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Ââåäåíèå

Ìíîãèå ãðàíàòîâûå ïåðèäîòèòû, ïðîÿâëåííûå íà ñî-
âðåìåííîì ýðîçèîííîì ñðåçå êîëëèçèîííûõ çîí ñâåðõâû-
ñîêèõ äàâëåíèé (UHP), âîçíèêëè ïóòåì âíåäðåíèÿ â ãëó-
áîêî ñóáäóöèðîâàííóþ ëèòîñôåðíóþ ïëèòó òåêòîíè÷åñ-
êèõ ôðàãìåíòîâ ïëàñòè÷íûõ ìàññ ãîðíûõ ïîðîä, ïðåäñòàâ-
ëÿâøèõ ñîáîé â ðàçíîé ñòåïåíè èñòîù¸ííûé ðåñòèòîâûé
ìàíòèéíûé ìàòåðèàë, ñôîðìèðîâàâøèéñÿ ïðè îáðàçîâà-

DOI: 10.19110/2221-1381-2018-2-38-47ÓÄÊ  549.6:552.16:552.4 + 552.321.6

ÑÎÑÒÀÂ ÃÐÀÍÀÒÀ ÊÀÊ ÎÒÐÀÆÅÍÈÅ ÊÎÐÎÂÎÃÎ ÃÅÍÅÇÈÑÀ ÏÐÎÒÎËÈÒÎÂ UHP-ÏÅÐÈÄÎÒÈÒÎÂ
ÊÎÌÏËÅÊÑÀ ÌÀÐÓÍ-ÊÅÓ (ÏÎËßÐÍÛÉ ÓÐÀË)

À. Þ. Ñåëÿòèöêèé1, Ê. Â. Êóëèêîâà2

1Èíñòèòóò ãåîëîãèè è ìèíåðàëîãèè èì. Â. Ñ. Ñîáîëåâà ÑÎ ÐÀÍ, Íîâîñèáèðñê, selya@igm.nsc.ru
2Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð, fopolina1@yandex.ru

Ìàíòèéíûå è êîðîâûå UHP-ïåðèäîòèòû â êîëëèçèîííûõ çîíàõ íåñóò ïðèíöèïèàëüíî ðàçíóþ ïåòðîãåíåòè÷åñêóþ
èíôîðìàöèþ: ïåðâûå õàðàêòåðèçóþò ñîñòàâ è ñëîæíóþ ÐÒ-ýâîëþöèþ ðåñòèòîâîãî ìàíòèéíîãî âåùåñòâà (àëüïèíîòèï-
íûå ïåðèäîòèòû), âòîðûå îòðàæàþò ìíîãîñòàäèéíûå èçìåíåíèÿ ïðè ìåòàìîðôèçìå êîðîâîãî ìàãìàòè÷åñêîãî ïðîòî-
ëèòà. Íàìè èññëåäîâàíà ñïåöèôèêà õèìèçìà ãðàíàòîâ èç UHP-ïåðèäîòèòîâ êîìïëåêñà Ìàðóí-Êåó íà Ïîëÿðíîì Óðàëå â
ñðàâíåíèè ñ ãðàíàòàìè èç êîðîâûõ è ìàíòèéíûõ ïåðèäîòèòîâ UHP-êîëëèçèîííûõ çîí ìèðà. Ãðàíàò â ñèëó ñëîæíîãî õè-
ìè÷åñêîãî ñîñòàâà ÿâëÿåòñÿ îäíèì èç îñíîâíûõ ìèíåðàëîâ, îòðàæàþùèõ îñîáåííîñòè êàê âàëîâîãî ñîñòàâà, òàê è ÐÒ-
ýâîëþöèè ïîðîä ïðè ìåòàìîðôèçìå. Íàëè÷èå ðåëèêòîâûõ ó÷àñòêîâ ïëàãèîêëàçñîäåðæàùèõ ïðîòîëèòîâ â òåëàõ ãðàíà-
òîâûõ ïåðèäîòèòîâ êîìïëåêñà Ìàðóí-Êåó ïðÿìî óêàçûâàåò íà èõ êîðîâîå íèçêîáàðè÷åñêîå ïðîèñõîæäåíèå, à ãðàíàò èç
ïåðèäîòèòîâ Ìàðóí-Êåó ïî ñîñòàâó ñîîòíîñèòñÿ ñ ãðàíàòàìè êîðîâûõ UHP-óëüòðàìàôèòîâ êîëëèçèîííûõ çîí Êàçàõñòà-
íà, Íîðâåãèè è Êèòàÿ. Òåðìîáàðîìåòðè÷åñêèå ñîïîñòàâëåíèÿ ïîêàçàëè, ÷òî ðàçíèöà â ñîñòàâå ïèêîâûõ ãðàíàòîâ èç ïå-
ðèäîòèòîâ äâóõ ãåíåòè÷åñêèõ òèïîâ îïðåäåëÿåòñÿ íå ÐÒ-óñëîâèÿìè èõ îáðàçîâàíèÿ. Ãðàíàò êîðîâûõ ïåðèäîòèòîâ, ÿâëÿ-
ÿñü ìåòàìîðôè÷åñêèì ìèíåðàëîì, îòðàæàåò âàëîâûé ñîñòàâ ìàãìàòè÷åñêèõ ïðîòîëèòîâ è ìîæåò ñëóæèòü èíäèêàòîðîì
êîðîâîãî ãåíåçèñà óëüòðàìàôèòîâ â UHP-êîëëèçèîííûõ çîíàõ.

Êëþ÷åâûå ñëîâà: êîìïëåêñ Ìàðóí-Êåó, Ïîëÿðíûé Óðàë, ãðàíàò, êîðîâûå è ìàíòèéíûå ïåðèäîòèòû, UHP-ìåòà-
ìîðôèçì.
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Mantle and crustal peridotites contain principally different petrogenetic information. The former characterize composition
and thermodynamic conditions of mantle restitic material emplaced into the crust, the latter reflect multistage metamorphic
evolution of crustal magmatic protoliths. Chemical peculiarities of garnet from garnet peridotites of Marun-Keu UHP-complex
from Polar Urals (N. Russia) in comparison with garnet from crustal and mantle peridotites of different collision zones were
study. The relic areas of plagioclase-bearing protoliths in garnet peridotite bodies of Marun-Keu Complex are obvious evidence
of their crustal low pressure origin. The composition of garnet from Marun-Keu UHP-ultramafics is similar to crustal UHP-
peridotites of collision zones of N. Kazakhstan, W. Norway, N.-W. China and E. China. Thermobarometric comparison showed
that PT-conditions are not the reason of chemical differences of peak garnets from two genetic types of peridotites. Multiple
chemical composition of peak metamorphic garnets as a function of petrochemical composition of peridotites can be used as
indicator of crustal/mantle genesis of ultramafics in UHP-collision zones.
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íèè è ýêñòðàêöèè áàçàëüòîâûõ âûïëàâîê, — ìàíòèéíûå
(àëüïèíîòèïíûå) ïåðèäîòèòû. Îíè èìåþò âñå ãåîõèìè÷åñ-
êèå ïðèçíàêè ìàíòèéíûõ óëüòðàîñíîâíûõ ïîðîä [5].

Íåêîòîðûå êîëëèçèîííûå ãðàíàòîâûå UHP-ïåðèäî-
òèòû ïî ãåîõèìè÷åñêèì ïðèçíàêàì êàðäèíàëüíî îòëè÷à-
þòñÿ îò òèïè÷íûõ ìàíòèéíûõ ïîðîä ïîíèæåííûìè ñîäåð-
æàíèÿìè MgO, Ñr, Ni è ïîâûøåííûìè ñîäåðæàíèÿìè
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FeO, MnO, ÑàÎ, TiO2, Al2O3, îáîãàùåíû Zr, Y, Nb, ÐÇÝ
[5]. Äëÿ íèõ áûë ïðåäëîæåí òåðìèí «êîðîâûå ïåðèäîòè-
òû» [10], ïîñêîëüêó èõ ìàãìàòè÷åñêèå ïðîòîëèòû áûëè
ñôîðìèðîâàíû â çåìíîé êîðå åùå äî ñóáäóêöèè; çàòåì,
ïðè ñóáäóêöèè â ñîñòàâå çåìíîé êîðû, îíè ïîãðóçèëèñü â
ìàíòèþ è èñïûòàëè UHP-ìåòàìîðôèçì [11, 12, 29].

Î÷åâèäíî, ÷òî ìàíòèéíûå è êîðîâûå ïåðèäîòèòû íå-
ñóò ïðèíöèïèàëüíî ðàçíóþ ïåòðîãåíåòè÷åñêóþ èíôîðìà-
öèþ. Ïåðâûå õàðàêòåðèçóþò ñîñòàâ è ñëîæíóþ ÐÒ-ýâîëþ-
öèþ ìàíòèéíîãî âåùåñòâà, âòîðûå îòðàæàþò ìíîãîñòà-
äèéíûå èçìåíåíèÿ ïðè ìåòàìîðôèçìå êîðîâîãî óëüòðà-
ìàôèòîâîãî ïðîòîëèòà. Ðàñïîçíàâàíèå ýòèõ ïîðîä äàåò
öåííûå ñâåäåíèÿ î ïðîöåññàõ HP-UHP-ìåòàìîðôèçìà è
ïðèðîäå èõ ïðîòîëèòîâ.

Ïîñêîëüêó ìèíåðàëû ìàíòèéíûõ è «êîðîâûõ» ïåðè-
äîòèòîâ îäíè è òå æå (îëèâèí, ïèðîêñåíû, ãðàíàò, øïè-
íåëü), à âàëîâûé ñîñòàâ äâóõ òèïîâ ïîðîä ñóùåñòâåííî
ðàçëè÷àåòñÿ [5], äëÿ äèàãíîñòèêè ãåíåòè÷åñêîãî òèïà êî-
ðîâûõ UHP-ãðàíàòîâûõ ïåðèäîòèòîâ íåîáõîäèìî çíàòü
îñîáåííîñòè ñîñòàâà ñëàãàþùèõ èõ ìèíåðàëîâ. Ìèêðîçîí-
äîâûé àíàëèç ìèíåðàëîâ íà ãëàâíûå è íåêîòîðûå ðåäêèå
(íàïð., Cr è Ni) ýëåìåíòû ÿâëÿåòñÿ íàèáîëåå áûñòðûì è

ýôôåêòèâíûì ìåòîäîì ïîëó÷åíèÿ ïåðâè÷íîé ãåîõèìè÷åñ-
êîé èíôîðìàöèè. Ïðè èçó÷åíèè UHP-ãðàíàòîâûõ ïåðè-
äîòèòîâ â êîëëèçèîííûõ çîíàõ àíàëèòè÷åñêèå äàííûå ïî
ñîñòàâàì ìèíåðàëîâ ìîãóò ïîìî÷ü ðåøèòü çàäà÷ó î ãåíå-
çèñå ýòèõ ïîðîä.

Äàííîå èññëåäîâàíèå ÿâëÿåòñÿ ëîãè÷åñêèì ïðîäîë-
æåíèåì ðàáîòû [7]. Ãðàíàò â ñèëó ñëîæíîãî õèìè÷åñêîãî
ñîñòàâà ÿâëÿåòñÿ îäíèì èç îñíîâíûõ ìèíåðàëîâ, îòðàæà-
þùèõ îñîáåííîñòè êàê âàëîâîãî ñîñòàâà, òàê è ÐÒ-ýâîëþ-
öèè ïîðîä ïðè ìåòàìîðôèçìå. Ïîýòîìó â íàñòîÿùåé ñòà-
òüå èññëåäóþòñÿ õèìè÷åñêèå îñîáåííîñòè ãðàíàòîâ èç
UHP-ïåðèäîòèòîâ êîìïëåêñà Ìàðóí-Êåó íà Ïîëÿðíîì
Óðàëå â ñðàâíåíèè ñ ãðàíàòàìè èç ìàíòèéíûõ è êîðîâûõ
ïåðèäîòèòîâ UHP-êîëëèçèîííûõ çîí ìèðà.

Ãåîëîãè÷åñêîå ñòðîåíèå êîìïëåêñà

Ýêëîãèò-ãíåéñîâûé êîìïëåêñ Ìàðóí-Êåó (ðèñ. 1)
ïðåäñòàâëÿåò ñîáîé òåêòîíè÷åñêèé áëîê ~ 1470 êì, âûòÿ-
íóòûé â ñóáìåðèäèîíàëüíîì íàïðàâëåíèè è îãðàíè÷åííûé
òåêòîíè÷åñêèìè êîíòàêòàìè îò âóëêàíîãåííî-îñàäî÷íûõ
îáðàçîâàíèé [9]. Â þæíîé ÷àñòè êîìïëåêñà â åãî ñîñòàâ âõî-
äÿò ïèðîïîâûå è àëüìàíäèíîâûå ýêëîãèòû [1, 9, 10], ãðàíà-

Ðèñ. 1. Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ êîìïëåêñà Ìàðóí-Êåó, ïî [9]:
1 — ÷åòâåðòè÷íûå îòëîæåíèÿ, 2 — ïàëåîçîéñêèå îòëîæåíèÿ, 3 — íÿðîâåéñêàÿ ñåðèÿ: êîíãëîìåðàòû, ñëàíöû ñ ïðîñëîÿìè êâàðöè-
òîâ, ïåñ÷àíèêîâ, ìðàìîðîâ è ýôôóçèâîâ, 4 — UHP-êîìïëåêñ Ìàðóí-Êåó: àìôèáîëèòû, ãíåéñû, ãíåéñîãðàíèòû, ýêëîãèòû, ãðà-
íàòîâûå ïåðèäîòèòû, 5 — ãðàíèòû, ïëàãèîãðàíèòû, ãíåéñîãðàíèòû, 6 — ãðàíèòîèäû ñ ôëþîðèòîì, 7 — ôåëüçèò-ïîðôèðû,
8 — äèîðèòû, 9 — ãàááðî, ãàááðî-äèàáàçû, äèàáàçû, 10 — ãèïåðáàçèòû Ñûóì-Êåó, 11 — ðàéîíû ðàñïðîñòðàíåíèÿ ýêëîãèòîâ,

12 — ïîðîäû ñ ãëàóêîôàíîì, 13 — êâàðö-ãðàôèòîâûå ñëàíöû, 14 — çîíû íàðóøåíèé, 15 — ðàéîí Ñëþäÿíîé Ãîðêè

Fig. 1. Geologic scheme of Marun-Keu Complex after [9]:
1 — Quaternary sediments, 2 — Paleozoic sediments, 3 — Niaroveiskaya Suit: conglomerates, shists with interlayers of quartzite, sandstones,
marbles and effusive rocks, 4 — Marun-Keu UHP-ñomplex: amphibolites, gneiss, granite-gneiss, eclogites, garnet peridotites, 5 — granites,
plagiogranite, granite-gneiss, 6 — fluorite-bearing granitoides, 7 — felsic porphyry, 8 — diorites,  9 — gabbro, microgabbro, dolerites,
10 — ultramafic rocks of the Syum-Keu Complex, 11 — eclogite predominating area, 12 — occurrence of glaucophane rocks, 13 — quartz-

graphite schist, 14 — tectonic contact, 15 — Slyudyanaya Gorka locality
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òîâûå ïåðèäîòèòû, ãðàíàòîâûå àìôèáîëèòû, ïëàãèîãíåé-
ñû è ñëþäÿíûå ñëàíöû, ãðàíèòû, ðàçíîîáðàçíûå ïî ñîñòà-
âó áëàñòîìèëîíèòû è ìèãìàòèòû. Ïèðîïîâûå ýêëîãèòû è
ãðàíàòîâûå ïåðèäîòèòû íàõîäÿòñÿ â þ.-â. ÷àñòè õðåáòà Ìà-
ðóí-Êåó. Îíè îáðàçóþò ìàññèâíûå áëîêè, îêðóæåííûå çî-
íàìè áëàñòîìèëîíèòîâ è íàõîäÿùèåñÿ âî âìåùàþùåé âóë-
êàíîãåííî-îñàäî÷íîé òîëùå, ñëîæåííîé ïîëîñ÷àòûì ÷å-
ðåäîâàíèåì êâàðö-ïîëåâîøïàòîâûõ ãíåéñîâ, àëüìàíäèíî-
âûõ ýêëîãèòîâ è ãðàíàòîâûõ àìôèáîëèòîâ. Â òåëàõ ãðàíà-
òîâûõ óëüòðàìàôèòîâ ñîõðàíèëèñü ðåëèêòîâûå ó÷àñòêè íå-
ìåòàìîðôèçîâàííûõ èñõîäíûõ ìàãìàòè÷åñêèõ ïîðîä (ïëà-
ãèîïåðèäîòèòîâ è ìåëàíîòðîêòîëèòîâ).

Îáðàçöû ãðàíàòîâûõ óëüòðàìàôèòîâ îòîáðàíû ñ þæ-
íîãî ñêëîíà è þãî-âîñòî÷íîãî ïîäíîæèÿ ã. Ðûæåé è ñ
þæíîãî ñêëîíà ã. Ïåðèäîòèòîâîé. Êðàòêîå ïåòðîãðàôè-
÷åñêîå îïèñàíèå ïîðîä ïðèâåäåíî â [6, 7].

UHP-ìåòàìîðôèçì

Ìåòàìîðôèçìîì ñâåðõâûñîêèõ äàâëåíèé (Ultrahigh
pressure metamorphism) íàçûâàþò ìåòàìîðôè÷åñêèå ïðî-
öåññû â ìàíòèè, ïðîòåêàþùèå â ïîëå ñòàáèëüíîñòè êîý-
ñèòà è/èëè àëìàçà ïðè äàâëåíèè  27—28 êáàð [13]. Ãðàíà-
òîâûå ïåðèäîòèòû ÿâëÿþòñÿ øèðîêî ðàñïðîñòðàíåííûì
êîìïîíåíòîì ìíîãèõ êîëëèçèîííûõ çîí, ãäå ïðîÿâëåí
UHP-ìåòàìîðôèçì. Îáðàçîâàíèå ãðàíàòà â ïåðèäîòèòàõ
óêàçûâàåò íà ìèíèìàëüíîå äàâëåíèå 14—18 êáàð.

Ïî ïîñëåäíèì äàííûì, ìàðóíêåóññêàÿ ñòðóêòóðà
ïðåäñòàâëÿåò ñîáîé UHP-òåððåéí — äàííûå ìèíåðàëüíîé
ãåîòåðìîáàðîìåòðèè ãðàíàòîâûõ óëüòðàìàôèòîâ (ãðàíàòî-
âûõ ïåðèäîòèòîâ è ãðàíàò-îëèâèíîâûõ âåáñòåðèòîâ) áëî-
êà Ìàðóí-Êåó ñâèäåòåëüñòâóþò î òîì, ÷òî ýòè ïîðîäû èñ-
ïûòàëè ìåòàìîðôèçì ïðè ñâåðõâûñîêèõ äàâëåíèÿõ [6]: ÐÒ-
ïàðàìåòðû ïèêà ìåòàìîðôèçìà äîñòèãàëè 39 êáàð, 830 îÑ
(îáëàñòü óñòîé÷èâîñòè àëìàçà). ÐÒ-ïàðàìåòðû ðåãðåññèâ-
íîãî ýòàïà âàðüèðóþò îò 18.5 êáàð 670 îÑ äî 14 êáàð 575 îÑ
(ðèñ. 2). Íà ýòîì æå ðèñóíêå îòðàæåíû ÐÒ-îöåíêè ïèêà
ìåòàìîðôèçìà ýêëîãèòîâ ïî äàííûì ðàçíûõ àâòîðîâ; îíè
ñîïîñòàâëÿþòñÿ ñ ðåãðåññèâíûì ýòàïîì ãðàíàòîâûõ ïåðè-
äîòèòîâ. Êîëè÷åñòâåííûå ÐÒ-îöåíêè UHP-ìåòàìîðôèç-
ìà ýêëîãèòîâ ïîêà îòñóòñòâóþò, ÷òî, íà íàø âçãëÿä, îáúÿñ-
íÿåòñÿ ñèëüíûìè ðåãðåññèâíûìè ïðåîáðàçîâàíèÿìè ýê-
ëîãèòîâ è ïëîõîé ñîõðàííîñòüþ ìèíåðàëüíûõ ðåëèêòîâ
UHP-ýòàïà. Ïîäðîáíåå ýòîò âîïðîñ ðàññìîòðåí íàìè ðà-
íåå [7]. Îòìåòèì, ÷òî â ýêëîãèòàõ êîìïëåêñà îáíàðóæåíû
êîñâåííûå ïðèçíàêè UHP-ìåòàìîðôèçìà â ïîëå êîýñèòî-
âîé ñóáôàöèè — âêëþ÷åíèÿ ïîëèêðèñòàëëè÷åñêîãî êâàðöà
â ãðàíàòå, îêðóæåííûå ðàäèàëüíûìè òðåùèíàìè è èíòåð-
ïðåòèðóåìûå êàê ïñåâäîìîðôîçû êâàðöà ïî êîýñèòó [20].

Õèìè÷åñêàÿ çîíàëüíîñòü ãðàíàòà
Â óëüòðàìàôèòàõ êîìïëåêñà Ìàðóí-Êåó óñòàíîâëåíî

÷åòûðå ãåíåðàöèè ãðàíàòà, ÷òî ïîçâîëèëî âûäåëèòü â èõ
ìåòàìîðôè÷åñêîé ýâîëþöèè ïðîãðåññèâíûé ýòàï (Grt-1),
ïèê ìåòàìîðôèçìà (Grt-2) è äâå ñòàäèè ðåãðåññèâíîãî ýòà-
ïà (Grt-3 è Grt-4) [7]. Õèìè÷åñêàÿ íåîäíîðîäíîñòü ïîð-
ôèðîáëàñòîâ ãðàíàòà (ðèñ. 3, 4) îáóñëîâëåíà íåñêîëüêè-
ìè ïðè÷èíàìè: 1) çîíàëüíîñòüþ êðèñòàëëîâ ïî íàïðàâëå-
íèþ «öåíòð — êðàé» (Grt-1  Grt-2, ëèáî Grt-2  Grt-3);

Ðèñ. 2. Ìåòàìîðôè÷åñêàÿ ÐÒ-ýâîëþöèÿ ãðàíàòîâûõ óëüòðàìàôèòîâ êîìïëåêñà Ìàðóí-Êåó, Ïîëÿðíûé Óðàë, ïî äàííûì [6]:
Ðîçîâûå è æåëòûå êðóæêè — ãðàíàòîâûå ïåðèäîòèòû [6]; ÷¸ðíûå êðóæêè — ýêëîãèòû è áëàñòîìèëîíèòû ïî íèì, ÷åðíûå êðóæêè
ñ áåëûì öåíòðîì — êëèíîïèðîêñåí-ãðàíàò-êâàðö-ïëàãèîêëàçîâûå êðèñòàëëîñëàíöû [2]; êâàäðàò — ýêëîãèòû [22]; ðîìá — ýêëî-
ãèòèçèðîâàííîå ãàááðî [19]; çâåçäî÷êè — ýêëîãèòû [20], òðåóãîëüíèê — êèàíèòîâûå ýêëîãèòû [3]. Ññûëêè íà ýêñïåðèìåíòàëü-
íûå ðàâíîâåñèÿ ñì. â ðàáîòå [7]. Òîíêèå ñòðåëêè — ÐÒ-òðåíäû ðåãðåññèâíîé ýâîëþöèè: êðàñíûå ñïëîøíûå — ãðàíàòîâûõ óëüòðà-
ìàôèòîâ (ïåðèäîòèòîâ è îëèâèíîâûõ âåáñòåðèòîâ) [6]; êðèâàÿ ÷åðíàÿ ïóíêòèðíàÿ — ýêëîãèòîâ èç ÐÒ-îáëàñòè óñòîé÷èâîñòè êîý-
ñèòà [20]; ïðÿìàÿ ÷åðíàÿ ïóíêòèðíàÿ — ýêëîãèòîâ [2]. Ôèãóðíûå çåëåíûå ñòðåëêè ñ öèôðàìè â êðóæêàõ ïîêàçûâàþò ÐÒ-ïóòü
ìåòàìîðôè÷åñêîé ýâîëþöèè ãðàíàòîâûõ óëüòðàìàôèòîâ Ìàðóí-Êåó è èõ ïðîòîëèòîâ: 1 — îñòûâàíèå èíòðóçèâà â çåìíîé êîðå
ïîñëå âíåäðåíèÿ (ìàãìàòè÷åñêèå ïëàãèîêëàçñîäåðæàùèå ïðîòîëèòû ãðàíàòîâûõ óëüòðàìàôèòîâ), 2 — ïðåäïîëîæèòåëüíûé
ÐÒ-ïóòü ïðîãðåññèâíîãî ìåòàìîðôèçìà ïðîòîëèòîâ, 3 — ðåãðåññèâíûé ÐÒ-ïóòü ìåòàìîðôèçîâàííûõ ìàãìàòè÷åñêèõ ïðîòîëèòîâ

 (ãðàíàòîâûõ óëüòðàìàôèòîâ)

Fig. 2. PT-estimates of metamorphism of garnet peridotites of Marun-Keu Complex, Polar Urals, after [6]:
Pink and yellow rings — garnet peridotites [Ñåëÿòèöêèé, Êóëèêîâà-äàí]; black rings — eclogites and eclogitic blastomilonites, black
rings with white center — Cpx-Grt-Qtz-Pl shales [2]; square — eclogites [22]; alabato — eclogitised gabbro [19]; stars — eclogites [20];
triangles — Ky eclogites [3]. References to experimental curves and metamorphic facies see in [7]. Red arrows — regressive PT-trends for
three samples of Marun-Keu ultramafics; black doted curved  arrow — regressive trend of eclogites from PT-stability field of coesite [20];
black doted straight arrow — regressive P-T trend of eclogites, eclogitic blastomilonites and Cpx-Grt-Qtz-Pl shales [2]. Bold dark blue
dotted arrows with numbers in rings  PT-trend of metamorphic evolution of Marun-Keu garnet ultramafics and their protoliths: 1 — cooling
of Marun-Keu ultramafic intrusive protoliths after intrusion into Earths crust; 2 — conjectural PT-trend of progressive metamorphism
of Marun-Keu protoliths into garnet peridotites during subduction; 3 — combined regressive PT-trend for Marun-Keu garnet peridotites
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Ðèñ. 3. BSE-èçîáðàæåíèÿ êðèñòàëëîâ ãðàíàòà èç ïåðèäîòèòîâ Ìàðóí-Êåó:
À — ãðàíàò ñ ïðîãðåññèâíîé çîíàëüíîñòüþ Grt-1  Grt-2 è ðàçâèòèåì Grt-4 ïî òðåùèíàì; Â — ãðàíàò ñ ðåãðåññèâíîé çîíàëü-

íîñòüþ  Grt-2  Grt-3 è îáðàçîâàíèåì ñàìîãî ïîçäíåãî, áëî÷íîãî, Grt-4 ïî Grt-3 [6, 7]

Fig. 3. BSE-images of garnet crystals from Marun-Keu peridotites:
A — garnet crystal with progressive zonality Grt-1  Grt-2 and development Grt-4 along cracks; B — garnet crystal with regressive

zonality Grt-2  Grt-3 and development domains of Grt-4 after Grt-3 [6, 7]

Ðèñ. 4. Ýâîëþöèÿ õèìè÷åñêîãî ñîñòàâà ãðàíàòà ïðè ìåòàìîðôèçìå óëüòðàìàôèòîâ òåððåéíà Ìàðóí-Êåó:
À — äâå ãðóïïû îáðàçöîâ, âûäåëåííûå ïî ñîîòíîøåíèþ Fe è Mg (ïîÿñíåíèÿ â òåêñòå, ïîäðîáíåå â [7]); Â — õèìè÷åñêàÿ ýâîëþ-
öèÿ ãðàíàòà èç îáð. 790/4. Òî÷å÷íîé ñòðåëêîé ïîêàçàíà ïðîãðåññèâíàÿ ýâîëþöèÿ ñîñòàâà ãðàíàòà, ñïëîøíûìè ñòðåëêàìè — ðå-
ãðåññèâíàÿ. Çåë¸íîå ïîëå — ÿäðà êðèñòàëëîâ ñ ïðîãðåññèâíîé çîíàëüíîñòüþ (ïðîãðåññèâíûé Grt-1); ðîçîâîå ïîëå — âíåøíèå è
êðàåâûå ÷àñòè ïîðôèðîáëàñòîâ ñ ïðîãðåññèâíîé çîíàëüíîñòüþ è ÿäðà ïîðôèðîáëàñòîâ ñ ðåãðåññèâíîé çîíàëüíîñòüþ (ïèêîâûé
Grt-2); æ¸ëòîå ïîëå — êðàé ïîðôèðîáëàñòîâ ñ ðåãðåññèâíîé çîíàëüíîñòüþ è ìàòðèêñ (ðåãðåññèâíûé Grt-3); ñåðîå ïîëå — îòäåëüíûå
äîìåíû è îáëàêîâèäíûå ïÿòíà, îðåîëû âîêðóã òðåùèí è òîíêèå êàéìû ïî êðàþ ïîðôèðîáëàñòîâ ñ ðåãðåññèâíîé çîíàëüíîñòüþ (ðåã-
ðåññèâíûé Grt-4). 1—3 — ãðàíàò èç îáðàçöîâ ãðóïïû I: 1 — Grt-2,  2 — Grt-3,  3 — Grt-4;  4—7 — ãðàíàò èç îáðàçöîâ ãðóïïû II:

  4 — Grt-2,  5 — Grt-2,  6 — Grt-3,  7 — Grt-4

Fig. 4. Chemical evolution of garnet during metamorphism of Marun-Keu ultramafics:
A — two groups of specimens, depending from Fe and Mg proportion in garnet (explanation is in text, more details in [7]), B — garnet from
specimen 790/4. Doted and solid arrows — progressive and regressive evolution of garnet, respectively. Green field — cores of garnet porphyroblasts
with progressive zonation (progressive Grt-1); pink field — outer parts and rims of garnet porphyroblasts with progressive zonation (peak Grt-2);
yellow field — rims of garnet porphyroblasts with regressive zonality (regressive Grt-3); gray field — aureoles along cracks, thin unclosed rims,
domains and cloudy maculas in garnet porphyroblasts with regressive zonality (regressive Grt-4). 1—3 grope I specimens: 1 — Grt-2,

 2 — Grt-3,  3 — Grt-4;  4—7 — grope II specimens: 4 — Grt-2,  5 — Grt-2,  6 — Grt-3,  7 — Grt-4



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, ôåâðàëü, 2018 ã., ¹ 2

42

Ïðèìå÷àíèå. Çíà÷åíèÿ ðàññ÷èòàíû ñ èñïîëüçîâàíèåì äàííûõ èç òàáë. 1. Ñîäåðæàíèÿ îêñèäîâ â ìàñ. %. Öèôðà íàä
ñêîáêàìè — ñðåäíåå çíà÷åíèå, â ñêîáêàõ — ìèíèìóì è ìàêñèìóì. #Mg = Mg/(Mg+Fe) — ìàãíåçèàëüíîñòü.

Note. Statistical results based on data from tab.1 Oxides in weight %. Date above brackets is average value, in brackets are
minimum and maximum value. #Mg = Mg/(Mg+Fe).

Òàáëèöà 2. Ñîñòàâ ïèêîâîãî ãðàíàòà (Grt-2) èç óëüòðàìàôèòîâ Ìàðóí-Êåó â ñðàâíåíèè ñ ñîñòàâîì ãðàíàòîâ èç êîðîâûõ
è ìàíòèéíûõ ïåðèäîòèòîâ UHP-êîëëèçèîííûõ çîí ìèðà

Table 2. Chemical composition of peak garnet from Marun-Keu ultramafics compared with garnet composition from crustal
and mantle peridotites of UHP-collisional belts

Ïðèìå÷àíèå. Â ñêîáêàõ — êîëè÷åñòâî àíàëèçîâ ãðàíàòà; äëÿ ìàðóíêåóñêèõ óëüòðàìàôèòîâ óêàçàíî êîëè÷åñòâî
àíàëèçîâ ïèêîâîãî ãðàíàòà.

Note. Data in brackets — number of analysis of garnet.

Òàáëèöà 1. Èñïîëüçîâàííàÿ áàçà äàííûõ ïî ñîñòàâàì ãðàíàòîâ èç êîðîâûõ è ìàíòèéíûõ ïåðèäîòèòîâ  UHP-êîëëèçèîííûõ çîí

Table 1. Database with garnet composition from crustal and mantle peridotites of UHP-collision zones
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2) áëî÷íîñòüþ/ïÿòíèñòîñòüþ (íàëè÷èåì õèìè÷åñêè êîí-
òðàñòíûõ äîìåíîâ âíóòðè êðèñòàëëà); 3) èçìåíåíèåì ñî-
ñòàâà ãðàíàòà âäîëü òðåùèí. Ïðè ýòîì áëî÷íîñòü è èçìå-
íåíèÿ âäîëü òðåùèí ñâÿçàíû ñ îáðàçîâàíèåì Grt-4.

Ïðîãðåññèâíàÿ çîíàëüíîñòü ãðàíàòà (Grt-1  Grt-2,
ðèñ. 3, à; 4) âûðàæàåòñÿ â ñíèæåíèè (îò öåíòðà ê êðàþ)
ñîäåðæàíèÿ MnO, FeO, CaO è âîçðàñòàíèè MgO è ìàãíå-
çèàëüíîñòè #Mg = (Mg+Fe)/Mg. Ïîðôèðîáëàñòû ñ òàêîé
çîíàëüíîñòüþ îáíàðóæåíû òîëüêî â îäíîì îáðàçöå (îáð.
790/4). Ðåãðåññèâíàÿ çîíàëüíîñòü (Grt-2  Grt-3  Grt-4,
ðèñ. 3, b; 4) ïðîÿâëåíà âî âñåõ îáðàçöàõ ïåðèäîòèòîâ è âû-
ðàæàåòñÿ â ñíèæåíèè ñîäåðæàíèÿ MgO è #Mg è âîçðàñòà-
íèè MnO, FeO, CaO.

Ïî ñîîòíîøåíèþ MgO è FeO ìåæäó Grt-2, Grt-3 è Grt-4
îáðàçöû óëüòðàìàôèòîâ îáúåäèíåíû â äâå ãðóïïû (ðèñ. 4):

I ãðóïïà — îáðàçöû ñ íàèáîëåå ìàãíåçèàëüíûì ãðàíà-
òîì òð¸õ ãåíåðàöèé:
Grt-2: MgO >> FeO (#Mg = 0.68—0.71), ÑàÎ = 4.75—6.84 ìñ. %,
Grt-3: MgO > FeO (#Mg = 0.64—0.69), ÑàÎ = 5.12—6.75 ìàñ. %,
Grt-4: MgO  FeO (#Mg = 0.61—0.66), ÑàÎ = 7.16—11.04 ìàñ. %.

II ãðóïïà  ñ ãðàíàòîì ìåíåå ìàãíåçèàëüíûì:
Grt-2: FeO  MgO (#Mg = 0.64—0.66), ÑàÎ = 4.98—5.82 ìàñ. %,
Grt-3: FeO > MgO (#Mg = 0.57—0.61), ÑàÎ = 4.69—6.54 ìàñ. %,
Grt-4: FeO >> MgO (#Mg = 0.55—0.63), ÑàÎ = 7.17—9.11 ìàñ. %.

Íåñìîòðÿ íà íåêîòîðûå ðàçëè÷èÿ â ñîäåðæàíèè ãëàâ-
íûõ êîìïîíåíòîâ, ãðàíàòû äâóõ ãðóïï èìåþò ïîäîáíûå
òðåíäû â èçìåíåíèè õèìè÷åñêîãî ñîñòàâà ñ èçìåíåíèåì
òåðìîäèíàìè÷åñêèõ óñëîâèé (ðèñ. 4, à). Áîëåå ïîäðîáíîå
îïèñàíèå çîíàëüíîñòè ïðèâåäåíî â ðàáîòå [7], êîëè÷å-
ñòâåííûé àíàëèç ãðàíàòîâ èç íåêîòîðûõ îáðàçöîâ ïðåä-
ñòàâëåí ðàíåå [6].

Õèìè÷åñêàÿ ñïåöèôèêà ãðàíàòîâ èç óëüòðà-
ìàôèòîâ Ìàðóí-Êåó â ñðàâíåíèè ñ ãðàíàòàìè
èç êîðîâûõ è ìàíòèéíûõ UHP-ïåðèäîòèòîâ
êîëëèçèîííûõ çîí ìèðà

Ëèòåðàòóðíûå àíàëèòè÷åñêèå äàííûå, èñïîëüçîâàí-
íûå äëÿ ñðàâíåíèÿ ñ äàííûìè ïî ãðàíàòàì èç ïåðèäîòè-
òîâ Ìàðóí-Êåó, ïðåäñòàâëåíû â òàáë. 1. Ãåíåòè÷åñêèé òèï
êîðîâûõ ïåðèäîòèòîâ ïðåäñòàâëåí ãðàíàòîâûìè óëüòðàìà-
ôèòàìè Êîê÷åòàâñêîãî ìàññèâà (Ñ. Êàçàõñòàí), òåððåéíà
Äàáè (Â. Êèòàé), òåððåéíà Àëòûí-Òàã (Ñ.-Ç. Êèòàé) è Çà-
ïàäíîãî ãíåéñîâîãî ðåãèîíà (Íîðâåãèÿ). Îíè ñðàâíèâà-
ëèñü ñ ïðåäñòàâèòåëÿìè ìàíòèéíûõ ãðàíàòîâûõ ïåðèäî-
òèòîâ èç òåððåéíà Ñóëó (Â. Êèòàé), Çàïàäíîãî ãíåéñîâîãî
ðåãèîíà (Íîðâåãèÿ), ïåðèäîòèòîâûõ êîìïëåêñîâ Öåíò-
ðàëüíûõ è Çàïàäíûõ Àëüï, Áëàíñêîãî ìàññèâà (×åõèÿ) è
îñòðîâà Ñóëàâåñè (Èíäîíåçèÿ).

Ñòàòèñòè÷åñêèå äàííûå ïî ñîñòàâó ãðàíàòîâ êîðîâûõ
è ìàíòèéíûõ ïåðèäîòèòîâ ïðåäñòàâëåíû â òàáë. 2. Ãðàíà-
òû êîðîâûõ ïåðèäîòèòîâ õàðàêòåðèçóþòñÿ ïîíèæåííûì
#Mg è íèçêèì ñîäåðæàíèåì Cr2O3 â ñðàâíåíèè ñ ãðàíàòà-
ìè èç ìàíòèéíûõ UHP-ïåðèäîòèòîâ. Ïî ñîîòíîøåíèþ Fe
è Mg îíè îáðàçóþò ñàìîñòîÿòåëüíûå íåïåðåêðûâàþùèå-
ñÿ èíòåðâàëû: #Mg «êîðîâûõ» ãðàíàòîâ èçìåíÿåòñÿ â èí-
òåðâàëå 0.43—0.71 (Õñð = 0.63),  ìàíòèéíûõ — 0.74—0.88
(Õñð = 0.79). Ñîäåðæàíèå Cr2O3 â «êîðîâûõ» ãðàíàòàõ—
0.00—1.33 ìàñ. % (Õñð = 0.12 ìàñ. %), â ìàíòèéíûõ — 0.56—
4.84 ìàñ. % (Õñð = 2.16 ìàñ. %). Ñîäåðæàíèå Cr2O3 â ãðàíà-
òàõ èç êîðîâûõ ïåðèäîòèòîâ òåððåéíà Äàáè ñóùåñòâåííî
âûøå, ÷åì â ãðàíàòàõ èç êîðîâûõ ïåðèäîòèòîâ Êîê÷åòàâà,
Íîðâåãèè, òåððåéíà Àëòûí-Òàã, è ÷àñòè÷íî ïåðåêðûâàåò-
ñÿ ñ ñîñòàâàìè ãðàíàòîâ ìàíòèéíûõ ïåðèäîòèòîâ. Åñëè

êîê÷åòàâñêèå è íîðâåæñêèå «êîðîâûå» ãðàíàòû ïðàêòè÷åñ-
êè ëèøåíû Cr2O3, òî â «êîðîâûõ» ãðàíàòàõ Êèòàÿ èç òåð-
ðåéíà Äàáè ñîäåðæàíèå Cr2O3 ñîñòàâëÿåò 0.32—1.33 ìàñ. %.
Â êèòàéñêèõ «êîðîâûõ» ãðàíàòàõ èç òåððåéíà Àëòûí-Òàã
ñîäåðæàíèå Cr2O3 ñîñòàâëÿåò 0.01—0.17 ìàñ. % (îäíî çíà-
÷åíèå 1.25 ìàñ. %).

Íà áèíàðíûõ äèàãðàììàõ Mg—Fe è #Mg—Cr2O3

(ðèñ. 5, à, á) ïîêàçàí ñîñòàâ ïèêîâîãî ãðàíàòà (Grt-2) èç
óëüòðàìàôèòîâ Ìàðóí-Êåó â ñðàâíåíèè ñ ìàíòèéíûìè
è êîðîâûìè ïåðèäîòèòàìè; íà òðîéíîé äèàãðàììå Mg—
Fe—Ca (ðèñ. 6) âûíåñåíû ñîñòàâû âñåõ ÷åòûðåõ ãåíåðà-
öèé ãðàíàòà. Ïî ñîäåðæàíèþ Mg, Fe è Cr ãðàíàòû èç ìà-
ðóíêåóñêèõ óëüòðàìàôèòîâ îòëè÷àþòñÿ îò ãðàíàòîâ èç
ìàíòèéíûõ UHP-ïåðèäîòèòîâ: îíè ìåíåå ìàãíåçèàëüíû,
ñîäåðæàò ìåíüøåå êîëè÷åñòâî Cr è ðàñïîëîæåíû â ïîëå
ãðàíàòîâ èç êîðîâûõ ïåðèäîòèòîâ. #Mg ïèêîâîãî Grt-2 â
ïåðèäîòèòàõ Ìàðóí-Êåó âàðüèðóåò â èíòåðâàëå 0.60—0.71,
ñîäåðæàíèå Cr2O3 — îò 0.00 äî 0.20, ðåäêî äî 0.44 ìàñ. %.
Ïî çíà÷åíèþ #Mg ìàðóíêåóññêèå ãðàíàòû ïðàêòè÷åñêè
ïîëíîñòüþ ïåðåêðûâàþòñÿ ñ ãðàíàòàìè èç êîðîâûõ óëüò-
ðàìàôèòîâ Êîê÷åòàâñêîãî ìàññèâà, à ïî êîíöåíòðàöèè
Cr2O3 — ñ ãðàíàòàìè èç êîðîâûõ óëüòðàìàôèòîâ òåððåé-
íà Àëòûí-Òàã.

Îáñóæäåíèå

Íàëè÷èå â ãðàíàòîâûõ ïåðèäîòèòàõ ðåëèêòîâîãî
ïëàãèîêëàçà ïðÿìî óêàçûâàåò íà íà÷àëüíîå (äîñóáäóê-
öèîííîå) äàâëåíèå íèæå 7—8 êáàð, ò. å. ñòàíîâëåíèå
ìàãìàòè÷åñêèõ ïðîòîëèòîâ ïðîèñõîäèëî èìåííî â êî-
ðîâûõ óñëîâèÿõ — â âåðõíåé êîðå íà ãëóáèíàõ ñâûøå
21—24 êì. Íà ðèñ. 2 ïîêàçàí ÐÒ-òðåíä ìåòàìîðôè÷åñ-
êîé (ïðîãðåññèâíîé è ðåãðåññèâíîé) ýâîëþöèè ïåðè-
äîòèòîâ êîìïëåêñà: ïóíêòèðíûìè ñòðåëêàìè ïîêàçàí
ïðåäïîëàãàåìûé ÐÒ-ïóòü îò ìîìåíòà ñòàíîâëåíèÿ èíò-
ðóçèâà â çåìíîé êîðå (ñóáèçîáàðè÷åñêîå îñòûâàíèå èí-
òðóçèâà — ñòðåëêà ñ öèôðîé 1) äî íà÷àëà ïîãðóæåíèÿ
ïðè ñóáäóêöèè (ïðîãðåññèâíûé ìåòàìîðôèçì ñ ïîâû-
øåíèåì Ð è Ò — ñòðåëêà ñ öèôðîé 2). Ïîäîáíàÿ ÐÒ-ýâî-
ëþöèÿ óñòàíîâëåíà äëÿ êîðîâûõ ïðîòîëèòîâ ãðàíàòîâûõ
ïåðèäîòèòîâ Áèêñèëèíã è Ìàîáåé â òåððåéíå Äàáè (Â.
Êèòàé) [29 è ññûëêè â íåé].

Êîðîâûå ïåðèäîòèòû ñõîäíû ñ ìàíòèéíûìè ïî êî-
ëè÷åñòâåííî-ìèíåðàëîãè÷åñêîìó ñîñòàâó, îäíàêî çàìåò-
íî îòëè÷àþòñÿ îò íèõ õèìè÷åñêèì ñîñòàâîì ìèíåðàëîâ
[8], íàïðèìåð ñîñòàâîì ãðàíàòà (ðèñ. 5, 6). Íà ðèñ. 7 ïî-
êàçàíû ÐÒ-óñëîâèÿ ïèêà UHP-ìåòàìîðôèçìà äëÿ êîðî-
âûõ è ìàíòèéíûõ ãðàíàòîâûõ ïåðèäîòèòîâ èç ðàçëè÷íûõ
êîëëèçèîííûõ çîí çåìíîãî øàðà (ïî äàííûì èç òàáë. 1).
Ïî÷òè âñå îöåíêè ìàêñèìàëüíûõ Ð è Ò äëÿ êîðîâûõ è
ìàíòèéíûõ ãðàíàòîâûõ ïåðèäîòèòîâ íàõîäÿòñÿ â ïîëå óñ-
òîé÷èâîñòè êîýñèòà èëè àëìàçà è ïðàêòè÷åñêè ïîëíîñ-
òüþ ïåðåêðûâàþòñÿ, çà èñêëþ÷åíèåì ÐÒ-äàííûõ ïî ãðà-
íàòîâûì ïåðèäîòèòàì Ñóëàâåñè, îáðàçîâàâøèìñÿ ïðè
çíà÷èòåëüíî áîëåå âûñîêèõ òåìïåðàòóðàõ. Áëèçêèå ÐÒ-
ïàðàìåòðû óêàçûâàþò íà òî, ÷òî ðàçíèöà â õèìèçìå «êî-
ðîâûõ» è «ìàíòèéíûõ» ãðàíàòîâ îáóñëîâëåíà íå òåðìî-
äèíàìè÷åñêèìè óñëîâèÿìè, à ñêîðåå ñïåöèôèêîé ïåòðî-
õèìè÷åñêîãî ñîñòàâà ïåðèäîòèòîâ ðàçíûõ ãåíåòè÷åñêèõ
òèïîâ. Ñóùåñòâåííûå îòëè÷èÿ ïåòðîõèìè÷åñêîãî ñîñòà-
âà ìàðóíêåóñêèõ óëüòðàìàôèòîâ îò ìàíòèéíûõ è ñõîä-
ñòâî ñ ïåòðîõèìèåé êîðîâûõ ïåðèäîòèòîâ ïðèâåäåíû â
ðàáîòå [6].
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Ðèñ. 6. Òðîéíàÿ äèàãðàììà Mg—Fe—Ca äëÿ ãðàíàòîâ èç ïåðèäîòèòîâ Ìàðóí-Êåó: 1—4 — ãðàíàò èç ïåðèäîòèòîâ Ìàðóí-Êåó,
ñîîòâåòñòâåííî  Grt-1, Grt-2, Grt-3, Grt-4. Òî÷å÷íîé è ñïëîøíîé ëèíèÿìè ïîêàçàíû ïîëÿ ñîñòàâîâ ãðàíàòà èç êîðîâûõ è ìàí-

òèéíûõ ïåðèäîòèòîâ ñîîòâåòñòâåííî. Ññûëêè íà èñòî÷íèêè ñì. â òàáë. 1

Fig. 6. Mg-Fe-Ca diagram for garnet from Marun-Keu peridotites: 1—4 - Grt-1, Grt-2, Grt-3, Grt-4 respectively. Doted and solid contours —
 composition fields of garnet from crustal and mantle peridotites, after Tab. 1

Ðèñ. 5. Ñðàâíåíèå ñîñòàâà ãðàíàòîâ èç ïåðèäîòèòîâ Ìàðóí-Êåó ñ ãðàíàòàìè èç ìàíòèéíûõ è êîðîâûõ UHP-ïåðèäîòèòîâ
êîëëèçèîííûõ çîí ìèðà: 1—4 — êîðîâûå ïåðèäîòèòû: 1 — Êîê÷åòàâñêèé ìàññèâ, Ñ. Êàçàõñòàí, 2 — ãíåéñîâûé ðåãèîí, Ç. Íîðâå-
ãèÿ, 3 — òåððåéí Àëòûí-Òàã, Ñ.-Ç. Êèòàé, 4 — òåððåéí Äàáè, Â. Êèòàé; 5—8 — ìàíòèéíûå ïåðèäîòèòû: 5 — ãíåéñîâûé ðåãèîí,
Ç. Íîðâåãèÿ, 6 — ïåðèäîòèòû Åâðîïû (Áëàíñêèé ìàññèâ è êîìïëåêñ Àëüïå Àðàìè), 7 — òåððåéí Ñóëó, Â. Êèòàé, 8 — î-â Ñóëàâå-
ñè, Èíäîíåçèÿ; 9 — ãðàíàòîâûå ïåðèäîòèòû Ìàðóí-Êåó. Ñåðûì ïîëåì âûäåëåíà îáëàñòü ãðàíàòîâ èç ïåðèäîòèòîâ êîìïëåêñà
Ìàðóí-Êåó, òî÷å÷íîé è ñïëîøíîé ëèíèÿìè — ïîëÿ ñîñòàâîâ ãðàíàòà ñîîòâåòñòâåííî èç êîðîâûõ è ìàíòèéíûõ ïåðèäîòèòîâ.

Ññûëêè íà èñòî÷íèêè ñì. â òàáë. 1. Ñîäåðæàíèå Cr2O3 — â ìàñ. %; Fe è Mg — â ôîðìóëüíûõ êîýôôèöèåíòàõ

Fig. 5. Comparison of garnet composition from Marun-Keu peridotites with garnet from mantle and crustal HP-UHP-peridotites
from other collision zones: 1—4 — crustal peridotites: 1 — Kokchetav Massif, N. Kazakhstan, 2 — Gneiss Region, W. Norway,
3 — Altyn Tagh terrane, NW China, 4 — Dabie-Sulu terrane, E. China; 5—8 — mantle peridotites: 5 — Gneiss Region, W. Norway,
6 — Europe (Blansky Massif and Complex Alpe Arame), 7 — Dabie-Sulu terrane, E. China, 8 — Sulawesi Island, Indonesia; 9 — peridotites
of Marun-Keu Complex. Grey field — fields of garnets from Marun-Keu peridotites; doted and solid contours — fields of garnets from
crustal and mantle peridotites. Data for composition of garnet from crustal and mantle  peridotites from Tab. 1. Cr2O3 concentration

in wt. %; Fe and Mg — in formula coefficients
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Çàêëþ÷åíèå

Ãåîëîãè÷åñêèå íàáëþäåíèÿ, à èìåííî íàëè÷èå ðåëèê-
òîâûõ ó÷àñòêîâ íèçêîáàðè÷åñêèõ ïëàãèîêëàçñîäåðæàùèõ
ïðîòîëèòîâ â ãðàíàòîâûõ ïåðèäîòèòàõ, ïðÿìî óêàçûâàþò
íà èõ èçíà÷àëüíî êîðîâîå ïðîèñõîæäåíèå. Ãðàíàò èç óëü-
òðàìàôèòîâ Ìàðóí-Êåó ïî ñîñòàâó ñîïîñòàâëÿåòñÿ ñ ãðà-
íàòàìè êîðîâûõ UHP-óëüòðàìàôèòîâ êîëëèçèîííûõ çîí
Êàçàõñòàíà, Íîðâåãèè è Êèòàÿ. Òåðìîáàðîìåòðè÷åñêèå
ñîïîñòàâëåíèÿ óñëîâèé îáðàçîâàíèÿ ïåðèäîòèòîâ (ðèñ. 7)
ïîêàçûâàþò, ÷òî ðàçíèöà â ñîñòàâå ïèêîâûõ ãðàíàòîâ èç
ïåðèäîòèòîâ äâóõ ãåíåòè÷åñêèõ òèïîâ îïðåäåëÿåòñÿ íå ÐÒ-
óñëîâèÿìè èõ îáðàçîâàíèÿ. Òàêèì îáðàçîì, ãðàíàò êîðî-
âûõ ïåðèäîòèòîâ, ÿâëÿÿñü ìåòàìîðôè÷åñêèì ìèíåðàëîì,
îòðàæàåò âàëîâûé ñîñòàâ ìàãìàòè÷åñêèõ ïðîòîëèòîâ è
ìîæåò ñëóæèòü èíäèêàòîðîì êîðîâîãî ãåíåçèñà óëüòðàìà-
ôèòîâ â UHP-êîëëèçèîííûõ çîíàõ.

Ãåîëîãè÷åñêèå äàííûå è ðåçóëüòàòû ñîïîñòàâëåíèé
õèìè÷åñêîãî ñîñòàâà ãðàíàòà ïîçâîëèëè îòíåñòè ãðàíàòî-
âûå óëüòðàìàôèòû Ìàðóí-Êåó ê ãåíåòè÷åñêîìó òèïó êî-
ðîâûõ ïåðèäîòèòîâ. Èõ äîñóáäóêöèîííûìè ïðåäøåñòâåí-
íèêàìè ÿâëÿþòñÿ ïëàãèîïåðèäîòèòû è ìåëàíîòðîêòîëè-
òû, ñîõðàíèâøèåñÿ ïðè UHP-ìåòàìîðôèçìå â âèäå ðåëèê-
òîâûõ ó÷àñòêîâ â òåëàõ ãðàíàòîâûõ ïåðèäîòèòîâ.

Àâòîðû áëàãîäàðÿò àíîíèìíûõ ðåöåíçåíòîâ çà êðèòè÷åñ-
êèå çàìå÷àíèÿ, ïîçâîëèâøèå ñóùåñòâåííî óëó÷øèòü ñòàòüþ.

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñóäàðñòâåííîãî çàäàíèÿ
(ïðîåêò ¹ 0330-2016-0004) è ïðîãðàììû ôóíäàìåíòàëüíûõ
èññëåäîâàíèé ÐÀÍ ¹ 15-18-5-57.
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N. Kazakhstan; 3 — Western Gneiss Region, Norway; 4 — Dabie tar-
rane, E. China; 5 — Altyn Tagh terrane, N.-W. China; 6—10 — man-
tle peridotites: 6 — Western Gneiss Region, Norway; 7 — Blansky
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9 — Sulu tarrane, E. China; 10 — Sulawesi Island, Indonesia. Data
are from Tab. 1. Lines of mineral equilibrium see Fig.2. Line with

1 % of majorite in garnet is after [16]
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