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ÍÎÂÛÅ ÄÀÍÍÛÅ Î ÑÅÉÑÌÈ×ÍÎÑÒÈ ÑÅÂÅÐÍÎÉ ×ÀÑÒÈ ÓÐÀËÀ

N. N. Noskova
Institute of Geology of Komi SC UB RAS, Syktyvkar

NEW DATA ON NORTHERN URALS SEISMICITY

Ïðåäñòàâëåíû ðåçóëüòàòû èíñòðóìåíòàëüíîé îáðàáîòêè çåìëåòðÿñåíèé 2012–2015 ãã. íà Ñåâåðíîì, Ïðèïîëÿðíîì
è Ïîëÿðíîì Óðàëå. Ñåéñìè÷åñêèå ñîáûòèÿ  ïðèóðî÷åíû ê êðóïíåéøèì íàäâèãàì óðàëèä â Çàïàäíîé, Îñåâîé è Âîñòî÷-
íîé ñòðóêòóðíûõ çîíàõ. Òåððèòîðèÿ Ñåâåðíîãî — Ïîëÿðíîãî Óðàëà õàðàêòåðèçóåòñÿ ñëàáîé ðàññåÿííîé ñåéñìè÷íîñ-
òüþ. Ôèêñèðóåìûå çåìëåòðÿñåíèÿ ÿâëÿþòñÿ âåðõíåêîðîâûìè è ìîãóò áûòü îáóñëîâëåíû ãîðèçîíòàëüíûìè óíàñëåäî-
âàííûìè äâèæåíèÿìè ïî êðóïíåéøèì ïîçäíåïàëåîçîéñêèì íàäâèãàì.

Êëþ÷åâûå ñëîâà: çåìëåòðÿñåíèå, ìàãíèòóäà, ñëàáàÿ ñåéñìè÷íîñòü, Óðàë, ñóòóðà, íàäâèãè.

We present the results of instrumental data processing of the earthquakes recorded in 20122015 in the Northern, Subpolar and
Polar Urals. The earthquakes were confined to the Main Ural Fault, to the junction zone of Western, Axial and Eastern structural zones.
The territory of the Northern and Polar Urals is characterized by a low-magnitude diffused seismicity. The recorded seismic events in
the Urals occurred in the upper crust and could be caused by horizontal movements on the largest Late Paleozoic overthrusts.

Keywords: earthquake, magnitude, low-magnitude seismicity, Urals, suture, overthrust.

Ââåäåíèå

Óðàëüñêèé ñêëàä÷àòûé ïîÿñ õàðàêòåðèçóåòñÿ îòíîñè-
òåëüíî ñëàáîé ñåéñìè÷íîñòüþ è ðåäêî âîçíèêàþùèìè çäåñü
çåìëåòðÿñåíèÿìè. Ïîäàâëÿþùåå áîëüøèíñòâî çåìëåòðÿñå-
íèé ëîêàëèçîâàíû â ïðåäåëàõ ñðåäíåé è þæíîé ÷àñòåé, â
òàê íàçûâàåìîé Ñðåäíåóðàëüñêîé îáëàñòè ïîâûøåííîé
ñåéñìè÷íîñòè [3], îõâàòûâàþùåé âîñòî÷íóþ ÷àñòü Âîñòî÷-
íî-Åâðîïåéñêîãî êðàòîíà è Ñðåäíåóðàëüñêóþ îáëàñòü ãîð-
íî-ñêëàä÷àòîãî ïîÿñà. Ñâåäåíèé î ïðèðîäíîé ñåéñìè÷íî-
ñòè ñåâåðà Óðàëà äî íåäàâíåãî âðåìåíè íå áûëî.

Ýòî ðàñïðåäåëåíèå îáúÿñíÿåòñÿ ðàçëè÷èÿìè â ãåîëî-
ãè÷åñêîì ñòðîåíèè. Íà Ñðåäíåì è Þæíîì Óðàëå â ðàéîíàõ
ðàçâèòèÿ êàðñòîâûõ ïóñòîò ïðîèñõîäÿò îáâàëüíûå èëè îá-
âàëüíî-êàðñòîâûå (êàðñòîâî-ïðîâàëüíûå) çåìëåòðÿñåíèÿ.
Òàêæå êîíöåíòðàöèÿ ñåéñìè÷åñêèõ ñîáûòèé îáóñëîâëåíà
è òåì, ÷òî ïî ñðàâíåíèþ ñ ñåâåðíîé ÷àñòüþ Ñðåäíèé è Þæ-
íûé Óðàë ÿâëÿþòñÿ áîëåå ðàçâèòûìè ãîðíîäîáûâàþùèìè
ðåãèîíàìè, ïðîìûøëåííûìè öåíòðàìè, ñ êðóïíûìè àãëî-
ìåðàöèÿìè è ãîðàçäî áîëüøåé ïëîòíîñòüþ íàñåëåíèÿ. Ãîð-
íûå ðàáîòû âûçûâàþò èíòåíñèâíûå òåõíîãåííûå ïðîöåñ-
ñû, ïðåæäå âñåãî ðàçëè÷íûå ïðîÿâëåíèÿ ñåéñìè÷íîñòè (íà-
âåäåííàÿ ñåéñìè÷íîñòü, êîòîðàÿ âêëþ÷àåò â ñåáÿ âîçáóæ-
äåííóþ è òðèããåðíóþ, ãîðíî-òåêòîíè÷åñêèå óäàðû è ò. ï.).
Òåõíîãåííàÿ íàãðóçêà ñåâåðíîé ÷àñòè Óðàëà ãîðàçäî ìåíü-
øå. Ñëàáàÿ ñåéñìè÷íîñòü çäåñü îáóñëîâëåíà ìàëîé ñêîðîñ-
òüþ äåôîðìàöèè çåìíîé êîðû íà ñîâðåìåííîì ýòàïå.

Â ñòàòüå íàìè ðàññìàòðèâàþòñÿ çàôèêñèðîâàííûå
èíñòðóìåíòàëüíî ñåéñìè÷åñêèå ñîáûòèÿ ïðèðîäíîãî õà-
ðàêòåðà – çåìëåòðÿñåíèÿ, ïðîèçîøåäøèå íà Ïîëÿðíîì,
Ïðèïîëÿðíîì è Ñåâåðíîì Óðàëå 24 äåêàáðÿ 2012 ã., 28 ÿí-
âàðÿ 2014 ã., 4 ÿíâàðÿ 2015 ã. è 21 ìàðòà 2015 ã. (ðèñ. 1).

Ðèñ. 1. Ôðàãìåíò ñòðóêòóðíî-òåêòîíè÷åñêîé êàðòû Òèìàíî-
Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèíöèè [9] ñ ýïèöåíòðàìè

 óðàëüñêèõ çåìëåòðÿñåíèé

Fig. 1. Fragment of structural-tectonic map of Timan-Pechora oil
  and gas province [8] with epicenters of Ural earthquakes
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Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Íà òåððèòîðèè Ðåñïóáëèêè Êîìè ôóíêöèîíèðóþò òðè
ñåéñìîëîãè÷åñêèõ ïóíêòà Èíñòèòóòà ãåîëîãèè (ÈÃ) Êîìè
ÍÖ ÓðÎ ÐÀÍ – â ã. Ñûêòûâêàðå (SYK), â ñ. Ãðèâà (GRV) è
â ñ. Ïîæåã Óñòü-Êóëîìñêîãî ðàéîíà (PZG – óñòàíîâëåíà â
äåêàáðå 2014 ã.) (ðèñ. 2). Ñòàíöèè îñíàùåíû ðåãèñòðàòîðà-
ìè SDAS è UGRA (ÎÎÎ «ÍÏÏ Ãåîòåõ+», Îáíèíñê ñîâìå-
ñòíî ñ ÃÑ ÐÀÍ) è êîðîòêîïåðèîäíûìè ñåéñ-
ìîìåòðàìè (0.1–20 Ãö) ÑÌ3-ÊÂ ñ 16-ðàçðÿäíûì (SDAS)
è 24-ðàçðÿäíûì (UGRA) ÀÖÏ.

Êðîìå ñîáñòâåííûõ ñåéñìè÷åñêèõ çàïèñåé â îáðàáîò-
êó ïðèâëåêàëèñü äàííûå ñåéñìè÷åñêèõ ñòàíöèé Ïåðìñ-
êîé, Àðõàíãåëüñêîé ñåòè Ãåîôèçè÷åñêîé ñëóæáû (ÃÑ) ÐÀÍ
è Èíñòèòóòà ýêîëîãè÷åñêèõ ïðîáëåì Ñåâåðà ÓðÎ ÐÀÍ,
Êîëüñêîãî ôèëèàëà ÃÑ ÐÀÍ (Àïàòèòû), ñåéñìè÷åñêîé
ñòàíöèè Àðòè (ARU) (ìåæäóíàðîäíîé ñåòè IRIS ñîâìåñò-
íî ñ ÃÑ ÐÀÍ, Îáíèíñê), à òàêæå ôèíñêèõ è íîðâåæñêèõ
ñåéñìîëîãè÷åñêèõ ñåòåé (ðèñ. 2). Ñòàíöèè ñîñåäíèõ ñåéñ-
ìîëîãè÷åñêèõ öåíòðîâ ÃÑ ÐÀÍ ãã. Ïåðìü, Àðõàíãåëüñê è
Àïàòèòû ÿâëÿþòñÿ âàæíîé ñîñòàâëÿþùåé â ðåãèñòðàöèè
çåìëåòðÿñåíèé íà òåððèòîðèè Ðåñïóáëèêè Êîìè.

Â íàñòîÿùåå âðåìÿ áåç ïðèâëå÷åíèÿ ñåéñìè÷åñêèõ
çàïèñåé ñîñåäíèõ ñåéñìîëîãè÷åñêèõ öåíòðîâ ðàñ÷åò êîîð-
äèíàò è ïàðàìåòðîâ ýïèöåíòðîâ ñåéñìè÷åñêèõ ñîáûòèé
íåâîçìîæåí ïî ïðè÷èíàì:

– ïëîõîãî îêðóæåíèÿ ýïèöåíòðîâ èç-çà ìàëîãî êîëè-
÷åñòâà ñåéñìîñòàíöèé, íåäîñòàòî÷íîãî äëÿ îïðåäåëåíèÿ
ïîëîæåíèÿ ýïèöåíòðà è èõ ðàçìåùåíèÿ â þæíûõ ðàéîíàõ
ðåñïóáëèêè;

– íèçêîãî ñîîòíîøåíèÿ ñèãíàë/ïîìåõà, ñâÿçàííîãî
ñ âûñîêèì óðîâíåì òåõíîãåííûõ ïîìåõ â ðàéîíå óñòàíîâ-
ëåííûõ ñåéñìè÷åñêèõ ñòàíöèé;

– íåñòàáèëüíîñòè ðàáîòû óñòàðåâøåé ñåéñìè÷åñêîé
àïïàðàòóðû.

Îáðàáîòêà çàïèñåé ñåéñìè÷åñêèõ ñîáûòèé âûïîëíÿ-
ëàñü â ïðîãðàììíîì êîìïëåêñå WSG (ðàçðàáîòêà Ãåîôè-
çè÷åñêîé ñëóæáû ÐÀÍ è ÎÎÎ «ÍÏÏ Ãåîòåõ+») ñ èñïîëü-
çîâàíèåì ãîäîãðàôà äëÿ Âîñòî÷íî-Åâðîïåéñêîãî êðàòîíà
ïî äàííûì Ìåæäóíàðîäíîãî öåíòðà äàííûõ CTBTO IDC
(Àâñòðèÿ) [16—24], ïî ìåòîäèêå, ïðèíÿòîé â ÃÑ ÐÀÍ. Íàìè
òàêæå ïðîâîäèëèñü ðàñ÷åòû ïî ãîäîãðàôó äëÿ Âîñòî÷íî-
Åâðîïåéñêîãî êðàòîíà ïî äàííûì Þ.Ê. Ùóêèíà [7, 13].
Ñòîèò îòìåòèòü ïðàêòè÷åñêè ïîëíóþ ñõîäèìîñòü êîîðäè-
íàò ýïèöåíòðîâ óðàëüñêèõ çåìëåòðÿñåíèé, ðàññ÷èòàííûå
ïî ýòèì äâóì ãîäîãðàôàì, ðàçíèöà â ëîêàöèè ýïèöåíòðà
ñîñòàâëÿåò 12 êì. Ïî ãîäîãðàôó Þ. Ê. Ùóêèíà ãèïîöåíò-
ðû èññëåäóåìûõ ñîáûòèé ðàñïîëàãàþòñÿ íà ãëóáèíå 5 êì.

Ðåçóëüòàòû

24 äåêàáðÿ 2012 ã. íà ñåâåðå Ðåñïóáëèêè Êîìè, þæ-
íåå ã. Âîðêóòû, ïîä àëëîõòîííûì ãîðíûì ìàññèâîì Ïàé-
åð ïðîèçîøëî ñåéñìè÷åñêîå ñîáûòèå (ðèñ. 1). Â îáðàáîò-
êå çåìëåòðÿñåíèÿ èñïîëüçîâàëèñü çàïèñè ñåéñìè÷åñêèõ
ñòàíöèé ÃÑ ÐÀÍ: Àðõàíãåëüñêîé ñåòè — AMD (Àìäåðìà),
KLM (Êëèìîâñêàÿ), PRG (Ïåðìîãîðüå), Ïåðìñêîé ñåòè
— PR1 (Ðîìàíîâî), PR3 (Êóíãóð), PR4 (Âëàñû), Êîëüñêî-
ãî Ôèëèàëà (ÊÔ) ÃÑ ÐÀÍ — APA0 (Àïàòèòñêèé ARRAY),
à òàêæå çàïèñè íîðâåæñêèõ ñòàíöèé ARA0 (ARCESS Array)
è SPA0 (Spitsbergen Array, Norway) è ñåéñìîñòàíöèè Ñûê-
òûâêàð (SYK). Áëèæàéøàÿ ê ýïèöåíòðó ñåéñìîñòàíöèÿ —
AMD (3.2°), ñàìàÿ óäàëåííàÿ — Spitsbergen Array (17.7°). Íà
ðèñ. 3 ïðåäñòàâëåíû çàïèñè çåìëåòðÿñåíèÿ 24 äåêàáðÿ
2012 ã. ðàçëè÷íûìè ñåéñìîëîãè÷åñêèìè ñòàíöèÿìè.

Ðèñ. 2. Ðàñïîëîæåíèå ñåéñìîñòàíöèé, ïðèâëåêàåìûõ äëÿ
 îáðàáîòêè ñåéñìè÷åñêèõ ñîáûòèé

Fig. 2. Location of seismic stations involved in the processing
of seismic events

Ïàðàìåòðû çåìëåòðÿñåíèÿ, ðàññ÷èòàííûå íàìè: âðå-
ìÿ â î÷àãå (t0) 06h22m39s, êîîðäèíàòû 66.768N, 64.360E, î÷àã
ðàñïîëîæåí íà ãëóáèíå h=11 êì, ìàãíèòóäà Ms=3.7. Äàí-
íîå ñîáûòèå çàôèêñèðîâàíî áîëüøèì êîëè÷åñòâîì ñåéñ-
ìîñòàíöèé ïî âñåìó ìèðó è áûëè ïîëó÷åíû ðåøåíèÿ â ðÿäå
ñåéñìîëîãè÷åñêèõ öåíòðîâ (òàáë. 1). Íà ñàéòå Ìåæäóíà-
ðîäíîãî ñåéñìîëîãè÷åñêîãî öåíòðà (ISC, Àíãëèÿ) [25]
ïðåäñòàâëåí áþëëåòåíü çåìëåòðÿñåíèÿ 24 äåêàáðÿ áîëåå
÷åì ïî 80 ñòàíöèÿì ñî âñåãî ìèðà ñ ýïèöåíòðàëüíûìè ðàñ-
ñòîÿíèÿìè îò 3.25° (Dmin) äî 83.86° (Dmax) è àçèìóòàëü-
íûì îêðóæåíèåì 9—359°. Ìàêñèìàëüíàÿ àçèìóòàëüíàÿ
áðåøü (Gap) ñîñòàâèëà 47°. ×èñëî èñïîëüçóåìûõ ôàç — 174.

Áëèæàéøèìè íàñåëåííûìè ïóíêòàìè ê ýïèöåíòðó
çåìëåòðÿñåíèÿ 24 äåêàáðÿ 2012 ã. ÿâëÿþòñÿ ïîñåëêè Ñè-
âàÿ Ìàñêà è Åëåöêèé, ðàññòîÿíèÿ äî ýïèöåíòðà ñîñòàâè-
ëè 80 è 33 êì ñîîòâåòñòâåííî. Íàìè áûëè ñäåëàíû çàïðî-
ñû â ýòè íàñåëåííûå ïóíêòû. Ìàêðîñåéñìè÷åñêîå îáñëå-
äîâàíèå ïîêàçàëî, ÷òî ñåéñìè÷åñêîå ñîáûòèå æèòåëÿìè
òàì íå îùóùàëîñü. Âåðîÿòíî, ýòî îáúÿñíÿåòñÿ òåì, ÷òî
ïîñåëêè ïðåäñòàâëÿþò ñîáîé æåëåçíîäîðîæíûå ñòàíöèè,
ãäå ïîñòîÿííî êóðñèðóþò ïîåçäà, òÿæåëàÿ òåõíèêà, òåì
áîëåå ÷òî çåìëåòðÿñåíèå ïðîèçîøëî â ïîíåäåëüíèê, â ðà-
áî÷åå âðåìÿ (10:22:39 ïî ìåñòíîìó âðåìåíè). Ñòîèò òàêæå
ó÷èòûâàòü ñëàáóþ çàñåëåííîñòü ðàññìàòðèâàåìîãî ðàéî-
íà, ÷òî óñëîæíÿëî îïðîñ æèòåëåé.
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Çåìëåòðÿñåíèå 24 äåêàáðÿ 2012 ã. ïðîèçîøëî â 80 êì
þæíåå Âîðêóòèíñêîãî ãîðíî-ïðîìûøëåííîãî óçëà, ïîýòî-
ìó áûëè ïðîâåäåíû èññëåäîâàíèÿ ñ öåëüþ îïðåäåëåíèÿ
ïðèðîäû äàííîãî ñåéñìè÷åñêîãî ñîáûòèÿ [6]. Äëÿ ýòîãî
íà çàïèñÿõ ñåéñìè÷åñêîé ñòàíöèè AMD èñïîëüçîâàëàñü
ñîâîêóïíîñòü êðèòåðèåâ, ðàçðàáîòàííûõ â Êîëüñêîì ôè-
ëèàëå ÃÑ ÐÀÍ (Àïàòèòû) è ïðîãðàììíîå îáåñïå÷åíèå Â. Ý.
Àñìèíãà [1, 5]. Ïî ðåçóëüòàòàì âûïîëíåííîãî àíàëèçà,
ñîáûòèå 24 äåêàáðÿ 2012 ã. ñ áîëüøîé äîëåé âåðîÿòíîñòè
ÿâëÿåòñÿ òåêòîíè÷åñêèì è åãî ñëåäóåò ðàññìàòðèâàòü êàê
ïðèðîäíîå.

Çåìëåòðÿñåíèå 24 äåêàáðÿ ïðîèçîøëî ïîä ñåâåðíîé
÷àñòüþ Âîéêàðî-Ñûíèíñêîãî îôèîëèòîâîãî àëëîõòîíà.
Ýïèöåíòð ðàñïîëîæåí â çîíå âûõîäà íà ïîâåðõíîñòü ñóòó-
ðû Ãëàâíîãî Óðàëüñêîãî íàäâèãà (ðèñ. 1), ñìåñòèòåëü êî-
òîðîãî ïîëîãî íàêëîíåí íà âîñòîê. Ñîãëàñíî ñáàëàíñèðî-
âàííîìó ãåîëîãî-ãåîôèçè÷åñêîìó ïðîôèëþ «Ïîëÿðíî-
óðàëüñêèé òðàíñåêò» [15], î÷àã íà ãëóáèíå 11 êì ðàñïîëà-
ãàåòñÿ â ñìåñòèòåëå Ôðîíòàëüíîãî íàäâèãà òîãî æå íàêëî-
íà, êîòîðûé âûõîäèò íà ïîâåðõíîñòü â 30 êì ñåâåðî-çà-
ïàäíåå (ðèñ. 4).

Ðèñ. 3. Ôðàãìåíòû çàïèñåé âåðòèêàëüíîé êîìïîíåíòû çåìëåòðÿñåíèÿ 24 äåêàáðÿ 2012 ã., ðàñïîëîæåííûå ïî âðåìåíè ïðèõîäà
 ïåðâîé ôàçû

Fig. 3. Fragments of records with vertical component of earthquake on December 24, 2012, located at the time of arrival of the first phase

28 ÿíâàðÿ 2014 ã. ïðîèçîøëî çåìëåòðÿñåíèå íà Ñåâåð-
íîì Óðàëå. Ñîáûòèå çàðåãèñòðèðîâàíî ñåéñìîñòàíöèÿìè
«Ñûêòûâêàð» (SYK) è «Ãðèâà» (GRV), à òàêæå ñòàíöèÿìè
ñåéñìè÷åñêîé ñåòè Óðàëà — SVUR (Ñåâåðîóðàëüñê), PR7R
(Ñàðàíû), PR1 (Ðîìàíîâî), PR3 (Êóíãóð), Àðõàíãåëüñêîé
ñåòè — LSK (Ëåøóêîíñêîå), AMD (Àìäåðìà) è ñòàíöèåé
«Àðòè» (ARU) (ðèñ. 5). Çàïèñè äàííûõ ñòàíöèé è áûëè çà-
äåéñòâîâàíû â îáðàáîòêå ñîáûòèÿ. Ýïèöåíòðàëüíîå ðàñ-
ñòîÿíèå äî ñòàíöèé SYK è GRV — 475 êì è 515 êì ñîîò-
âåòñòâåííî.

Ïàðàìåòðû çåìëåòðÿñåíèÿ, ïîëó÷åííûå íàìè:
t0=04h41m38s, êîîðäèíàòû 62.361N, 59.539E, h=5 êì, ëî-
êàëüíàÿ ìàãíèòóäà ML=3.4, ýíåðãåòè÷åñêèé êëàññ Ðàó-
òèàí Kð=9.9. Â òàáë. 2 ïðèâåäåíû òàêæå ðåøåíèÿ ñîáû-
òèÿ 28 ÿíâàðÿ ïî äàííûì îïðåäåëåíèé Àðõàíãåëüñêîé è
Ïåðìñêîé ñåéñìîëîãè÷åñêèõ ñåòåé. Ñîáûòèå ñëàáîå, èí-
ôîðìàöèè î íåì íà ñàéòàõ çàðóáåæíûõ ñëóæá íåò.

Ïî íàøèì ðàñ÷åòàì, ýïèöåíòð ðàñïîëàãàëñÿ â 20 êì
ñåâåðíåå èñòîêîâ ð. Ïå÷îðû, 47 êì çàïàäíåå ïîñ. Óñòü-Ìà-
íüÿ. Ïðè ëè÷íîé áåñåäå ñ èíñïåêòîðàìè îõðàíû Ïå÷îðî-
Èëû÷ñêîãî ãîñçàïîâåäíèêà, êîðäîíîâ Ïîëîé, Ñîáèíñêàÿ,
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Òàáëèöà 1
Ïàðàìåòðû çåìëåòðÿñåíèÿ 24 äåêàáðÿ 2012 ã. ïî äàííûì ðàçëè÷íûõ ñåéñìîëîãè÷åñêèõ öåíòðîâ

Table 1
Parameters of earthquake on December, 24, 2012, from various seismic centers

* f — ôèêñèðîâàííàÿ ãëóáèíà.

   f — fixed depth.

Ðèñ. 4. Ôðàãìåíò ãåîëîãî-ãåîôèçè÷åñêîãî ïðîôèëÿ ïî [15] ñ âûíåñåííûì ýïèöåíòðîì è ãèïîöåíòðîì ñåéñìè÷åñêîãî ñîáûòèÿ
 24 äåêàáðÿ 2012 ã. (ñîñòàâèëè Â. Â. Þäèí, Ä. Í. Ðåìèçîâ, 2014 ã.)

Fig. 4. Fragment of geological-geophysical profile by [15] with rendered epicenter and hypocenter of seismic event on December 24, 2012
(ñompilers V. V. Yudin, D. N. Remizov, 2014)

Øàéòàíîâêà è Øåæûì (Ïå÷îðñêèé), êîòîðûå â ýòî âðåìÿ
íàõîäèëèñü íà êîðäîíàõ, âûÿñíèëîñü, ÷òî ñîáûòèå íå îùó-
ùàëîñü.

Â òåêòîíè÷åñêîì îòíîøåíèè ýïèöåíòð çåìëåòðÿñå-
íèÿ 28 ÿíâàðÿ 2014 ã. áûë ðàñïîëîæåí â çàïàäíîé ÷àñòè

Ïðèñàëàòèìñêîãî àëëîõòîíà, îãðàíè÷åííîãî Ôðîíòàëü-
íûì íàäâèãîì âîñòî÷íîãî íàêëîíà (ðèñ. 1). Õàðàêòåð äå-
ôîðìàöèîííûõ ñòðóêòóð â áàòèàëüíîì êîìïëåêñå Ïðè-
ñàëàòèìñêîãî àëëîõòîíà îïðåäåëÿåòñÿ íàëè÷èåì ñæàòûõ
àñèììåòðè÷íûõ ìíîãîïîðÿäêîâûõ ñêëàäîê ñ âîñòî÷íûì
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Ðèñ. 5. Ôðàãìåíòû ñåéñìîãðàìì âåðòèêàëüíîé êîìïîíåíòû çåìëåòðÿñåíèÿ 28 ÿíâàðÿ 2014 ã., ðàñïîëîæåííûå ïî âðåìåíè ïðèõîäà
 ïåðâîé ôàçû

Fig. 5. Fragments of records with vertical component of earthquake on January 28, 2014, located at the time of arrival of the first phase

Òàáëèöà 2
Ïàðàìåòðû çåìëåòðÿñåíèÿ 28 ÿíâàðÿ 2014 ã. ïî äàííûì ðàçëè÷íûõ ñåéñìîëîãè÷åñêèõ öåíòðîâ

Table 2
Parameters of earthquake on January, 28, 2014, from various seismic centers

ïàäåíèåì îñåâûõ ïîâåðõíîñòåé è áîëüøîãî êîëè÷åñòâà
ñóáïàðàëëåëüíûõ èì âçáðîñî-íàäâèãîâûõ ñìåñòèòåëåé.
Î÷àã çåìëåòðÿñåíèÿ íàõîäèëñÿ íà ãëóáèíå 5 êì. Î åãî
ñòðóêòóðíîì ïîëîæåíèè ìîæíî ñóäèòü ïî ãåîëîãè÷åñêî-
ìó ðàçðåçó íà ðèñ. 35 â ìîíîãðàôèè [14]. Àíàëèç ñòðóê-
òóð ïîêàçûâàåò, ÷òî ãèïîöåíòð, ïî-âèäèìîìó, ñâÿçàí ñ
óíàñëåäîâàííîé ïîäâèæêîé ïî äðåâíåìó Îñåâîìó íàä-
âèãó, êîòîðûé âûõîäèò íà ïîâåðõíîñòü â 20 êì çàïàäíåå
ýïèöåíòðà.

4 ÿíâàðÿ 2015 ã. ñåéñìè÷åñêèìè ñòàíöèÿìè â ñ. Ïîæåã
(PZG) è ñ. Ãðèâà (GRV) áûëî çàðåãèñòðèðîâàíî (ðèñ. 6) ñåé-
ñìè÷åñêîå ñîáûòèå íà Ïðèïîëÿðíîì Óðàëå. Óäàëåííîñòü îò
ýïèöåíòðà äî ñòàíöèé ñîñòàâëÿåò 430 êì è 675 êì ñîîòâåò-
ñòâåííî. Çåìëåòðÿñåíèå çàôèêñèðîâàëè ïðàêòè÷åñêè âñå ñåé-
ñìè÷åñêèå ñòàíöèè Ðîññèè (îò áëèçêî ðàñïîëîæåííûõ äî ×ó-
êîòêè (BILL) ∆=37.88° è Ïðèìîðñêîãî êðàÿ (USRK) ∆=43.57°,
à òàêæå çàðóáåæíûå ñåéñìè÷åñêèå ñåòè Íèãåðèè, Òàèëàíäà,
Êîðåè, Êàíàäû, Àìåðèêè è ìíîãèõ äðóãèõ ñòðàí (òàáë. 3).
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Ðèñ. 6. Ôðàãìåíòû çàïèñåé âåðòèêàëüíîé êîìïîíåíòû çåìëåòðÿñåíèÿ 4 ÿíâàðÿ 2015 ã. ñåéñìè÷åñêèìè ñòàíöèÿìè Ïîæåã (PZG)
 è Ãðèâà (GRV)

Fig. 6. Fragments of records with vertical component of earthquake on January 4, 2015, from seismic stations Pozheg (PZG) and Griva
 (GRV)

Îáîáùåíèå èìåþùèõñÿ äàííûõ ïî ýòîìó ñîáûòèþ
âûïîëíåíî â Ìåæäóíàðîäíîì ñåéñìîëîãè÷åñêîì öåíòðå
[25]. Ñîãëàñíî áþëëåòåíþ ISC, ïàðàìåòðû çåìëåòðÿñåíèÿ
îïðåäåëåíû â ïÿòè ñåéñìîëîãè÷åñêèõ öåíòðàõ, à îáùåå
÷èñëî çàïèñàâøèõ åãî ñòàíöèé ñîñòàâèëî 66, íà ðàññòîÿ-
íèÿõ Dmin=8.01°, Dmax=73.62° è ïðàêòè÷åñêè ïîëíûì
àçèìóòàëüíûì îêðóæåíèåì 5.2—354.5°, Gap=38°. ×èñëî èñ-
ïîëüçóåìûõ ôàç — 174.

Òàáëèöà 3
 Ïàðàìåòðû çåìëåòðÿñåíèÿ 4 ÿíâàðÿ 2015 ã. ïî äàííûì ðàçëè÷íûõ ñåéñìîëîãè÷åñêèõ öåíòðîâ

Table 3
Parameters of earthquake on January, 4, 2015, from various seismic centers

Àíàëèç êîîðäèíàò, ïîëó÷åííûõ ðàçíûìè ñëóæáàìè
(çà èñêëþ÷åíèåì àâòîìàòè÷åñêîé îáðàáîòêè NORSAR è
NNC), ïîêàçûâàåò äîñòàòî÷íî õîðîøóþ ñîãëàñîâàííîñòü
â ëîêàöèè. Ýïèöåíòð çåìëåòðÿñåíèÿ ðàñïîëîæåí íà âîäî-
ðàçäåëå ðåê Ìàíüÿ è Íàðîäà, â 35 êì ñåâåð-ñåâåðî-çàïàä-
íåå îò ïîñ. Ñàðàíïàóëü.

Ðàñ÷åò ïàðàìåòðîâ è ëîêàöèÿ ñîáûòèÿ âûïîëíÿëèñü
ïî çàïèñÿì 15 ñåéñìè÷åñêèõ ñòàíöèé: Ïîæåã (PZG), Ãðè-
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âà (GRV), Ñåâåðîóðàëüñê (SVUR), Àìäåðìà (AMD), Ñàðà-
íû (PR7), Ëåøóêîíñêîå (LSK), Âåðõíå÷óñîâñêèå ãîðîäêè
(PR0), Êóíãóð (PR3), Ñâåðäëîâñê (SVE), Àðòè (ARU), Óôà
(BA1R), Êëèìîâñêàÿ (KLM), Ñîëîâêè (SLV), Çåìëÿ Ôðàí-
öà-Èîñèôà (ZFI), à òàêæå ôèíñêîé ñòàíöèè Ñóìèàéíåí
(SUF). Ñòàíöèè óäàëåíû íà ðàññòîÿíèÿ îò 3.9 äî 16.7° â
àçèìóòàëüíîì ñòâîðå 180.4—352.7°.

Ïàðàìåòðû çåìëåòðÿñåíèÿ, ïîëó÷åííûå íàìè:
t0=13h58m06s, êîîðäèíàòû 64.552N, 60.720E, ML=4.8,
Êð=12.3, h=14 êì. Ðåçóëüòàòû îáðàáîòêè ðàçëè÷íûìè ñåé-
ñìîëîãè÷åñêèìè öåíòðàìè òàêæå ïðèâåäåíû â òàáë. 3. Íà
çàïèñÿõ ñîáûòèÿ ñòàíöèé PZG è GRV ïðèñóòñòâóþò
îáúåìíûå âîëíû Pn, Pg, Sn, Sg, à òàêæå ÿðêî âûðàæåííûå
ïîâåðõíîñòíûå (ðèñ. 6).

Ýïèöåíòð çåìëåòðÿñåíèÿ 4 ÿíâàðÿ 2015 ã. íà Ïðèïî-
ëÿðíîì Óðàëå áûë ðàñïîëîæåí â ïðèñóòóðíîé çîíå Ãëàâ-
íîãî Óðàëüñêîãî íàäâèãà, èìåþùåãî âîñòî÷íîå ïàäåíèå
(ðèñ. 1). Ó÷èòûâàÿ 14-êèëîìåòðîâóþ ãëóáèíó ïîëîæåíèÿ
ãèïîöåíòðà ïîä íèì, ôîêóñ çåìëåòðÿñåíèÿ ìîæåò áûòü
ñâÿçàí ñ óíàñëåäîâàííûì ñìåùåíèåì âî Ôðîíòàëüíîì
íàäâèãå, êîòîðûé âûõîäèò íà ïîâåðõíîñòü â 20 êì çàïàä-
íåå, èëè ñ îïåðÿþùèìè ðàçðûâàìè Îñåâîãî íàäâèãà, âû-
õîäÿùåãî åùå çàïàäíåå (ðèñ. 1).

21 ìàðòà 2015 ã. ïðîèçîøëî çåìëåòðÿñåíèå â áàññåéíå
ð. Èëû÷, íà çàïàäå Ñåâåðíîãî Óðàëà (ðèñ. 1), â Òðîèöêî-
Ïå÷îðñêîì ðàéîíå Ðåñïóáëèêè Êîìè. Ñîáûòèå çàðåãèñò-
ðèðîâàëè ñòàíöèè ÃÑ ÐÀÍ ñîñåäíèõ ðåãèîíîâ — Àðõàí-
ãåëüñêîé, Ñâåðäëîâñêîé îáëàñòåé è Ïåðìñêîãî êðàÿ
(òàáë. 4). Çàïèñè ýòèõ ñåéñìîëîãè÷åñêèõ öåíòðîâ, à òàêæå
ôèíñêèõ ñòàíöèé Îóëó (OUL) è Éîýíñóó (JOF) è áûëè çà-
äåéñòâîâàíû â îáðàáîòêå.

Ëîêàöèè è ðàñ÷åò ïàðàìåòðîâ ñåéñìè÷åñêîãî ñîáû-
òèÿ ïðîâîäèëèñü ïî ñåéñìîãðàììàì 10 ñòàíöèé: Ïîæåã
(PZG), Ñåâåðîóðàëüñê (SVUR), Ãðèâà (GRV), Ñàðàíû
(PR7), Âëàñû (PR4), Êóíãóð (PR3), Ëåøóêîíñêîå (LSK),
Àìäåðìà (AMD), Îóëó (OUL) è Éîýíñóó (JOF) (ðèñ. 7), ñ
ýïèöåíòðàëüíûìè ðàññòîÿíèÿìè 220—1580 êì â àçèìó-
òàëüíîì ñòâîðå 9.9—295.1°. Ñòàíöèÿ PZG áûëà áëèæàé-
øåé ê ýïèöåíòðó ñîáûòèÿ (∆=2°). Ïàðàìåòðû çåìëåòðÿ-
ñåíèÿ, ðàññ÷èòàííûå â WSG: t0=14h14m19s, 62.926N,
58.221E, ML=3.1, Êð=9.4, h=12 êì. Â òàáë. 4 òàêæå ïðè-
âåäåíû îñíîâíûå ïàðàìåòðû çåìëåòðÿñåíèÿ 28 ÿíâàðÿ ïî
äàííûì îïðåäåëåíèé Àðõàíãåëüñêîé è Ïåðìñêîé ñåéñ-
ìîëîãè÷åñêèõ ñåòåé.

Íàìè áûëè ðàçîñëàíû àíêåòû â Òðîèöêî-Ïå÷îðñêèé
ðàéîí äëÿ ïîëó÷åíèÿ ìàêðîñåéñìè÷åñêèõ ñâåäåíèé. Îï-

ðîñ ìåñòíîãî íàñåëåíèÿ â áëèæàéøèõ ê ýïèöåíòðó çåìëå-
òðÿñåíèÿ íàñåëåííûõ ïóíêòàõ ðåçóëüòàòîâ íå äàë.

Ýïèöåíòð çåìëåòðÿñåíèÿ 21 ìàðòà 2015 ã. ðàñïîëàãàëñÿ
â 75 êì þæíåå èñòîêîâ ð. Èëû÷. Òåêòîíè÷åñêè ýïèöåíòð íà-
õîäèëñÿ â Çàïàäíîé ñòðóêòóðíîé çîíå Óðàëà (ðèñ. 1). Èñõîäÿ
èç ðàíåå ïîñòðîåííûõ ãåîëîãè÷åñêèõ ðàçðåçîâ è òåêòîíè÷åñ-
êèõ êàðò [14], ìû äåëàåì âûâîä, ÷òî ãèïîöåíòð íà ãëóáèíå
12 êì ïðèóðî÷åí ê çîíå Ãëàâíîãî Çàïàäíîóðàëüñêîãî íàäâè-
ãà. Îí èìååò âîñòî÷íîå ïàäåíèå ñìåñòèòåëÿ è âûõîäèò íà ïî-
âåðõíîñòü â 30 êì çàïàäíåå îò ýïèöåíòðà (ðèñ. 1).

Îáñóæäåíèå ðåçóëüòàòîâ

Â ãåîëîãî-òåêòîíè÷åñêîì îòíîøåíèè ýïèöåíòðû çåì-
ëåòðÿñåíèé ðàñïîëîæåíû ó ãëàâíûõ ðåãèîíàëüíûõ èëè
îïåðÿþùèõ èõ íàäâèãîâ. Ãèïîöåíòðû ìîãóò áûòü ñâÿçàíû
ñ óíàñëåäîâàííûìè ñìåùåíèÿìè âî Ôðîíòàëüíîì, Îñå-
âîì è Ãëàâíîì Çàïàäíîóðàëüñêîì íàäâèãàõ ñòðóêòóðíîãî
êîìïëåêñà óðàëèä.

Ñîâðåìåííûé Óðàëüñêèé îðîãåí ÿâëÿåòñÿ â çíà÷è-
òåëüíîé ìåðå íåîòåêòîíè÷åñêîé ñòðóêòóðîé íåîóðàëèä
[14]. Àíàëèç õàðàêòåðà äèçúþíêòèâíûõ äèñëîêàöèé òåð-
ðèòîðèè ïîäòâåðæäàåò âûâîä î ãëàâåíñòâóþùåé ðîëè ãî-
ðèçîíòàëüíûõ ïåðåìåùåíèé êîðû â ôîðìèðîâàíèè ñî-
âðåìåííîé ñòðóêòóðû. Ïîýòîìó ôèêñèðóåìûå ñåéñìè-
÷åñêèå ñîáûòèÿ íà Óðàëå, âîçìîæíî, îáóñëîâëåíû ñî-
âðåìåííîé àêòèâèçàöèåé ïîêðîâíî-ñêëàä÷àòîé ñòðóê-
òóðû Óðàëà.

Íàáëþäåíèÿ íà ñòàíöèÿõ ñïóòíèêîâîé ãåîäåçè÷åñêîé
ñåòè (GPS) ïîêàçûâàþò, ÷òî ãîðèçîíòàëüíûå ïåðåìåùå-
íèÿ Óðàëà ïðîèñõîäÿò è â íàñòîÿùåå âðåìÿ. Èçìåðåíèÿ
ãîðèçîíòàëüíûõ äâèæåíèé íà ñåâåðå Óðàëà óêàçûâàþò íà
òî, ÷òî ñìåùåíèå ïðîèñõîäèò â îñíîâíîì íà âîñòîê ñ íå-
áîëüøèì îòêëîíåíèåì ïî ñäâèãîâîé êîìïîíåíòå íà ñåâåð
èëè þã [11]. Çàôèêñèðîâàííûé ïàëåîìàãíèòíûìè ìåòî-
äàìè è íà÷àâøèéñÿ â äåâîíå ïîâîðîò Óðàëà (ïî ÷àñîâîé
ñòðåëêå), ñóäÿ ïî îðèåíòèðîâêå àçèìóòîâ ìàêñèìàëüíûõ
íàïðÿæåíèé âåðõíåé ÷àñòè çåìíîé êîðû Óðàëà, ïðîäîë-
æàåòñÿ è â íàñòîÿùåå âðåìÿ [2, 8].

Íà Ñåâåðíîì — Ïîëÿðíîì Óðàëå âåäóùóþ ðîëü çà-
íèìàþò ïîêðîâíî-íàäâèãîâûå ñòðóêòóðû óðàëèä, ïî ïî-
âåðõíîñòè êîòîðûõ, âåðîÿòíî, è ïðîèñõîäèò ðàçðÿäêà ñî-
âðåìåííûõ íàïðÿæåíèé. Ñåâåðíàÿ ÷àñòü Óðàëà äåôîð-
ìèðîâàëàñü íå â åäèíîì ðåãèîíàëüíîì òåêòîíè÷åñêîì
ïîëå íàïðÿæåíèé. Ïî äàííûì Ë. À. Ñèì, ñóáãîðèçîí-
òàëüíàÿ îñü ñæàòèÿ ìåíÿåò ñâîå ïðîñòèðàíèå îò øèðîò-
íîãî íà Ñåâåðíîì ÷åðåç ñåâåðî-çàïàäíîå íà Ïðèïîëÿð-

Òàáëèöà 4
Ïàðàìåòðû çåìëåòðÿñåíèÿ 21 ìàðòà 2015 ã. ïî äàííûì ðàçëè÷íûõ ñåéñìîëîãè÷åñêèõ öåíòðîâ

Table 4
Parameters of earthquake on December, 24, 2012 from various seismic centers
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íîì äî ñóáìåðèäèîíàëüíîãî íà Ïîëÿðíîì Óðàëå [9].
Âîññòàíîâëåííîå íîâåéøåå ïîëå íàïðÿæåíèé íîñèò
óíàñëåäîâàííûé õàðàêòåð. Äàííûìè GPS-ìîíèòîðèí-
ãà òàêæå ïîäòâåðæäàåòñÿ ãèïîòåçà ñæàòèÿ ìàññèâîâ Ñå-
âåðíîãî Óðàëà [11].

Çàðåãèñòðèðîâàííûå èíñòðóìåíòàëüíî çåìëåòðÿñå-
íèÿ ÿâëÿþòñÿ âåðõíåêîðîâûìè. Ãèïîöåíòðû èõ íàõîäÿò-
ñÿ íà ãëóáèíàõ 5—14 êì, ÷òî ìîæåò áûòü îáóñëîâëåíî ñìå-
ùåíèåì ïî ðàíåå çàëîæåííûì àëëîõòîííûì ïëàñòèíàì
òåêòîíè÷åñêèõ ïîêðîâîâ Óðàëà.

Âûâîäû

Â öåëîì òåððèòîðèÿ Ïîëÿðíîãî, Ïðèïîëÿðíîãî è
Ñåâåðíîãî Óðàëà õàðàêòåðèçóåòñÿ ðàññåÿííîé ñåéñìè÷íî-
ñòüþ. Ñåéñìè÷åñêàÿ àêòèâíîñòü çäåñü íèçêàÿ, ÷òî, âåðî-

ÿòíî, îáúÿñíÿåòñÿ ìàëîé ñêîðîñòüþ äåôîðìàöèè çåìíîé
êîðû íà ñîâðåìåííîì ýòàïå [3]. Ôèêñèðóåìûå ñëàáûå ñåé-
ñìè÷åñêèå ñîáûòèÿ íà Óðàëå ìîãóò áûòü îáóñëîâëåíû ãî-
ðèçîíòàëüíûìè íàïðÿæåíèÿìè â äðåâíèõ ïîêðîâíî-
ñêëàä÷àòûõ ñòðóêòóðàõ óðàëèä. Ñîâðåìåííûå çåìëåòðÿñå-
íèÿ ñåâåðà Óðàëà, âîçìîæíî, âûçâàíû ãîðèçîíòàëüíûìè
äâèæåíèÿìè ïî ïîâåðõíîñòÿì íàäâèãîâ, ÷òî ñîîòâåòñòâó-
åò ãëóáèíàì ãèïîöåíòðîâ 5—14 êì.

Îáùåèçâåñòíî, ÷òî çåìëåòðÿñåíèÿ ÿâëÿþòñÿ îäíèì èç
íàèáîëåå ÿðêèõ ïðîÿâëåíèé ñîâðåìåííîé òåêòîíè÷åñêîé
àêòèâíîñòè. Ñåéñìîëîãè÷åñêèå íàáëþäåíèÿ, ïðîâîäèìûå
íà òåððèòîðèè Ðåñïóáëèêè Êîìè, èìåþò âàæíîå çíà÷åíèå
äëÿ èçó÷åíèÿ ãåîäèíàìè÷åñêîé àêòèâíîñòè ðåãèîíà è ðå-
øåíèÿ ãåîýêîëîãè÷åñêèõ çàäà÷. Äëÿ ñåéñìîëîãè÷åñêîãî
ìîíèòîðèíãà, íàäåæíîé ðåãèñòðàöèè ëîêàëüíûõ è ðåãèî-

Ðèñ. 7. Ôðàãìåíòû çàïèñåé âåðòèêàëüíîé êîìïîíåíòû çåìëåòðÿñåíèÿ 21 ìàðòà 2015 ã., ðàñïîëîæåííûå ïî âðåìåíè ïðèõîäà
Ð-âîëíû

Fig. 7. Fragments of records with vertical component of earthquake on March 21, 2015, located at the time of primary wave arrival
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íàëüíûõ ñåéñìè÷åñêèõ ñîáûòèé íåîáõîäèìà ìîäåðíèçà-
öèÿ è ðàñøèðåíèå ñåòè ñåéñìîñòàíöèé â Ðåñïóáëèêå
Êîìè. Ýòî ïîçâîëèò áîëåå îáîñíîâàííî ïîäõîäèòü ê ðå-
øåíèþ ñëîæíûõ ïðîáëåì, â òîì ÷èñëå àâàðèé â øàõòàõ
Âîðêóòñêîãî óãîëüíîãî áàññåéíà.

Àâòîð ãëóáîêî ïðèçíàòåëåí êîëëåãàì èç ÃÑ ÐÀÍ Àïàòè-
òîâ, Àðõàíãåëüñêà è Ïåðìè çà ïðåäîñòàâëåííûå çàïèñè ñåéñ-
ìè÷åñêèõ ñîáûòèé.

Ðàáîòà ïðîâîäèòñÿ â ðàìêàõ ïðîãðàììû ôóíäàìåíòàëü-
íûõ íàó÷íûõ èññëåäîâàíèé ¹ 15-18-5-57 «Ãëàâíûé Óðàëüñêèé
ðàçëîì è åãî îáðàìëåíèå êàê èíäèêàòîðû ìíîãîñòàäèéíîé ýâî-
ëþöèè àêêðåöèîííî-êîëëèçèîííîãî Óðàëüñêîãî îðîãåíà».
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ÏÅÐÂÀß ÍÀÕÎÄÊÀ ÁÀÍÀËÜÑÈÒÀ-ÑÒÐÎÍÀËÜÑÈÒÀ ÍÀ ÓÐÀËÅ

Âïåðâûå â ùåëî÷íûõ ïîðîäàõ Èëüìåíîãîðñêîãî ìèàñêèòîâîãî ìàññèâà (ÈÌÌ) ïðè ìèêðîçîíäîâîì èññëåäîâàíèè
ñàíäûèòîâ îáíàðóæåíû ìèíåðàëû ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà Ba1-xSrxNa2Al4Si4O16, ÿâëÿþùèåñÿ ñòðóêòóðíûìè
àíàëîãàìè ïîëåâûõ øïàòîâ. Èõ îáðàçîâàíèå ñâèäåòåëüñòâóåò î âûñîêîé ìîáèëüíîñòè Âà, Sr, Ca â ùåëî÷íûõ ñðåäàõ ïðè
ìåòàñîìàòè÷åñêèõ ïðîöåññàõ. Ìèíåðàëû ðàñïîëîæåíû âíóòðè èíäèâèäîâ íåôåëèíà èç ñàíäûèòîâ è õàðàêòåðèçóþòñÿ
ïðîìåæóòî÷íûìè ñîñòàâàìè Ba0.33-0.54Sr0.33-0.49 ñ ëèñåòèòîâûì ìèíàëîì Ña0.05-0.06. Èõ îáðàçîâàíèå â ñàíäûèòàõ èëüìå-
íîãîðñêîãî êîìïëåêñà ñâÿçàíî ñ ïîçäíèìè ìåòàñîìàòè÷åñêèìè èçìåíåíèÿìè (àëüáèòèçàöèÿ, öåîëèòèçàöèÿ è äð.) ùå-
ëî÷íûõ ïîðîä ÈÌÌ.

Êëþ÷åâûå ñëîâà: áàíàëüñèò, ñòðîíàëüñèò, ùåëî÷íûå ïîðîäû, Èëüìåíîãîðñêèé ìèàñêèòîâûé ìàññèâ.

FIRST FIND OF BANALSITE-STRONALSITE IN URAL
E. V. Medvedeva1, A. B. Nemov1, V. A. Kotlyarov2

1Ilmeny State Reserve, Miass
2Institute of Mineralogy UB RAS, Miass

Ââåäåíèå

Áàíàëüñèò BaNa2(Al2Si2O8)2 è ñòðîíàëüñèò
SrNa2(Al2Si2O8)2 — âåñüìà ðåäêèå ìèíåðàëû, ÿâëÿþùèåñÿ
ñòðóêòóðíûìè àíàëîãàìè ïîëåâûõ øïàòîâ ðîìáè÷åñêîé
ñèíãîíèè. Âïåðâûå â ìèðå ìèíåðàëû ãðóïïû áàíàëüñèòà-
ñòðîíàëüñèòà áûëè îáíàðóæåíû â Óýëüñå (Àíãëèÿ, 1944 ã.),
â ïðîæèëêàõ ñðåäè ìàðãàíöåâûõ ðóä, à â Ðîññèè — â Þæ-
íîé Ñèáèðè — Æèäîéñêîì ìàññèâå (Øàðûæàëãàéñêèé âû-
ñòóï), â ïðîæèëêàõ ñðåäè àïàòèò-òèòàíîìàãíåòèòîâûõ ïè-
ðîêñåíèòîâ [3]. Ïîçæå ìèíåðàëû ýòîé ãðóïïû áûëè îáíà-
ðóæåíû ñðåäè ðàçíîòèïíûõ è ðàçíîâîçðàñòíûõ ïîðîä ùå-
ëî÷íûõ ïðîâèíöèé Ðîññèè (Êîëüñêèé ï-îâ, Ñèáèðü) è ìèðà
(Þ. Àôðèêà, Êàíàäà, Ùâåöèÿ) [6]. Èçìåíåíèå ñîñòàâà îò
áàíàëüñèòà ê ñòðîíàëüñèòó îáóñëîâëåíî èçîìîðôèçìîì Âà
↔ Sr, âîçìîæíî òàêæå çàìåùåíèå Âà, Sr ↔ Ñà è íå èñêëþ-
÷åíî íàëè÷èå ïðèìåñåé Mg, Fe è Ê [7]. Âïåðâûå ìèíåðàëû
ýòîé ãðóïïû â èëüìåíîãîðñêîì êîìïëåêñå óñòàíîâëåíû
íàìè â ìåëàíîêðàòîâîé ðàçíîâèäíîñòè íåôåëèíîâûõ ñèå-
íèòîâ (ìèàñêèòîâ) Èëüìåíîãîðñêîãî ìàññèâà.

Ìåòîäû èññëåäîâàíèÿ

Õèìè÷åñêèé ñîñòàâ ïîðîä áûë îïðåäåëåí ñ èñïîëü-
çîâàíèåì òèòðèìåòðè÷åñêîãî, ôîòîêîëîðèìåòðè÷åñêîãî è
àòîìíî-àáñîðáöèîííîãî ìåòîäîâ (àíàëèòèêè Ë. Á. Ëàïøè-
íà, Í. Â. Øàðøóåâà). Òåêñòóðíî-ñòðóêòóðíûå îñîáåííîñ-
òè ïîðîä áûëè èçó÷åíû íà ìèêðîñêîïå Olimpus BX 51.
Õèìè÷åñêèé àíàëèç ìèíåðàëîâ âûïîëíåí íà ðàñòðîâîì
ýëåêòðîííîì ìèêðîñêîïå ÐÝÌÌÀ-202 Ì ñ ýíåðãîäèñïåð-

Minerals of the banalsite-stronalsite group Ba1-xSrxNa2Al4Si4O16 — structural analog of the feldspar — were for the first
time discovered in alkaline rocks of Ilmenogorsky miaskite massif (IMM) by microprobe study of sandyite. This discovery is
important for evalution of mobility of Âà, Sr, Ca in alkali metasomatic procceses. Minerals are located inside individuals of
nepheline from sandyites and they are characterized by intermediate compositions Ba0.33-0.54Sr0.33-0.49 with lisetite minal Ña0.05-

0.06. Their formation in sandyites of Ilmenogorsky complex is related to the late metasomatic modification (albitization, zeolitization
and others) of IMM alkaline rocks.

Keywords: banalsite, stronalsite, alkaline rocks, Ilmenogorsky miaskite massif.

ñèîííîé ïðèñòàâêîé LZ Link Sistems ñ Si-Li-äåòåêòîðîì
(ÈÌèí ÓðÎ ÐÀÍ, àíàëèòèê Â. À. Êîòëÿðîâ). Äëÿ èçìåðå-
íèé èñïîëüçîâàíû ñòàíäàðòíûå îáðàçöû Astimex scientific
limited MINM 25—53 Mineral Mount Serial ¹: 01—44. Óñ-
ëîâèÿ èçìåðåíèé: ðàçðåøåíèå äåòåêòîðà 160 ýÂ, óñêîðÿ-
þùåå íàïðÿæåíèå 20—30 êÂ, ñèëà òîêà 3 ×10-3 À, äèàìåòð
ýëåêòðîííîãî ïó÷êà 1—2 ìêì. Êîððåêöèÿ äàííûõ ïðîèç-
âîäèëàñü ñ èñïîëüçîâàíèåì ïðîãðàììû Magellanes.

Ãåîëîãè÷åñêîå ïîëîæåíèå

Èëüìåíîãîðñêèé ìèàñêèòîâûé ìàññèâ (ÈÌÌ) âõî-
äèò â ñîñòàâ ìàãìàòî-ìåòàìîðôîãåííîãî êîìïëåêñà, ðàñ-
ïîëîæåííîãî â þæíîé ÷àñòè Âèøíåâî-Èëüìåíîãîðñêîãî
ïîëèìåòàìîðôè÷åñêîãî êîìïëåêñà (ðèñ. 1), ãäå øèðîêî
ðàñïðîñòðàíåíû ïðîäóêòû äèíàìîòåðìàëüíîãî ìåòàìîð-
ôèçìà, îáðàçîâàííûå â ðåçóëüòàòå õðóïêî-ïëàñòè÷íûõ äå-
ôîðìàöèé â óñëîâèÿõ àìôèáîëèòîâîé ôàöèè ìåòàìîðôèç-
ìà (270—240 ìëí ëåò) [13]. ÈÌÌ èìååò êàïëåâèäíóþ ôîð-
ìó, âûòÿíóò â ÑÇ-íàïðàâëåíèè (ðèñ. 2), âîñòî÷íûé è þæ-
íûé êîíòàêòû ìàññèâà ïîëîãèå — 30—40°, à ñåâåðíûé è
çàïàäíûé èìåþò êðóòîå ïàäåíèå — 60—80°. Çàïàäíûé êîí-
òàêò îñëîæíåí ìåëêîé ñêëàä÷àòîñòüþ òå÷åíèÿ, çàòóõàþ-
ùåé âãëóáü ìàññèâà [2].

Ñðåäè ðàçíîâèäíîñòåé ìèàñêèòîâ, ñëàãàþùèõ ìàññèâ,
øèðîêî ðàñïðîñòðàíåíû áèîòèòîâûå ðàçíîñòè è â ìåíü-
øåé ìåðå áèîòèò-àìôèáîëîâûå è àìôèáîëîâûå. Ïåðåõî-
äû ìåæäó ïîðîäàìè ïîñòåïåííûå. Áèîòèòîâûå è áèîòèò-
àìôèáîëîâûå áåçíåôåëèíîâûå ñèåíèòû îáðàìëÿþò ìèàñ-
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Ðèñ. 1. Ñõåìàòè÷åñêàÿ ãåîëîãè÷åñêàÿ êàðòà Èëüìåíî-Âèøíåâî-
ãîðñêîé ñäâèãîâîé çîíû [12]: 1 — ñåëÿíêèíñêàÿ ñåðèÿ àìôèáîë-
ãíåéñîâî-ïëàãèîìèãìàòèòîâàÿ (Ar—Pt1); 2 — ìàññèâû ìèàñêè-
òîâ (Î2); 3 — áëàñòîìèëîíèòû ãðàíèòîèäíîãî è ñèåíèòîâîãî ñî-
ñòàâà (Ð2—Ò1(?); 4 — ìèëîíèòû Êûøòûìñêîãî ñäâèãà-íàäâèãà;
5 — åëàí÷èêîâñêàÿ òîëùà ïëàãèîñëàíöåâ è ìèãìàòèòîâ èíúåê-
öèîííîãî òèïà; 6 — ñàèòîâñêàÿ ñåðèÿ, ìåòàòåððèãåííàÿ; 7 — çå-
ëåíîñëàíöåâûå îñàäî÷íî-âóëêàíîãåííûå êîìïëåêñû Çàïàäíî-
Màãíèòîãîðñêîé è Àðàìèëüñêî-Ñóõòåëèíñêîé çîí; 8 — Óâèëü-
äèíñêèé ìîíöîíèò-ãðàíèòíûé êîìïëåêñ (Pz3); 9 — ãíåéñîâèä-
íûå ãðàíèòû êèñåãà÷ñêîãî êîìïëåêñà, 10 — ìåòàãèïåðáàçèòû;

11 — Èëüìåíîãîðñêèé ìèàñêèòîâûé ìàññèâ

Fig. 1. Schematic geological maps of the Ilmeny-Vishnevogorsky  shear
zone [12]: 1 — Selyankino Group: Archean to Early Proterozoic am-
phibolite-gneiss-plagiomigmatite rocks; 2 — Middle Ordovician miaskite
massifs; 3 — Middle Permian-Lower Triassic (?) granitic and syenitic
blastomylonites; 4 — mylonites of Kyshtym shear-thrust; 5 — Elanchik
Sequence: plagioshales and injection migmatites; 6 — Saitovo Sequence:
metaterrigenous roks; 7 — greenschist volcanosedimentary complexes
of West Magnitogorsk and Aramil-Sukhteli zones; 8 — Upper Precam-
brian Uvildy monzogranitic complex; 9 — gneissic granites Kisegach
complex; 10 — metaultramafic rocks; 11 — Ilmenogorsky miaskite massif

Ðèñ. 2. Ñõåìàòè÷åñêàÿ êàðòà Èëüìåíîãîðñêîãî ìèàñêèòîâîãî ìàñ-
ñèâà [6]: 1 — áèîòèòîâûå ìèàñêèòû; 2 — àìôèáîëîâûå ìèàñ-
êèòû; 3 — ôåíèòû; 4 — àìôèáîë-ãíåéñîâî-ïëàãèîìèãìàòèòî-
âûå ïîðîäû ñåëÿíêèíñêîé ñåðèè; 5 — ðàçëîìû; 6 — ìåñòî îòáîðà

îáðàçöîâ

Fig. 2. Schematic geological maps of the Ilmenogorsky miaskite mas-
sif [6]: 1 — biotite miaskites; 2 — amphibole miaskite; 3 — fenite;
4 — amphibolite-gneiss-plagiomigmatite rocks of Selyankino Group;

5 — late faults; 6 — sampling place

êèòîâîå òåëî â ñåâåðíîé ÷àñòè è íà åãî þæíîé ãðàíèöå.
Âñå ïîðîäû ìàññèâà ïîäâåðæåíû ìèëîíèòèçàöèè [1, 4, 9].
Äàòèðîâêè, ïîëó÷åííûå ïî öèðêîíàì (SHRIMP) èç ìè-
àñêèòîâ ÈÌÌ, îòðàæàþò äâà ýòàïà: 1) 440—480 ìëí ëåò —
âðåìÿ îáðàçîâàíèÿ è êðèñòàëëèçàöèè íåôåëèí-ñèåíèòî-
âîãî ðàñïëàâà (S1—O1); 2) 240—270 ìëí ëåò — âðåìÿ ïðå-
îáðàçîâàíèÿ íåôåëèíîâûõ ñèåíèòîâ ïðè àêòèâèçàöèè
ñäâèãà (P1-2—T2) [5].

Ñàíäûèòû â ìèàñêèòîâîì ìàññèâå îáðàçóþò ëèíåéíî-
ëèíçîâèäíûå òåëà (0.1—0.5 × 0.5—10 ì) ñî ñëîæíîé ìîðôî-
ëîãèåé, êîòîðûå ÷àñòî èìåþò çîíàëüíîå ñòðîåíèå (îò öåíò-
ðà ê êðàþ): ñàíäûèòû ↔ ãðàíàò-àìôèáîëîâûå ìèàñêèòû ↔
âìåùàþùèå àìôèáîëîâûå ìèàñêèòû. Ìàêñèìàëüíîå êîëè-
÷åñòâî òåë ñàíäûèòîâ îòìå÷åíî â çîíàõ ðàçâèòèÿ àìôèáî-
ëîâûõ ìèàñêèòîâ âáëèçè çàïàäíîãî êîíòàêòà ìàññèâà.

Îáúåêò èññëåäîâàíèÿ

Ñàíäûèò — ìåëàíîêðàòîâàÿ ðàçíîâèäíîñòü íåôåëè-
íîâîãî ñèåíèòà (ìèàñêèòà), âïåðâûå âûäåëåííàÿ è îïè-
ñàííàÿ À. Í. Çàâàðèöêèì (1939 ã.) äëÿ ùåëî÷íûõ ïîðîä
ÈÌÌ. Ïî õèìè÷åñêîìó ñîñòàâó (ìàñ. %: SiO2 — 43.90, TiO2
— 3.18, Al2O3 — 17.46, Fe2O3 — 5.43, FeO — 4.07, MnO —
0.73, MgO — 2.35, CaO — 9.30, Na2O — 7.28, K2O — 3.68,
H2O — 0.08, P2O5 — 0.63, CO2 — 0.93, ï.ï.ï. — 1.2, Σ 100.22)
ïîðîäà ñîîòâåòñòâóåò ãðóïïå ùåëî÷íûõ ïîðîä îñíîâíîãî
ñîñòàâà — èéîëèò-óðòèò-ìàëèíüèò [11]. Ìèíåðàëüíûé ñî-
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ñòàâ: ýãèðèí-àâãèò (f = 72—76) 25—35 %, ôåððèòàðàìèò
(f = 73—75) 20—25 %, îðòîêëàç 20—30 %, àëüáèò (An 2—5)
10—13 %, íåôåëèí äî 5 %), àêöåññîðíûå ìèíåðàëû (äî
2 %) — òèòàíèò, àïàòèò, êàëüöèò, öèðêîí, àëëàíèò, èëü-
ìåíèò. Ñòðóêòóðà ïîðîäû ñðåäíåçåðíèñòàÿ, ïîä ìèêðîñêî-
ïîì íåìàòîãðàíîáëàñòîâàÿ, èíîãäà ïîðôèðîâèäíàÿ. Òåê-
ñòóðà ïÿòíèñòî-ïîëîñ÷àòàÿ (ðèñ. 3).

Ñðåäè êðóïíûõ èíäèâèäîâ ïîëåâûõ øïàòîâ è íåôå-
ëèíà ðàñïîëàãàþòñÿ èäèîìîðôíûå çåðíà òàðàìèòà è ýãè-
ðèí-àâãèòà, õîðîøî çàìåòíû êîíâåðòîîáðàçíûå è èçîìåò-
ðè÷íûå çåðíà òèòàíèòà, ðåæå âñòðå÷àåòñÿ öèðêîí è àïà-
òèò. ×àñòî òåìíîöâåòíûå ìèíåðàëû (òàðàìèò è ýãèðèí-
àâãèò) îáðàçóþò ñèìïëåêòèòîïîäîáíóþ ñòðóêòóðó ñ ïîëå-
âûìè øïàòàìè (ðèñ. 4), ðåæå èõ èíäèâèäû êîððîäèðîâà-
íû è ñîäåðæàò ìèêðîâêëþ÷åíèÿ ïîëåâûõ øïàòîâ.

Õàðàêòåðèñòèêà ìèíåðàëîâ
ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà

Ìèíåðàëû ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà èç ðàç-
íîòèïíûõ ùåëî÷íûõ ïðîâèíöèé ìèðà îáðàçóþò êðóïíûå
(äî 200 mk) ãîìîãåííûå çåðíà â àññîöèàöèè ñ íåôåëèíîì.
Ðåæå îáðàçóþò ñîîñíûå ìèêðîâêëþ÷åíèÿ â íåôåëèíå, íà-
ïîìèíàþùèå ìèêðîïåðòèòû (ëóÿâðèòû Ïèëàíñáåðã, èé-
îëèòû Òóðüåãî Ìûñà) [14]. Õîðîøî îáðàçîâàííûå êðèñ-
òàëëû íå îáíàðóæåíû. Áëèçêèå ñ íåôåëèíîì îïòè÷åñêèå
õàðàêòåðèñòèêè è íåáîëüøîé ðàçìåð èíäèâèäîâ çàòðóäíÿ-
åò ïîëó÷åíèå îïòè÷åñêèõ äàííûõ.

Â ÈÌÌ ýòè ìèíåðàëû óñòàíîâëåíû â èíäèâèäàõ íå-
ôåëèíà, ãäå îáðàçóþò âûäåëåíèÿ (~ 50—150 mk) èçîìåò-
ðè÷íîé ôîðìû (ðèñ. 5), ðàñïîëîæåííûå â êðàåâîé ÷àñòè
çåðåí èëè ïðèóðî÷åííûå ê ìèêðîòðåùèíàì âíóòðè íèõ.
Èõ ñîñòàâ õàðàêòåðèçóåòñÿ ïðîìåæóòî÷íûì ïîëîæåíèåì
â ðÿäó êîíå÷íûõ ìèíåðàëüíûõ âèäîâ (ðèñ. 6, ñì. òàáëèöó,
àí. 1—4). Èíîãäà ôèêñèðóåòñÿ íåîäíîðîäíûé ñîñòàâ â ïðå-
äåëàõ îäíîãî èíäèâèäà (ðèñ. 5): öåíòð Âà0.49Sr0.34 ↔ êðàé
Ba0.33Sr0.49, â êðàåâîé ÷àñòè èçìåíÿÿñü äî ìèíåðàëüíîãî
âèäà - ñòðîíàëüñèòà. Äëÿ ñîñòàâà ýòèõ ìèíåðàëîâ â ÈÌÌ
õàðàêòåðíî ïðèñóòñòâèå ïðèìåñåé: ïîñòîÿííîå ñîäåðæà-
íèå êàëüöèÿ (äî 0.5 ìàñ. %, äî 0.06 ô.ê.), îòðàæàþùåå ëè-
ñåòèòîâûé ìèíàë - CaNa2[Al2Si2O8]2, è êàëèÿ (äî 0.48
ìàñ. %, äî 0.06 ô.ê.), ñâÿçàííîãî ñ èçîìîðôèçìîì K ↔ Na,
à òàêæå ñëåäîâûå ñîäåðæàíèÿ æåëåçà (äî 0.28 ìàñ. %).

Îáñóæäåíèå ðåçóëüòàòîâ è âûâîäû

Ìèíåðàëû ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà ïðèñóò-
ñòâóþò â äâóõ òèïàõ ùåëî÷íûõ êîìïëåêñîâ: ùåëî÷íî-óëü-
òðàîñíîâíûõ ñ êàðáîíàòèòàìè (ìàññèâû Æèäîéñêèé,
Þæíàÿ Ñèáèðü; Òóðèé Ìûñ, Êîëüñêèé ï-îâ) è íåôåëè-
íîâûõ ñèåíèòàõ (ìàññèâû Ñàõàðèîêñêèé è Ãðåìÿõî-Âûð-
ìåññêèé, Êîëüñêèé ï-îâ; Ïèëàíñáåðã, Þæíàÿ Àôðèêà;
ÈÌÌ, Þæíûé Óðàë).

Â ñëó÷àÿõ ïðåîáðàçîâàíèÿ ïåðâè÷íûõ ìèíåðàëüíûõ
àññîöèàöèé ñ íåôåëèíîì êàðáîíàòèòîâûìè ôëþèäàìè èëè
ïðè àâòîìåòàñîìàòè÷åñêèõ ïðîöåññàõ ïîÿâëÿþòñÿ ïîëíûå
ñåðèè, âêëþ÷àþùèå êîíå÷íûå ìèíåðàëüíûå âèäû, íàïðè-
ìåð Ba0.98Sr0.01 — Ba0.06Sr0.88Ca0.04 (Òóðèé Ìûñ) èëè Ba0.98Sr0.04
— Ba0.02Sr0.88 (Ïèëàíñáåðã). Â îòäåëüíûõ ñëó÷àÿõ îïèñàíî
îáðàçîâàíèå áàíàëüñèòà âî âíåøíèõ çîíàõ íåôåëèíà íà ñòà-
äèè ñóáñîëèäóñíîãî çàìåùåíèÿ. Ïðè ïðåîáðàçîâàíèè ïåð-
âè÷íûõ ìèíåðàëüíûõ àññîöèàöèé ñ íåôåëèíîì áîëåå ïî-
çäíèìè ìåòàñîìàòè÷åñêèìè ïðîöåññàìè, â òîì ÷èñëå àëü-
áèòèçàöèè, öåîëèòèçàöèè èëè ïåðåêðèñòàëëèçàöèè êàëèå-
âûõ ïîëåâûõ øïàòîâ, ïîÿâëÿþòñÿ ìèíåðàëû ñ ãðàíè÷íûìè
ñîñòàâàìè èëè ñòðîíàëüñèò ñ íåçíà÷èòåëüíûì êîëè÷åñòâîì

Ðèñ. 3. Càíäûèò þãî-çàïàäíîé ÷àñòè Èëüìåíîãîðñêîãî ìèàñ-
êèòîâîãî ìàññèâà

Fig. 3. Sandyite from the South-Western part of Ilmenogorsky miaskite
massif

Ðèñ. 4. «Ñèìïëåêòèòîïîäîáíàÿ» ìèêðîñòðóêòóðà ïèðîêñåíà è
àìôèáîëà â ñàíäûèòàõ Èëüìåíîãîðñêîãî ìèàñêèòîâîãî ìàññèâà

 (áåç àíàëèçàòîðà)

Fig. 4. Symplectite-like microtexture of clinopyroxene and amphibole
grains from the sandyites of Ilmenogorsky miaskite massif (without

analizer)

ëèñåòèòîâîãî ìèíàëà (ñì. òàáëèöó, ðèñ. 6): Æèäîéñêèé ìàñ-
ñèâ — îò Ba0.57Sr0.41Ñà0.02 äî Ba0.2Sr0.70Ca 0.03, Ñàõàðèîêñêèé
— Ba0.35-0.09Sr0.60-0.73Ñà0.06-0.05, Ãðåìÿõà-Âûðìåñ — Ba0.68Sr0.20
è Ba0.05Sr0.77Ca 0.15.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î
øèðîêîì òåìïåðàòóðíîì äèàïàçîíå îáðàçîâàíèÿ ìèíåðà-
ëîâ ýòîé ãðóïïû (250—700 °Ñ) è íèçêèõ äàâëåíèÿõ, íå ïðå-
âûøàþùèõ 1 êáàð [8]. Ìîæíî ïðåäïîëîæèòü, ÷òî â
áîëåå âûñîêîòåìïåðàòóðíûõ óñëîâèÿõ ïîÿâëÿåòñÿ áàíàëü-
ñèò, ïðè ñíèæåíèè ïàðàìåòðîâ îñóùåñòâëÿåòñÿ èçîìîð-
ôèçì Ba ↔ Sr, à äàëåå Sr ↔ Ña.

Ìèíåðàëû ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà â ÈÌÌ
âïåðâûå îáíàðóæåíû â ñàíäûèòàõ, êîòîðûå ÿâëÿþòñÿ ïðî-
äóêòàìè ìåòàñîìàòè÷åñêîé ïåðåðàáîòêè ïîä âëèÿíèåì
ðåìîáèëèçàöèè ðàñïëàâà â óñëîâèÿõ ñðåäíåé êîðû [10].
Ïðè äàëüíåéøèõ ïðåîáðàçîâàíèÿõ â ñàíäûèòàõ, â óñëîâè-
ÿõ, áëèçêèõ ê âûñîêîñðåäíåòåìïåðàòóðíûì ãèäðîòåðìàëü-
íûì ïðîöåññàì, ïîä âëèÿíèåì ôëþèäà, âîçíèêøåãî ïðè
òåêòîíè÷åñêîé àêòèâèçàöèè Èëüìåíîãîðñêîé ðåãèîíàëü-
íîé ñäâèãîâîé çîíû [12], ïðîèñõîäÿò èçìåíåíèÿ â íåôå-
ëèí-ïîëåâîøïàòîâûõ àãðåãàòàõ, êîòîðûå ïðèâîäÿò ê îá-
ðàçîâàíèþ ìèíåðàëîâ ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà.
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Ïðèìå÷àíèå. Àíàëèçû: 1—4 — èç ñàíäûèòîâ ÈÌÌ; 5, 6 — èç ùåëî÷íûõ ïèðîêñåíèòîâ Æèäîéñêîãî ìàññèâà [3];  7—10 — èç
èéîëèòîâ Òóðüåãî ìûñà; 11, 12 — ýññåêñèòû Ñàõàðèîêñêîãî ìàññèâà; 13, 14 — èç óðòèòîâ ìàññèâà Ãðåìÿõà-Âûðìåñ; 15 — èç ôîéÿ-
èòîâ; 16—20 — èç ëóÿâðèòîâ Ïèëàíñáåðã [14]; «ñ» — öåíòð, «r» — êðàé, «—» íå îïðåäåëåíî.

Note. Analyses: 1—4 — from sandyites of IMM; 5, 6 — alkaline pyroxenite of  Zhidoy massif [3]; 7—10 — from ijolite of  Turiy Mys;
11, 12 — from essexite of  Sakhariok massif; 13, 14 — urtite of  Gremyakha-Vyrmes massif; 15 — from foyaite; 16—20 — from lujaurite
Pilansberg massif [14]; «ñ» — centre of  the grain, «r» — rim of  the grain, «—» — not determined.

Õèìè÷åñêèé ñîñòàâ ìèíåðàëîâ ãðóïïû áàíàëüñèòà-ñòðîíàëüñèòà (ìàñ. % è ê. ô.)

Chemical composition of  minerals from banalsite-stronalsite group (wt.  %)

Ðèñ. 5. Âêëþ÷åíèå áàíàëüñèòà (Bns) â íåôåëèíå (Nph) (BSE): 3 — áàíàëüñèò; 4 — ñòðîíàëüñèò. (Cpx — êëèíîïèðîêñåí, Ab — àëüáèò)

Fig. 5. Inclusion of  banalsite (Bns) in nepheline (Nph) (BSE): 3 — banalsite; 4 — stronalsite. (Cpx — clinopyroxene, Ab — albite)

Ðèñ. 6. Äèàãðàììà ñîñòàâîâ áàíàëüñèòà-ñòðîíàëüñèòà èç ùåëî÷-
íûõ ïîðîä: 1 — ñàíäûèòû ÈÌÌ; 2 — ùåëî÷íûå ïèðîêñåíèòû
Æèäîéñêîãî ìàññèâà; 3 — èéîëèòû Òóðüåãî ìûñà; 4 — ýññåêñè-
òû Ñàõàðèîêñêîãî ìàññèâà; 5 — óðòèòû ìàññèâà Ãðåìÿõà-Âûð-

ìåñ; 6— ôîéÿèòû; 7 — ëóÿâðèòû ìàññèâà Ïèëàíñáåðã

Fig. 6. Diagram of compositions of  banalsite-stronalsite from alkaline
rocks: 1 — sandyites of Ilmenogorsky miaskite massif; 2 — alkaline
pyroxenite of  Zhidoy massif; 3 — ijolite of  Turiy Mys; 4 — essexite
of  Sakhariok massif; 5 — urtite of  Gremyakha-Vyrmes massif;

6 — foyaite; 7 — lujaurite Pilansberg massif
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Ââåäåíèå

Ñòðàòåãè÷åñêîé çàäà÷åé îòå÷åñòâåííîé ãåîëîãèè ÿâëÿ-
åòñÿ íàïîëíåíèå ìèíåðàëüíî-ñûðüåâîé áàçû ðåäêèõ è ðàñ-
ñåÿííûõ ìåòàëëîâ. Ïîñëåäíÿÿ õîòÿ è çíà÷èòåëüíà ïî ñâîå-
ìó ðåñóðñíîìó ïîòåíöèàëó, îäíàêî ïðåäñòàâëåíà ïðåèìó-
ùåñòâåííî êîìïëåêñíûìè íèçêîêà÷åñòâåííûìè ïîëèìè-
íåðàëüíûìè ðóäàìè. Òàêèå ðóäû õàðàêòåðèçóþòñÿ ñëîæíûì
òåêñòóðíî-ñòðóêòóðíûì ðèñóíêîì è ïåðåìåííûì ñîäåðæà-
íèåì ïîëåçíûõ ðóäíûõ ìèíåðàëîâ [2, 5], ÷òî îïðåäåëÿåò
ñëîæíîñòü èõ ïðîìûøëåííîé ïåðåðàáîòêè è òðåáóåò èííî-
âàöèîííûõ òåõíîëîãè÷åñêèõ ðåøåíèé áîëüøåé ÷àñòüþ â
ìåòàëëóðãè÷åñêîì ïåðåäåëå. Õèìè÷åñêàÿ ïåðåðàáîòêà êîí-
öåíòðàòîâ ðåäêîçåìåëüíî-ðåäêîìåòàëëüíûõ ðóä ñîïðÿæå-
íà ñ öåëûì ðÿäîì îñîáåííîñòåé, îáóñëîâëåííûõ ñëîæíîñ-
òüþ è íåñòàíäàðòíîñòüþ èõ âåùåñòâåííîãî ñîñòàâà. Áîëü-
øèíñòâî ïðîäóêòîâ îáîãàùåíèÿ ñîäåðæèò äî 20 è áîëåå
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Îñâîåíèå ìèíåðàëüíî-ñûðüåâûõ ðåñóðñîâ ðåäêèõ è ðàññåÿííûõ ìåòàëëîâ, ïðåäñòàâëåííûõ ïðåèìóùåñòâåííî êîì-
ïëåêñíûìè íèçêîêà÷åñòâåííûìè ïîëèìèíåðàëüíûìè ðóäàìè, ïðåäñòàâëÿåò àêòóàëüíóþ çàäà÷ó äëÿ ñîâðåìåííîé ãåîëî-
ãèè è òðåáóåò ðàçðàáîòêè èííîâàöèîííûõ òåõíîëîãè÷åñêèõ ðåøåíèé.

Êîìïëåêñîì ìèíåðàëîãî-àíàëèòè÷åñêèõ ìåòîäîâ èçó÷åí ìèíåðàëüíûé è õèìè÷åñêèé ñîñòàâ öèðêîí-áàääåëåèòî-
âûõ êîíöåíòðàòîâ ðóä Àëãàìèíñêîãî ðóäîïðîÿâëåíèÿ, äàí ïðîãíîç èõ òåõíîëîãè÷åñêèõ ñâîéñòâ è ïðåäëîæåí ñïîñîá ïå-
ðåðàáîòêè ñ ïîëó÷åíèåì ëèêâèäíûõ òîâàðíûõ ïðîäóêòîâ.

Ðàçðàáîòàíà ïðèíöèïèàëüíàÿ òåðìîõèìè÷åñêàÿ òåõíîëîãèÿ ïåðåðàáîòêè, îñíîâàííàÿ íà âñêðûòèè öèðêîí-áàääå-
ëåèòîâûõ êîíöåíòðàòîâ ñïåêàíèåì ñ èçâåñòíÿêîì ñ ïîñëåäóþùèì äâóõñòàäèéíûì êèñëîòíûì âûùåëà÷èâàíèåì ñïåêà.
Ââåäåíèå îïåðàöèè ñîðáöèîííîãî èçâëå÷åíèÿ óðàíà ïîçâîëèò ïðè äàëüíåéøåé ïåðåðàáîòêå ðàñòâîðîâ ïîëó÷èòü äèîê-
ñèä öèðêîíèÿ è óðàíîâûé õèìêîíöåíòðàò.

Êëþ÷åâûå ñëîâà: öèðêîí-áàääåëåèòîâûå êîíöåíòðàòû, õèìè÷åñêèé ñîñòàâ, ìèíåðàëüíûé ñîñòàâ, ìîðôîñòðóê-
òóðíûå õàðàêòåðèñòèêè, òåðìîõèìè÷åñêàÿ ïåðåðàáîòêà, âûùåëà÷èâàíèå, ãèäðîìåòàëëóðãè÷åñêàÿ òåõíîëîãèÿ.

PRINCIPAL THERMOCHEMICAL TECHNOLOGY
OF ZIRCON-BADDELEYITE CONCENTRATES PROCESSING

E. G. Likhnikevich1, E. N. Levchenko2, O. A. Yakushina1, A. S. Fatov 1
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Zircon-baddeleyite bearing ores are composed of mostly loose, finely divided matter, i.e. they are natural and rich
disintegrated slurry concentrate. Mineral and chemical composition of these îres has been studied by a complex of modern
mineralogical methods that result in its technological properties forecast.

A principal innovative thermochemical technology for these ores was developed, which was based on the opening of zircon-
baddeleyite by sintering with limestone followed by cake acid leaching. The uranium sorption operation induced in the cycle
allows to obtain zirconium dioxide and uranium concentrate at further processing.

Keywords: zircon-baddeleyite concentrates, mineralogical study, composition, morphostructural characteristics,
thermochemical processing, acid-leach processing, hydrometallurgical technology.

ìèíåðàëîâ ðàçíûõ êëàññîâ — ñèëèêàòû, êàðáîíàòû, ïðî-
ñòûå è ñëîæíûå îêñèäû, ñóëüôèäû è äð. Îäíè è òå æå ïî-
ëåçíûå êîìïîíåíòû, êàê ïðàâèëî, íàõîäÿòñÿ â íåñêîëüêèõ
ìèíåðàëüíûõ ôîðìàõ, ò. å. ñâÿçàíû ñ ðàçíûìè ìèíåðàëà-
ìè. Êîíöåíòðàòû îáîãàùåíèÿ èìåþò êîìïëåêñíûé ñîñòàâ,
äëÿ íèõ õàðàêòåðíà òîíêàÿ âêðàïëåííîñòü ðóäíûõ ìèíåðà-
ëîâ; ñîäåðæàíèå ïîëåçíûõ ìåòàëëîâ, íàõîäÿùèõñÿ â ôàçàõ
â âèäå óëüòðàòîíêèõ ñðàñòàíèé ñ ïîðîäîîáðàçóþùèìè ìè-
íåðàëàìè, ìîæåò ñîñòàâëÿòü äî 20–40 % îò èõ îáùåãî ñî-
äåðæàíèÿ, óñòàíîâëåííîãî ýëåìåíòíûì àíàëèçîì.

Ïðèîðèòåòíûì íàïðàâëåíèåì ïåðåðàáîòêè êîìïëåê-
ñíûõ òðóäíîîáîãàòèìûõ ïðîäóêòîâ îáîãàùåíèÿ ðåäêîìå-
òàëëüíûõ ðóä ÿâëÿåòñÿ ñåãîäíÿ ãèäðîìåòàëëóðãèÿ, îáåñïå-
÷èâàþùàÿ ëèáî íåïîñðåäñòâåííî, ëèáî â ñî÷åòàíèè ñ ìå-
òîäàìè îáîãàùåíèÿ ñóùåñòâåííîå ïîâûøåíèå ïîëíîòû è
êîìïëåêñíîñòè èñïîëüçîâàíèÿ ñûðüÿ. Äëÿ òåõíîëîãè÷åñ-
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êîé îöåíêè êîíöåíòðàòîâ óêàçàííîãî òèïà ñ ó÷åòîì ñîâðå-
ìåííûõ äîñòèæåíèé â îáëàñòè õèìèè è õèìè÷åñêîé òåõ-
íîëîãèè îñîáîå çíà÷åíèå èìåþò ïðîöåññû, îáåñïå÷èâàþ-
ùèå âîçìîæíîñòü ôîðìèðîâàíèÿ ñîåäèíåíèé çàäàííîãî
ñîñòàâà è ðàçëè÷íîé ðàñòâîðèìîñòè.

Âàæíåéøåé ïðîìûøëåííîé òåõíîëîãèåé ïåðåðàáîò-
êè ðåäêîìåòàëëüíîãî ñûðüÿ ÿâëÿåòñÿ òåðìîõèìè÷åñêèé
ñïîñîá, îñíîâàííûé íà ñïåêàíèè ñ ãèäðîêñèäàìè è êàð-
áîíàòàìè ùåëî÷íûõ è ùåëî÷íî-çåìåëüíûõ ìåòàëëîâ [3, 4].
Ñïåêàíèå ñîïðîâîæäàåòñÿ ïðàêòè÷åñêè ïîëíûì ðàçëîæå-
íèåì âñåé ìàññû ñûðüÿ, ÷òî ïîçâîëÿåò ïðè ïîñëåäóþùåì
êèñëîòíîì âûùåëà÷èâàíèè ñïåêà óäàëèòü ïðèìåñè, â òîì
÷èñëå ðàäèîíóêëèäû, ïðèñóòñòâóþùèå â ñîñòàâå ðóäíûõ
è ïîðîäîîáðàçóþùèõ ìèíåðàëîâ.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîò-
êà òåõíîëîãèè ïåðåðàáîòêè ãðàâèòàöèîííûõ êîíöåíòðà-
òîâ ïðèðîäíî-äåçèíòåãðèðîâàííûõ öèðêîí-áàääåëåèòî-
âûõ ðóä Àëãàìèíñêîãî ðóäîïðîÿâëåíèÿ ñ îáåñïå÷åíèåì
êîìïëåêñíîñòè èñïîëüçîâàíèÿ è âûñîêîé ñòåïåíè èçâëå-
÷åíèÿ ïîëåçíûõ êîìïîíåíòîâ.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ,
ïîñòàíîâêà çàäà÷è

Àëãàìèíñêîå ðóäîïðîÿâëåíèå öèðêîí-áàääåëåèòîâûõ
ðóä, ðàñïîëîæåííîå íà ñåâåðå Õàáàðîâñêîãî êðàÿ (Ðîññèÿ),
ïðåäñòàâëÿåò ñîáîé íîâûé òèï öèðêîíèåâûõ ðóä è õàðàê-
òåðèçóåòñÿ çíà÷èòåëüíûìè ðåñóðñàìè äèîêñèäà öèðêîíèÿ
(ZrO2), îäíàêî òåêóùàÿ ñòåïåíü èçó÷åííîñòè äàííîãî
îáúåêòà íåäîñòàòî÷íà äëÿ åãî ïåðåâîäà â ðàçðÿä ìåñòîðîæ-
äåíèÿ [1]. Ðóäîïðîÿâëåíèå ñôîðìèðîâàëîñü çà ñ÷åò íå-
îäíîêðàòíîãî ïðèðîäíîãî îáîãàùåíèÿ ïðè îêàðñòîâàíèè
ðàññåÿííûõ ñòðàòèôîðìíûõ õåìîãåííî-îñàäî÷íûõ îáðà-
çîâàíèé â èçâåñòêîâèñòûõ äîëîìèòàõ þäîìñêîé ñâèòû
(âåíä). Â ïîðîäàõ ðóäîïðîÿâëåíèÿ ðàçâèòî âòîðè÷íîå ìè-
íåðàëîîáðàçîâàíèå â âèäå ãíåçä òîíêîìåëêîêðèñòàëëè÷åñ-
êîãî êàðáîíàòà, àãðåãàòîâ ìåëêîçåðíèñòîãî êâàðöà. Öèð-
êîí-áàääåëåèòîâûå ðóäû ïîâñåìåñòíî äåçèíòåãðèðîâàíû
è âêëþ÷àþò â îñíîâíîé ñâîåé ìàññå (80 %) «ðûõëûå» è ÷à-
ñòè÷íî (20 %) «êóñêîâûå» ðàçíîñòè. Â ñðåäíåì 70 % äèîê-
ñèäà öèðêîíèÿ ñêîíöåíòðèðîâàíî âî ôðàêöèè 10—40 ìèê-
ðîìåòðîâ. Â ðåçóëüòàòå êëàññèôèêàöèè èç èñõîäíîãî ìà-
òåðèàëà âûäåëÿåòñÿ îáîãàùåííàÿ äèîêñèäîì öèðêîíèÿ
øëàìîâàÿ ôðàêöèÿ, ÿâëÿþùàÿñÿ ïî ñóòè ÷åðíîâûì «øëà-
ìîâûì» êîíöåíòðàòîì. Ïîñëå ðóäîïîäãîòîâêè (äðîáëåíèå,
èçìåëü÷åíèå) è ãðàâèòàöèîííîãî îáîãàùåíèÿ ïîëó÷åí
«çåðíèñòûé» êîíöåíòðàò.

Â èñõîäíûõ ðóäàõ óñòàíîâëåíî ïîâûøåííîå ñîäåðæà-
íèå óðàíà — äî 0.1—0.15 %, êîòîðîå ñîïîñòàâèìî ñ ïðå-
äåëüíî äîïóñòèìûì ñîäåðæàíèåì â öèðêîíîâîì êîíöåí-
òðàòå Âåðõíåäíåïðîâñêîãî ÃÌÊ è â íåñêîëüêî ðàç ïðåâû-
øàåò òàêîâûå ïî çàðóáåæíûì ñòàíäàðòàì. Òàê êàê óðàí â
ðóäàõ àññîöèèðóåò ñ öèðêîíèåâûìè ìèíåðàëàìè â âèäå
èçîìîðôíîé ïðèìåñè è ñîðáèðîâàííîé ôîðìû, ïðè îáî-
ãàùåíèè îí ïîïàäàåò ïðåèìóùåñòâåííî â öèðêîíèåâûå
êîíöåíòðàòû, ñëåäîâàòåëüíî, ñîäåðæàíèå óðàíà â êîíöåí-
òðàòàõ ìíîãîêðàòíî ïðåâûñèò ñîäåðæàíèå â ðóäå è âñå äî-
ïóñòèìûå ñòàíäàðòû. Îäíîé èç ãëàâíûõ ïðîáëåì ðåàëèçà-
öèè ãèäðîìåòàëëóðãè÷åñêèõ ñõåì ïåðåðàáîòêè êîíöåíòðà-
òîâ ÿâëÿåòñÿ ïîëó÷åíèå öåííûõ öèðêîíèåâûõ êîíöåíòðà-
òîâ è ïðîäóêòîâ, íå ñîäåðæàùèõ ðàäèîàêòèâíûõ êîìïî-
íåíòîâ. Âòîðîé ïî çíà÷èìîñòè ïðîáëåìîé ÿâëÿåòñÿ ðåøå-
íèå âîïðîñîâ ïî óòèëèçàöèè îáðàçóþùèõñÿ ðàäèîàêòèâ-
íûõ îòõîäîâ, ïîýòîìó îäíîé èç ðåøàåìûõ çàäà÷ íàñòîÿ-

ùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ îöåíêà ðàñïðåäåëåíèÿ ðàäèî-
íóêëèäîâ ïî ïðîäóêòàì ãèäðîìåòàëëóðãè÷åñêîãî ïåðåäå-
ëà êîíöåíòðàòîâ Àëãàìèíñêîãî ìåñòîðîæäåíèÿ.

Ïðîâåäåíî èçó÷åíèå âåùåñòâåííîãî ñîñòàâà ãðàâèòà-
öèîííûõ êîíöåíòðàòîâ îáîãàùåíèÿ äâóõ òåõíîëîãè÷åñêèõ
ïðîá. Ïðèðîäíî-äåçèíòåãðèðîâàííûé ðûõëûé ìàòåðèàë
ïðîá èìåë êðóïíîñòü ìåíåå 0.2 ìì è áûë êëàññèôèöèðîâàí
íà çåðíèñòóþ è øëàìîâóþ ôðàêöèè â êàæäîé ïðîáå. Àíà-
ëèçû âûïîëíÿëèñü â ñîîòâåòñòâèè ñ îòðàñëåâûìè íîðìà-
òèâíî-ìåòîäè÷åñêèìè äîêóìåíòàìè íàó÷íûõ ñîâåòîâ ïî
ìåòîäàì àíàëèòè÷åñêèõ (ÍÑÀÌ) è ìèíåðàëîãè÷åñêèõ
(ÍÑÎÌÌÈ) èññëåäîâàíèé. Â ðàáîòå èñïîëüçîâàíû ìåòî-
äû èññëåäîâàíèÿ: ðåíòãåíîñïåêòðàëüíûé ýëåìåíòíûé àíà-
ëèç (ÐÑÀ), îïòè÷åñêàÿ ìèêðîñêîïèÿ (ÎÌ) è ðåíòãåíîãðà-
ôè÷åñêèé ôàçîâûé àíàëèç (ÐÔÀ) êëàññèôèöèðîâàííîãî è
ôðàêöèîíèðîâàííîãî ìàòåðèàëà, äîïîëíåííûå ìåòîäàìè,
êîòîðûå ïîçâîëÿþò ïîëó÷àòü êîëè÷åñòâåííûå ìèíåðàëîãè-
÷åñêèå äàííûå î òîíêîäèñïåðñíûõ ìèíåðàëüíûõ ñèñòåìàõ,
èìåþùèõ ìèêðîíàíîìåòðè÷åñêóþ ðàçìåðíîñòü, — ýòî ìèê-
ðîðåíòãåíîòîìîãðàôèÿ (µÐÒ), ýëåêòðîííàÿ ìèêðîñêîïèÿ
(ÝÌ) è ìèêðîðåíòãåíîñïåêòðàëüíûé àíàëèç (ÌÐÑÀ).

Ðåçóëüòàòû è îáñóæäåíèå

Ìàòåðèàë ãðàâèòàöèîííûõ êîíöåíòðàòîâ îáîãàùåíèÿ
öèðêîí-áàääåëåèòîâûõ ðóä ïåñî÷íîãî, ïåñî÷íî-ïîëåâîãî
öâåòà õàðàêòåðèçîâàëñÿ çåìëèñòîé, ïîðîøêîâàòîé òåêñòó-
ðîé è òîíêîêðèñòàëëè÷åñêèçåðíèñòîé ñòðóêòóðîé. Çåðíè-
ñòûé ìàòåðèàë èññëåäîâàííûõ ïðîá â ðàçíîé ñòåïåíè îæå-
ëåçíåí — ïîâåðõíîñòü çåðåí êàðáîíàòîâ è êâàðöà ÷àñòî
ïîêðûòà ïîðîøêîâàòîé îáîëî÷êîé ãèäðîêñèäîâ æåëåçà. Â
øëàìîâîé ôðàêöèè ÷èñëî òàêèõ îæåëåçíåííûõ àãðåãàòîâ
(â îñíîâíîì êàðáîíàòîâ) áîëüøå, êðîìå òîãî, íàáëþäàåò-
ñÿ çíà÷èòåëüíàÿ, äî 20 %, ñåãðåãàöèÿ ìàòåðèàëà.

Âåùåñòâåííûé ñîñòàâ. Ìèíåðàëüíûé è õèìè÷åñêèé
ñîñòàâ ïðîäóêòîâ ïåðåðàáîòêè ðóä Àëãàìèíñêîãî ðóäîïðî-
ÿâëåíèÿ ïðèâåäåí â òàáëèöàõ 1 è 2. Ââèäó òîíêîé ðàçìåð-
íîñòè çåðåí ìèíåðàëüíûé ñîñòàâ êîíöåíòðàòîâ áûë óñòà-
íîâëåí ñ ïîìîùüþ ðåíòãåíîãðàôè÷åñêîãî ôàçîâîãî àíàëèçà
(ÐÔÀ) ìåòîäîì ïîðîøêà (òàáë. 2) ñ ó÷åòîì äàííûõ îïòè-
÷åñêîé ìèêðîñêîïèè. Äëÿ òî÷íîé äèàãíîñòèêè è îïðåäåëå-
íèÿ ðåàëüíîãî ñîñòàâà ìèíåðàëîâ áàääåëåèòà è öèðêîíà
ìèêðîìåòðîâîé ðàçìåðíîñòè ïðèìåíÿëñÿ ìåòîä ÌÐÑÀ.

Ïî äàííûì ðåíòãåíîñïåêòðàëüíîãî àíàëèçà (ÐÑÀ),
ñîäåðæàíèÿ äèîêñèäà öèðêîíèÿ ZrO2 è êðåìíåçåìà SiO2
çíà÷èòåëüíî îòëè÷àþòñÿ â çåðíèñòîé è øëàìîâîé ôðàê-
öèÿõ êîíöåíòðàòîâ, äèîêñèä êðåìíèÿ ñîñðåäîòî÷åí â øëà-
ìîâîé ôðàêöèè, äèîêñèä öèðêîíèÿ — â çåðíèñòîé. Ïîìè-
ìî öèðêîíèÿ ñîäåðæàòñÿ ìèêðîïðèìåñè äðóãèõ çíà÷èìûõ
ðåäêèõ è ðàññåÿííûõ ýëåìåíòîâ (èòòðèÿ, ãàôíèÿ, íèîáèÿ,
âîëüôðàìà, óðàíà).

Íåîäíîðîäíîñòü ìèíåðàëüíîãî ñîñòàâà öèðêîí-áàä-
äåëåèòîâûõ êîíöåíòðàòîâ ïðåäâàðèòåëüíî áûëà èçó÷åíà
íåðàçðóøàþùèì ìåòîäîì ðåíòãåíîâñêîé ìèêðîòîìîãðà-
ôèè, µÐÒ (ìèêðîòîìîãðàô ÂÒ-50-1, Ðîññèÿ). Èññëåäîâàë-
ñÿ íàñûïíîé ìàòåðèàë â êþâåòå   1 ìì (ðèñ. 1). Ïî çíà÷å-
íèÿì âåëè÷èíû ëèíåéíîãî êîýôôèöèåíòà îñëàáëåíèÿ
ðåíòãåíîâñêîãî èçëó÷åíèÿ (ËÊÎ) âûäåëÿåòñÿ íå ìåíåå 10
ôàç (èíäèâèäóàëèçèðîâàííûå îáëàñòè íà òîìîãðàììàõ),
ðàçìåðû êîòîðûõ âàðüèðóþò îò 5—10 äî 200 ìêì, â ñðåä-
íåì ñîñòàâëÿþò 20 ìêì è ìåíåå.

Ãëàâíûìè ïîëåçíûìè ðóäíûìè ìèíåðàëàìè öèðêî-
íèÿ â èçó÷àåìûõ ïðîáàõ ÿâëÿþòñÿ áàääåëåèò è öèðêîí,
êîòîðûå ïðèñóòñòâóþò â âèäå èíäèâèäóàëèçèðîâàííûõ
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çåðåí è èõ îáëîìêîâ ðàçìåðîì, êàê ïðàâèëî, ìåíåå 50 ìêì
(ðèñ. 2, 3). Ñîáñòâåííûõ ìèíåðàëüíûõ ôîðì âîëüôðàìà,
óðàíà, èòòðèÿ, ãàôíèÿ, íèîáèÿ, òèòàíà, âàíàäèÿ, ñâèíöà,
ñîäåðæàùèõñÿ, ïî äàííûì ýëåìåíòíîãî àíàëèçà (òàáë. 1),
â èññëåäîâàííûõ ïðîáàõ, íå óñòàíîâëåíî.

Ïîðîäîîáðàçóþùèå ìèíåðàëû íàõîäÿòñÿ â îñíîâíîì
â âèäå çåðåí, îáëîìêîâ è èõ àãðåãàòîâ ìèêðîìåòðîâîãî,
ñóáìèêðîìåòðîâîãî ðàçìåðà. Ãëàâíûé ïîðîäîîáðàçóþùèé
ìèíåðàë — êâàðö â âèäå ïðîçðà÷íûõ è ïîëóïðîçðà÷íûõ îá-
ëîìêîâ; âòîðîñòåïåííûå êàðáîíàòû — äîëîìèò, êàëüöèò.
Â øëàìîâîé ôðàêöèè óñòàíîâëåíî ïîâûøåííîå ñîäåðæà-
íèå êàîëèíèòà äî 6 %, ïðèñóòñòâèå ãèäðîêñèäîâ æåëåçà äî
1—2 %. Êàðáîíàòû òåñíî àññîöèèðóþò ñ ãåòèòîì, îáðàçó-
þùèì òîíêèå ïîðîøêîâàòûå ïëåíêè íà èõ ïîâåðõíîñòè,
ôîðìèðóÿ òîíêîäèñïåðñíûå ïîëèìèíåðàëüíûå àãðåãàòû.
Ïî äàííûì ÐÔÀ, áûëè óñòàíîâëåíû:

— â âåñüìà ìàëûõ êîëè÷åñòâàõ àïàòèò 1—2 % (äèàã-
íîñòèðîâàí êàê ôòîðàïàòèò), êîòîðûé ìîæåò àññîöèèðî-
âàòü ñ öèðêîíîì;

— áàääåëåèò. Ïðèñóòñòâóåò â âèäå ïîëèìèíåðàëüíûõ
êîëëîìîðôíûõ àãðåãàòîâ è èíäèâèäóàëèçèðîâàííûõ áå-
ëîâàòî-ðîçîâàòûõ çåðåí ñ æèðíûì áëåñêîì. Çåðíà, êàê ïðà-
âèëî, èìåþò ñãëàæåííûå, îïëàâëåííûå ôîðìû (ðèñ. 2, À).
Íåðåäêî ôèêñèðóåòñÿ íåîäíîðîäíîå ñòðîåíèå çåðåí ìè-
íåðàëà. Êîëëîìîðôíûå àãðåãàòû — ñôåðîëèòîïîäîáíûå

æåëâàêè è èãîëü÷àòûå îáðàçîâàíèÿ («åæèêè») ðàçìåðîì
10—20 ìêì. Ñ áàääåëåèòîì ìîæåò áûòü ñâÿçàíî ïðèñóò-
ñòâèå äèîêñèäà ãàôíèÿ HfO2, äîñòèãàþùåå 1.5 % è óðàíà
U 0.2—0.22 % (òàáë. 1). Ñàìîñòîÿòåëüíûõ ìèíåðàëüíûõ ôàç
ãàôíèÿ è óðàíà íå âûÿâëåíî: èçâåñòíî, ÷òî îíè èçîìîðô-
íî âõîäÿò â êðèñòàëëè÷åñêóþ ñòðóêòóðó áàääåëåèòà, êðî-
ìå òîãî, óðàí ìîæåò òàêæå íàõîäèòüñÿ â ñîðáèðîâàííîé
ôîðìå. Âåðîÿòíî, ÷òî â ñòðóêòóðó áàääåëåèòà âõîäèò âîëü-
ôðàì, à ìèêðîïðèìåñè òèòàíà è âàíàäèÿ (òàáë. 1) ìîãóò
áûòü ìåõàíè÷åñêèìè;

— öèðêîí. Íàõîäèòñÿ ïðåèìóùåñòâåííî â âèäå àãðå-
ãàòîâ, ñôîðìèðîâàííûõ öèðêîíîì è ïîðîäîîáðàçóþùè-
ìè ìèíåðàëàìè (ðèñ. 2, Á), íà ïîâåðõíîñòè êîòîðûõ îò-
ìå÷åíû ðûõëûå ïðèìàçêè ãèäðîêñèäîâ æåëåçà, à òàêæå â
âèäå èíäèâèäóàëèçèðîâàííûõ çåðåí. Çåðíà è èõ îáëîì-
êè îðàíæåâîãî, áóðî-îðàíæåâîãî öâåòà èìåþò õàðàêòåð-
íóþ êîðîòêîïðèçìàòè÷åñêóþ äèòåòðàãîíàëüíóþ ôîðìó.
Ðàçìåðû çåðåí ìåíåå 10 ìêì. Êîëëîìîðôíûå õëîïüåâèä-
íûå àãðåãàòû íàõîäÿòñÿ ïðåèìóùåñòâåííî â êëàññàõ êðóï-
íîñòè –0.2 + 0.044 ìì. Èíäèâèäû â ðàçíîé ñòåïåíè èç-
ìåíåíû, èìåþò çîíàëüíîå ñòðîåíèå, íåñóò íà ñåáå ñëåäû
ïåðåêðèñòàëëèçàöèè. Öèðêîí ïðåäñòàâëåí äâóìÿ ðàçíî-
âèäíîñòÿìè (èçìåíåííûé è íåèçìåíåííûé), ðàñïðåäå-
ëåííûìè â ðóäå íåðàâíîìåðíî, ïðåîáëàäàåò èçìåíåííûé
öèðêîí.

Ïðèìå÷àíèå. «—» — íå îáíàðóæåí.

Note. «—» — not detected.

Òàáëèöà 1
Õèìè÷åñêèé ñîñòàâ êîíöåíòðàòîâ îáîãàùåíèÿ, %

Table 1
Chemical composition of concentrates, %



Vestnik     IG     Komi SC UB RAS, March, 2016, No. 3

21

Òàáëèöà 2

Ìèíåðàëüíûé ñîñòàâ êîíöåíòðàòîâ îáîãàùåíèÿ, %
Table 2

Mineral composition of concentrates, %

Ïðèìå÷àíèå. Ïî äàííûì ÐÔÀ è ÎÌ; «+» — ïðèñóòñòâóåò; «—» — íå îáíàðóæåí; âîçìîæíî ïðèñóòñòâèå
ðåíòãåíîàìîðôíîé ôàçû (ãèäðîêñèäû æåëåçà) — 1–2 %.

Note. «+»  present; «—» — not present; possibly presence of  X-ray amorphous phase (iron hydroxides) — 1–2 %.

Ïî äàííûì ñêàíèðóþùåé ÝÌ, öèðêîíèéñîäåðæàùèå
ôàçû ìîðôîëîãè÷åñêè ïðåäñòàâëåíû êîëëîìîðôíûìè
ñôåðè÷åñêèìè àãðåãàòàìè (ðèñ. 3, À—Â), à òàêæå ðàçíîîá-
ðàçíûìè ìåëêèìè îáëîìêàìè íåïðàâèëüíîé ôîðìû
(ðèñ. 3, Ã). Ñôåðè÷åñêèå è ïñåâäîñôåðè÷åñêèå îáðàçîâà-
íèÿ (ðèñ. 3, Â) ÿâëÿþòñÿ çîíàëüíûìè, ïðè÷åì ñâåòëûå è
òåìíûå çîíû îòëè÷àþòñÿ äðóã îò äðóãà íåáîëüøèìè (ïî-
ðÿäêà 1 ìàñ. %) êîëåáàíèÿìè ñîäåðæàíèÿ öèðêîíèÿ Zr. Íà
ðèñóíêå 3, Á íàèáîëåå ñâåòëûå çîíû ñôåðîëèòîâ — «áàä-
äåëåèòîâûå», öåíòðàëüíûå èõ ÷àñòè — «öèðêîíèåâûå»,
êðàåâûå çîíû îêàéìëåíû êàðáîíàòàìè öèðêîíèÿ. «Öèð-
êîíèåâûå» ó÷àñòêè ñîäåðæàò ïîâûøåííîå êîëè÷åñòâî Ca,
Al, P è Fe, à «áàääåëåèòîâûå» — U. Ýòè àãðåãàòû ïðîðåçà-
þòñÿ öèðêîíèéñîäåðæàùèìè êàðáîíàòàìè, â êîòîðûõ
êîíöåíòðèðóþòñÿ ìåëü÷àéøèå (1—2 ìêì) êðèñòàëëèòû
àïàòèòà (ìåëêèå ÷åðíûå òî÷êè â òåìíîì ó÷àñòêå ñïðàâà íà
ðèñ. 3, Á). Ñóùåñòâóþùåå ìíåíèå î ðàçâèòèè â ýòèõ ðóäàõ
ãåëü-öèðêîíà, âèäèìî, ñâÿçàíî ñ íàëè÷èåì îêðóãëûõ îîëè-
òîïîäîáíûõ âûäåëåíèé, àíàëîãè÷íûõ ïðèâåäåííûì íà ðè-
ñóíêå 3, À. Ìåòîäàìè ýëåêòðîííîé ìèêðîñêîïèè óñòàíîâ-
ëåíî, ÷òî òàêèå âûäåëåíèÿ â äåéñòâèòåëüíîñòè ñôîðìè-
ðîâàíû èíäèâèäóàëèçèðîâàííûìè çåðíàìè êîðîòêîñòîëá-
÷àòîé ïðèçìàòè÷åñêîé ïàíèäèîìîðôíîé ôîðìû, íåðåä-
êî ñî ñãëàæåííûìè î÷åðòàíèÿìè. Áûë ïðîâåäåí ñèíõðîí-
íûé òåðìè÷åñêèé àíàëèç (ÑÒÀ, NETSCH STA 449 F1
Jupiter, Ãåðìàíèÿ) ïðè ñêîðîñòè íàãðåâà 10 °C/ìèí â èí-
òåðâàëå òåìïåðàòóð 30—1050 °C, êîòîðûé âûÿâèë íàëè÷èå
ãèäðîêñèëüíîé ñîñòàâëÿþùåé â èññëåäóåìîì îáðàçöå, à
òàêæå ïðèñóòñòâèå äâóõ àìîðôíûõ ôàç â öèðêîíèéñîäåð-
æàùèõ êîìïëåêñàõ: àìîðôíîãî êðåìíåçåìà è àìîðôíîãî
êàðáîíàòíîãî ìàòåðèàëà. Ïîëó÷åííûå äàííûå îáúÿñíÿþò

íèçêèå çíà÷åíèÿ ñóììû îêñèäîâ â ðåíòãåíîñïåêòðàëüíîì
àíàëèçå, êîòîðûå íå ïðåâûøàþò 95 ìàñ. %. Îäíàêî ìåòî-
äîì ðåíòãåíîãðàôè÷åñêîãî ôàçîâîãî àíàëèçà â èññëåäî-
âàííûõ êîíöåíòðàòàõ ãåëü-öèðêîí óñòàíîâëåí íå áûë.

Õèìèêî-òåõíîëîãè÷åñêèå èññëåäîâàíèÿ. Ïåðåðàáîòêà
öèðêîí-áàääåëåèòîâûõ ãðàâèòàöèîííûõ êîíöåíòðàòîâ
òåðìîõèìè÷åñêèì ñïîñîáîì ïðåäóñìàòðèâàåò ïðåäâàðè-
òåëüíóþ ìåõàíè÷åñêóþ àêòèâàöèþ öèðêîí-áàääåëåèòîâî-
ãî êîíöåíòðàòà ñ ïîëó÷åíèåì ïîðîøêà ñ âûñîêîé óäåëü-
íîé ïîâåðõíîñòüþ, åãî ñïåêàíèå ñ ïîñëåäóþùèì äâóõñòà-
äèéíûì ðàçëîæåíèåì ñïåêîâ ïðè ðàçíûõ òåìïåðàòóðíûõ
ðåæèìàõ è ñîðáöèîííîå èçâëå÷åíèå óðàíà ñ ïîëó÷åíèåì
äèîêñèäà öèðêîíèÿ ZrO2 íåîáõîäèìîãî êà÷åñòâà è óðàíî-
âîãî õèìêîíöåíòðàòà.

Òåõíîëîãè÷åñêèå ïàðàìåòðû ýêñïåðèìåíòà:
— ñïåêàíèå: êîíöåíòðàò CaCO3:CaCl2 = 1:2.5:0.5;

τ = 3 ÷; t = 1100 °C;
— 1 ñòàäèÿ âûùåëà÷èâàíèÿ ñïåêà: 50 ã/ë HCl,

τ = 18 °C; Ò:Æ = 1:20; τ = 2 ÷;
— 2 ñòàäèÿ âûùåëà÷èâàíèÿ ñïåêà: 200 ã/ë HCl,

t = 70—80 °C; Ò:Æ =1:10; τ = 2 ÷.
Èçâåñòíî, ÷òî áàääåëåèò è öèðêîí îòíîñÿòñÿ ê îñîáî

òðóäíîâñêðûâàåìûì ìèíåðàëàì, ïîýòîìó ïåðåâîä ìèíå-
ðàëîâ öèðêîí-áàääåëåèòîâûõ êîíöåíòðàòîâ â êèñëîòîðà-
ñòâîðèìûå ñîåäèíåíèÿ öèðêîíèÿ ïðîâîäèòñÿ ïóòåì ñïå-
êàíèÿ ñ êàðáîíàòîì êàëüöèÿ. Äàííûé ïðîöåññ îñíîâàí íà
âçàèìîäåéñòâèè öèðêîíà ñ CaCO3 (1):

ZrSiO4 + 3CaCO3 = CaZrO3 + Ca2SiO4 + 3CO2 (1).
Äëÿ ñíèæåíèÿ òåìïåðàòóðû ðåàêöèè â øèõòó äîáàâ-

ëÿþò õëîðèä êàëüöèÿ (~5 % îò ìàññû êîíöåíòðàòà), ÷òî
ïîçâîëÿåò ñíèçèòü òåìïåðàòóðó ñïåêàíèÿ äî 1100 °Ñ, ñäâè-
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Ðèñ. 1. Êëàññèôèöèðîâàííûé ìàòåðèàë êîíöåíòðàòîâ îáîãàùåíèÿ, µÐÒ. À, Á — çåðíèñòàÿ ôðàêöèÿ (–0.2 + 0.044 ìì), Â, Ã — øëà-
ìîâàÿ ôðàêöèÿ (–0.044 ìì); À, Â — êîíöåíòðàò-2; Á, Ã — êîíöåíòðàò-1. Ðàçäåëåíèå íà ôàçû ïî ñèñòåìå TomAnalysis è ãèñòîãðàììà
èõ ñîîòíîøåíèÿ, â %: æåëòîå — êâàðö, ñâåòëî-çåëåíîå — ñëîèñòûå àëþìîñèëèêàòû, îðàíæåâîå — ãèäðîêñèäû æåëåçà, ëîñîñåâîå —

êàðáîíàòû, ñèíåå — öèðêîí, çåëåíîå — áàääåëåèò, ìàëèíîâîå — íåèçìåíåííûé öèðêîí

Fig. 1. Classified material of enrichment concentrates, µRT. A, Á — grained fraction (–0.2 + 0.044 mm), Â, Ã — slurry fraction (–0.044 mm);
A, B — concentrate-2; Á, Ã — concentrate-1. Division into phases by system TomAnalysis system and histogram of  the ratio in %: yellow — quartz,
light green — layered aluminum silicates, orange — iron hydroxides, salmon — carbonates, blue — zircon, green — baddeleyite, raspberry —

 unaltered zircon

À

À

Á

Â

Ã
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ãàÿ åå â îáëàñòü áîëåå íèçêèõ òåìïåðàòóð è óñêîðÿÿ òâåð-
äîôàçíóþ ðåàêöèþ ìåæäó êîìïîíåíòàìè øèõòû âñëåä-
ñòâèå îáðàçîâàíèÿ ëåãêîïëàâêîé ýâòåêòèêè â ñèñòåìå
CaCO3 — CaCl2.

Ðàçëîæåíèå ñïåêîâ, â îòëè÷èå îò ñóùåñòâóþùèõ òåõ-
íîëîãèé ïåðåðàáîòêè áàääåëåèòîâûõ êîíöåíòðàòîâ, ïðî-
âîäèòñÿ â äâå ñòàäèè ïóòåì ñåëåêòèâíîãî âûùåëà÷èâàíèÿ
ìèíåðàëüíûõ ñîåäèíåíèé.

Ïåðâîíà÷àëüíî ñïåê îáðàáàòûâàåòñÿ ïðè òåìïåðàòóðå
18 °Ñ 5—10 % ðàñòâîðîì ñîëÿíîé êèñëîòû äëÿ óäàëåíèÿ èç-
áûòî÷íîãî îêñèäà êàëüöèÿ è ðàçëîæåíèÿ îðòîñèëèêàòà
êàëüöèÿ. Îáðàçóþùàÿñÿ êîëëîèäíàÿ êðåìíèåâàÿ êèñëîòà
óäàëÿåòñÿ âìåñòå ñ ðàñòâîðîì. Äëÿ äîïîëíèòåëüíîé î÷èñò-
êè îò îêñèäà êðåìíèÿ êåêè îáðàáàòûâàþòñÿ åäêèì íàòðîì.

Çàòåì íåðàñòâîðèâøèéñÿ îñòàòîê, ñîäåðæàùèé öèð-
êîíàò êàëüöèÿ, âûùåëà÷èâàåòñÿ 20—30 % ðàñòâîðîì HCl
ïðè íàãðåâàíèè äî 70—80 °Ñ è ïîëó÷àþò ðàñòâîðû, ñîäåð-
æàùèå îñíîâíîé õëîðèä öèðêîíèÿ.

Ðåçóëüòàòû ïåðåðàáîòêè óñðåäíåííûõ êîíöåíòðàòîâ
îáîãàùåíèÿ òåðìîõèìè÷åñêèì ñïîñîáîì, ïðèâåäåííûå â
òàáëèöå 3, ïîêàçûâàþò, ÷òî èñïîëüçîâàíèå òåðìîõèìè÷åñ-
êîé òåõíîëîãèè îáåñïå÷èâàåò âñêðûòèå öèðêîí-áàääåëåèòî-
âûõ êîíöåíòðàòîâ: â ðàñòâîð èçâëåêàåòñÿ áîëåå 96 % ZrO2
(çåðíèñòàÿ ôðàêöèÿ) è áîëåå 89 % ZrO2 (øëàìîâàÿ ôðàêöèÿ).
Îäíîâðåìåííî â ðàñòâîð èçâëåêàåòñÿ ïðàêòè÷åñêè âåñü óðàí
(99.9—100.0 %) ïî ñîðáöèîííîé òåõíîëîãèè [6]. Â êà÷åñòâå
ñîðáåíòà èñïîëüçîâàí ñèëüíîîñíîâíûé àíèîíèò ÀÌÏ. Ïðè
äåñîðáöèè óðàíà ñ íàñûùåííîãî èì àíèîíèòà ðàñòâîðîì
NH4NO3 + HNO3 ïîëó÷åí òîâàðíûé ýëþàò. Îñàæäåíèå óðà-
íà èç ýëþàòà àììèàêîì îáåñïå÷èâàåò ïîëó÷åíèå óðàíîâîãî
õèìêîíöåíòðàòà, ñîäåðæàùåãî ~ 75 % U3O8.

Ïðèíöèïèàëüíàÿ òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîò-
êè êîíöåíòðàòîâ îáîãàùåíèÿ ðóä Àëãàìèíñêîãî ðóäîïðî-
ÿâëåíèÿ ïðèâåäåíà íà ðèñóíêå 4.

Â ðåçóëüòàòå èññëåäîâàíèé è ýêñïåðèìåíòàëüíûõ ðà-
áîò áûëî óñòàíîâëåíî, ÷òî ïåðåðàáîòêó çåðíèñòîé è øëà-

Ðèñ. 2. Ìèíåðàëüíûå ôîðìû öèðêîíèÿ: ÷àñòè÷íî ñãëàæåííûå êðèñòàëëû áàääåëåèòà — òàáëèò÷àòûé (À) è ïëàñòèí÷àòûé (Á);
 àãðåãàòû öèðêîíà — õëîïüåâèäíûé (Â) è êîëëîìîðôíûé (Ã), ÐÝÌ

Fig. 2. Mineral forms of zirconium: partially flattened crystals of baddeleyite — tabular (A) and plate (Á); aggregates of zircon — flake (Â)
and colloform (Ã), SEM

À Á

Â Ã
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Ðèñ. 3. Ôîðìû íàõîæäåíèÿ öèðêîíèåâûõ ôàç â ïîðîäàõ ðóäîïðîÿâëåíèÿ Àëãàìà: À — êîëëîìîðôíûå âûäåëåíèÿ êðèïòîêðèñòàë-
ëè÷åñêèõ àãðåãàòîâ öèðêîíèåâûõ ôàç; Á — ñèíãåíåòè÷íîå îáðàçîâàíèå ãèäðîñèëèêàòîâ, ãèäðîêñèäîâ è êàðáîíàòîâ öèðêîíèÿ â
ñðàñòàíèè ñ àïàòèòîì (ìåëêèå ÷åðíûå êðèñòàëëû), ïîëèðîâàííûé øëèô; Â — ðàäèàëüíî-ëó÷èñòîå ñòðîåíèå àãðåãàòîâ öèðêîíèå-
âûõ ìèíåðàëîâ, ïîëèðîâàííûé øëèô; Ã — ñðîñòêè ñèëèêàòà è ãèäðîñèëèêàòà öèðêîíèÿ (òåìíûå ó÷àñòêè) ñ îêñèäàìè

 è ãèäðîêñèäàìè öèðêîíèÿ, ÑÝÌ

Fig. 3. Forms of occurrences of zircon phases in the Algama rocks: A — colloform occurrences of cryptocrystalline aggregates of zircon phases;
Á — syngenetic formation of hydrosilicates, hydroxides and carbonates of zirconium joint with apatite (small black crystals), polished thin
section; B — radially fibrous structure of aggregates of zirconium minerals, polished thin section; Ã — aggregates of silicate and silicate zirconium

(dark areas) with oxides and hydroxides of zirconium, SEM

Òàáëèöà 3
Ðåçóëüòàòû òåðìîõèìè÷åñêîé ïåðåðàáîòêè êîíöåíòðàòîâ îáîãàùåíèÿ

Table 3
Results of thermochemical processing of concentrates
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Ðèñ. 4. Ïðèíöèïèàëüíàÿ òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè
êîíöåíòðàòîâ îáîãàùåíèÿ ðóä Àëãàìèíñêîãî ðóäîïðîÿâëåíèÿ

Fig. 4. Flowsheet for concentrates processing of Algama deposit

ìîâîé ôðàêöèé ìîæíî ïðîâîäèòü â åäèíîì òåõíîëîãè÷åñ-
êîì ðåæèìå. Ââåäåíèå îïåðàöèè ñîðáöèîííîãî âûäåëåíèÿ
óðàíà èç ñîëÿíîêèñëûõ ðàñòâîðîâ îáåñïå÷èâàåò ïîëó÷åíèå
äèîêñèäà öèðêîíèÿ è óðàíîâîãî õèìêîíöåíòðàòà.

Çàêëþ÷åíèå

Êîìïëåêñîì ñîâðåìåííûõ ìèíåðàëîãî-àíàëèòè÷åñêèõ
ìåòîäîâ óñòàíîâëåí ìèíåðàëüíûé ñîñòàâ è òåêñòóðíî-
ñòðóêòóðíûå õàðàêòåðèñòèêè êîíöåíòðàòîâ ðóä Àëãàìèíñ-
êîãî ðóäîïðîÿâëåíèÿ, à òàêæå îñîáåííîñòè ãëàâíûõ ìèíå-
ðàëîâ — êîíöåíòðàòîðîâ öèðêîíèÿ — öèðêîíà è áàääåëåè-
òà. Ïîëó÷åííûå äàííûå ïîëîæåíû â îñíîâó ðàçðàáîòêè òåõ-
íîëîãèè ïåðåðàáîòêè ýòèõ êîíöåíòðàòîâ. Â ðåçóëüòàòå ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé áûëà ñîçäàíà ïðèíöèïèàëü-
íàÿ òåðìîõèìè÷åñêàÿ òåõíîëîãèÿ ïåðåðàáîòêè êîíöåíòðà-
òîâ îáîãàùåíèÿ öèíêîí-áàääåëåèòîâûõ ðóä Àëãàìèíñêîãî
ðóäîïðîÿâëåíèÿ, îáåñïå÷èâàþùàÿ ñåëåêöèþ äèîêñèäà öèð-

êîíèÿ è êðåìíèÿ. Ââåäåíèå îïåðàöèè ñîðáöèîííîãî âûäå-
ëåíèÿ óðàíà èç ñîëÿíîêèñëûõ ðàñòâîðîâ îáåñïå÷èâàåò ïî-
ëó÷åíèå öèðêîíèÿ è óðàíîâîãî õèìêîíöåíòðàòà.
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Ñòàòüÿ ïîñâÿùåíà âîçìîæíîñòÿì èñïîëüçîâàíèÿ ðåíòãåíîòîìîãðàôè÷åñêîãî ìåòîäà äëÿ ìèêðîïàëåîíòîëîãè÷åñ-
êîãî (êîíîäîíòû) èçó÷åíèÿ êðåìíèñòûõ è êðåìíèñòî-ãëèíèñòûõ îòëîæåíèé, â êîòîðûõ ïðèìåíåíèå òðàäèöèîííûõ ìåòî-
äîâ çàòðóäíåíî.

Ìàòåðèàëîì äëÿ äàííîé ðàáîòû ïîñëóæèëè îáðàçöû ðàçëè÷íûõ ñèëèöèòîâ è êðåìíèñòûõ àðãèëëèòîâ èç ãëóáîêîâîä-
íûõ îòëîæåíèé äåâîíñêîãî è ðàííåêàìåííîóãîëüíîãî âîçðàñòà Ïðèïîëÿðíîãî Óðàëà è Ñåâåðî-Âîñòî÷íîãî Ïàé-Õîÿ.

Ðåíòãåíîòîìîãðàôè÷åñêîå èçó÷åíèå 38 îáðàçöîâ îáùèì îáúåìîì 20.4 ñì3 ïðîâîäèëîñü íà òîìîãðàôàõ SkyScan
1272 è SkyScan 1173 â ÍÌÑÓ «Ãîðíûé» (Ñàíêò-Ïåòåðáóðã) ñ ïðîñòðàíñòâåííûì ðàçðåøåíèåì 4—7 ìêì.

Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàëè, ÷òî íàèáîëåå êîíòðàñòíû ïî ðåíòãåíîâñêîé ïëîòíîñòè è õîðîøî îïîçíàþòñÿ íà
òîìîãðàììàõ êîíîäîíòîâûå ýëåìåíòû â ÷èñòûõ ñèëèöèòàõ è êðåìíèñòûõ àðãèëëèòàõ. Â ýòèõ æå ïîðîäàõ îòìå÷åíà ìàêñè-
ìàëüíàÿ êîíöåíòðàöèÿ êîíîäîíòîâûõ ýëåìåíòîâ. Ðåíòãåíîòîìîãðàôè÷åñêèé ìåòîä ìîæåò èñïîëüçîâàòüñÿ äëÿ ïîèñêà è
èäåíòèôèêàöèè êîíîäîíòîâûõ ýëåìåíòîâ, âíå çàâèñèìîñòè îò ôîðìû èõ ñîõðàííîñòè, â ñëîæíî äåçèíòåãðèðóåìûõ êðåì-
íèñòûõ è ãëèíèñòî-êðåìíèñòûõ ïîðîäàõ. Òàêñîíîìè÷åñêàÿ äèàãíîñòèêà âîçìîæíà ëèøü ïðè âûñîêîì ïðîñòðàíñòâåííîì
ðàçðåøåíèè òîìîãðàìì (ðàçìåð ýëåìåíòà èçîáðàæåíèÿ ìåíüøå 5—7 ìêì).

Êëþ÷åâûå ñëîâà: êîíîäîíòû, ðåíòãåíîâñêàÿ ìèêðîòîìîãðàôèÿ, êðåìíèñòûå ïîðîäû.

The article deals with possibilities of the computed X-ray microtomography (XMT) in micropalaeontological (conodonts)
study of the siliceous and clayey deposits. Using of the traditional methods in this type of deposits is difficult.

The work is based on collection of silicites (lithological type xa1), clayey silicites (lithological type xa2), cherty argillites
(lithological type xa3), and limy silicites (lithological type xa4) from the deep-water Devonian and Carboniferous sequences of
the Subpolar Urals and NE Pay-Khoy.

Thirty-eight samples (about 20.4 cm3) were studied with X-ray microtomographs SkyScan 1272 and SkyScan 1173 in the
NMSU «Gornyi» (Saint-Petersburg, Russia) with spatial resolution of 4—7 um. About 190 conodont elements and their fragments
were found in the tomograms.

The possibility of recognition of the conodont elements depends on lithological type of the host rock. The best contrast
between conodont elements and host rock is detected in lithological types xa1 and xa3. These lithological types demonstrate
maximal concentration of the conodont elements in the rock as well. The concentration of conodonts is up to 90 spec./cm3. The
present study shows that XMT method is useful for search and identification of the conodonts in siliceous and clayey deposits.
Taxonomic identification is possible just in tomograms of high spatial resolution (5—7 um).

Keywords: conodonts, X-ray microtomography, siliceous rocks.
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Introduction

The deep water and volcanoclastic deposits yield the sil-
iceous rocks. Biostratigraphical study of this wide spreading
type of sediments is difficult due to taphonomical and palae-
oecological reasons. Rare occurrence of the carbonate remains
of macro- and microfauna is accompanied with difficulty in
extraction of siliceous and phosphate microfossils from the
siliceous deposits. Traditionally three methods are used for
conodont study in the siliceous and clayey-siliceous rocks [10,
8]: hydrofluoric acid disintegration of the rock; search of the

bed-plane remains of conodont elements; conodont investi-
gation in the thin and polished sections [13, 9, 11, 4]. The
acid disintegration is the most effective method; however this
reagent is very toxic and leads to conodont element damage
in some cases [8]. The search of the conodont elements on
the bedding planes is useful just for the microlaminated (clay-
ey) silicites. The study of conodonts in thin and polished sec-
tions needs a high abundance of conodont elements, and al-
lows just rough taxonomic diagnostics, especially for the mor-
phologically complex taxa [9, 4].
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The radiography was used for conodont study by some
authors [8, 12, 6], however with little success due to low radi-
odensity contrast between the conodont elements and the host
rocks.

Appearance in the late decade of the x-ray microtomogra-
phy (XMT) with a high spatial resolution promises new opportu-
nities in conodont study in the siliceous and clayey deposits [7, 5,
1, 2]. This article is aimed to consider the XMT possibilities.

Methods

Computed microtomography (XMT) is X-ray imaging in
3D. It represents true 3D microscopy, where a very fine scale
internal structure of objects is imaged non-destructively. The
present study was based on XMT systems SkyScan 1173 and
SkyScan 1272 (Bruker, Belgium) of National Mineral Resources
University (Saint-Petersburg, Russia). The samples were
scanned with an isotropic voxel resolution of 3—7 mcm at 70—
90 kV source voltage (Al 0.5 mm and Al 0.5+Cu 0.038 filters).
The reconstructions were made with NRecon software (Bruk-
er, Belgium).

Material

The Devonian and Early Carboniferous deep-water silic-
ites (cherts) and cherty argillites from the Sub-Polar Urals
(Kozhym River and Kharuta River sections), NE Pay-Khoy
(Kara River, Khardto Lake, Labsuyakha and Peschanaya rivers
sections) were studied. The carbonates were excluded from the
studied collection due to low radiodensity contrast between cal-
cite, dolomite and conodont bioapatite. The siliceous and clay-
ey deposits possess low radiodensity providing good contrast
between the conodont elements and the host rock [1].

The samples of various silicites and cherty argillites contain-
ing conodont elements were selected for this study. The 38 rock
pieces of  5—15 mm size (0.1—3.9 cm3) were scanned mainly
with Skyscan 1272 with an isotropic voxel resolution of 4—7 mkm.

3-dimensional reconstructions and processing were made
using NRecon, CTVox, DataViewer (SkyScan, Bruker), Voxler
3 (Golden Software), VolView 3 (Kitware Inc.), 3D Analyser
(«GeoInvestProekt»), and MeshLab (Visual Computing Lab —
ISTI — CNR) software.

All the studied samples correspond to four lithological and
genetic types [3]: gray to dark-gray massive or unclear laminat-
ed silicites (xa1); clayey gray to dark-gray silicites possessing
wavy lamination (xa2); black carbonaceous and cherty lami-
nated argillites (xa3); gray limy silicites demonstrating wavy lam-
ination (xa4).

Results

The quality of the tomographic images of conodont ele-
ments depends on the host rock type, because of different rela-
tions of the radiodensities of conodont elements and rocks [1,
2]. The highest radiodensity contrast was detected in the pure
silicites and cherty argillites. These lithological types demon-
strate much lower radiodensity than conodont elements (Fig. 1).
Increasing carbonate content in the host rock leads to decreas-
ing contrast due to close radiodensities of the calcite, dolomite
and conodont bioapatite.

The radiodensity of conodont element matter depends on
the source voltage: it is about 0.035 mm—1 for 90 kV source volt-
age (Al 0.5 + Cu 0.038 filter) and 0.05—0.06  mm—1 for 70 kV
source voltage (Al 0.5 filter) [1]. The radiodensity value can vary
significantly depending on digital processing of the tomogram,
sample size, and type of the host rock (Fig. 1).

The abundance of conodont elements in the study sam-
ples varies from 0 up to 90 elements per cubic cm; some sam-
ples was empty (Text-table 1). Total volume of the study sam-
ples was 20.4 cm3.

The cherty argillites (lithological type xa3) possess the
highest abundance of conodont elements (from 4 up to 90 ele-
ments per cubic cm, 24 elements per cubic cm in average (stud-
ied volume is 3.6 cm3). The conodont elements and their debris
are distributed and oriented along the bedding planes (Fig. 2).

Lithological types xa1 and xa2 demonstrate lower abun-
dance of conodont elements: 0—35 elements per cubic cm, 6
elements per cubic cm in average (studied volume is 14.3 cm3).
The conodont elements are scattered in the rock or concen-
trated along the bedding planes marked by clayey matter and/
or radiolarians (Fig. 3).

The limy silicites (xa4) possess the lowest abundance of
conodont elements: 2—8 elements per cubic cm, 3—4 elements
per cubic cm in average (studied volume is 2.56 cm3). The con-
odont elements show both the chaotic and ordered along the
bedding planes distribution in the rock (Fig. 4).

The close relation between the conodont element abun-
dance and concentration of the radiolarians was detected in the
study samples (Fig. 5). The concentration of radiolarians was
evaluated on the basis of study of the thin and polished sec-
tions. The rocks containing more than 7 % of radiolarians show
low concentration of conodont elements (less than 10 elements
per cm3). Wide variations of the conodont element abundance
are characteristic for rocks containing less than 7 % of radiolar-
ians (Fig. 5). This tendency is true not only for the cherty silic-
ites but for all the lithological types (Fig. 5).

It is interesting to note that debris of conodont elements
are common in the studied rocks. The debris/element ratio is
up to 2 in the clayey silicites and cherty argillites. Thus we can
suppose that conodont element fragmentation, observed in the
conodonts extracted from the rock, rather depends on preser-
vation, than on sample processing.

Some samples of cherty argillites and clayey silicites dem-
onstrate specific mode of preservation of conodont elements as
molds. XMT allows reconstructing morphology of the cono-
dont elements on the basis of the molds (Fig. 2).

The XMT data of high spatial resolution (voxel size less
than 4 mkm) allow taxonomic diagnostics of the conodont ele-
ments. E.g. species of Siphonodella, Ancyrodella, and Polygnathus
were recognized in cherty argillites, and species of Siphonodel-
la, Palmatolepis, and Polygnathus were distinguished in silicites
(Fig. 6). The lower spatial resolution (voxel size larger than 7
mkm) makes it impossible to determine the conodonts at both
the species and genus levels.

Discussion

The XMT investigations of the cherty rocks demonstrate
possibility of using of this method for search and study of the
conodont elements in rock. The method is effective in case if
conodont abundance is larger than 2000 elements per kg (about
5—6 elements/cm3). In this case sample size of 0.5—1 cm3,
which can be scanned in the micro-tomograph with high reso-
lution, provides presence of some conodont elements. Cherty
argillites, clayey and pure silicites may possess such abundance
of conodont elements according the data obtained. Addition-
ally it is difficult to process these lithological types with tradi-
tional methods (acid disintegration), and these rocks have low
radiodensity providing visibility of the conodont elements in
tomograms.
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Fig. 1. Radiodensity of the conodont elements (in red) and the host rock (in blue) in different lithological types and source voltage compared.
Radiodensity is in cm-1

Ðèñ. 1. Ñîîòíîøåíèå ðåíòãåíîâñêèõ ïëîòíîñòåé êîíîäîíòîâûõ ýëåìåíòîâ (êðàñíàÿ çàëèâêà íà ãèñòîãðàììàõ) è âìåùàþùåé ïî-
ðîäû (ñèíÿÿ çàëèâêà íà ãèñòîãðàììàõ) äëÿ ðàçëè÷íûõ ëèòîëîãè÷åñêèõ òèïîâ è óñêîðÿþùèõ íàïðÿæåíèé. Çíà÷åíèÿ ðåíòãåíîâ-

ñêîé ïëîòíîñòè ïðèâåäåíû â ñì-1

Tectonically altered cherts and shales, containing fractured
conodont elements (Fig. 6), represent appropriate objects for
XMT study. For example, XMT study of the siliceous deposits
of the lower part of the Silovayakha Fm. (D3—C1 sl) in the NE
Pay-Khoy (Labsuyakha River, Amderma district) allows to
spread biostratigraphical characteristics of this part of sequence,
where traditional methods supplied just debris of conodont ele-
ments. The Pa-elements of Palmatolepis gracilis (Fig. 6), char-
acteristic for the upper Famennian, were recognized in the to-
mogram. XMT was the only way to study conodonts in the clayey
silicites of the Gromashor Fm. in the Kara River section (Pay-
Khoy). The Pa-element of genus Ancyrodella was recognized in
the tomogram (Fig. 6).

The tomography supplies interesting data about distribu-
tion of conodont elements in the clayey and cherty sediments.
A high conodont abundance, observed in the cherty argillites,
is probably caused by concentrating of the conodont elements
on the bed planes corresponding to diastems. Uniform sedi-
mentation rate of the silicites caused chaotic distribution of
the conodont elements and less conodont abundance, espe-
cially in the radiolarian-reach sediments possessing high sed-
imentation rate.

XMT demonstrates some difficulties in practice. It is nec-
essary to use a high spatial resolution ensuring visibility of con-

odont elements in tomograms. The high resolution leads to small
size of the samples under processing. Optimal sample size is
about 1 cm3, maximal  4 cm3. Additionally some lithological
types with a high radiodensity (e. g. carbonates, limy silicites
and argillites) are inapplicable for the conodont study with XMT
due to low radiodensity contrast making conodonts invisible in
tomograms (Fig. 1).

Conclusions

XMT can be used for search and identification of the con-
odont elements in the silicites and cherty argillites. Tomograms
with high spatial resolution (5—7 mcm voxel size) provide pos-
sibility of the taxonomic diagnostics of conodonts. The cherty
argillites and pure silicites are the most promising lithological
types for XMT study. These litotypes possess rather a high con-
odont abundance in association with high radiodensity contrast
between the conodont elements and the host rock.
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Fig. 2. Conodont elements in the tomograms of cherty argillite (lithological type xa3): 1, 2 — sample 80-1/87, the Kozhym River, Subpolar
Urals, Tournaisian, Siphonodella quadruplicata Zone; 3, 4 — sample 76-1/87, the same locality and age

Ðèñ. 2. Êîíîäîíòîâûå ýëåìåíòû íà òîìîãðàììàõ êðåìíèñòîãî àðãèëëèòà (ëèòîòèï xa3): 1, 2 — îáð. 80-1/87, ð. Êîæûì,
Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata; 3, 4 —  îáð. 76-1/87, ìåñòîíàõîæäåíèå òî æå

Fig. 3. Conodont elements in the tomograms of silicite (lithological type xa1), sample Tn-23, the Konstantinov Creek, Kozhym River, Subpolar
 Urals, Tournaisian, Siphonodella quadruplicata Zone
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Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata
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Fig. 4. Conodont elements in the tomograms of limy silicite
(lithological type xa4): 1 — sample 1215-33, Kozhym River, Subpolar
Urals, Tournaisian, Siphonodella quadruplicata Zone; 2 —  sample
 2048/5, Labsuyakha River, Pay-Khoy, Famennian, expansa Zone
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ñèëèöèòà (ëèòîòèï xa4): 1 — îáð. 1215-33, ð. Êîæûì, Ïðèïîëÿð-
íûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata;
2 —  îáð. 2048/5, ð. Ëàáñóéÿõà, Ïàé-Õîé, ôàìåíñêèé ÿðóñ, çîíà

 Expansa
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Fig. 6. Conodont elements from the clayey and siliceous rocks (tomographic images): 1 — Siphonodella cf. hassi Ji, sample 1215-33, lithological
type xa3, Kozhym River, Subpolar Urals, Tournaisian, Siphonodella quadruplicata Zone; 2 — Ancyrodella sp., sample 7388/1, lithological type
xa3, Kara River, Pay-Khoy, Frasnian; 3 — Polygnathus purus Voges, sample 80-1/87, lithological type xa3, Kozhym River, Subpolar Urals,
Tournaisian, Siphonodella quadruplicata Zone; 4, 5 — Palmatolepis gracilis Branson et Mehl, sample 2048/5, lithological type xa4, Labsuyakha
River, Pay-Khoy, Famennian, Expansa Zone; 6 — Siphonodella cf. obsoleta Hass, sample Tn-23, lithological type xa1, Konstantinov Creek,
Kozhym River, Subpolar Urals, Tournaisian, Siphonodella quadruplicata Zone; 7 — Siphonodella crenulata (Cooper), sample Tn-23, lithological
type xa1, Konstantinov Creek, Kozhym River, Subpolar Urals, Tournaisian, Siphonodella quadruplicata Zone; 8, 9 — Siphonodella quadruplicata
(Branson et Mehl) surrounded by undiagnostic fragments of platform and ramiform elements, sample 80-1/87, lithological type xa3, Kozhym
River, Subpolar Urals, Tournaisian, Siphonodella quadruplicata Zone; 10 — fragmented S-element of Palmatolepis, sample 7388/1, Kara
River, Pay-Khoy, Frasnian; 11 — fragmented M-element of Siphonodella, sample Tn-23, Konstantinov Creek, Kozhym River, Subpolar Urals,

 Tournaisian, Siphonodella quadruplicata Zone

Ðèñ. 6. Êîíîäîíòîâûå ýëåìåíòû èç êðåìíèñòî-ãëèíèñòûõ ïîðîä, òîìîãðàôè÷åñêèå èçîáðàæåíèÿ. 1 — Siphonodella cf. hassi Ji,
îáð. 1215-33, ëèòîòèï xa3, ð. Êîæûì, Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata; 2 — Ancyrodella sp.,
îáð. 7388/1, ëèòîòèï xa3, ð. Êàðà, Ïàé-Õîé, ôðàíñêèé ÿðóñ; 3 — Polygnathus purus Voges, îáð. 80-1/87, ëèòîòèï xa3, ð. Êîæûì,
Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata; 4, 5 — Palmatolepis gracilis Branson et Mehl, îáð.2048/5, ëèòî-
òèï xa4, ð. Ëàáñóéÿõà, Ïàé-Õîé, ôàìåíñêèé ÿðóñ, çîíà Expansa; 6 — Siphonodella cf. obsoleta Hass, îáð. Tn-23, ëèòîòèï xa1,
ðó÷. Êîíñòàíòèíîâ, Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata; 7 — Siphonodella crenulata (Cooper),
îáð. Tn-23, ëèòîòèï xa1, ðó÷. Êîíñòàíòèíîâ, ð. Êîæûì, Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata;
8, 9 — Siphonodella quadruplicata (Branson et Mehl) â îêðóæåíèè íåäèàãíîñòèðóåìûõ ôðàãìåíòîâ ïëàòôîðìåííûõ è ðàìèôîðìíûõ
ýëåìåíòîâ, îáð. 80-1/87, ëèòîòèï xa3, ð. Êîæûì, Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata; 10 — ôðàã-
ìåíòèðîâàííûé S-ýëåìåíò Palmatolepis, îáð. 7388/1á ð. Êàðà, Ïàé-Õîé, ôðàíñêèé ÿðóñ; 11 — ôðàãìåíòèðîâàííûé M-ýëåìåíò
Siphonodella, îáð. Tn-23, ðó÷. Êîíñòàíòèíîâ, ð. Êîæûì, Ïðèïîëÿðíûé Óðàë, òóðíåéñêèé ÿðóñ, çîíà Siphonodella quadruplicata
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Â èçäàííîì â 1983 ã. «Ñïðàâî÷íèêå ïî ëèòîëîãèè» [7],
â ãëàâå 10 «Êàðáîíàòíûå èçâåñòêîâî-ìàãíåçèàëüíûå ïî-
ðîäû», èìååòñÿ 4 ïàðàãðàôà, èç êîòîðûõ ïåðâûå òðè ñî-
ñòàâëåíû Â. È. Ìàð÷åíêî. Èç § 1 «Îáùàÿ õàðàêòåðèñòèêà»
ìîæíî óçíàòü, ÷òî åùå â 1967 ã. Baisent Dieter (Ìàð÷åíêî
äàæå íå ðåøèëñÿ äàòü ðóññêóþ òðàíñêðèïöèþ ýòîãî Áàé-
ñåíòà) ðàññìîòðåë 36 (!) êëàññèôèêàöèé êàðáîíàòíûõ ïî-
ðîä; òàì æå çàìå÷åíî, ÷òî «îáùåïðèíÿòîé êëàññèôèêàöèè
åùå íåò» [3, ñ. 131]. Ìîæíî íå ñîìíåâàòüñÿ, ÷òî ñàìûõ ðàç-
íûõ (ñòðóêòóðíûõ, ãåíåòè÷åñêèõ, äèíàìè÷åñêèõ, âåùå-
ñòâåííûõ) êëàññèôèêàöèé êàðáîíàòíûõ ïîðîä ñóùåñòâó-
åò ãîðàçäî áîëüøå, ÷åì 36, îäíàêî ðàññìîòðåíèå èõ ñîâñåì
íå âõîäèò â íàøó çàäà÷ó.

Öåëü ýòîé çàìåòêè íàìíîãî ïðîùå — ïîäåëèòüñÿ íà-
øèì ïîëóâåêîâûì îïûòîì ïðîñòåéøåé êëàññèôèêàöèè
êàðáîíàòíûõ è ñìåøàííûõ êàðáîíàòíî-ñèëèêàòíûõ ïîðîä
ïî èõ õèìè÷åñêîìó ñîñòàâó, ïîñêîëüêó òàêàÿ âåùåñòâåí-
íàÿ êëàññèôèêàöèÿ íåîáõîäèìà ïðîñòî äëÿ òîãî, ÷òîáû ïðà-
âèëüíî íàçâàòü ïîðîäó.

Äåëî â òîì, ÷òî ïðàâèëüíî íàçâàòü êàðáîíàòíóþ, è òåì
áîëåå ñìåøàííóþ êàðáîíàòíî-ñèëèêàòíóþ ïîðîäó, — äà-
ëåêî íå òàê ëåãêî, ïîñêîëüêó ïðèõîäèòñÿ â íàçâàíèè ïî-
ðîäû îòðàçèòü ñîñòàâ è ñîäåðæàíèå îáîèõ åå ãëàâíûõ âå-
ùåñòâåííûõ êîìïîíåíòîâ — è êàðáîíàòíîãî, è ñèëèêàò-
íîãî. È õîòÿ Ñ. Ã. Âèøíÿêîâ åùå â 1933 ã. ïðåäëîæèë ïðè-
íèìàåìûå áîëüøèíñòâîì ëèòîëîãîâ ãðàäàöèè äîëîìèòî-
âîñòè è «òåððèãåííîñòè» êàðáîíàòíûõ ïîðîä [1], âîñïðî-
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ÊÀÊ ÍÀÇÛÂÀÒÜ ÊÀÐÁÎÍÀÒÑÎÄÅÐÆÀÙÓÞ ÏÎÐÎÄÓ?
(ÈÇ ÎÏÛÒÀ ÏÐÀÊÒÈ×ÅÑÊÎÉ ÐÀÁÎÒÛ)

HOW TO DESIGNATE A CARBONATE-BEARING ROCK?
(FROM THE PRACTICE EXPERIENCE)

Based on their 50 years experience the authors recommend for practical work with carbonate and mixed carbonate-bearing
rocks to calculate only MgO/CaO ratio determining percent of dolomite in the carbonate substance, using phase «carbonate»
analysis, instead of normative recalculation.

Keywords: carbonate rocks, mixed silicate-carbonate rocks, marls, concrezoids, phase «carbonate» analysis.

èçâåäåííûå íåäàâíî â ó÷åáíîì ïîñîáèè ïåòåðáóðæñêèõ
ëèòîëîãîâ [4], ïðàêòè÷åñêè óäîáíîé ïðîöåäóðû, îñíîâàí-
íîé íà äàííûõ òàê íàçûâàåìîãî êàðáîíàòíîãî àíàëèçà1,
êàê áóäòî íåò; âîçíèêàþò òàêæå è íåêîòîðûå òåðìèíîëî-
ãè÷åñêèå «çàìîðî÷êè».

1. Îïðåäåëåíèå äîëîìèòîâîñòè êàðáîíàòíîãî âåùåñòâà.
Â ðÿäó ñìåñåé «äîëîìèò – êàëüöèò» (êàê è âî ìíîãèõ äðó-
ãèõ áèíàðíûõ ñìåñÿõ) îáû÷íî ïðîâîäÿò ïðîöåíòíûå ãðà-
íèöû ïî Âèøíÿêîâó: 0–5–25–50–75–95–100. Íàïðèìåð,
÷èñòàÿ êàðáîíàòíàÿ ïîðîäà, ñîäåðæàùàÿ 67 % êàëüöèòà è
33 % ìèíåðàëà äîëîìèòà, áóäåò íàçûâàòüñÿ «èçâåñòíÿê äî-
ëîìèòîâûé», à òàêàÿ æå ÷èñòàÿ ïîðîäà, íî ñîäåðæàùàÿ
òîëüêî 12 % ìèíåðàëà äîëîìèòà, áóäåò íàçûâàòüñÿ «èçâåñ-
òíÿê äîëîìèòèñòûé». Íî êàê áûòü, åñëè íàì òî÷íî íå èç-
âåñòíî ñîäåðæàíèå êàëüöèòà èëè ìèíåðàëà äîëîìèòà â
ïîðîäå? Ìîæíî ïðèáåãíóòü ê âåñüìà òðóäîåìêîé ïðîöå-
äóðå îêðàøèâàíèÿ, ñ ïîñëåäóþùèì ïîäñ÷åòîì â øëèôå ñî-
îòíîøåíèÿ ïëîùàäåé ôèîëåòîâûõ (êàëüöèòîâûõ) è áåñ-
öâåòíûõ (äîëîìèòîâûõ). Ðàçóìååòñÿ, íèêàêîé ëèòîëîã íå
ñòàíåò çàíèìàòüñÿ ýòîé íåáëàãîäàðíîé ðàáîòîé — îí ïðî-
ñòî çàêàæåò â ëàáîðàòîðèè äåøåâûå êàðáîíàòíûå àíàëè-
çû. Íî ïîòîì åìó ïðèäåòñÿ ïðîèçâåñòè íîðìàòèâíûé ïå-
ðåñ÷åò àíàëèçîâ, ÷òîáû âû÷èñëèòü ñîäåðæàíèÿ â ïîðîäå
êàëüöèòà è äîëîìèòà. Îäíàêî íàìè åùå ìíîãî ëåò íàçàä
áûëà ïðåäëîæåíà áîëåå ïðîñòàÿ ïðîöåäóðà [9, ñ. 27].

Ïîñêîëüêó â íîðìàëüíîì êàðáîíàòíîì àíàëèçå âû-
äàþòñÿ ïðîöåíòíûå ñîäåðæàíèÿ â ïîðîäå MgO è ÑàÎ,

1 Êàðáîíàòíûì íàçûâàþò ôàçîâûé àíàëèç 1.89% HCl-âûòÿæêè, âûðàæåííûé â % íà âñþ ïîðîäó [9,  ñ. 26].
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ìîæíî âû÷èñëèòü îòíîøåíèå MgO/ÑàÎ ïðè çàðàíåå çà-
äàííîì ñîîòíîøåíèè ìèíåðàëîâ êàëüöèòà è äîëîìèòà (ñì.
òàáëèöó, 3 êîë.) è òåì ñàìûì ðåøèòü îáðàòíóþ çàäà÷ó: ïî
âåëè÷èíå MgO/ÑàÎ îïðåäåëÿòü ñîäåðæàíèå â êàðáîíàò-
íîì âåùåñòâå äîëîìèòà è êàëüöèòà. Êàê âèäíî â òàáëèöå,
ïåðâûå ñâåðõó òðè ÿ÷åéêè îòâå÷àþò ïîðîäå «èçâåñòíÿê», à
òðè íèæåëåæàùèå — ïîðîäå «äîëîìèò».

×òîáû îïðåäåëèòü äîëîìèòîâîñòü êàðáîíàòíîãî âå-
ùåñòâà ãðàôè÷åñêè, äîñòàòî÷íî íàíåñòè çíà÷åíèÿ MgO/
ÑàÎ, ñîîòâåòñòâóþùèå êëàññèôèêàöèîííûì ãðàíèöàì,
íà áàçó êëàññèôèêàöèîííîãî òðåóãîëüíèêà Ñ. Ã. Âèøíÿ-
êîâà [1] «Íåðàñòâîðèìûé îñòàòîê  êàëüöèò — äîëîìèò»
(ñì. ðèñóíîê).

2. Îïðåäåëåíèå «ñèëèêàòíîñòè» ñìåøàííîé ïîðîäû.
×àùå âñåãî äëÿ ñìåøàííûõ ñèëèêàòíî-êàðáîíàòíûõ ïî-
ðîä ãåîëîã óïîòðåáëÿåò òåðìèí «òåððèãåííî-êàðáîíàò-
íûå», ÷òî íåòî÷íî, ïîñêîëüêó íåêàðáîíàòíûì âåùåñòâîì
÷àñòî ÿâëÿåòñÿ íå òåððèãåííûé (ãëèíèñòûé, àëåâðèòîâûé
èëè ïåñ÷àíûé) ìàòåðèàë, à àóòèãåííûé — êðåìíèñòûé2.
È çäåñü äëÿ ñìåñåé «êàðáîíàòíîå âåùåñòâî — ñèëèêàòíîå
âåùåñòâî» áîëüøèíñòâî ëèòîëîãîâ èñïîëüçóåò òå æå ãðà-
äàöèè ñîäåðæàíèÿ ñèëèêàòíîãî âåùåñòâà, âûðàæàåìûå
ïðîöåíòîì í.î. — êèñëîòîíåðàñòâîðèìîãî îñòàòêà: 0–5–
25–50–75–95. Ýòè ãðàäàöèè ïîçâîëÿþò ðàçëè÷àòü òðè óê-
ðóïíåííûå ãðóïïû ïîðîä: ñîáñòâåííî êàðáîíàòíûå ïîðî-
äû (í.î. = 0—25 %, äâå ãðàäàöèè), ìåðãåëè (í.î. = 25—75 %,
äâå ãðàäàöèè) è êàðáîíàòíî-ñèëèêàòíûå ïîðîäû (í.î. 75—
95 %). Çàìåòèì, ÷òî â ëþáîé òåððèãåííîé ïîðîäå êàêàÿ-òî
÷àñòü êèñëîòîðàñòâîðèìà, òàê ÷òî âûõîä í.î. ìåíüøå 5 %
ïðàêòè÷åñêè âñòðå÷àåòñÿ î÷åíü ðåäêî. Ïîýòîìó äëÿ íèç-
êîêàðáîíàòíûõ ïîðîä ëó÷øå èñïîëüçîâàòü íå îïðåäåëåí-
íûé àíàëèçîì âûõîä í.î., à ðàñ÷åòíóþ âåëè÷èíó: í.î., % =
= [100 – (CaO + MgO +ÑÎ2)].

Ïðè îïðåäåëåíèè ñìåøàííûõ ïîðîä ëèòîëîãà îæè-
äàåò õàðàêòåðíàÿ «çàìîðî÷êà», ñâÿçàííàÿ ñ ìåðãåëÿìè.
Äåëî â òîì, ÷òî òðàäèöèîííî ìåðãåëÿìè ïðèíÿòî íàçû-
âàòü òîëüêî ãëèíèñòî-êàðáîíàòíûå ïîðîäû [7]. À êàê æå
íàçûâàòü äðóãèå ñìåøàííûå ñèëèêàòíî-êàðáîíàòíûå
ïîðîäû, íàïðèìåð àëåâðèòîâûå, ïåñ÷àíûå èëè êðåìíè-
ñòûå? Äåëî â òîì, ÷òî íå òîëüêî ñóùåñòâóþò, íî â íà-
øåì Òèìàíî-Óðàëüñêîì ðåãèîíå äàæå ïðåîáëàäàþò îá-
ëîìî÷íûå è äåòðèòîâûå (ò.å. îðãàíîãåííî-îáëîìî÷íûå)
ïîðîäû, áûâøèå íåêîãäà ìåëêîâîäíûìè êàðáîíàòíû-
ìè îñàäêàìè, îáðàçîâàííûìè â øåëüôîâîé Åëåöêîé
çîíå íà êðàþ Âîñòî÷íî-Åâðîïåéñêîé ïëàòôîðìû [5] â
óñëîâèÿõ ïîñòîÿííîãî âîëíîâîãî âçìó÷èâàíèÿ, êîãäà
ãëèíèñòûå ÷àñòèöû èç îñàäêà âûìûâàëèñü. Â ðåçóëüòà-
òå îòêëàäûâàëèñü íå ïåëèòîìîðôíûå êàðáîíàòû ñ ãëè-
íèñòîé ïðèìåñüþ (îíè ôîðìèðîâàëèñü òîëüêî â çàòèø-
íûõ äåïðåññèîííûõ ôàöèÿõ), à êàðáîíàòíûå ïåñêè è
àëåâðèòû, ÷òî áûëî îñîáåííî ÿñíî äîêàçàíî À. È. Åëè-
ñååâûì [2]. Êðîìå òîãî, â èçîáèëèè âñòðå÷àþòñÿ ñìå-
øàííûå êàðáîíàòíî-òåððèãåííûå ïîðîäû èíîãî ãåíå-
çèñà, íàïðèìåð êàðáîíàòíûå ïåñ÷àíèêè, â êîòîðûõ îá-
ëîìî÷íûé ìàòåðèàë òåððèãåííûé, à êàðáîíàòíûé öå-
ìåíò — äèàãåíåòè÷åñêèé [3, 4, 7].

Ïîýòîìó â ñâîåé ïðàêòè÷åñêîé ðàáîòå ìíîãèå ãåîëî-
ãè «ÿâî÷íûì ïîðÿäêîì» èñïîëüçóþò òåðìèí «ìåðãåëü» â

áîëåå øèðîêîì ñìûñëå, íåæåëè òîëüêî äëÿ îáîçíà÷åíèÿ
ïîðîä ãëèíèñòî-êàðáîíàòíûõ. Íàïðèìåð, èçâåñòíûé ñûê-
òûâêàðñêèé ìèíåðàëîã Â. È. Ñèëàåâ óæå î÷åíü äàâíî èñ-
ïîëüçîâàë òåðìèíû «ïñàììîìåðãåëü» è «àëåâðîìåðãåëü»
äëÿ îáîçíà÷åíèÿ ñìåøàííûõ òåððèãåííî-êàðáîíàòíûõ
ïîðîä, â êîòîðûõ òåððèãåííàÿ ÷àñòü ïðåäñòàâëåíà ñèëè-
êàòíûìè îáëîìêàìè ïåñ÷àíîé èëè àëåâðèòîâîé ðàçìåð-
íîñòè [6]. Ïî ýòîìó îáðàçöó âïîëíå ïðàâîìåðíî íàçâàòü
ñìåøàííóþ êðåìíèñòî-êàðáîíàòíóþ ïîðîäó ñ âûõîäîì
í.î. 25—75 % êðåìíåìåðãåëåì.

×òîáû îïðåäåëèòü «ñèëèêàòíîñòü» ñìåøàííîé ïîðî-
äû ãðàôè÷åñêè, äîñòàòî÷íî íàíåñòè çíà÷åíèÿ âûõîäà
í. î. (%) íà êëàññèôèêàöèîííûé òðåóãîëüíèê Âèøíÿêî-
âà (ñì. ðèñóíîê).

3. Íàçûâàíèå ñìåøàííîé ïîðîäû. Îíî ìîæåò áûòü ïðî-
èçâåäåíî êàê òàáëè÷íî (ñì. òàáëèöó), òàê è ãðàôè÷åñêè
(ñì. ðèñóíîê), ïîñêîëüêó íà ðèñóíêå ïîâòîðåíû íîìåðà
ÿ÷ååê êëàññèôèêàöèîííîé òàáëèöû. Âîçüìåì äëÿ ïðèìå-
ðà òàêèå øèðîêî ðàñïðîñòðàíåííûå ñìåøàííûå ïîðîäû,
êàê êîíêðåöîèäû, ò.å. ïëàñòû ïî ôîðìå, íî êîíêðåöèè
ïî ñîñòàâó [8]. Òàê, åñëè ìû èìååì ñðåäíèé ñîñòàâ (ïî
äâóì àíàëèçàì ñáîðíûõ ïðîá, ñîñòàâëåííûõ èç 21 îáðàç-
öà, ð. Ùóãîð) àðòèíñêî-êóíãóðñêîãî êîíêðåöîèäà â
âèäå (%): í.î = 47.7, CO2 = 18.73, CaO = 19.75, MgO =
= 2.49, MnO = 0.39, FeO = 2.70, R2O3 = 8.04 [9, ñ. 42], òî
ïîëó÷èì çíà÷åíèå MgO/CaO = 0.13. Ñëåäîâàòåëüíî, ñðåä-
íèé ñîñòàâ íèæíåïåðìñêèõ êîíêðåöîèäîâ îòâå÷àåò ìåð-
ãåëþ äîëîìèòîâî-èçâåñòêîâîìó.

2 Ïðàâäà, â ýòîì ñëó÷àå ìîæíî ïðèäðàòüñÿ ê òåðìèíó «ñèëèêàòíûé», ïîñêîëüêó êðåìåíü (ò. å. êâàðö) — îêñèä, à íå
ñèëèêàò. Íî òàêîé ïðèäèðêîé ìîæíî ïðåíåáðå÷ü, ïîòîìó ÷òî, êàê èçâåñòíî, êâàðö ïî ñòðóêòóðå âåñüìà áëèçîê ê ñèëè-
êàòàì.

Òðåóãîëüíèê ñîñòàâà êàðáîíàòíûõ è êàðáîíàòñîäåðæàùèõ
ïîðîä ñ  èñïîëüçîâàíèåì îòíîøåíèÿ MgO/CaO

Triangle of composition of carbonate and carbonate-bearing
rocks using MgO/CaO ratio
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4. Íåêîòîðûå ïðîáëåìû. Íà÷èíàþùåìó ëèòîëîãó (äà
è âîîáùå ãåîëîãó) ïîëåçíî èìåòü â âèäó íåêîòîðûå ïðî-
áëåìû «êàðáîíàòíîãî àíàëèçà» ñìåøàííûõ ïîðîä. Î íèõ
óïîìÿíóòî â íàøåé ìîíîãðàôèè [9, ñ. 18]. Äåëî â òîì,
÷òî â ãîðÿ÷óþ 1.89 % HCl-âûòÿæêó ìîãóò ïåðåéòè íå
òîëüêî êàðáîíàòû, íî îò÷àñòè è íåêîòîðûå ñèëèêàòû,
òàêèå êàê õëîðèò. Ïîýòîìó ïðè àíàëèçå ìåðãåëåé ñîäåð-
æàíèå â «êàðáîíàòíîì àíàëèçå» MgO è FeO áóäåò ñèñ-
òåìàòè÷åñêè çàâûøàòüñÿ — è, ñîîòâåòñòâåííî, îòíîøå-
íèå MgO/ÑàÎ áóäåò íàì ïîêàçûâàòü çàâûøåííóþ äîëî-
ìèòîâîñòü. Cêîððåêòèðîâàòü ýòó îøèáêó ìîæíî ïî âå-
ëè÷èíå ÑÎ2  – ïóòåì íîðìàòèâíîãî ïåðåñ÷åòà íà êàðáî-
íàòíûå ìèíàëû ÑàÑÎ3, MgCO3 è FeCO3. Îäíàêî è âå-
ëè÷èíà ÑÎ2 ìîæåò îïðåäåëÿòüñÿ ñ çàíèæåíèåì, åñëè
àíàëèç ïðîâîäèëè ïóòåì ïîãëîùåíèÿ ÑÎ2 ùåëî÷üþ ñ
ïîñëåäóþùèì îòòèòðîâûâàíèåì îñòàòêà íåïðîðåàãèðî-
âàâøåé ùåëî÷è. Ïîýòîìó çäåñü ïðåäïî÷òèòåëüíåå èíîé
ñïîñîá îïðåäåëåíèÿ ÑÎ2.
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Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

ÕÕÕÕÕÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀ

Chronicle

1 ìàðòà ñîñòîÿëàñü ãîäè÷íàÿ ñåññèÿ Èíñòèòóòà ãåîëîãèè Êîìè íàó÷íîãî öåíòðà Óðàëüñêîãî îòäåëåíèÿ Ðîññèéñêîé àêàäå-
ìèè íàóê

12  ìàðòà — 70-ëåòíèé þáèëåé À. È. Àíòîøêèíîé, ãëàâíîãî íàó÷íîãî ñîòðóäíèêà ëàáîðàòîðèè ëèòîãèè  è ãåîõèìèè îñàäî÷-
íûõ ôîðìàöèé

14 ìàðòà  Ãåîëîãè÷åñêèé ìóçåé èì. À. À. ×åðíîâà ïîñåòèëè Âó Òõè Ëîàí è ×àí Òõè Íÿé — íàó÷íûå ñîòðóäíèêè Ðîññèéñêî-
Âüåòíàìñêîãî òðîïè÷åñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî è òåõíè÷åñêîãî öåíòðà (Õàíîé)

16 ìàðòà — 60-ëåòíèé þáèëåé À. È. Êàçàêîâîé, áóõãàëòåðà 2 êàòåãîðèè ÔÝÎ

22 ìàðòà â êîíôåðåíö-çàëå Èíñòèòóòà ãåîëîãèè ñîñòîÿëîñü ðàáî÷åå ñîâåùàíèå ïî ïîäãîòîâêå ïðåäëîæåíèé ïî ôîðìèðî-
âàíèþ îáúåêòîâ ãåîëîãî-ðàçâåäî÷íûõ ðàáîò çà ñ÷åò ñðåäñòâ ôåäåðàëüíîãî áþäæåòà è îáúåêòîâ äëÿ ïðåäîñòàâëåíèÿ â ïîëüçîâà-
íèå â öåëÿõ ãåîëîãè÷åñêîãî èçó÷åíèÿ çà ñ÷åò ñðåäñòâ íåäðîïîëüçîâàòåëåé íà ñðåäíåñðî÷íóþ ïåðñïåêòèâó â Òèìàíî-Ïå÷îðñêîé
íåôòåãàçîíîñíîé ïðîâèíöèè

25 ìàðòà â çàëå ó÷åíîãî ñîâåòà Èíñòèòóòà ãåîëîãèè ñîñòîÿëîñü ïÿòîå çàñåäàíèå Êîìè îòäåëåíèÿ Ðóññêîãî ãåîãðàôè÷åñêîãî
îáùåñòâà

26 ìàðòà  — 50-ëåòíèé þáèëåé Ñ. Â. Ìàòâèåíêî,  ñîòðóäíèêà ëàáîðàòîðèè òåõíîëîãèè ìèíåðàëüíîãî ñûðüÿ

31 ìàðòà ñîñòîÿëàñü ïðåçåíòàöèÿ ïîðòðåòà àêàäåìèêà Í.Ï.Þøêèíà â Ïðåçèäèóìå Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ

March 1  — Annual Session of the Institute of geology of the Komi Science center of Ural Branch of Russian Academy of Sciences

March 12 — The 70th Anniversary of A. I. Antoshkina, chief researcher of Laboratory of lithology and geochemistry of sedimentary
formations

March 14  Our Geological museum named after A. A. Chernov was visited by Vu Thi Loan and Chiang Thi Nyay  scientists from the
Russian-Vietnamese Tropical Scientific Research and Technology Center (Hanoi)

March 16  —The 60th Anniversary of A. I. Kazakova, accountant

March 22   Workshop on proposals for the formation of geological exploration objects at the expense of the federal budget and objects for
use for the purpose of geological study at the expense of subsoil users at medium term in the Timan-Pechora oil and gas province

March 25  The Fifth meeting of the Komi Branch of the Russian Geographical Society was held

March 26  — The 50th Anniversary of S. V. Matvienko, researcher of Laboratory of Mineral Raw technology

March  31  — Ceremony of unveiling of Academician N. P. Yushkin’s portrait in the Presidium of Komi Science center of UB RAS

31 ìàðòà 2016 ã. ñîñòîÿëàñü  ïðåçåíòàöèÿ ïîðòðåòà àêàäåìèêà Í. Ï. Þøêèíà â Ïðåçèäèóìå Êîìè íàó÷íî-
ãî öåíòðà ÓðÎ ÐÀÍ ïî àäðåñó:  óë. Êîììóíèñòè÷åñêàÿ, ä. 24.

March  31   Ceremony of unveiling of Academician N. P. Yushkin’s portrait in the Presidium of Komi Science
center of UB RAS at address: 24, Kommunisticheskaya st.
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During our last trip to Stanford University in March 2016
we studied and dated zircons from magmatic rocks of Northern
Timan (Maly Kameshek, Bolshoy Kameshek, Krayniy
Kameshek, Sopki Kamennye massifs), basement of Pechora plate
(1-Izkos-Gora and 1-Sosyanskaya boreholes), Polar Urals
(Gerdyzsky massif), Subpolar Urals (Lapchavozhsky,
Nikolayshorsky, Kozhimsky massifs), Northern Urals
(Manhambovsky massif). Within the framework of joint researches
with the KSC RAS (Apatity) and Geological Institute SB RAS
(Ulan-Ude) we dated ancient gabbro-anorthosites and
plagiogranitoids of Kola Peninsula, leucogranites and amazonite
granites of East Transbaikalia.

The works were carried out in the US Geological Survey
Stanford University Microanalysis Center (SUMAC) in Stanford
and included: production of epoxy sticks, imaging of zircons in
reflected light and cathode rays, study of these images and selection
of grains and areas for isotopic dating, U-Pb dating of zircons and
simultaneous determining of the content of trace elements by
SIMS on SHRIMP-RG. The studies were a part of the ongoing
study of magmatic basement rocks of Pechora plate, the northern
part of the Urals and Northern Timan held in the Institute of
geology, Komi Science Centre UB RAS, within the framework of
the informal scientific collaboration with Stanford University.

The dating resulted in Late Riphean, boundaring with Vendian,
age of the syenites from Maly Kameshek and Krayniy Kameshek

Ñòýíôîðäñêèé óíèâåðñèòåò, Êàëèôîðíèÿ

Stanford University, California

*

* Õðåáòû è áàññåéíû: âèä íà Äîëèíó Ñìåðòè ñ õðåáòà Áëýê-Ìàóíòèíñ ñ âûñîòû 1670 ì. Âûñîõøåå ñîëÿíîå îçåðî âíèçó — ýòî
ñàìàÿ íèçêàÿ òî÷êà Ñåâåðíîé Àìåðèêè, ðàñïîëîæåííàÿ íà 86 ì íèæå óðîâíÿ ìîðÿ.

Ranges and basins: view of Death Valley from the Black Mountains Range from height 1670 m. Extinct salt lake downward  is the lowest
point of the North America, 86 m below sea level.

We present brief results of A. A. Soboleva and O. V. Udoratina’s scientific trip to Stanford University, USA.

ÎÒ ÓÐÀËÀ ÄÎ ÕÐÅÁÒÎÂ ÊÀËÈÔÎÐÍÈÈ
Ïðèâåäåíû êðàòêèå ðåçóëüòàòû íàó÷íîé êîìàíäèðîâêè À. À. Ñîáîëåâîé è Î. Â. Óäîðàòèíîé â Ñòýíôîðäñêèé óíèâåð-

ñèòåò (ÑØÀ).
Ðàáîòû ïðîâîäèëèñü â Öåíòðå ìèêðîàíàëèçà, ïðèíàäëåæàùåì Ñòýíôîðäñêîìó óíèâåðñèòåòó è Ãåîëîãè÷åñêîé ñëóæ-

áå ÑØÀ (SUMAC) â Ñòýíôîðäå, è âêëþ÷àëè: èçãîòîâëåíèå ýïîêñèäíûõ øàøåê, ïîëó÷åíèå èçîáðàæåíèé öèðêîíîâ â îòðà-
æåííîì ñâåòå è êàòîäíûõ ëó÷àõ, èçó÷åíèå ýòèõ èçîáðàæåíèé è âûáîð çåðåí è ó÷àñòêîâ äëÿ ïðîâåäåíèÿ èçîòîïíîãî äàòè-
ðîâàíèÿ, U-Pb-äàòèðîâàíèå öèðêîíîâ è ïîïóòíîå îïðåäåëåíèå â íèõ ñîäåðæàíèé ýëåìåíòîâ-ïðèìåñåé ìåòîäîì SIMS
íà SHRIMP-RG. Èññëåäîâàíèÿ ÿâëÿëèñü ÷àñòüþ ïðîäîëæàþùåãîñÿ èçó÷åíèÿ ìàãìàòè÷åñêèõ ïîðîä ôóíäàìåíòà Ïå÷îðñ-
êîé ïëèòû, ñåâåðíîé ÷àñòè Óðàëà è Ñåâåðíîãî Òèìàíà, ïðîâîäèìîãî â ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ â ðàìêàõ íåôîðìàëüíîãî
íàó÷íîãî ñîòðóäíè÷åñòâà ñî Ñòýíôîðäñêèì óíèâåðñèòåòîì.

Äàííûé ìàòåðèàë áóäåò îñíîâîé äëÿ ïîñëåäóþùèõ ïóáëèêàöèé. Â îäíîì èç ñëåäóþùèõ íîìåðîâ Âåñòíèêà ÷èòàòåëè
ñìîãóò áîëåå ïîäðîáíî îçíàêîìèòüñÿ ñ íàøåé ïîëåâîé ýêñêóðñèåé.

massifs and granites from Bolshoy Kameshek massif. The granites
from Sopki Kamennye massif were older, Late Riphean, which was
rather an unexpected and new result that allowed us speaking about
the Late Riphean magmatism staging in the Northern Timan.
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The granites from 1-Izkos-Gora borehole, drilled in the
Izhma zone of basement of Pechora plate, obtained a reliable Late
Vendian zircon dating consistent with previously established age
of orogenic granites of timanides. However we did not receive
satisfactory age for the granites from 1-Sosyanskaya borehole,
because these granites seemed to be S-type granites, and almost
all zircons were old, heteroaged and inherited from the granite-
forming sedimentary substrate. The performed tests showed that
a different approach should be applied to study zircons from the
S-type granite  we should date a much larger number of grains (by
LA-ICP-MS) and consider the age distributions.

The works on the dating of multiphase Lapchavozhsky massif
were completed. We dated the most basic phase of the massif -
quartz diorite-porphyrites, and the most acidic phase - granites.
The datings correlated with the age determined earlier for the
zircons from the granodiorite of main phase of massif and from
marginal comagmatic andesidacites. Thus, now it is possible to
reconstruct the history of formation of this volcano-plutonic
system and to be confident that the time of its formation
corresponded to the main stage of the granite formation of
timanides of Pechora plate basement.

The determination of Early Vendian age of the zircons from
granites of the southern part of Gerdyzky massif testified to that
the composition of the massif, in addition to previously established
Late Cambrian granitoids in the northern part of the massif,
included older formations as well. The conducted dating
confirmed the observed differences in the mineral and chemical
composition of granitoid massif.

Two time fences of granite formation were set for the granites
from Kozhimsky massif as well. We determined the Late Cambrian
age of zircons from composing granites, while our precursors
received Early Vendian dating (Pystin, Pystina, 2011).

The results of dating of zircons from the granite-gneisses of
Nikolayshorsky massif of the central part of Nyartinsky block well
correlated with the known data about their Late Riphean age
(Pystin, Pystina 2011), but the detailed studies of the age and
composition of the zircons revealed also Early Cambrian stage in
the history of the massif and estimated its crystallization
temperature.

We also found heteroaged granitoids in the Mankhambo
massif. The bulk of the granitoids of the largest massif in the north
of the Urals formed during the Early Cambrian period (Udoratina
et al., 2006, Udoratina, Andreichev 2013). But the high-uranium
zircons from alaskites (with syngenetic fergusonite and fluorite),
located in the northeastern part of the massif, revealed the Early
Carboniferous age. The received data raise the question about

Î. Â. Óäîðàòèíà «âíóòðè» SHRIMP-RG

 O. V. Udoratina «inside» SHRIMP-RG

À. À. Ñîáîëåâà çà ïîäãîòîâêîé ïðåïàðàòîâ

 A. A. Soboleva is preparing specimens

possible presence of Late Paleozoic collision magmatism in the
Northern Urals.

We confirmed Proterozoic and Archean ages of the ancient
rocks of the Kola Peninsula, magmatic formations of the Eastern
Transbaikalia, formed in the Late Jurassic time; we determined
that leucogranites from Kurunzulaysky massif (shakhtaminsky
complex) is older than the amazonite granites from Turginsky
massif (kukulbeysky complex).

During last week of the trip, at the invitation of Stanford
University Professor E. Miller, we took part in an interesting
geological excursion in the Basin and Range Province to get
acquainted with the geology of this unique province, where the
general stretching was accompanied by tilting of giant continental
blocks, and the abyssal zonal-metamorphic rocks, composing so-
called metamorphic core of Cordilleran type, separated by the
detachment surface from non-metamorphosed upper plates, were
exposed.

This material will form the basis for future publications. In
one of the next issues of Vestnik the readers will learn more about
our field trip.

The trip and researches were possible because of partial support
of UB RAS projects 15-18-5-57 (K. V. Kulikova), 15-18-5-40 (V. L.
Andreichev), 15 -18-5-46 (S. K. Kuznetsov), and also the RAS
Presidium Program No. 45 (A. M. Askhabov).
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ÀÊÀÄÅÌÈ×ÅÑÊÀß ËÛÆÍß È ÀÊÀÄÅÌÈÀÄÀ-2016

ACADEMIC SKI-RUN AND ACADEMIADA-2016

Ïîäõîäÿùèé ê çàâåðøåíèþ î÷åðåäíîé çèìíèé ñåçîí ïî äîáðîé òðàäèöèè îçíàìåíîâàëñÿ äâóìÿ îñíîâíûìè äëÿ
ðàáîòíèêîâ Êîìè íàó÷íîãî öåíòðà ñîðåâíîâàíèÿìè ïî ëûæíûì ãîíêàì — Àêàäåìè÷åñêîé ëûæíåé è Àêàäåìèàäîé,  ïðè-
óðî÷åííûìè êî  Äíþ íàóêè.

Declining winter season was traditionally marked by two ski competitions, important for Komi Science center team, —
Academic ski-run and Academiada, on the occasion of the Day of Science.

12 ôåâðàëÿ íà ëûæíîé áàçå «Ñïîðòèâíàÿ» â Ñûêòûâ-
êàðå ïðîøëî ëè÷íî-êîìàíäíîå ïåðâåíñòâî Êîìè ÍÖ «Àêà-
äåìè÷åñêàÿ ëûæíÿ   — 2016», ïðèóðî÷åííîå êî Äíþ íàóêè.
Â ýòîì ãîäó ìåðîïðèÿòèå îòìåòèëî ìàëåíüêèé þáèëåé  — 5
ëåò. Èç ãîäà â ãîä îíî ïîëüçóåòñÿ íåèçìåííûì óñïåõîì ó
ñîòðóäíèêîâ Êîìè ÍÖ, ïðèâëåêàÿ â ñâîè ðÿäû âñ¸ íîâûõ è
íîâûõ ó÷àñòíèêîâ âñåõ âîçðàñòîâ, äîëæíîñòåé, ó÷åíûõ ñòå-
ïåíåé è çâàíèé. Âîò è â ýòîò ðàç, íåñìîòðÿ íà ýïèäåìèþ
ãðèïïà, íà ñîðåâíîâàíèÿ çàÿâèëèñü áîëåå ñòà ÷åëîâåê. Â
èòîãå ñòàðòîâàëè è óñïåøíî ôèíèøèðîâàëè 97 ó÷àñòíèêîâ.
Ñîãëàñíî ïîëîæåíèþ, ê ñîðåâíîâàíèÿì äîïóñêàëèñü è ðîä-
ñòâåííèêè ñîòðóäíèêîâ, òàêèì îáðàçîì, ñàìîé þíîé ñïîðò-
ñìåíêîé ñòàëà 8-ëåòíÿÿ Êàðèíà Âàõíèíà, à ñàìûì ñòàðøèì
ó÷àñòíèêîì — 80-ëåòíèé Íèêîëàé Àëåêñååâè÷ Ìàíîâ. Ïî-
ãîäà âî âðåìÿ ñîðåâíîâàíèé ñïîñîáñòâîâàëà õîðîøåìó

ñêîëüæåíèþ, áëàãîäàðÿ ÷åìó ìíîãèå ó÷àñòíèêè îáíîâèëè
ñâîè ëè÷íûå ðåêîðäû. Íåñìîòðÿ íà ãëóáîêî ëþáèòåëüñêèé
ñòàòóñ ñîðåâíîâàíèé, àçàðòà è ñïîðòèâíîé áîðüáû áûëî íà
ëûæíå ïðåäîñòàòî÷íî. Ñòàðòîâûé ïðîòîêîë ñîñòàâëÿëñÿ ïî
ðåçóëüòàòàì ïðîøëîãîäíèõ ñîðåâíîâàíèé, áëàãîäàðÿ ÷åìó
áëèçêèå ïî óðîâíþ ïîäãîòîâêè ó÷àñòíèêè óõîäèëè íà äèñ-
òàíöèþ çà ñâîèìè ñîïåðíèêàìè.

Â ýòîì ãîäó ìíîãîëåòíèé ëèäåð êîìàíäíîãî çà÷åòà,
êîìàíäà Èíñòèòóòà ãåîëîãèè, óñòóïèë ïåðåõîäÿùèé êóáîê
Àêàäåìè÷åñêîé ëûæíè êîìàíäå Èíñòèòóòà õèìèè. Îðãàíè-
çàöèÿ ñîðåâíîâàíèé áûëà íà õîðîøåì óðîâíå, áûëà ïðîäå-
ëàíà áîëüøàÿ ïîäãîòîâèòåëüíàÿ ðàáîòà. Äëÿ òåõ, ó êîãî íåò
ëè÷íîãî òðàíñïîðòà, ê ìåñòó ñîðåâíîâàíèé áûë îðãàíèçî-

Ïðåäñòàâèòåëè êîìàíäû Èíñòèòóòà ãåîëîãèè, Àêàäåìè÷åñêàÿ ëûæíÿ — 2016

Representatives of team of Institute of Geology, Academic ski-run — 2016

âàí àâòîáóñ. Ñóäåéñêàÿ áðèãàäà ñïðàâèëàñü ñî ñâîåé ðàáî-
òîé íà îòëè÷íî, ÷¸òêî ôèêñèðóÿ âðåìÿ ñòàðòà è ôèíèøà
ó÷àñòíèêîâ; äëÿ ïðåäóïðåæäåíèÿ âîçìîæíûõ íåäî÷åòîâ è
ïðîòèâîðå÷èé ðàáîòàëà âèäåîôèêñàöèÿ ðåçóëüòàòîâ. Áûë
îðãàíèçîâàí ñëàäêèé ñòîë, ïîñëå ôèíèøà ìîæíî áûëî âîñ-
ñòàíîâèòü ñèëû ãîðÿ÷èì ÷àåì ñ âûïå÷êîé è êîíôåòàìè è
ïîäåëèòüñÿ âïå÷àòëåíèÿìè ñî ñâîèìè êîëëåãàìè. Îñíîâ-
íûì îðãàíèçàòîðîì Àêàäåìè÷åñêîé ëûæíè ÿâëÿåòñÿ ïðîô-
ñîþçíûé êîìèòåò Êîìè íàó÷íîãî öåíòðà âî ãëàâå ñ åãî ïðåä-
ñåäàòåëåì Í. Í. Òàðàíåíêî. Àêòèâíîå ó÷àñòèå â îðãàíèçà-
öèè ïðèíÿë Ñîâåò ìîëîäûõ ó÷åíûõ Êîìè ÍÖ âî ãëàâå ñ
Ï. Ñ. Êðèâîøàïêèíûì. Ñëàæåííóþ ðàáîòó ñóäåéñêîé áðè-
ãàäû âîçãëàâëÿë Â. Â.  Óäîðàòèí. Ðàáîòó ïî ïîäãîòîâêå ñòàð-
òîâûõ ïðîòîêîëîâ è îáðàáîòêå ðåçóëüòàòîâ ñîðåâíîâàíèé
ïðîâåë Ä. Î. Ìàøèí.  À. Â. Èëü÷óêîâ ïîæåðòâîâàë âûãîä-

íîé ñòàðòîâîé ïîçèöèåé, ÷òîáû ñäåëàòü çàìå÷àòåëüíûé ôî-
òîðåïîðòàæ ñ ñîðåâíîâàíèé. Ðàáîòíèêè ëûæíîé áàçû
«Ñïîðòèâíàÿ» ïîäãîòîâèëè õîðîøóþ òðàññó è ïîìîãëè îáî-
ðóäîâàòü ìåñòà ñòàðòà è ôèíèøà.

Ïî ðåçóëüòàòàì Àêàäåìè÷åñêîé ëûæíè áûëà ñôîðìè-
ðîâàíà êîìàíäà äëÿ ó÷àñòèÿ â Àêàäåìèàäå — Âñåðîññèéñ-
êèõ ñîðåâíîâàíèÿõ ïî ëûæíûì ãîíêàì ñðåäè ñîòðóäíè-
êîâ ó÷ðåæäåíèé Ôåäåðàëüíîãî àãåíòñòâà íàó÷íûõ îðãàíè-
çàöèé, ïðîâîäèìûõ ñîâìåñòíî Ðîññèéñêîé àêàäåìèåé
íàóê, ïðîôñîþçîì ðàáîòíèêîâ ÐÀÍ è èõ ðåãèîíàëüíûìè
îòäåëåíèÿìè. Äåñÿòàÿ, þáèëåéíàÿ, Àêàäåìèàäà ÐÀÍ ïðî-
õîäèëà ñ 12 ïî 16 ìàðòà â ã. Óôå. Êîìàíäà Êîìè ÍÖ áûëà
ïðåäñòàâëåíà ïÿòüþ ó÷àñòíèêàìè: Ê. Â. Êóëèêîâîé, À. Ô.
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Êîìàíäà Êîìè ÍÖ è Ñ. Ñ. Êëèìåíêî, Àêàäåìèàäà-2016

Team of Komi SC and S. S. Klimenko, Academiada-2016

Ëèòâèíåíêî, Ä. Î. Ìàøèíûì (Èíñòèòóò ãåîëîãèè), Å. Í.
Çàéíóëëèíîé, Ì. Ñ. Êîðîë¸âîé (Èíñòèòóò õèìèè). Ñîðåâ-
íîâàíèÿ ïðîõîäèëè â ñîâðåìåííîì, êîìôîðòàáåëüíîì
ñïîðòèâíî-îçäîðîâèòåëüíîì êîìïëåêñå «Áèàòëîí».

Ñïîðòèâíàÿ ïðîãðàììà Àêàäåìèàäû òðàäèöèîííî
ñîñòîèò èç ãîíêè êëàññè÷åñêèì ñòèëåì ñ ðàçäåëüíûì ñòàð-
òîì, ãîíêè ñâîáîäíûì ñòèëåì è ñìåøàííîé ýñòàôåòû. Ïî
ðåçóëüòàòàì ïåðâîãî äíÿ ñîðåâíîâàíèé çîëîòûå ìåäàëè
êîìàíäå ïðèíåñëè Ì. Ñ. Êîðîë¸âà è Ê. Â. Êóëèêîâà, ñå-
ðåáðÿíûå — Å. Í. Çàéíóëëèíà è À. Ô. Ëèòâèíåíêî, áðîí-
çîâóþ — Ä. Î. Ìàøèí. Â ãîíêå ñâîáîäíûì ñòèëåì çîëî-
òûå ìåäàëè êîìàíäå ïðèíåñëè Ê. Â. Êóëèêîâà, Ä. Î. Ìà-
øèí, ñåðåáðÿíûå — À. Ô. Ëèòâèíåíêî, Å. Í. Çàéíóëëèíà,
Ì. Ñ. Êîðîë¸âà. Íàãðàæäåíèå ó÷àñòíèêîâ âòîðîãî äíÿ ñî-
ðåâíîâàíèé ïðîâîäèë òðåõêðàòíûé ÷åìïèîí ìèðà ïî áè-
àòëîíó, ïðèçåð Îëèìïèéñêèõ èãð Ìàêñèì ×óäîâ. Â ýñòà-
ôåòíîé ãîíêå êîìàíäå óäàëîñü çàíÿòü ÷åòâåðòîå ìåñòî.
Àêòèâíî áîëåë è ïîääåðæèâàë êîìàíäó Êîìè ÍÖ ïðèç¸ð
Àêàäåìèàäû-2012 Ñ. Ñ. Êëèìåíêî. Òàêèì îáðàçîì, âòîðîé
ãîä ïîäðÿä êîìàíäà Êîìè ÍÖ îñòàíàâëèâàåòñÿ â îäíîì
øàãå îò ïîäèóìà Àêàäåìèàäû, çàíèìàÿ ïî èòîãàì âñåõ ñî-
ðåâíîâàòåëüíûõ äèñöèïëèí ÷åòâåðòîå ìåñòî èç òðèíàäöà-
òè âîçìîæíûõ. Â ýòîì ãîäó íà Àêàäåìèàäå ïðîèçîøëî çíà-
ìåíàòåëüíîå ñîáûòèå: âïåðâûå â íîâåéøåé èñòîðèè ïîáå-
äó îäåðæàëà êîìàíäà èç åâðîïåéñêîé ÷àñòè ñòðàíû — êî-
ìàíäà Ìîñêâû. Â ïðåäûäóùèå ãîäû ïîáåæäàëè êîìàíäû
èç Ñèáèðè.

Âñÿ êîìàíäà Êîìè íàó÷íîãî öåíòðà áëàãîäàðèò îðãà-
íèçàòîðîâ Àêàäåìèàäû-2016 — Óôèìñêèé íàó÷íûé öåíòð

è ïðîôñîþçíûå êîìèòåòû âñåõ óðîâíåé — çà òî, ÷òî â íå-
ïðîñòûå âðåìåíà îíè ñìîãëè äîñòîéíî îðãàíèçîâàòü è
ïðîâåñòè òàêîå ìåðîïðèÿòèå, êàê Àêàäåìèàäà.

Îçíàêîìèòüñÿ ñ ïðîòîêîëàìè Àêàäåìèàäû è Àêàäå-
ìè÷åñêîé ëûæíè ìîæíî íà îôèöèàëüíîì ñàéòå Àêàäåìè-
àäû: www.inp.nsk.su/tradeunion/activity/sport/Academiada/
index.ru.shtml è ñàéòå «Ñïîðò â Êîìè ÍÖ»
www.sites.google.com/site/komiscsport/.

Ä. Åôèìîâ, Ä. Ìàøèí

Â ÇÅÐÊÀËÅ ÏÐÅÑÑÛ

MEDIA MIRROR
8 ôåâðàëÿ (28 ÿíâàðÿ ïî ñòàðîìó ñòèëþ) 1724 ãîäà óêà-

çîì ïðàâèòåëüñòâóþùåãî Ñåíàòà ïî ðàñïîðÿæåíèþ Ïåòðà I
â Ðîññèè áûëà îñíîâàíà Àêàäåìèÿ íàóê. Ïîçäðàâëÿÿ êîë-
ëåã, ó÷åíûõ, ïåäàãîãîâ, àñïèðàíòîâ, ñòóäåí-
òîâ, ïðåäñåäàòåëü Êîìè ÍÖ ÓðÎ ÐÀÍ àêà-
äåìèê À. Ì. Àñõàáîâ ïîä÷åðêíóë, ÷òî Êîìè
ÍÖ, êîòîðûé â 2014 ãîäó îòìåòèë
ñâîå 70-ëåòèå, âíåñ áîëüøîé âêëàä â
íàó÷íîå, êóëüòóðíîå è ñîöèàëüíî-
ýêîíîìè÷åñêîå ðàçâèòèå Ðåñïóáëèêè
Êîìè. Îí ñòàë íàñòîÿùèì íàöèî-
íàëüíûì äîñòîÿíèåì ÐÊ. Íàøè ó÷åíûå ãîòîâû è äàëüøå
ðàáîòàòü íà áëàãî ðåñïóáëèêè, íà ïðîöâåòàíèå ðîññèéñ-
êîé íàóêè (Ðåãèîí. 31 ÿíâàðÿ 2016 ã.).

Â íàø ïðîôåññèîíàëüíûé ïðàçäíèê — Äåíü ãåîëîãà
— íåëüçÿ íå îòìåòèòü âêëàä ôðîíòîâèêîâ â ðàçâèòèå ãåî-
ëîãè÷åñêîé íàóêè Êîìè. Äîñòîéíû ïàìÿòè ãåîëîãè, êîòî-
ðûå ïðèøëè â íàóêó ñ ôðîíòîâ Âåëèêîé Îòå÷åñòâåííîé
âîéíû è ðàáîòàëè â èíñòèòóòå äî ïîñëåäíèõ äíåé ñâîåé
æèçíè. Ýòî Áîðèñ Èñààêîâè÷ Ãóñëèöåð (1922—1989), Âà-
ñèëèé Èâàíîâè÷ Åñåâ (1922—1994),  Ïàâåë Äìèòðèåâè÷
Êàëèíèí (1905—1983), Âèòàëèé Íèêîëàåâè÷ Îõîòíèêîâ
(1921—1997), Ë. Ï. Ïàâëîâ (1924—2001), Ìàðê Âåíèàìè-
íîâè÷ Ôèøìàí (1919—2003) Êèðèëë Ïàñêàëüåâè÷ ßíóëîâ

Ïðåäñòàâëåí îáçîð ïðåññû, â êîòîðîé ïóáëèêîâàëèñü ñîáûòèÿ è ôàêòû â äåÿòåëüíîñòè Èíñòèòóòà ãåîëîãèè â ôåâ-
ðàëå 2016 ã.

We represent the press review reflecting events and facts of activity of Institute of geology in February 2016.

(1920—2004). Îíè ïðîæèëè äîñòîéíóþ æèçíü è îñòàâèëè
î ñåáå ïðåêðàñíóþ ïàìÿòü (Ðåãèîí. ¹ 3. 2016).

Íà ãîäè÷íîì çàñåäàíèè Ó÷åíîãî ñîâåòà ÈÃ Êîìè ÍÖ
ÓðÎ ÐÀÍ ïðåäñåäàòåëü Ïðåçèäèóìà Êîìè ÍÖ
àêàäåìèê À. Ì. Àñõàáîâ îòìåòèë, ÷òî â ïåðñïåê-

òèâå «ñîçäàíèå ðåãèîíàëüíîãî íàó÷íîãî
öåíòðà íàèáîëåå ïðèåìëåìî äëÿ êîëëåêòè-
âà, òàê êàê îáúåäèíåíèå è ïðèñîåäèíåíèå

ê èíîé ñòðóêòóðå áóäåò òðåáîâàòü óâîëüíåíèÿ
ëþäåé è ëèêâèäàöèè ïðåæíåãî ó÷ðåæäåíèÿ... Ïî

åãî ñëîâàì, îáúåäèíåíèå èíñòèòóòîâ â îäíó ñòðóê-
òóðó — âîïðîñ ðåøåííûé. Ñåé÷àñ îáñóæäàåòñÿ òî, â êàêîé
ôîðìå îíî áóäåò ïðîèñõîäèòü». (ÊîìèÎíëàéí. URL: http:
//komionline.ru 04.03.2016.

Íàöèîíàëüíûé ïàðê «Þãûä âà» — ñàìàÿ îáøèðíàÿ
îõðàíÿåìàÿ çîíà â Åâðîïå, â ïîñëåäíåå âðåìÿ ÷àñòî óïîìè-
íàåòñÿ â ñðåäñòâàõ ìàññîâîé èíîôðìàöèè â êîíòåêñòå ñïî-
ðà ïî ïîâîäó ïðîìûøëåííîé ðàçðàáîòêè ìåñòîðîæäåíèÿ
«×óäíîå» ìåæäó ïðîìûøëåííèêàìè ñ îäíîé ñòîðîíû è «çå-
ëåíûìè» ñ äðóãîé. ÑÌÈ íà ïðîòÿæåíèè 20 ëåò ñëåäÿò çà
ýòèì êîíôëèêòîì, îòðàæàÿ ïðåèìóùåñòâåííî òî÷êó çðåíèÿ
«çåëåíûõ». Ãàçåòà «Ðåñïóáëèêà» 3 ìàðòà 2016 ã. ïðåäñòàâèëà
òðèáóíó ïðîìûøëåííîìó ñîîáùåñòâó â ëèöå ìèíèñòðà ïðî-
ìûøëåííîñòè Í. Ãåðàñèìîâà, çàì. äèðåêòîðà ÈÃ Êîìè ÍÖ
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ÓÄÊ 551.583.7:551.79(985)

Àíäðåè÷åâà Ë.Í., Ìàð-
÷åíêî-Âàãàïîâà Ò.È., Áóðàâ-
ñêàÿ Ì.Í., Ãîëóáåâà Þ.Â.
Ïðèðîäíàÿ ñðåäà íåîïëåéñòî-
öåíà è ãîëîöåíà íà Åâðîïåéñ-
êîì Ñåâåðî-Âîñòîêå Ðîññèè.
ÃÅÎÑ, 2015. 224 c.
andreicheva@geo.komisc.ru

ÏÐÅÇÅÍÒÀÖÈß ÍÎÂÛÕ ÈÇÄÀÍÈÉ • NEW PUBLICATIONS

ÓðÎ ÐÀÍ È. Áóðöåâà, íà÷àëüíèêà îòäåëà ãåîëîãèè è ëèöåí-
çèðîâàíèÿ Äåïàðòàìåíòà ïî íåäðîïîëüçîâàíèþ ÐÊ Ì. Òàð-
áàåâà, ýêñ-ìèíèñòðà ïðèðîäíûõ ðåñóðñîâ è îõðàíû îêðó-
æàþùåé ñðåäû ÐÊ À. Áîðîâèíñêèõ. Â ðàçâåðíóòîé äèñêóñ-
ñèè ïî âîïðîñàì ýêîëîãèè è ýêîíîìèêè ïðèøëè ê ñîãëàñèþ
çàêðûòü ïðîáëåìó ñ íàöïàðêîì «Þãûä âà» ïóòåì ïðèíÿòèÿ
âçâåøåííîãî ðåøåíèÿ, îòâå÷àþùåãî èíòåðåñàì óñòîé÷èâî-
ãî ðàçâèòèÿ ðåãèîíà (Ðåñïóáëèêà. 3 ìàðòà 2016 ã.).

1 ÿíâàðÿ 70-ëåòèå îòìåòèë ä. ã.-ì. í. Â. À. Ïåòðîâñêèé.
Îäíèì èç ïåðâûõ â ÑÑÑÐ îí âíåäðèë â ïðàêòèêó êðèñòàë-
ëîãåíåòè÷åñêèõ èññëåäîâàíèé ãîëîãðàôè÷åñêèå ìåòîäû.
Âïåðâûå â ìèðå èì ïðîâåäåíû ìîäåëüíûå ýêñïåðèìåíòû
ñ âèçóàëèçàöèåé ïðîèñõîäÿùèõ ïðîöåññîâ è ïðÿìûì íà-
áëþäåíèåì ïðîòåêàþùèõ ÿâëåíèé â õîäå ñàìîãî ýêñïåðè-
ìåíòà â øèðîêîì èíòåðâàëå òåðìîäèíàìè÷åñêèõ ïàðàìåò-
ðîâ. Æåëàåì þáèëÿðó äàëüíåéøèõ òâîð÷åñêèõ óñïåõîâ, íî-
âûõ íàó÷íûõ äîñòèæåíèé, çäîðîâüÿ, ñ÷àñòüÿ è áëàãîïîëó-

÷èÿ. (Íàóêà Óðàëà. Ôåâðàëü 2016 ã. ¹ 2—3).
Çàñëóæèâàþò âíèìàíèå íàóêîìåòðè÷åñêèå ïîêàçàòå-

ëè âåäóùèõ ó÷åíûõ Óðàëà â íàóêàõ î Çåìëå. Ñðåäè 53 âåäó-
ùèõ ñïåöèàëèñòîâ â íàóêàõ î Çåìëå îòìå÷åíû è íàøè ãåî-
ëîãè: À. Ì. Àñõàáîâ (èíäèâèäóàëüíûå ïóáëèêàöèè — 81;
öèòèðîâàíèå — 263); Â. Ë. Àíäðåè÷åâ (42 è 457 ñîîòâåò-
ñòâåííî), À. È. Àíòîøêèíà (62 è 426); Â. Í. Ïó÷êîâ (276 è
4581); ß. Ý. Þäîâè÷ (160 è 2324), Í. Ï. Þøêèí (137 è 834).
Àáñîëþòíûì ëèäåðîì îêàçàëñÿ Â. Í. Ïó÷êîâ, âòîðûì ïî
ýòîé ñòàòèñòèêå ÿâëÿåòñÿ ß. Ý. Þäîâè÷ (Óðàëüñêèé ãåî-
ëîãè÷åñêèé æóðíàë. 2015. ¹ 6. (108).

Êî Äíþ ðîññèéñêîé íàóêè (8 ôåâðàëÿ) Êîìè ÍÖ â
òå÷åíèå íåäåëè ïðîâîäèë áåñïëàòíûå ýêñêóðñèè ïî âåäó-
ùèì èíñòèòóòàì è ìóçåÿì. Ýêñêóðñèè ïðîøëè òàêæå â
Èíñòèòóòå ãåîëîãèè è Ìóçåå èì. À. À. ×åðíîâà (Íàóêà
Óðàëà. ßíâàðü 2016 ã. ¹ 1).

Å. Êàëèíèí

Îáîáùåíû ðåçóëü-
òàòû 40-ëåòíèõ äåòàëüíûõ
èññëåäîâàíèé ðàçíûõ ãå-
íåòè÷åñêèõ òèïîâ îòëî-
æåíèé íåîïëåéñòîöåíà
íà Ñåâåðî-Âîñòîêå Åâðî-

ïåéñêîé Ðîññèè. Èññëåäîâàíû ñïîðîâî-ïûëüöåâûå
ñïåêòðû ìåæëåäíèêîâûõ ÷åòâåðòè÷íûõ îòëîæåíèé èç
ñêâàæèí è áåðåãîâûõ îáíàæåíèé, âåùåñòâåííûé ñîñòàâ
òèëëîâ è ìèêðîòåðèîôàóíà èç ïåðèãëÿöèàëüíûõ îñàä-
êîâ. Ýòî ïîçâîëèëî ïðîâåñòè ñòðàòèãðàôè÷åñêîå ðàñ÷ëå-
íåíèå ðàçðåçîâ íåîïëåéñòîöåíà è ãîëîöåíà è âîññîçäàòü
ïðèðîäíî-êëèìàòè÷åñêèå óñëîâèÿ ôîðìèðîâàíèÿ ìåæ-
ëåäíèêîâûõ îòëîæåíèé. Â ðàçðåçå êâàðòåðà íà òåððèòî-
ðèè èññëåäîâàíèé âûäåëåíû øåñòü öèêëîâ îñàäêîíàêîï-
ëåíèÿ. Ñäåëàí âûâîä î òåíäåíöèè ê ïîõîëîäàíèþ êëè-
ìàòà íà Åâðîïåéñêîì Ñåâåðî-Âîñòîêå Ðîññèè.

Andreicheva L.N., Marchenko-Vagapova T.I.,Buravskaya
M.N.,Golubeva Yu.V. The natural environment during the Neo-
pleistocene and Holocene of European northeastern Russia. GEOS
Press, 2015. 224 p.

Here we present the summarized results of 40 years
detailed researches of the Neopleistocene deposits of dif-
ferent genetic types in the north-east of European Russia.
We studied the spore-pollen spectra of interglacial Qua-
ternary sediments from boreholes and river sections, the
material composition of tills and microtheriofauna from
periglacial sediments. This allowed us to carry out strati-
graphic division of the Neopleistocene and Holocene sec-
tions and recreate the climatic conditions for formation

of interglacial deposits. Six sedimentary cycles have been
determined in the Quaternary section of the research ter-
ritory. It is concluded that now there is a trend towards
climate cooling in the European north-east of Russia.

ÓÄÊ 550.31+ 550.34+ 55
(084.3)+502.58.001.18
ÁÁÊ 26.21

Ñåéñìè÷íîñòü è ñåéñ-
ìè÷åñêîå ðàéîíèðîâàíèå
ñëàáîàêòèâíûõ òåððèòîðèé /
Ò. Ñ. Áëèíîâà,  Â. Â. Óäîðà-
òèí, Ð. À. Äÿãèëåâ, Þ. Â.
Áàðàíîâ, Í. Í. Íîñêîâà
Í. Â. Êîíàíîâà. Ïåðìü: ÃÈ
ÓðÎ ÐÀÍ, 2015. 178 ñ.

ISBN 978-5-7691-2413-6.
vvudoratin@geo.komisc.ru

Â ìîíîãðàôèè ðàñ-
ñìîòðåíà ìåòîäèêà ñåéñìè÷åñêîãî ðàéîíèðîâàíèÿ äëÿ
ñëàáîàêòèâíûõ òåððèòîðèé, ðàçðàáîòàííàÿ íà ïðèìåðå
Çàïàäíî-Óðàëüñêîãî ðåãèîíà. Ìåòîäèêà îñíîâàíà íà
ïðîãíîçèðîâàíèè ãåîäèíàìè÷åñêè íåóñòîé÷èâûõ çîí ñ
èñïîëüçîâàíèåì ãåîëîãî-ãåîôèçè÷åñêèõ äàííûõ è îï-
ðåäåëåíèå ñåéñìè÷åñêîãî ïîòåíöèàëà ðåãèîíîâ. Äëÿ Òè-
ìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà, Çàïàäíî-Ñèáèðñêîé
ïëèòû è òåððèòîðèè Ñîåäèí¸ííîãî Êîðîëåâñòâà Âåëè-
êîáðèòàíèè è Ñåâåðíîé Èðëàíäèè óñîâåðøåíñòâîâàí
ïðîãíîç ãåîäèíàìè÷åñêè íåóñòîé÷èâûõ çîí. Ñ ïðèìå-
íåíèåì ÃÈÑ-òåõíîëîãèé äëÿ ýòèõ æå ðåãèîíîâ ïîëó÷å-
íû ìîäåëè ãåîäèíàìè÷åñêè íåóñòîé÷èâûõ çîí è ïîñò-
ðîåíû ïðîãíîçíûå êàðòû ìàêñèìàëüíûõ ìàãíèòóä âîç-
ìîæíûõ çåìëåòðÿñåíèé. Ñäåëàí âûâîä î âîçìîæíîñòè
èñïîëüçîâàíèÿ äàííîé ìåòîäèêè íå òîëüêî íà èññëåäó-
åìîé òåððèòîðèè Çàïàäíîé è Âîñòî÷íîé Åâðîïû, Óðà-
ëà, Çàïàäíîé Ñèáèðè, íî è äëÿ ëþáûõ ñëàáîàêòèâíûõ
ðåãèîíîâ ìèðà. Ïðîâåäåíû èññëåäîâàíèÿ ïî âûäåëåíèþ
çîí âîçìîæíûõ î÷àãîâ çåìëåòðÿñåíèé ñ ïîìîùüþ ñåòå-
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âîé ÃÈÑ «ÃåîÏðîöåññîð 2.0» äëÿ âîñòî÷íîé îêðàèíû Âî-
ñòî÷íî-Åâðîïåéñêîé ïëàòôîðìû.

Seismicity and seismic zoning of seismically quiet areas / T. S.
Blinova, V. V. Udoratin, R. A. Dyagilev, Yu. V. Baranov, N. N.
Noskova, N. V. Konanova. Perm: GI UB RAS, 2015. 178 pp.

 ISBN 978-5-7691-2413-6.

The monograph reviews methods of seismic zoning for
seismically quiet areas, which are developed on the exam-
ple of the Western Ural region. The methods are based on
prediction of geodynamically unstable zones using geologi-
cal and geophysical data and can determine seismic poten-
tial of regions. We improved prediction of geodynamically
unstable zones for Timan-Northern Ural region, Western
Siberian Plate and territory of the United Kingdom of Great
Britain and Northern Ireland. We produced geodynamic
models of unstable areas and built prediction maps of max-
imum magnitudes of possible earthquakes with GIS tech-
nology for these regions. We made a conclusion about possi-
ble application of these methods not only for the studied
area of Western and Eastern Europe, the Urals, Western Si-
beria, but for any seismically quiet region of the world. We
conducted researches to find areas of possible sources of
earthquakes with the help of network-based GIS GeoProc-
essor 2.0 for the eastern margin of the East European plat-
form.

ÓÄÊ [552.58+551.351+550.7]:
551.735.2+551.736.1 (234.851)

Ïîíîìàðåíêî Å. Ñ. Âåðõ-
íåêàìåííîóãîëüíî-íèæíåïåðì-
ñêèå êàðáîíàòíûå îòëîæåíèÿ
çàïàäíîãî ñêëîíà Cåâåðíîãî
Óðàëà. Ñûêòûâêàð: Ãåîïðèíò,
2015. 177 c.
esponomarenko@geo.komisc.ru

Íà îñíîâàíèè íîâûõ
äàííûõ ïî ñòðàòèãðàôèè è
ëèòîëîãèè îáîñíîâàíî äå-
òàëüíîå ðàñ÷ëåíåíèå âåðõ-
íåêàìåííîóãîëüíûõ è íèæíåïåðìñêèõ êàðáîíàòíûõ îò-
ëîæåíèé çàïàäíîãî ñêëîíà Ñåâåðíîãî Óðàëà. Âûÿâëå-
íû ñòðîåíèå è õàðàêòåð öèêëè÷íîñòè ýòèõ îòëîæåíèé,
âûäåëåíû îñíîâíûå ãåíåòè÷åñêèå òèïû, ïàðàãåíåòè÷åñ-
êèå àññîöèàöèè è èõ ïàëåîãåîãðàôè÷åñêàÿ ïðèóðî÷åí-
íîñòü. Èñòîðèÿ îñàäêîîáðàçîâàíèÿ íà âîñòî÷íîé îêðà-
èíå êàðáîíàòíîé ïëàòôîðìû â èçó÷åííîì ðåãèîíå ïîä-
ðàçäåëåíà íà äâà êðóïíûõ ýòàïà: êàñèìîâñêî-ñðåäíå-
ãæåëüñêèé è ïîçäíåãæåëüñêî-ñàêìàðñêèé, ÷òî îáóñëîâ-
ëåíî ñòðóêòóðíîé ïåðåñòðîéêîé ðåãèîíà âî âðåìÿ Óðàëü-
ñêîãî îðîãåíåçà. Ñðåäè ðèôîãåííûõ îáðàçîâàíèé óñòà-
íîâëåíî äâà ãåíåòè÷åñêèõ òèïà íèæíåïåðìñêèõ îðãàíî-
ãåííûõ ïîñòðîåê: ñêåëåòíûå è èëîâûå õîëìû.

Ponomarenko E. S. Upper Carboniferous-Lower Permian
carbonate deposits on western slope of the Northern Urals. Sykty-
vkar: Geoprint, 2015. 177 p.

New paleontologic and lithologic data were used for de-
tail stratigraphic subdivision of Upper CarboniferousLower
Permian carbonate deposits on western slope of the North-
ern Urals. A construction and cyclicity of this deposits, main

genetic types of rocks, paragenetic associations, and their
paleogeographic distribution were discovered. Two large stag-
es: the Kasimovian-Middle Gzhelian and Late Gzhelian-
Sakmarian were distinguished in sedimentation history of a
carbonate platform eastern margin. Formation of there stag-
es were caused by structural reconstruction the area under
study during the Uralian Orogeny. Two genetic types of or-
ganic buildups among Lower Permian reef-like thicks were
determined: skeletal and mud mounds.

ÓÄÊ 574.4:502.72(47013)

Áèîëîãè÷åñêîå ðàçíîîáðàçèå
îñîáî îõðàíÿåìûõ ïðèðîäíûõ òåð-
ðèòîðèé Ðåñïóáëèêè Êîìè.  Âûï. 8.
Êîìïëåêñíûé ëàíäøàôòíûé çà-
êàçíèê «Àäàê» / A. È. Àíòîøêèíà,
Ñ. Â. Âàâèëîâà, Ñ. Â. Äåíåâà, Ã. Â.
Æåëåçíîâà, À.  Ë. Êîðîëåâ, Ò. Ï.
Ìèòþøåâà, Í. À. Ìîðîçîâ, Å.Í.
Ïàòîâà, Â. È. Ïîíîìàðåâ, Ò. Ì.
Ïûñòèíà, Í. Ï. Ñåëèâàíîâà, À. Ñ.
Ñòåíèíà, Á. Þ. Òåòåðþê, Ë. Â. Òå-
òåðþê, Ë. Ã. Õîõëîâà, Ï. Ï. Þõòà-
íîâ. Ñûêòûâêàð, 2015. 200 ñ. + 20
öâ. âêë. (Êîìè íàó÷íûé öåíòð ÓðÎ ÐÀÍ).
aiantoshkina@geo.komisc.ru

Ìîíîãðàôèÿ ïðîäîëæàåò ñåðèþ èçäàíèé, îáîáùà-
þùèõ ðåçóëüòàòû èññëåäîâàíèé áèîëîãè÷åñêîãî ðàçíî-
îáðàçèÿ îñîáî îõðàíÿåìûõ ïðèðîäíûõ òåððèòîðèé Ðåñ-
ïóáëèêè Êîìè. Â ðàáîòå ïðåäñòàâëåíû èòîãè èçó÷åíèÿ
íàçåìíûõ è âîäíûõ ýêîñèñòåì êîìïëåêñíîãî çàêàçíè-
êà «Àäàê». Ïðèâåäåíû ñâåäåíèÿ î ãåîëîãè÷åñêîì ñòðî-
åíèè òåððèòîðèè, ñîñòîÿíèè ïî÷âåííîãî è ðàñòèòåëü-
íîãî ïîêðîâà, ôëîðàõ ñîñóäèñòûõ ðàñòåíèé, ìîõîîáðàç-
íûõ, âîäîðîñëåé, ëèõåíîáèîòå, èõòèîôàóíå è ôàóíå íà-
çåìíûõ ïîçâîíî÷íûõ. Ïîêàçàíà ðîëü çàêàçíèêà â ñîõðà-
íåíèè ðåäêèõ âèäîâ ðàñòåíèé è æèâîòíûõ. Äàíà õàðàê-
òåðèñòèêà ãåîëîãè÷åñêîãî ïàìÿòíèêà ïðèðîäû «Àäçü-
âèíñêèé», àðõåîëîãè÷åñêèõ ïàìÿòíèêîâ ýïîõè ìåçîëè-
òà, ñåðîâîäîðîäíûõ èñòî÷íèêîâ, ðàñïîëîæåííûõ íà òåð-
ðèòîðèè çàêàçíèêà.

Biological diversity of specially protected natural territories
of Komi Republic. Vol. 8. Kompleksnyi landshaftnyi zakaznik Adak
(Complex landscape reserve Adak) / A. I. Antoshkina, S. V. Vavilo-
va, S. V. Deneva, G. V. Zheleznova A. L. Korolev, T. P. Mit-
yusheva, N. A. Morozov, E. N. Patova, V. I. Ponomarev, T. M.
Pystina, N. P. Selivanova, A. S. Stenina, B. Yu. Teteryuk, L. V.
Teteryuk, L. G. Khokhlova, P. P. Yukhtanov. Syktyvkar, 2015.
200 p. + 20 col. pages. (Komi Science Center, UB RAS.

The monograph continues the series of publications
summarizing results of studies of biological diversity of spe-
cially protected areas of Komi Republic. The book presents
the results of studies of terrestrial and aquatic ecosystems of
Adak Complex Reserve. The data about geological struc-
ture of the area, condition of soil and vegetation, floras of
vascular plants, mosses, algae, lichenobiota, ichtiofauna and
fauna of terrestrial vertebrates are presented. The role of the
reserve in the preservation of rare species of plants and an-
imals is shown. The characteristic of the geological nature
monument «Adzvinsky», Mesolithic archaeological mon-
uments, sulfur springs on the reserve is given.
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Âûõîäû ïîðîä îðäîâèêà, ñèëóðà, íèæíåãî äåâîíà (è
íå òîëüêî îíè) Çàïàäíîãî ñêëîíà Óðàëà è ãðÿäû ×åðíû-
øåâà (è íå òîëüêî ýòèõ ðàéîíîâ) â òå÷åíèå íåñêîëüêèõ äå-
ñÿòêîâ ëåò ðàçðóøàëèñü ïîä óäàðàìè ìîëîòêà àêòèâíî äåé-
ñòâóþùåãî ãåîëîãè÷åñêîãî àãåíòà — Âàñ, Àííà Èâàíîâíà.
Ñ âàøèì ó÷àñòèåì áûëè ïðîíóìåðîâàíû ñëîè â ëó÷øèõ
ðàçðåçàõ, âçÿòû íà ó÷åò è ñîïîñòàâëåíû ìåæäó ñîáîé. Â ðå-
çóëüòàòå áûëè ðàçðàáîòàíû ñòðàòèãðàôè÷åñêèå ñõåìû íèæ-
íåãî ïàëåîçîÿ ñåâåðî-âîñòîêà Åâðîïåéñêîé ïëàòôîðìû è
ñåâåðà Óðàëà, êîòîðûå íàõîäÿòñÿ â îñíîâå âñåõ ãåîëîãè-
÷åñêèõ èññëåäîâàíèé. Áîëüøå âñåãî äîñòàëîñü îò Âàñ îð-
ãàíîãåííûì ñîîðóæåíèÿì Óðàëà. Èõ ñòðîåíèå, ñîñòàâ è
óñëîâèÿ îáðàçîâàíèÿ îòðàæåíû â ìíîãî÷èñëåííûõ ñòàòü-
ÿõ è äâóõ êðóïíûõ ìîíîãðàôèÿõ, êîòîðûå ñòàëè áåñòñåë-

A. I. ANTOSHKINA’S REEF
(to the 70th Anniversary)

ëåðàìè. Âàøè ðàáîòû ñ àìåðèêàíñêîé êîëëåãîé Ê. Ñîäæè
ïî ìàëîèçâåñòíûì ãèäðîèäàì ïðèîáðåëè îãðîìíîå çíà÷å-
íèå äëÿ êðóïíûõ ïàëåîãåîäèíàìè÷åñêèõ ðåêîíñòðóêöèé
ðàííåãî ïàëåîçîÿ. Ãàçåòû è æóðíàëû, âêëþ÷àÿ «Science»,
îòìåòèëè äàííûå èññëåäîâàíèÿ, â ðåçóëüòàòå êîòîðûõ
áûëè óñòàíîâëåíû ðîäñòâåííûå ñâÿçè â äàëåêîì ïðîøëîì
Óðàëà è Àëÿñêè (áðàòà è ñåñòðû). Îáûêíîâåííûõ æå (íå-
ãåîëîãîâ) ÷èòàòåëåé ðåñïóáëèêàíñêèõ ãàçåò, âåðîÿòíî, íå
òðîíóëà èíôîðìàöèÿ î êàêèõ-òî «àëüôà-ñàëüïèíãèòàõ» è
«òåððåéíàõ», à âîò áàíàíû, êîãäà-òî ïðîèçðàñòàâøèå íà
Óðàëå, ñèëüíî óäèâèëè.

Áëàãîäàðÿ òðóäîëþáèþ è óâëå÷åííîñòè ñâîåé ïðîôåñ-
ñèåé Âû ñòàëè êðóïíûì ëèòîëîãîì, âåäóùèì ñïåöèàëèñ-
òîì Ðîññèè â îáëàñòè êàðáîíàòíîé ñåäèìåíòîëîãèèè, îä-
íèì èç ëó÷øèõ çíàòîêîâ ãåîëîãèè íèæíåãî ïàëåîçîÿ ñå-
âåðà Óðàëà. Ó÷àñòèå â ìåæäóíàðîäíûõ ãåîëîãè÷åñêèõ ïðî-
åêòàõ, ïîëó÷åíèå ãðàíòîâ Àìåðèêàíñêîé íàöèîíàëüíîé
àêàäåìèè è ÐÔÔÈ, ïîäãîòîâëåííûå è ïðîâåäåííûå Âàìè
ñîâåùàíèÿ âñåðîññèéñêîãî è ìåæäóíàðîäíîãî çíà÷åíèÿ
ñâèäåòåëüñòâóþò, ÷òî Âû óìååòå ðàáîòàòü mente et malleo.

Ñåãîäíÿ Âû îêðóæåíû ñòóäåíòàìè, ðóêîâîäèòå àñïè-
ðàíòàìè, êîíñóëüòèðóåòå äîêòîðàíòîâ. Âàøå îòâåòñòâåí-
íîå îòíîøåíèå ê íàó÷íî-ïðåïîäàâàòåëüñêîé äåÿòåëüíîñ-
òè ìîæíî îöåíèòü äàæå ïî íîìåðàì â ÊÂÍ, ãäå ñòóäåíòû
ïîêàçûâàþò, ÷òî ëèøü âî ñíå ìîæíî ïîëó÷èòü ó Àííû
Èâàíîâíû «àâòîìàò» ïî èñòîðè÷åñêîé ãåîëîãèè.

Äîðîãàÿ Àííà Èâàíîâíà, ñ÷àñòüÿ, çäîðîâüÿ Âàì è Âà-
øèì áëèçêèì! Æåëàåì Âàì äàëüíåéøåé ñòàáèëüíîé è óñ-
ïåøíîé ðàáîòû, íîâûõ èíòåðåñíûõ ýêñïåäèöèé, íàõîäîê,
îòêðûòèé è ïóòåøåñòâèé!

On the 12th of March A. I. Antoshkina, chief
researcher of Laboratory of lithology and geochemistry
of sedimentary formations, a widely known specialist
on reef  geology, celebrates her 70th Anniversary.

À. È. Àíòîøêèíà âî âðåìÿ ïîëåâûõ ðàáîò íà ðàçðåçàõ
ð. Êîæûì, 2005

A. I. Antoshkina during field works at sections of Koshym River,
2005

Ñèëóðèéñêèé ðèô â óñòüå ð. Áàëáàíúþ íà ð. Êîæûì

Silurian reef in the mouth of Balbanyu River near Kozhym River

ÐÈÔ À. È. ÀÍÒÎØÊÈÍÎÉ
ê 70-ëåòíåìó þáèëåþ
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