ìåòîäîì, — (600 ± 15(30) ìëí ëåò.
Ïîëó÷åííûé íàìè Ar-Ar-âîçðàñò ïî
ôëîãîïèòó èç ùåëî÷íûõ ïèêðèòîâ
ðàííåâåíäñêèé, ñîñòàâëÿåò (598.1 ±
± 6.2) ìëí ëåò [13] è òàêæå ïîäòâåðæäà-
åò ïëþìîâûé èìïóëüñ [8] íà îêðàèíå
Âîñòî÷íî-Åâðîïåéñêîãî êîíòèíåíòà.
Ïîëó÷åííûå äàííûå ïî ìîíàöèòàì
(552 ± 31) ìëí ëåò èìåþò ñ ó÷åòîì ïî-
ãðåøíîñòè ðàííåïîçäíåâåíäñêèé âîç-
ðàñò. Òàêèì îáðàçîì, ïîðîäû æèëüíîé

ñåðèè, íåñóùèå ìèíåðàëèçàöèþ, ñôîð-
ìèðîâàíû ïîçæå ïèêðèòîâ, íî, êàê ìû
ïîëàãàåì, ñâÿçàíû ñ íèìè è êîìïëåê-
ñîì êàðáîíàòèòîâ ãåíåòè÷åñêè.

Èìåþùèåñÿ ãåîõðîíîëîãè÷åñêèå
äàííûå ïî ìîíàöèòàì ðîññûïè È÷åòüþ
(Ñðåäíèé Òèìàí) ïîëó÷åíû òàêæå ìå-
òîäîì CHIME [5], àâòîðàìè âûäåëåíî
íå ìåíåå òðåõ êîðåííûõ èñòî÷íèêîâ
ñíîñà äëÿ ôîðìèðîâàíèÿ ðîññûïè,
âîçðàñòû îòëè÷àþòñÿ îò ïîëó÷åííûõ
íàìè.

Ðèñ. 3. Äèàãðàììà La–Ce–Nd è Ce–Nd–Th äëÿ èññëåäîâàííûõ ìîíàöèòîâ. Ïîëÿ, âûäåëåííûå ïóíêòèðíîé ëèíèåé, — ìîíàöè-
òû êàðáîíàòèòîâ [3, 4], øòðèõ-ïóíêòèðíàÿ ëèíèÿ — ìîíàöèòû èç ðîññûïè È÷åòüþ [5]

Fig. 3. Diagram of La–Ce–Nd and Ce–Nd–Th for the studied monazite. Fields highlighted with a dotted line — monazite carbonatites
[3, 4], dash-dot line — from monazite Ichetu placer [5]

Ðèñ. 4. Ãåîõðîíîëîãè÷åñêèå äàííûå ïî ìîíàöèòàì (îáð. 460): à — ðàçáðîñ çíà÷åíèé òî÷å÷íûõ Th-U-Pb-âîçðàñòîâ è èõ ñðåäíå-
âçâåøåííàÿ âåëè÷èíà; á — ThO2*-PbO-èçîõðîíà. Ýëëèïñû — çíà÷åíèÿ ïîãðåøíîñòè 2σ ïðè ýëåêòðîííî-çîíäîâîì îïðåäåëå-

íèè Th, U, Pb, øòðèõ-ïóíêòèð — ëèíèÿ ðåãðåññèè (èçîõðîíû) ñ äâóìÿ ñèììåòðè÷íûìè ãèïåðáîëàìè, ôèêñèðóþùèìè
ïîãðåøíîñòè

Fig. 4. Geochronological data on monazite (samle. 460): à — variations in the point Th-U-Pb-ages and their weighted average; á — ThO2 *-
PbO-isochrone. Ellipses — error values 2σ with electron microprobe determination of Th, U, Pb, dot-dash — regression line (isochrones)

with two symmetrical hyperboles, fixing errors

( )
( )



Vestnik     IG     Komi SC UB RAS, March, 2015, No. 3

27

Ðåçóëüòàòû èññëåäîâàíèé ìîíàöèòîâ (îáð. 460)

Results of monazite studies (sample 460)

Ïðèìå÷àíèå. ThO2
*— ïåðåñ÷èòàííûé  ThO2 ñ ó÷åòîì ñîäåðæàíèÿ óðàíà.

Note. ThO2 * — ThO2 recalculated taking into account the content of uranium.
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