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Ââåäåíèå è ïîñòàíîâêà çàäà÷è
Â Âîñòî÷íî-Óðàëüñêîé ìåãàçîíå (ðèñ. 1, à) Ïîëÿð-

íîãî Óðàëà (â ïðåäåëàõ Âîéêàðñêîé çîíû), ê âîñòîêó îò 
êðóïíåéøèõ íà Óðàëå îôèîëèòîâûõ ìàññèâîâ Ðàé-Èç 
è Âîéêàðî-Ñûíüèíñêîãî (ðèñ. 1, b), ðàñïðîñòðàíåíû 
ìíîãî÷èñëåííûå èíòðóçèâû ñðåäíåïàëåîçîéñêèõ ãðà-
íèòîèäîâ, ãàááðîèäîâ è ìîíöîíèòîèäîâ, êîòîðûå ñëà-
ãàþò âûòÿíóòûé â ÑÑÂ-íàïðàâëåíèè íà 240 êì Ñîáñêèé 
(Ëàãîðòèíñêî-Êîêïåëüñêèé) áàòîëèò. Ïîðîäû, ñëàãà-
þùèå áàòîëèò, àêòèâíî èçó÷àëèñü ñ ñåðåäèíû XX âåêà 
Í. À. Ñèðèíûì (1962), Þ. Å. Ìîëäàâàíöåâûì (1972), 
Ì. È. Áóÿêàéòå [3] Ð. Ã. ßçåâîé, Â. Â. Áî÷êàð¸âûì [16], 
Â. Ä. Ñòàðêîâûì (1985), Ï. Ì. Êó÷åðèíîé (ÃÑ-50, 
1991 ã.), Â. Ë. Àíäðåè÷åâûì [1], À. Ï. Ïðÿìîíîñîâûì 
[5], Ä. Í. Ðåìèçîâûì [12], Í. Á. Êóçíåöîâûì, Î. Â. 
Óäîðàòèíîé [14] è ìíîãèìè äðóãèìè ãåîëîãàìè. Èíòðó-
çèâíûå îáðàçîâàíèÿ Ñîáñêîãî áàòîëèòà îòíîñÿò ê òð¸ì 
ïëóòîíè÷åñêèì êîìïëåêñàì. Íàèáîëüøèé îáúåì ñëàãà-
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Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû U-Pb (SIMS)-èçîòîïíîãî äàòèðîâàíèÿ öèðêîíîâ èç ìîíöîäèîðèò-ïîðôèðîâ ïîçäíåé äàé-
êîâîé ôàçû Êîíãîðñêîãî ìàññèâà (Ïîëÿðíûé Óðàë), ÿâëÿþùåãîñÿ ïåòðîòèïè÷åñêèì ìàññèâîì êîíãîðñêîãî ïëóòîíè÷åñêîãî êîì-
ïëåêñà. Èññëåäîâàííûå èíòðóçèâíûå ïîðîäû îáðàçîâàëèñü â ãëóáèííûõ ÷àñòÿõ äåâîíñêîé Ìàëîóðàëüñêîé îñòðîâíîé äóãè è îòíî-
ñÿòñÿ ê øîøîíèò-ëàòèòîâîé ñåðèè. Ðàññ÷èòàííûé ñðåäíèé êîíêîðäàíòíûé âîçðàñò öèðêîíîâ (395±3) ìëí ëåò ñâèäåòåëüñòâóåò î 
òîì, ÷òî çàâåðøåíèå ôîðìèðîâàíèÿ ýòîãî ìàññèâà ïðîèñõîäèëî â êîíöå ðàííåãî äåâîíà â ýìñêîå âðåìÿ. Ïîëó÷åííûå äàííûå èìå-
þò âàæíîå çíà÷åíèå äëÿ óòî÷íåíèÿ âîçðàñòà êîíãîðñêîãî êîìïëåêñà, äîëãîå âðåìÿ îñòàâàâøåãîñÿ ïðåäìåòîì äèñêóññèé.

Êëþ÷åâûå ñëîâà: Ìàëîóðàëüñêàÿ îñòðîâíàÿ äóãà, U-Pb-ãåîõðîíîëîãèÿ, öèðêîí, äåâîíñêèé ïåðèîä, Ïîëÿðíûé Óðàë, ìîíöî-
äèîðèòû.
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The paper presents the results of U-Pb (SIMS) isotope dating of zircons from monzodiorite porphyries of the late dike phase of the 
Kongor Pluton (the Polar Urals), which is a petrotype pluton of the Kongor plutonic complex. The intrusive rocks studied were formed in the 
deeper parts of the Devonian Malyi Ural island arc and belong to the shoshonite-latite series. The calculated average concordant age of zir-
cons is 395 ± 3 Ma, indicating that the completion of the formation of this pluton took place at the end of the early Devonian in late Emsian 
time. The obtained data are important for specification of an age of the Kongor complex, which for a long time has been the subject of dis-
cussions.

Keywords: Malyi Ural island arc, U-Pb geochronology, zircon, Devonian, Polar Ural, monzodiorites.

þò ðàííåñðåäíåäåâîíñêèå ïëàãèîãðàíèòîèäû, äèîðèòû 
è ãàááðîèäû ñîáñêîãî êîìïëåêñà, â ìåíüøåì êîëè÷åñòâå 
ïðèñóòñòâóþò áîëåå ïîçäíèå, ïðåäïîëîæèòåëüíî ñðåä-
íåïîçäíåäåâîíñêèå ìîíöîíèòîèäû è ãàááðîèäû êîí-
ãîðñêîãî êîìïëåêñà (ðèñ. 1, b) è ãðàíèòû ñðåäíåäåâîí-
ñêîãî ÿíàñëîðñêîãî êîìïëåêñà. Ïëóòîíè÷åñêèå ïîðîäû 
ïðîðûâàþò ïîçäíåîðäîâèêñêî-ñðåäíåäåâîíñêèå îñòðî-
âîäóæíûå âóëêàíîãåííûå, òåððèãåííî-âóëêàíîãåííûå 
è îñàäî÷íûå îáðàçîâàíèÿ. Ñèëóðèéñêî-äåâîíñêèå âóë-
êàíè÷åñêèå è äåâîíñêèå ïëóòîíè÷åñêèå ïîðîäû ãåíå-
òè÷åñêè ñâÿçàíû ìåæäó ñîáîé, èíòðóçèâíûå îáðàçîâà-
íèÿ ïðåäñòàâëÿþò ñîáîé ãëóáèííûå ÷àñòè ïàëåîçîé-
ñêîé Ìàëîóðàëüñêîé (èëè Âîéêàðñêîé) îñòðîâíîé äó-
ãè [6, 9, 12] èëè àêòèâíîé êîíòèíåíòàëüíîé îêðàèíû 
Ñèáèðñêîãî ïàëåîêîíòèíåíòà [16]. 

Ïî âîïðîñó î âîçðàñòå ïîðîä ñîáñêîãî êîìïëåê-
ñà â íàñòîÿùåå âðåìÿ ðàçíîãëàñèé íåò, îí ñ÷èòàåòñÿ 
ðàííåñðåäíåäåâîíñêèì (410–393 ìëí ëåò) íà îñíîâà-
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Ðèñ. 1. Òåêòîíè÷åñêèå ñõåìû: à — òåêòîíè÷åñêàÿ ñõåìà Óðàëüñêîãî ñêëàä÷àòîãî ïîÿñà è ïîëîæåíèå åãî Ïîëÿðíî-Óðàëüñêîãî ñåã-
ìåíòà [10]: 1 — Mz-Kz-êîìïëåêñû ÷åõëà Ðóññêîé è Çàïàäíî-Ñèáèðñêîé ïëèò, 2, 3 — ïàëåîçîéñêèå è äîêåìáðèéñêèå êîì-
ïëåêñû Çàïàäíîãî Óðàëà: 2 — ïðåèìóùåñòâåííî îñàäî÷íûå êîìïëåêñû ïàëåîçîéñêîãî âîçðàñòà, 3 — îñàäî÷íûå, âóëêàíîãåííûå 
è ïëóòîíè÷åñêèå êîìïëåêñû ïîçäíåäîêåìáðèéñêîãî âîçðàñòà, 4, 5 — ïàëåîçîéñêèå è äîêåìáðèéñêèå êîìïëåêñû Âîñòî÷íîãî 
Óðàëà: 4 — íèæíåñðåäíåïàëåîçîéñêèå âóëêàíîãåííî-îñàäî÷íûå îáðàçîâàíèÿ, 5 — äîêåìáðèéñêèå è ïàëåîçîéñêèå îñàäî÷-
íûå, âóëêàíîãåííî-îñàäî÷íûå, áàçèò-ãèïåðáàçèòîâûå è ãðàíèòîèäíûå îáðàçîâàíèÿ, 6 — ïàëåîçîéñêèå è äîêåìáðèéñêèå êîì-
ïëåêñû Çàóðàëüÿ, 7 — Ãëàâíûé Óðàëüñêèé íàäâèã, 8 — êîíòóð òåêòîíè÷åñêîé ñõåìû ñðåäíåé è þæíîé ÷àñòåé Ïîëÿðíîãî Óðàëà;
b — òåêòîíè÷åñêàÿ ñõåìà ñðåäíåé è þæíîé ÷àñòåé Ïîëÿðíîãî Óðàëà, ñîñòàâëåíà ïî ìàòåðèàëàì [4, 7]: 1 — ïîçäíåäîêåìáðèé-
ñêèå è ïàëåîçîéñêèå îáðàçîâàíèÿ Çàïàäíî-Óðàëüñêîé ìåãàçîíû, 2 — ìåçîçîéñêî-êàéíîçîéñêèé ÷åõîë Çàïàäíî-Ñèáèðñêîé 
ïëèòû, 3–8 — ðàííåñðåäíåïàëåîçîéñêèå îáðàçîâàíèÿ Âîéêàðñêî-Ùó÷üèíñêîãî ñåãìåíòà (Âîéêàðñêîé çîíû) Âîñòî÷íî-
Óðàëüñêîé ìåãàçîíû: 3 — ìåòàìîðôèçîâàííûå áàçèòû è ãèïåðáàçèòû Äçåëÿþñêî-Õîðäúþñêîé ïîäçîíû, 4 — ìåòàìîðôèçî-
âàííûå ãèïåðáàçèòû è ãàááðîèäû Ðàéèçñêî-Âîéêàðñêîé ïîäçîíû (ìàññèâû Ðàé-Èç è Âîéêàðî-Ñûíüèíñêèé), 5–8 — îáðàçî-
âàíèÿ Ìàëîóðàëüñêîé ïîäçîíû: 5 — ðàííåñðåäíåäåâîíñêèå ïëàãèîãðàíèòîèäû ñîáñêîãî êîìïëåêñà, 6 — ïðåäïîëîæèòåëüíî 
ñðåäíåäåâîíñêî-ðàííåêàìåííîóãîëüíûå ãàááðîèäû, äèîðèòû è ìîíöîíèòîèäû êîíãîðñêîãî êîìïëåêñà, 7 — ñðåäíåïîçäíåäå-
âîíñêèå ãðàíèòîèäû ÿíàñëîðñêîãî êîìïëåêñà, 8 — ïîçäíåîðäîâèêñêî-ñðåäíåäåâîíñêèå âóëêàíîãåííûå è îñàäî÷íî-âóëêàíî-
ãåííûå îáðàçîâàíèÿ, 9 — ãðàíèöû: à — Ãëàâíûé Óðàëüñêèé íàäâèã, b — ðàçðûâíûå íàðóøåíèÿ, c — ãåîëîãè÷åñêèå ãðàíèöû, 
10 — âîäî¸ìû: à — ðåêè, b — îç¸ðà.

Fig. 1. Tectonic schemes: a — tectonic scheme of the Ural fold belt and position of its Polar-Ural segment from [10]: Captions: 1 — Mz-Kz 
complexes of the sedimentary cover of the Russian and West Siberian plates, 2, 3 — Paleozoic and Precambrian complexes of the Western 
Urals: 2 — predominantly sedimentary Paleozoic complexes, 3 — Late Precambrian sedimentary, volcanogenic and plutonic complexes, 
4, 5 — Paleozoic and Precambrian complexes of the Eastern Urals: 4 — Lower to Middle Paleozoic volcanic-sedimentary formations, 
5 — Precambrian and Paleozoic sedimentary, volcanogenic-sedimentary, basic-ultrabasic and granitoid formations, 6 — Paleozoic and 
Precambrian complexes of the Trans-Uralian zone, 7 — the Main Ural Thrust, 8 — outline of the tectonic scheme of the middle and 
southern parts of the Polar Urals; b — tectonic scheme of the middle and southern parts of the Polar Urals, compiled from materials [4, 
7]: Captions: 1 — Late Precambrian and Paleozoic formations of the West Uralian megazone, 2 — Mesozoic to Cenozoic sedimentary 
cover of the West Siberian plate, 3–8 — Early to Middle Paleozoic formations of the Voykar-Shchuchya segment (the Voykar zone) of the 
East Uralian megazone: 3 — metamorphosed basites and ultrabasites of the Dzelyayu-Khordyus zone, 4 — metamorphosed ultrabasites 
and gabbroids of the Rai-Iz-Voikar zone (Rai-Iz and Voykar-Synya massifs), 5–8 — the formations of the Malyi Ural zone: 5 — Early 
to Middle Devonian plagiogranitoids of the Sobsky Complex, 6 — Middle Devonian to Early Carboniferous (?) gabbroids, diorites and 
monzonitoids of the Kongor Complex, 7 — Middle to Late Devonian granitoids of the Yanaslor Complex, 8 — Late Ordovician to Middle 
Devonian volcanogenic and sedimentary-volcanogenic formations, 9 — boundaries: a — the Main Ural thrust, b — faults, c — geological 
boundaries, 10 — water reservoirs: à — rivers, b — lakes.
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íèè ãåîëîãè÷åñêèõ âçàèìîîòíîøåíèé è õîðîøî ñîãëà-
ñóþùèõñÿ äàííûõ Rb-Sr- è U-Pb-èçîòîïíîãî äàòèðî-
âàíèÿ [1–3, 8, 11, 15, 17, 19]. Ãðàíèòîèäû ÿíàñëîðñêî-
ãî êîìïëåêñà òàêæå íàäåæíî äàòèðîâàíû, äëÿ íèõ Rb-
Sr- è U-Pb-ìåòîäàìè ïîëó÷åí æèâåòñêèé (387–383 ìëí 
ëåò) âîçðàñò [1, 11, 15]. Íî âðåìÿ ôîðìèðîâàíèÿ ïîðîä 
êîíãîðñêîãî êîìïëåêñà äîëãîå âðåìÿ íå ìîãëè òî÷íî 
óñòàíîâèòü. Ýòè ïîðîäû ïðîðûâàþò ñèëóðèéñêî-ðàí-
íåäåâîíñêèå âóëêàíîãåííûå îáðàçîâàíèÿ ìàëîóðàëü-
ñêîé ñâèòû, ðàííåñðåäíåäåâîíñêèå òåððèãåííûå ïîðî-
äû âàð÷àòèíñêîé ñâèòû, à òàêæå ðàííåñðåäíåäåâîíñêèå 
ïëàãèîãðàíèòîèäû ãëàâíîé èíòðóçèâíîé ôàçû ñîáñêî-
ãî êîìïëåêñà [7]. Âåðõíèé ïðåäåë ôîðìèðîâàíèÿ ïîðîä 
êîíãîðñêîãî êîìïëåêñà îïðåäåëÿåòñÿ òåì, ÷òî îíè ðàñ-
ñå÷åíû äàéêàìè ñóáùåëî÷íûõ äîëåðèòîâ ìóñþðñêîãî 
êîìïëåêñà, âîçðàñò êîòîðûõ ñ÷èòàþò ïîçäíåäåâîíñêî-
ðàííåêàìåííîóãîëüíûì [7] èëè ïåðìîòðèàñîâûì [6, 8]. 
Èçîòîïíîå äàòèðîâàíèå ïîðîä êîíãîðñêîãî êîìïëåêñà 
òàêæå íå äàëî íàä¸æíî îáîñíîâàííîãî âîçðàñòà. K-Ar-
ìåòîäîì ïî ìîíîôðàêöèÿì ìèíåðàëîâ è âàëîâûì ïðî-
áàì ïîðîä Êîíãîðñêîãî ìàññèâà ïîëó÷åíû äàòèðîâêè 
(310±20), (331±7), (331±5), (342±3) ìëí ëåò, ñîîòâåòñò-
âóþùèå ðàííåìó—ñðåäíåìó êàðáîíó [5]. Áîëüøîé ðàç-
áðîñ K-Ar-äàòèðîâîê ìèíåðàëîâ è ïîðîä êîíãîðñêîãî 
êîìïëåêñà (îò 248 äî 376 ìëí ëåò) ïðèâåäåí òàêæå â ðà-
áîòå Â. Ë. Àíäðåè÷åâà [1]. Òåìïåðàòóðà çàêðûòèÿ K-Ar-
èçîòîïíîé ñèñòåìû áèîòèòà è àìôèáîëà — îêîëî 350° è 
550° ñîîòâåòñòâåííî [20], à â ñëó÷àå âòîðè÷íûõ èçìåíå-
íèé è äåôîðìàöèé ïîðîä ýòè ïîðîãîâûå çíà÷åíèÿ ìîãóò 
áûòü åùå íèæå. Ìîæíî ïðåäïîëàãàòü, ÷òî K-Ar-ñèñòåìà 
â ìèíåðàëàõ èç ïîðîä êîíãîðñêîãî êîìïëåêñà ìîãëà áûòü 
íàðóøåíà â õîäå òåðìàëüíûõ ñîáûòèé, ñîïðîâîæäàâøèõ 
ôîðìèðîâàíèå â êîíöå ïàëåîçîÿ àêêðåöèîííî-êîëëè-
çèîííîãî Óðàëüñêîãî îðîãåíà. Â ýòîì ñëó÷àå ìîëîäûå 
K-Ar-äàòèðîâêè îòðàæàþò íå âðåìÿ îáðàçîâàíèÿ ïîðîä, 
à âðåìÿ èõ ïîñëåäóþùåãî ïðåîáðàçîâàíèÿ.

Ðåçóëüòàòû U-Pb (SIMS)-äàòèðîâàíèÿ èíäèâè-
äóàëüíûõ êðèñòàëëîâ öèðêîíà èç ïîðîä Êîíãîðñêîãî 
ìàññèâà òàêæå íå äàëè îêîí÷àòåëüíîé ÿñíîñòè. 
Èññëåäîâàíèå (SHRIMP-II, ÖÈÈ ÂÑÅÃÅÈ) öèðêî-
íîâ èç îáðàçöà ìîíöîäèîðèòà ãëàâíîé èíòðóçèâíîé 
ôàçû Êîíãîðñêîãî ìàññèâà [6] (ðèñ. 2) äàëî äâà âîç-
ðàñòíûõ èíòåðâàëà — 396–402 ìëí ëåò è 363–380 ìëí 
ëåò, ïåðâûé èç êîòîðûõ èíòåðïðåòèðóåòñÿ êàê âîçðàñò 
öèðêîíîâ, çàõâà÷åííûõ èç âìåùàþùèõ äèîðèòîâ ñîá-
ñêîãî êîìïëåêñà, à âòîðîé — êàê âðåìÿ êðèñòàëëè-
çàöèè öèðêîíîâ ñîáñòâåííî êîíãîðñêîãî êîìïëåê-
ñà. Íàìè [13] òåì æå ìåòîäîì (U-Pb SIMS, SHRIMP-
RG, Ñòýíôîðä), â òîì ÷èñëå äëÿ îäíîãî îáðàçöà äèîðè-
òîâ (ìàññèâ Äèîðèòîâûé, ã. Ñåâåðíàÿ Ìàíþêóþ), áûëè 
ïîëó÷åíû äâå ïîäîáíûå ãðóïïû âîçðàñòîâ — 392–400 
è 360–384 ìëí ëåò (ðèñ. 2). Íî íà îñíîâàíèè äåòàëü-
íîãî èññëåäîâàíèÿ ñòðîåíèÿ çåðåí öèðêîíà ìû ïðåä-
ïîëàãàåì, ÷òî áîëåå äðåâíèé âîçðàñòíîé èíòåðâàë îò-
âå÷àåò âðåìåíè ôîðìèðîâàíèÿ äèîðèòîâ êîíãîðñêîãî 
êîìïëåêñà, à áîëåå ìîëîäîé ñâÿçàí ñ ïðåîáðàçîâàíè-
åì ïîðîä, âîçìîæíî, ïðè âíåäðåíèè ãðàíèòîèäîâ ÿíà-
ñëîðñêîãî êîìïëåêñà. 

Â ñâÿçè ñ îñòàþùåéñÿ íåîïðåäåëåííîñòüþ ìû ðå-
øèëè âûïîëíèòü U-Pb-äàòèðîâàíèå öèðêîíîâ èç 
ïîðîä ïîçäíåé äàéêîâîé ôàçû ïåòðîòèïè÷åñêîãî 
Êîíãîðñêîãî ìàññèâà, ÷òî ìîãëî áû ïîìî÷ü îïðåäåëèòü 
âðåìÿ çàâåðøåíèÿ ôîðìèðîâàíèÿ ýòîãî èíòðóçèâà è 
êîíãîðñêîãî êîìïëåêñà â öåëîì. 

Ãåîëîãè÷åñêàÿ ïîçèöèÿ
è ñòðîåíèå Êîíãîðñêîãî ìàññèâà
Êîíãîðñêèé ìàññèâ ðàñïîëîæåí â áàññåéíå ðåê 

Ìàêàððóçü è Õàðàìàòîëîó (ðèñ. 3). Îí èìååò øòîêîî-
áðàçíóþ ôîðìó è ðàçìåðû â ïëàíå 7.510 êì ïðè âåðòè-
êàëüíîé ìîùíîñòè áîëåå 3 êì. Íà ñåâåðå, çàïàäå è âîñ-
òîêå ìàññèâà åãî êîíòàêòû ñ ðàííåäåâîíñêèìè äèîðè-
òîèäàìè è ãàááðîèäàìè ñîáñêîãî êîìïëåêñà ïðåèìóùå-
ñòâåííî òåêòîíè÷åñêèå, è òîëüêî íà íåáîëüøîì ó÷àñòêå 
â ñåâåðíîé ÷àñòè ìàññèâà âî âðåìÿ ãåîëîãè÷åñêîãî êàð-
òèðîâàíèÿ ìàñøòàáà 1:50 000 Ï. Ì. Êó÷åðèíîé (1991 ã.) 
áûëè óñòàíîâëåíû ôðàãìåíòû äîòåêòîíè÷åñêîãî «ãîðÿ-
÷åãî» êîíòàêòà ñ êâàðöåâûìè äèîðèòàìè ñîáñêîãî êîì-
ïëåêñà, ñ ýêçîêîíòàêòîâîé çîíîé ìåòàìîðôèçîâàííûõ 
è îðîãîâèêîâàííûõ ïîðîä ìîùíîñòüþ ïåðâûå ñîòíè 
ìåòðîâ [5]. Íà þãå ïîðîäû Êîíãîðñêîãî ìàññèâà ïðî-
ðûâàþò ìåòàìîðôèçîâàííûå è èíòåíñèâíî äèñëîöèðî-
âàííûå ïîçäíåîðäîâèêñêèå âóëêàíèòû óñòüêîíãîðñêîé 
ñâèòû ñ îáðàçîâàíèåì â ïîñëåäíèõ ìàãíåòèòîâûõ ñêàð-
íîâ (ðóäîïðîÿâëåíèå Ïåðâàÿ Ðóäíàÿ Ãîðêà). 

Ãëàâíàÿ èíòðóçèâíàÿ ôàçà ìàññèâà ñëîæåíà ïðåè-
ìóùåñòâåííî ïîðôèðîâèäíûìè ïîðîäàìè ñðåäíåãî ñî-
ñòàâà íîðìàëüíîé è ïîâûøåííîé ù¸ëî÷íîñòè — ãàá-
áðî, äèîðèòàìè, êâàðöåâûìè äèîðèòàìè, ìîíöîãàá-
áðî, ìîíöîäèîðèòàìè è êâàðöåâûìè ìîíöîäèîðèòà-
ìè. Îíè ðàññå÷åíû äàéêàìè ìîíöîäèîðèò-ïîðôèðîâ, 
êâàðöåâûõ ìîíöîäèîðèò-ïîðôèðîâ è ìîíöîãàááðî, 
ïðåäñòàâëÿþùèìè ñîáîé ïîçäíþþ èíòðóçèâíóþ ôà-
çó. Äàéêè, õîðîøî âûðàæåííûå â ðåëüåôå, îáðàçóþò 
ñêàëüíûå âûõîäû, âîçâûøàþùèåñÿ íà ôîíå âìåùàþ-
ùèõ ïîðîä ãëàâíîé èíòðóçèâíîé ôàçû. Ìîùíîñòü äà-
åê îò 1 äî 20 ìåòðîâ, äëÿ íèõ õàðàêòåðíî ÑÇ-, ÑÇÇ- è 

Ðèñ. 2. Îáîáùåíèå ðåçóëüòàòîâ èçîòîïíî-ãåîõðîíîëîãè÷å-
ñêèõ èññëåäîâàíèé ïîðîä ñîáñêîãî è êîíãîðñêîãî êîìïëåê-
ñîâ Ïîëÿðíîãî Óðàëà. Èçîòîïíûå äàòèðîâêè ïðèâåäåíû 
ïî ëèòåðàòóðíûì èñòî÷íèêàì [1–3, 6, 8, 11, 13, 15, 17, 19] è 
íàøèì íîâûì äàííûì. Ìåòîäû èçîòîïíîãî äàòèðîâàíèÿ: 1 — 
K-Ar, 2 — Rb-Sr, 3 — Ar-Ar, 4 — U-Pb

Fig. 2. Summary chart of geochronological ages for the rocks of the 
Sobsky and Kongor Complexes of the Polar Urals. Isotopic ages used 
from [1–3, 6, 8, 11, 13, 15, 17, 19] and from our new data. Isotopic 
dating methods: 1 — K-Ar, 2 — Rb-Sr, 3 — Ar-Ar, 4 — U-Pb
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Ç-ïàäåíèå ñ ðàçëè÷íûìè óãëàìè íàêëîíà (îò 40 äî 90°). 
Êîíòàêòû ñ âìåùàþùèìè äèîðèòàìè è ìîíöîäèîðèòà-
ìè — ðåçêèå, ñåêóùèå, ñ âûðàæåííûìè çîíàìè çàêàë-
êè. Ìîíöîäèîðèò-ïîðôèðû ïðåîáëàäàþò ñðåäè ïîðîä 
äàéêîâîé ôàçû Êîíãîðñêîãî ìàññèâà, ïîýòîìó èìåííî 
ýòè ïîðîäû áûëè îòîáðàíû íàìè â îäíîé èç äàåê äëÿ 
èçâëå÷åíèÿ è äàòèðîâàíèÿ öèðêîíîâ. 

Ìåòîäû èññëåäîâàíèÿ 
Ìèíåðàëüíûé ñîñòàâ ïîðîä îïðåäåëÿëñÿ ìåòîäà-

ìè îïòè÷åñêîé ìèêðîñêîïèè â ÃÈÍ ÐÀÍ (ã. Ìîñêâà) 
è óòî÷íÿëñÿ íà ýëåêòðîííîì ñêàíèðóþùåì ìèêðîñêî-
ïå Tescan VEGA-II XMU ñ ýíåðãîäèñïåðñèîííûì ñïåê-
òðîìåòðîì INCA Energy 450 è ñïåêòðîìåòðîì ñ âîëíî-

âîé äèñïåðñèåé Oxford INCA Wave 700 â ÈÝÌ ÐÀÍ, 
(ã. ×åðíî ãîëîâêà).

Ñèëèêàòíûé àíàëèç ïîðîä ïðîèçâîäèëñÿ â ëàáî-
ðàòîðèè õèìèè ìèíåðàëüíîãî ñûðüÿ ÈÃ Êîìè ÍÖ ÓðÎ 
ÐÀÍ ìåòîäîì ðåíòãåíî-ñïåêòðàëüíîãî ôëþîðåñöåí-
òíîãî àíàëèçà (àíàëèòèê Ñ. Ò. Íåâåðîâ). Ñîäåðæàíèÿ 
â ïîðîäàõ ýëåìåíòîâ-ïðèìåñåé îïðåäåëåíû ìåòîäîì 
ICP-MS â ëàáîðàòîðèè àíàëèçà ìèíåðàëüíîãî âåùåñò-
âà ÈÃÅÌ ÐÀÍ (àíàëèòèê ß. Â. Áû÷êîâà).

U-Pb-äàòèðîâàíèå è àíàëèç ýëåìåíòîâ-ïðèìå-
ñåé â èíäèâèäóàëüíûõ êðèñòàëëàõ öèðêîíà ïðîâîäè-
ëèñü ìåòîäîì SIMS íà èîííîì ìèêðîçîíäå SHRIMP-
RG, ïðèíàäëåæàùåì Ñòýíôîðäñêîìó óíèâåðñèòåòó è 
Ãåîëîãè÷åñêîé ñëóæáå ÑØÀ, ñîãëàñíî ìåòîäèêå, îïè-

Ðèñ. 3. Ãåîëîãè÷åñêàÿ êàðòà áàññåéíà ð. Ìàêàððóçü (ïî [5]), ñ èçìåíåíèÿìè:
1, 2 — ñòðàòèôèöèðîâàííûå îáðàçîâàíèÿ: 1 — ñðåäíå-âåðõíåîðäîâèêñêèå âóëêàíîãåííûå è âóëêàíîãåííî-îñàäî÷íûå îáðàçî-
âàíèÿ óñòüêîíãîðñêîé ñâèòû, 2 — þðñêî-ìåëîâûå îñàäî÷íûå îòëîæåíèÿ Çàïàäíî-Ñèáèðñêîé ïëèòû; 3–11 — ïëóòîíè÷åñêèå 
îáðàçîâàíèÿ: 3 — ñðåäíåïîçäíåîðäîâèêñêèå ìåòàáàçèòû êýðøîðñêîãî êîìïëåêñà, 4–8 — ðàííåñðåäíåäåâîíñêèå îáðàçîâàíèÿ 
ñîáñêîãî êîìïëåêñà: 4 — ãàááðîèäû ðàííåé èíòðóçèâíîé ôàçû, 5, 6, 7 — äèîðèòû, òîíàëèòû, òðîíäüåìèòû ãëàâíîé èíòðó-
çèâíîé ôàçû ñîîòâåòñòâåííî, 8 — äàéêè ïëàãèîãðàíèòîèäîâ ïîçäíåé ôàçû, 9–11 — ñðåäíåäåâîíñêî-ðàííåêàìåííîóãîëüíûå 
(?) îáðàçîâàíèÿ êîíãîðñêîãî êîìïëåêñà: 9 — ãàááðîèäû ðàííåé èíòðóçèâíîé ôàçû, 10 — äèîðèòû è ìîíöîíèòîèäû ãëàâíîé 
èíòðóçèâíîé ôàçû, 11 — äàéêè ìîíöîíèòîèäîâ ïîçäíåé ôàçû; 12 — ãðàíèöû: à — òåêòîíè÷åñêèå, b — ãåîëîãè÷åñêèå, c — 
ôàöèàëüíûå; 13 — òî÷êè íàáëþäåíèÿ ñ íîìåðàìè îáðàçöîâ ïîðîä: à — îáðàçöû, äëÿ êîòîðûõ îïðåäåë¸í õèìè÷åñêèé ñîñòàâ, 
b — îáðàçåö, èç êîòîðîãî ïðîäàòèðîâàíû öèðêîíû

Fig. 3. Geological map of the Makarruz river basin according to [5], with changes.
Captions: 1, 2 — stratified formations: 1 — Middle to Upper-Ordovician volcanogenic and volcanogenic-sedimentary rocks of the 
Ust’Kongor Formation, 2 — Jurassic to Cretaceous sedimentary rocks of the West Siberian plate, 3–11 — plutonic formations: 3 — 
Middle to Late Ordovician metabasites of the Kershor Complex, 4–8 — Early to Middle Devonian formations of the Sobsky Complex: 
4 — gabbroids of the early intrusive phase, 5, 6, 7 — diorites, tonalites, and trondhjemites of the main intrusive phase, respectively, 8 — 
dikes of plagiogranitoids of the late phase, 9–11 — Middle Devonian to Early Carboniferous (?) formations of the Kongor Complex: 9 — 
gabbroids of the early intrusive phase, 10 — diorites and monzonitoids of the main intrusive phase, 11 — monzonitoid dikes of the late 
phase, 12 — boundaries: a — tectonic, b — geological, c — between different intrusive rock types; 13 — sampling locations: a — samples 
for chemical analyses, b — samples for zircon dating
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ñàííîé â ñòàòüå [18]. Äëÿ îïðåäåëåíèÿ èçîòîïíîãî ñî-
ñòàâà U è Pb ïðîâîäèëàñü êàëèáðîâêà ïî öèðêîíîâî-
ìó ñòàíäàðòó Temora-2 (416.8 ìëí ëåò, Black et al., 2004). 
Êîíöåíòðàöèè ýëåìåíòîâ-ïðèìåñåé (Ti, Fe, Y, REE, 
Hf, U, Th) áûëè ðàññ÷èòàíû îòíîñèòåëüíî ñîñòàâà öèð-
êîíà Ìàäàãàñêàð Ãðèí (MAD) (Barth & Wooden, 2010).

Ìèíåðàëüíûé è õèìè÷åñêèé
ñîñòàâ ïîðîä 
Â öåíòðàëüíûõ ÷àñòÿõ äàåê ìîíöîäèîðèò-ïîðôè-

ðû èìåþò ðåçêî ïîðôèðîâèäíóþ ñòðóêòóðó, â ýíäî-
êîíòàêòîâûõ ÷àñòÿõ íàáëþäàþòñÿ ïðèçíàêè äèíàìî-
ìåòàìîðôè÷åñêèõ ïðåîáðàçîâàíèé. Ïîðôèðîâèäíûå 
âûäåëåíèÿ (15–40 îá. %) ïðåäñòàâëåíû êðóïíûìè (7–
20 ìì) ïðåèìóùåñòâåííî âûòÿíóòûìè âäîëü ïëîñêî-
ñòè êîíòàêòà ñóáèäèîìîðôíûìè çîíàëüíûìè êðè-
ñòàëëàìè ïëàãèîêëàçà (An52-17) è íåáîëüøèìè (0.5–
1.0 ìì) ç¸ðíàìè è ãëîìåðîïîðôèðîâûìè ñðîñòêàìè 
èíòåíñèâíî àìôèáîëèçèðîâàííîãî äèîïñèäà (Wol50-

52En36-38Fs11-14), êîòîðûå çàêëþ÷åíû â îñíîâíóþ ìåë-
êî-, òîíêîçåðíèñòóþ áèîòèò-êâàðö-ïëàãèîêëàç-êà-
ëèøïàòîâóþ ìàññó. Ñðåäè àêöåññîðíûõ ìèíåðàëîâ 
âñòðå÷àþòñÿ àïàòèò, èëüìåíèò, ìàãíåòèò è òèòàíîìàã-
íåòèò, çåðíà ïîñëåäíåãî ïî êðàÿì è òðåùèíàì ÷àñòî 
áûâàþò çàìåùåíû òèòàíèòîì. Êâàðöåâûå ìîíöîäè-
îðèò-ïîðôèðû, ñëàãàþùèå íåêîòîðûå äàéêè, ñîäåð-
æàò áîëüøå êâàðöà (äî 15 %) ïðè ìåíüøèõ êîëè÷åñò-
âàõ òåìíîöâåòíûõ ìèíåðàëîâ.

Ñóáùåëî÷íûå ïîðîäû, ñëàãàþùèå äàéêè Êîíãîð-
ñêîãî ìàññèâà, õàðàêòåðèçóþòñÿ êàëèé-íàòðèåâûì è â 
ìåíüøåé ñòåïåíè êàëèåâûì òèïàìè ù¸ëî÷íîñòè è êëàñ-
ñèôèöèðóþòñÿ êàê ìîíöîäèîðèòû, êâàðöåâûå ìîíöî-
äèîðèòû è ìîíöîãàááðî. Ïîðîäû îòíîñÿòñÿ ê øîøî-
íèò-ëàòèòîâîé è âûñîêîêàëèåâîé èçâåñòêîâî-ùåëî÷-
íîé ñåðèÿì è äëÿ íèõ õàðàêòåðíû ñëåäóþùèå âàðèàöèè 
ñîñòàâà (ìàñ. %): SiO2 (51.2–59.6), TiO2 (0.6–0.7), Al2O3 
(14.3–17.4), FeOîáù. (5.5–7.5), MgO (3.0–7.7), CaO (4.9–
7.9), Na2O (2.4–3.6), K2O (2.8–3.6).

Êîíöåíòðàöèè è õàðàêòåð ðàñïðåäåëåíèÿ ýëåìåí-
òîâ-ïðèìåñåé âî âñåõ èññëåäîâàííûõ ïîðîäàõ ïîõîæè 
è òèïè÷íû äëÿ íàäñóáäóêöèîííûõ îáðàçîâàíèé. Ïðè 
óìåðåííûõ ñóììàðíûõ ñîäåðæàíèÿõ ðåäêîçåìåëüíûõ 
ýëåìåíòîâ (ÐÇÝ) îò 78.7 äî 108.8 ã/ò îòìå÷àåòñÿ çàìåò-
íîå îáîãàùåíèå ë¸ãêèìè ÐÇÝ îòíîñèòåëüíî òÿæ¸ëûõ 
(LaN/YbN 6.5–8.9). Ñîñòàâû ïîðîä, íîðìèðîâàííûå ê 
ïðèìèòèâíîé ìàíòèè, îáîãàùåíû êðóïíîèîííûìè ëè-
òîôèëüíûìè ýëåìåíòàìè-ïðèìåñÿìè (Cs, Rb, Ba, Sr, 
Pb), à òàêæå Th è U îòíîñèòåëüíî âûñîêîçàðÿäíûõ ýëå-
ìåíòîâ (Y, Zr, Hf, Nb, Ta), îíè õàðàêòåðèçóþòñÿ õîðîøî 
ïðîÿâëåííûìè ïîëîæèòåëüíûìè àíîìàëèÿìè ïî Pb, 
Sr, U è îòðèöàòåëüíûìè — ïî Nb è Ta.

Ðåçóëüòàòû äàòèðîâàíèÿ öèðêîíîâ
èç ìîíöîäèîðèò-ïîðôèðîâ
Öèðêîíû áûëè îòîáðàíû èç ìîíöîäèîðèò-ïîð-

ôèðîâ (îáð. S11/9-1, ëåâûé áîðò ñðåäíåãî òå÷åíèÿ ð. 
Ìàêàððóçü, N 66°43'42'', E 65°15'6'', ðèñ. 3), ñëàãàþùèõ 
äàéêó ìîùíîñòüþ îêîëî 5 ìåòðîâ, ïðîðûâàþùóþ ïî-
ðîäû ãëàâíîé èíòðóçèâíîé ôàçû â çàïàäíîé ÷àñòè 
Êîíãîðñêîãî ìàññèâà. Áûëî ïðîäàòèðîâàíî 10 èíäè-
âèäóàëüíûõ êðèñòàëëîâ öèðêîíà (òàáë. 1, äàííûå àíà-
ëèçîâ ïðèâåäåíû â ïîðÿäêå óâåëè÷åíèÿ âîçðàñòîâ). Â 
òåõ æå ç¸ðíàõ áûëè îïðåäåëåíû ñîäåðæàíèÿ ýëåìåíòîâ-
ïðèìåñåé (òàáë. 2, äàííûå àíàëèçîâ ïðèâåäåíû â ïî-
ðÿäêå óâåëè÷åíèÿ âîçðàñòîâ). 

Öèðêîíû ïðåäñòàâëåíû èäèîìîðôíûìè áèïèðà-
ìèäàëüíî-ïðèçìàòè÷åñêèìè çåðíàìè ðàçìåðîì 30–160 
ìêì, èíîãäà èìåþùèìè ñëåãêà ñêðóãëåííûå âåðøèíû. 
Êðèñòàëëû ïðîçðà÷íûå, ñâåòëî-æåëòûå, â ðàçëè÷íîé 
ñòåïåíè óäëèíåííûå (Êóäë — 2.5–6). Â êàòîäíûõ ëó÷àõ 
(ðèñ. 4) öèðêîíû èìåþò ÿðêîå è óìåðåííî-ÿðêîå ñâå-
÷åíèå. Ïðåîáëàäàþò ç¸ðíà ñ êîíòðàñòíîé ñåêòîðèàëü-
íîé (ç¸ðíà ¹ 1, 2, 7, 9, 10) è ñëàáîêîíòðàñòíîé (÷àñòî 
ðàçìûòîé) îñöèëëÿöèîííîé (ç¸ðíà ¹ 3, 4, 5) çîíàëü-
íîñòüþ. Â äâóõ ç¸ðíàõ çîíàëüíîñòü ïî÷òè îòñóòñòâóåò 
(¹ 6, 8).

¹ àíàëèçà / 
Analysis No.

206Pbc,
%

Ñîäåðæàíèå, ã/ò /
Content, ppm

232Th/ 
238U

Èçîòîïíûå îòíîøåíèÿ, ± % (1) / 
Isotopic ratios ± % (1) Rho

Âîçðàñò, ìëí ëåò, ± 1 /
Age, Ma, ± 1

D, 
%

U Th 206Pb* 207Pb/206Pb 207Pb/235U 206Pb/238U 206Pb/238U 207Pb/206Pb
4.1 –0.24 171 76 9.0 0.46 0.0583 ±3.4 0.494 ±4.9 0.0615 ±3.5 0.72 385 ±13 540 ±75 40
7.1 0.00 152 58 8.2 0.39 0.0565 ±2.4 0.487 ±2.5 0.0624 ±0.9 0.35 390 ±3 472 ±52 21
8.1 0.19 96 35 5.1 0.38 0.0546 ±4.1 0.470 ±4.2 0.0624 ±1.1 0.25 390 ±4 395 ±91 1
3.1 0.48 104 38 5.6 0.38 0.0524 ±5.2 0.451 ±5.4 0.0624 ±1.7 0.31 390 ±6 302 ±118 –23
9.1 0.13 144 70 7.8 0.50 0.0534 ±3.2 0.461 ±4.0 0.0626 ±2.4 0.60 392 ±9 344 ±71 –12
5.1 0.19 193 98 10.4 0.52 0.0509 ±3.1 0.440 ±3.2 0.0627 ±0.8 0.26 392 ±3 235 ±72 –40
6.1 0.71 148 80 8.1 0.56 0.0560 ±6.4 0.489 ±6.5 0.0633 ±1.1 0.17 396 ±4 450 ±143 14
2.1 0.28 184 109 10.1 0.61 0.0549 ±3.2 0.482 ±3.3 0.0637 ±0.8 0.25 398 ±3 408 ±72 3

10.1 –1.00 52 16 2.9 0.32 0.0606 ±8.3 0.534 ±8.5 0.0639 ±1.4 0.17 400 ±6 624 ±180 56
1.1 0.14 119 64 6.6 0.55 0.0538 ±3.4 0.478 ±3.5 0.0644 ±1.0 0.28 403 ±4 363 ±76 –10

Òàáëèöà 1. Ðåçóëüòàòû U-Pb SIMS-èçîòîïíîãî àíàëèçà çåðåí öèðêîíà èç ìîíöîäèîðèò-ïîðôèðîâ êîíãîðñêîãî 
êîìïëåêñà (îáð. S11/9-1, Êîíãîðñêèé ìàññèâ, ð. Ìàêàððóçü)

Table 1. Results of U-Pb SIMS-isotopic analysis of zircon grains from the monzodiorite porphyries of the Kongor 
Complex (sample S11/9-1, Kongor Pluton, the Makarruz River)

Ïðèìå÷àíèÿ. Îøèáêà â êàëèáðîâêå ñòàíäàðòà ñîñòàâëÿåò 0.50 %; 206Pbc è 206Pb* — ñîäåðæàíèå îáûêíîâåííîãî è ðàäèîãåííîãî 
ñâèíöà ñîîòâåòñòâåííî; èçîòîïíûå îòíîøåíèÿ è âîçðàñòû ñêîððåêòèðîâàíû ïî èçìåðåííîìó 204Pb; D — äèñêîðäàíòíîñòü:
D = 100•[âîçðàñò (207Pb/206Pb)/âîçðàñò (206Pb/238U) — 1]; Rho — êîýôôèöèåíò êîððåëÿöèè ìåæäó îøèáêàìè îïðåäåëåíèÿ èçî-
òîïíûõ îòíîøåíèé 206Pb/238U è 207Pb/235U.

Notes. Error in calibration of standard is 0.50 %; 206Pbc and 206Pb* — content of common and radiogenic lead, respectively; isotopic ratios 
and ages are corrected from measured 204Pb; D — discordance: D = 100•[age (207Pb/206Pb)/age (206Pb/238U) – 1];  Rho is correlation 
coefficient between 206Pb/238U and 207Pb/235U isotope ratio detection errors.
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Ðèñ. 4. Êàòîäîëþìèíåñöåíòíûå èçîáðàæåíèÿ öèðêîíîâ c 
íîìåðàìè äàòèðîâàííûõ çåðåí è ãðàôèêè ñ êîíêîðäèåé äëÿ 
âîçðàñòîâ öèðêîíîâ èç ìîíöîäèîðèò-ïîðôèðîâ ïîçäíåé 
ôàçû Êîíãîðñêîãî ìàññèâà (îáð. S11/9-1). Ýëëèïñû ïîãðåø-
íîñòåé ñîîòâåòñòâóþò 2
Fig. 4. Cathodoluminescence images of zircons with spot numbers 
and ages, conventional concordia diagram for zircons from mon-
zodiorite porphyries of the late phase of the Kongor Pluton (sample 
S11/9-1). Errors are shown as ellipses at the 2 level

Ðèñ. 5. Ãðàôèêè ðàñïðåäåëåíèÿ ÐÇÝ â öèðêîíàõ èç ìîíöî-
äèîðèò-ïîðôèðîâ ïîçäíåé ôàçû Êîíãîðñêîãî ìàññèâà (îáð. 
S11/9-1). Ñîäåðæàíèÿ ÐÇÝ íîðìèðîâàíû ê ñîñòàâó õîíäðèòà 
CI ïî [22]

Fig. 5. REE patterns for zircons from monzodiorite-porphyries 
of the late phase of the Kongor Pluton (sample S11/9-1). REE 
concentrations are normalized to chondrite CI after [22]

Êîìïîíåíò /
Component

Íîìåðà àíàëèçèðóåìûõ îáëàñòåé â êðèñòàëëàõ öèðêîíà /
Numbers of the analyzed regions in zircon crystals

4.1 7.1 8.1 3.1 9.1 5.1 6.1 2.1 10.1 1.1
La 0.03 0.02 0.01 0.03 0.06 0.02 0.04 0.05 0.01 0.02
Ce 18.96 13.05 6.88 10.49 16.26 25.62 18.77 22.41 8.67 16.47
Pr* 0.08 0.07 0.02 0.04 0.15 0.10 0.07 0.18 0.01 0.09
Nd 0.92 1.04 0.25 0.39 1.79 1.77 0.80 2.53 0.12 1.68
Sm 3.03 2.23 0.97 1.09 3.80 5.45 2.58 5.75 0.54 4.34
Eu 1.17 0.92 0.48 0.48 1.32 1.47 0.87 1.93 0.24 1.46
Gd 22.44 15.39 6.88 8.32 28.73 34.49 19.15 42.09 4.83 28.64
Dy 83.87 61.04 26.51 34.70 95.59 131.75 78.15 144.27 20.93 92.41
Er 164.88 140.64 64.56 76.10 169.45 254.96 152.89 265.69 45.95 173.38
Yb 337.27 325.69 168.17 175.81 340.76 530.46 311.69 513.38 108.44 347.35
Fe 5.92 1.27 1.32 2.50 1.39 1.58 4.96 2.62 0.67 0.72

48Ti 6.93 12.41 4.14 6.90 7.14 6.00 6.41 7.53 5.02 7.54
49Ti 7.12 12.09 3.96 6.79 7.52 5.89 6.55 7.32 5.05 7.43

Y 913.29 749.99 343.28 410.84 979.24 1399.25 819.92 1493.07 250.81 988.81
Hf 9728.18 9942.90 11696.93 10301.74 10233.54 12442.49 11375.89 10792.02 10147.76 10459.91
Th 76.13 57.54 34.87 38.04 69.73 97.57 80.27 108.96 16.04 63.91
U 171.01 152.18 96.06 104.14 144.37 192.92 148.13 183.79 51.98 119.22

Th/U 0.45 0.38 0.36 0.37 0.48 0.51 0.54 0.59 0.31 0.54
Eu/Eu* 0.31 0.36 0.42 0.35 0.28 0.25 0.27 0.27 0.31 0.30
Ce/Ce* 64.58 49.28 107.28 63.93 29.93 71.58 64.12 34.96 197.63 52.11
ÐÇÝ 632.6 560.1 274.7 307.4 657.9 986.1 585.0 998.3 189.7 665.8

YbN/LaN 13980 20711 42361 9242 8208 35345 10972 13566 24655 29425
T(48Ti) °Ñ 779 841 730 779 782 765 772 788 748 788

Âîçðàñò, ìëí 
ëåò / Age, Ma 385 390 390 390 392 392 396 398 400 403

Òàáëèöà 2. Ñîäåðæàíèÿ ýëåìåíòîâ-ïðèìåñåé â öèðêîíàõ èç ìîíöîäèîðèò-ïîðôèðîâ êîíãîðñêîãî êîìïëåêñà 
(îáð. S11/9-1, Êîíãîðñêèé ìàññèâ, ð. Ìàêàððóçü)

Table 2. Trace element composition (ppm) in zircons from the monzodiorite porphyries of the Kongor Complex
(sample S11/9-1, Kongor Pluton, the Makarruz River)
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Äëÿ öèðêîíîâ õàðàêòåðíû íèçêèå êîíöåíòðàöèè U 
è Th — 52–193 è 16–109 ã/ò ñîîòâåòñòâåííî ïðè âûäåð-
æàííûõ çíà÷åíèÿõ Th/U — 0.31–0.59 (òàáë. 2). Ïðè çíà-
÷èòåëüíûõ âàðèàöèÿõ ñóììàðíûõ êîíöåíòðàöèé ÐÇÝ 
(La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Er, Yb) îò 190 äî 998 ã/ò 
õàðàêòåð èõ ðàñïðåäåëåíèÿ âåñüìà ïîõîæ. Äëÿ ÐÇÝ â 
öèðêîíàõ õàðàêòåðíà ÷åòêî âûðàæåííàÿ äèôôåðåíöè-
àöèÿ ñ ñèëüíûì îáîãàùåíèåì òÿæ¸ëûìè ÐÇÝ îòíîñè-
òåëüíî ë¸ãêèõ (YbN/LaN — 8208–42361), çíà÷èòåëüíàÿ 
ïî âåëè÷èíå ïîëîæèòåëüíàÿ Ce-àíîìàëèÿ (Ce/Ce* — 
30–107) è íåáîëüøàÿ îòðèöàòåëüíàÿ Eu-àíîìàëèÿ (Eu/
Eu* — 0.25–0.42) (ðèñ. 5, òàáë. 2). Ïî ñîäåðæàíèþ Ti â 
öèðêîíå [23] îöåíåíà ìîäåëüíàÿ òåìïåðàòóðà êðèñòàë-
ëèçàöèè, îíà âàðüèðóåò â èíòåðâàëå 841–730 °Ñ (ïðè 
aSiO2

=1 è aTiO2
=0.7). Ñõîäñòâî ñîñòàâà öèðêîíîâ (ðèñ. 5) 

ñâèäåòåëüñòâóåò î òîì, ÷òî âñå ïðîàíàëèçèðîâàííûå 
çåðíà èìåþò îäèíàêîâîå ïðîèñõîæäåíèå, à ïî õàðàêòå-
ðó ðàñïðåäåëåíèÿ ÐÇÝ è äàííûì Ti-òåðìîìåòðèè öèð-
êîíû ñîîòâåòñòâóþò òèïè÷íûì öèðêîíàì ìàãìàòè÷å-
ñêîãî ãåíåçèñà [21].

Ïî 10 àíàëèçàì ïîëó÷åí äèàïàçîí 206Pb/238U-âîçðà-
ñ òîâ 385–403 ìëí ëåò. Ðàññ÷èòàííûé ñðåäíèé êîí-
êîðäàíòíûé âîçðàñò (ðèñ. 4) — (395 ± 3) ìëí ëåò (2 
ÑÊÂÎ=0.0086).

Îáñóæäåíèå ðåçóëüòàòîâ
Ïðîâåäåííîå U-Pb-äàòèðîâàíèå öèðêîíîâ èç ìîíöî - 

 äèîðèò-ïîðôèðîâ ïîçäíåé äàéêîâîé ôàçû Êîíãîð ñêîãî 
ìàññèâà ïîçâîëèëî óòî÷íèòü âðåìÿ îêîí÷àíèÿ ôîðìè-
ðîâàíèÿ ýòîãî èíòðóçèâà, ÿâëÿþùåãîñÿ ïåòðîòèïè÷å-
ñêèì ìàññèâîì êîíãîðñêîãî êîìïëåêñà. Âñå öèðêîíû 
â èññëåäîâàííîì îáðàçöå ïîêàçàëè áëèçêèå âîçðàñòû, 
è ðàññ÷èòàííûé äëÿ íèõ ñðåäíèé êîíêîðäàíòíûé âîç-
ðàñò (395 ± 3) ìëí ëåò ñîîòâåòñòâóåò âðåìåíè êðèñòàë-
ëèçàöèè áîëåå äðåâíåé ãðóïïû öèðêîíîâ (392–400 ìëí 
ëåò) èç äèîðèòîâ ãëàâíîé èíòðóçèâíîé ôàçû êîíãîð-
ñêîãî êîìïëåêñà [13]. Ñ ó÷¸òîì âñåõ îïóáëèêîâàííûõ 
U-Pb-èçîòîïíûõ äàòèðîâîê öèðêîíîâ [6, 13] âðåìåí-
íîé äèàïàçîí ôîðìèðîâàíèÿ êîíãîðñêîãî êîìïëåêñà 
ñîñòàâëÿåò 399–395 ìëí ëåò (âòîðàÿ ïîëîâèíà ýìñêîãî 
âåêà) (ðèñ. 2). Ýòîò äèàïàçîí áëèçîê ê íèæíåé ãðàíè-
öå âîçðàñòà ýòîãî êîìïëåêñà, ïðåäïîëàãàåìîãî ïî ãåî-
ëîãè÷åñêèì äàííûì, à òàêæå êîððåëèðóåòñÿ ñî âðåìå-
íåì ôîðìèðîâàíèÿ ÷àñòè ïëàãèîãðàíèòîèäîâ ñîáñêî-
ãî êîìïëåêñà, âîçðàñò êîòîðîãî íàä¸æíî óñòàíîâëåí ïî 
ãåîëîãè÷åñêèì è ìíîãî÷èñëåííûì èçîòîïíûì [1–3, 8, 
11, 15, 17, 19] äàòèðîâêàì — 410–393 ìëí ëåò (ïðàæñêî-
ðàííåýéôåëüñêîå âðåìÿ) (ðèñ. 2). 

Çàêëþ÷åíèå
Ðåçóëüòàòû U-Pb-äàòèðîâàíèÿ öèðêîíîâ èç ïî-

ðîä ïîçäíåé äàéêîâîé ôàçû Êîíãîðñêîãî ìàññèâà ñâè-
äåòåëüñòâóþò î òîì, ÷òî çàâåðøåíèå ôîðìèðîâàíèÿ 
ýòîãî ìàññèâà ïðîèñõîäèëî â êîíöå ðàííåãî äåâîíà â
ýìñêîå âðåìÿ. Ïîëó÷åííûå äàííûå èìåþò âàæíîå çíà-
÷åíèå äëÿ óòî÷íåíèÿ âîçðàñòà êîíãîðñêîãî êîìïëåêñà, 
ïîñêîëüêó Êîíãîðñêèé ìàññèâ ÿâëÿåòñÿ ïåòðîòèïè÷å-
ñêèì.

Àâòîðû áëàãîäàðÿò Ì. À. Êîáëà (Ñòýíôîðäñêèé óíè-
âåðñèòåò, Ñòýíôîðä, ÑØÀ), âûïîëíèâøåãî U-Pb SIMS-
äàòèðîâàíèå öèðêîíîâ è àíàëèç â íèõ ýëåìåíòîâ-ïðèìå-
ñåé, Ñ. Ò. Íåâåðîâà (ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ), âûïîëíèâøå-
ãî îïðåäåëåíèå ïåòðîãåííûõ ýëåìåíòîâ â ïîðîäàõ ìåòîäîì 
ðåíòãåíî-ôëþîðåñöåíòíîãî ñïåêòðàëüíîãî àíàëèçà, ß. Â. 

Áû÷êîâó (ÈÃÅÌ ÐÀÍ) çà àíàëèç ýëåìåíòîâ-ïðèìåñåé â 
ïîðîäàõ ìåòîäîì ICP-MS.

Èçãîòîâëåíèå ïåòðîãðàôè÷åñêèõ øëèôîâ, ïîëó÷åíèå 
êàòîäîëþìèíåñöåíòíûõ èçîáðàæåíèé êðèñòàëëîâ öèð-
êîíà, èõ U-Pb-äàòèðîâàíèå è îïðåäåëåíèå â íèõ ýëåìåí-
òîâ-ïðèìåñåé âûïîëíåíû çà ñ÷åò ñðåäñòâ ãðàíòà ÐÔÔÈ 
«Ìîé ïåðâûé ãðàíò» (¹ 16-35-00552). Îïðåäåëåíèå ìèíå-
ðàëüíîãî è õèìè÷åñêîãî ñîñòàâà ïîðîä ïðîèçâåäåíî çà ñ÷åò 
ñðåäñòâ ãðàíòà ÐÍÔ (¹ 16-17-10251).
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