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Ââåäåíèå
Îòëîæåíèÿ íåîãåíà â Þæíîì Ïðåäóðàëüå ðàçâèòû 

â âèäå îòíîñèòåëüíî íåáîëüøèõ èçîìåòðè÷íûõ çàëåæåé 
ëèìíè÷åñêîãî ãåíåçèñà íà âîäîðàçäåëàõ èëè ïðîòÿæ¸í-
íûõ àëëþâèàëüíûõ çàëåæåé â äîëèíàõ ðåê. Ïèê èõ èç-
ó÷åíèÿ ïðèõîäèòñÿ íà 40–60-å ãã. ïðîøëîãî âåêà [14], è 
ñ òåõ ïîð ñâåäåíèÿ î íèõ â îïóáëèêîâàííîé ëèòåðàòó-
ðå âñòðå÷àþòñÿ êðàéíå ðåäêî è â îñíîâíîì ëèøü â áè-
îñòðàòèãðàôè÷åñêîì àñïåêòå [1]. Ñ íèìè ñâÿçàíû öåí-
íûå ìåñòîðîæäåíèÿ áóðûõ óãëåé, ñòåêîëüíûõ è ôîðìî-
âî÷íûõ ïåñêîâ, îãíåóïîðíûõ ãëèí, à òàêæå ïåñ÷àíî-
ãðàâèéíîãî ìàòåðèàëà [9]. Âìåñòå ñ òåì ãåîëîãè÷åñêàÿ 
èñòîðèÿ èõ ôîðìèðîâàíèÿ õàðàêòåðèçóåò âàæíûé ýòàï 
ãåîäèíàìè÷åñêîé ýâîëþöèè Þæíî-Óðàëüñêîãî ðåãèî-
íà, îïðåäåëèâøèé ñîâðåìåííûé îáëèê åãî ãåîëîãî-ãå-
îìîðôîëîãè÷åñêîãî ñòðîåíèÿ [6].

Îáúåêòîì èññëåäîâàíèé àâòîðà ÿâëÿåòñÿ íå-
îãåíîâàÿ çàëåæü, ðàñïîëîæåííàÿ íà Àøêàäàðñêî-
Ñóõàéëèíñêîì âîäîðàçäåëå (ðèñ. 1, à) è âûòÿíóòàÿ áî-
ëåå ÷åì íà 50 êì ïðè øèðèíå ìåíåå 10 êì è ìàêñè-
ìàëüíîé ìîùíîñòè 30–40 ì. Â äàííîé ñòàòüå ïðèâî-
äÿòñÿ ðåçóëüòàòû èçó÷åíèÿ þæíîé ÷àñòè ýòîé çàëåæè, 
ãäå â êàðüåðå Ñàèòîâñêîãî ìåñòîðîæäåíèÿ (ðèñ. 1, b) 
âñêðûò íàèáîëåå ïðåäñòàâèòåëüíûé ðàçðåç ìîùíîñòüþ 

äî 20 ì. Ðàçðàáîòêà Ñàèòîâñêîãî ìåñòîðîæäåíèÿ âåëàñü 
â 1960–1980 ãã., à ïîëåçíîé òîëùåé ñëóæèëè â îñíîâ-
íîì ñâåòëîîêðàøåííûå ãðàâèéíî-ãàëå÷íûå îòëîæå-
íèÿ. Ãåîëîãè÷åñêàÿ èíôîðìàöèÿ îá îáúåêòå èçâåñòíà 
ëèøü èç ïðîèçâîäñòâåííîãî îò÷¸òà [2], â êîòîðîì îáî-
çíà÷åí å¸ ñðåäíåïîçäíåìèîöåíîâûé âîçðàñò. Ïîä íåé 
çàëåãàþò ïåñòðîöâåòíûå ãëèíû íèæíåãî ìèîöåíà ìîù-
íîñòüþ íå ìåíåå 14 ì (ïðåäïîëîæèòåëüíî – âîðîøè-
ëîâñêàÿ ñâèòà).

Öåëü  èññëåäîâàíèé — èçó÷åíèå ëèòîëîãî-ñòðàòè-
ãðàôè÷åñêèõ îñîáåííîñòåé è âåùåñòâåííîãî ñîñòàâà 
îòëîæåíèé Àøêàäàðñêî-Ñóõàéëèíñêîé íåîãåíîâîé çà-
ëåæè íà ïðèìåðå ðàçðåçà Ñàèòîâñêîãî ìåñòîðîæäåíèÿ, 
êîòîðîå óòî÷íèò ãåîëîãè÷åñêóþ èñòîðèþ Ïðåäóðàëüÿ. 
Àêòóàëüíîñòü èññëåäîâàíèé îáîñíîâàíà òåì, ÷òî îòëî-
æåíèÿ äàííîé çàëåæè ïðàêòè÷åñêè ëèøåíû îðãàíè÷å-
ñêèõ îñòàòêîâ è äëÿ óñòàíîâëåíèÿ èõ ñòðàòèãðàôè÷å-
ñêîé ïðèóðî÷åííîñòè îïðåäåëÿþùèìè ñòàíîâÿòñÿ ìè-
íåðàëîãî-ãåîõèìè÷åñêèå ìåòîäû èññëåäîâàíèé.

Ìåòîäû èññëåäîâàíèé
Ãðàíóëîìåòðè÷åñêèé ñîñòàâ ïîðîä îïðåäåëÿëñÿ ñ 

ïîìîùüþ ñèòîâîãî àíàëèçà (ôðàêöèè >10, 10–2, 2–1, 
1–0.5, 0.5–0.2, 0.2–0.1è < 0.1 ìì) è îòìó÷èâàíèÿ â äè-

ÓÄÊ 552.51: 552.52

ÂÅÙÅÑÒÂÅÍÍÛÉ ÑÎÑÒÀÂ ÌÈÎÖÅÍÎÂÛÕ ÎÒËÎÆÅÍÈÉ ÑÀÈÒÎÂÑÊÎÃÎ
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Ñòàòüÿ ïîñâÿùåíà èçó÷åíèþ îñàäî÷íûõ îáðàçîâàíèé ñðåäíåãî — ïîçäíåãî ìèîöåíà â Þæíîì Ïðåäóðàëüå íà ïðèìåðå 
Ñàèòîâñêîãî ïåñ÷àíî-ãðàâèéíîãî ìåñòîðîæäåíèÿ â þæíîé ÷àñòè Àøêàäàðñêî-Ñóõàéëèíñêîé íåîãåíîâîé çàëåæè. Ïðåäñòàâëåíû 
ïåðâûå äàííûå ìèíåðàëüíî-ãåîõèìè÷åñêèõ èññëåäîâàíèé ëèìíè÷åñêèõ îòëîæåíèé äàííîé çàëåæè. Â ðàçðåçå êàðüåðà ìåñòîðî-
æäåíèÿ âûäåëåíû äâå ãðàâèéíî-ãàëå÷íûå ïà÷êè, ïðåäñòàâëåííûå ãëàâíûì îáðàçîì îáëîìêàìè êâàðöèòîâ (äî 95 %), è äâå àëåâ-
ðîïåñ÷àíûå ïà÷êè, â ïåëèòîâîé ôðàêöèè êîòîðûõ ìåòîäîì ðåíòãåíîâñêîé äèôðàêöèè óñòàíîâëåíû ãëèíèñòûå ìèíåðàëû: êàîëè-
íèò, õëîðèò, èëëèò. Íàêîïëåíèå ãðóáîîáëîìî÷íûõ òîëù îáóñëîâëåíî òåêòîíè÷åñêîé àêòèâíîñòüþ îáëàñòè ñíîñà. Â ïåðèîäû å¸ çà-
òóõàíèÿ ìåëêî- è òîíêîîáëîìî÷íûå ïîðîäû ôîðìèðîâàëèñü êàê çà ñ÷¸ò ðàçðóøåíèÿ êðóïíûõ îáëîìêîâ, òàê è çà ñ÷¸ò ó÷àñòèÿ äðó-
ãèõ èñòî÷íèêîâ ñíîñà (äðåâíèõ êàîëèíîâûõ/èëëèòîâûõ êîð âûâåòðèâàíèÿ). Âûñîêèå çíà÷åíèÿ èíäåêñà õèìè÷åñêîãî âûâåòðèâàíèÿ 
ïîðîä (CIA (Al2O3/(Al2O3+CaO+Na2O+K2O)molec ×100 = 90) ñâèäåòåëüñòâóþò îá èõ îáðàçîâàíèè â óñëîâèÿõ ò¸ïëîãî ãóìèäíîãî êëèìà-
òà. Ïðîâåä¸ííûå èññëåäîâàíèÿ ïîçâîëÿþò íå òîëüêî îõàðàêòåðèçîâàòü èñòî÷íèêè ñíîñà ìèîöåíîâûõ îòëîæåíèé, íî è â öåëîì óòî÷-
íèòü ãåîëîãè÷åñêóþ èñòîðèþ Ïðåäóðàëüÿ â ìèîöåíå.

Êëþ÷åâûå ñëîâà: Þæíîå Ïðåäóðàëüå, ìèîöåí, ïåñ÷àíî-ãðàâèéíûå îòëîæåíèÿ, ãðàíóëîìåòðè÷åñêèé ñîñòàâ, êâàðöèòû, ãëè-
íèñòûå ìèíåðàëû, ëèòîõèìèÿ.

MATERIAL COMPOSITION OF MIOCENE SEDIMENTS OF THE SAITOVO

SAND-GRAVEL DEPOSIT (SOUTHERN PRE-URALS)
I. R. Rakhimov

Institute of Geology of the Ufa Federal Research Centre of the Russian Academy of Sciences, Ufa

We studied Middle–Late Miocene sediments on the example of representative section in the South part of Ashkadar-Sukhaylya Neogene 
bed. The first data of mineralogical-geochemistry investigations of Miocene limnic sediments of Saitovo sand-gravel deposit were presented. 
In the section of quarry of deposit two gravel-pebble and two silt-sandy packs were distinguished. The rocks were mainly composed of 
quartzite clasts (to 95 %). In the fine fractions of sands with X-Ray diffraction method clay minerals were found: kaolinite, chlorite, illite. 
The accumulation of gravel-pebble packs reflected formation through tectonically active setting of source of detritus. During stagnant 
tectonic settings fine-clastic rocks were formed through destruction of coarse material and as well as through other sources (ancient kaolin/
illite weathering crusts). High value of chemical weathering index (Al2O3/(Al2O3+CaO+Na2O+K2O)molec ×100 = 90) of rocks indicated their 
formation under warm humid conditions of climate. Completed investigation allowed not only to characterize Miocene sediments source of 
detritus, but also to define the pre-Urals Miocene geology history.

Keywords: Southern pre-Urals, Miocene, sand-gravel sediments, granulometric constitution, quartzites, clay minerals, lithochemistry.
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ñòèëëèðîâàííîé âîäå (ôðàêöèè 0.1–0.05, 0.05–0.005 è 
< 0.005 ìì) ïî ìåòîäèêå [5]. Êîíòðîëü ðàçìåðíîñòè îá-
ëîìêîâ ïðè îòìó÷èâàíèè ïðîâîäèëñÿ ñ ïîìîùüþ ïðåä-
ìåòíîãî ñòåêëà íà îïòè÷åñêîì ìèêðîñêîïå Axioskop 40 
A Pol (Carl Zeiss). Íà ýòîì æå ïðèáîðå èçó÷àëèñü ïîëè-
ðîâàííûå øëèôû èç îáðàçöîâ ãàëåê.

Ðåíòãåíîôëóîðåñöåíòíûé àíàëèç ïðîâîäèëñÿ íà 
ñïåêòðîìåòðå VRA-30 (Carl Zeiss) â ÈÃ ÓÔÈÖ ÐÀÍ 
(ã. Óôà) ñ èñïîëüçîâàíèåì ðåíòãåíîâñêîé òðóáêè ñ 
W-àíîäîì (30 êÂ, 40 ìÀ). Àòîìíî-àáñîðáöèîííûì ìå-
òîäîì (ñïåêòðîôîòîìåòð «Ñïåêòð-5») îïðåäåëÿëèñü ñî-
äåðæàíèÿ Cr, Co, Ni, Cu, Zn è Pb. Ðåíòãåíîôàçîâûé 
àíàëèç ïîðîøêîâûõ ïðîá âûïîëíÿëñÿ íà äèôðàêòî-
ìåòðå Shimadzu XRD6000 â CuK-èçëó÷åíèè (40 êÂ, 
30 ìÀ). Ñú¸ìêà îñóùåñòâëÿëèñü ñ øàãîì 0.02° è âðåìå-
íåì ñ÷¸òà 10 ñ. Ðåçóëüòàòû áûëè îáðàáîòàíû â ïðîãðàì-
ìå «Match!» Crystal Impact.

Ëèòîëîãè÷åñêèå êðèòåðèè îïðåäåëÿëèñü ñ èñïîëü-
çîâàíèåì èçâåñòíûõ êîýôôèöèåíòîâ: ìîðôîëîãèÿ îá-
ëîìêîâ îöåíèâàëàñü ïî âèçóàëüíîé øêàëå Ðàññåëà è 
Òýéëîðà [17]; êîýôôèöèåíò ñôåðè÷íîñòè ðàññ÷èòûâàë-
ñÿ ïî ôîðìóëå Ïàåâ p=b/a, ãäå a – äëèííàÿ îñü, b – 
êîðîòêàÿ îñü ìàêñèìàëüíîé ïðîåêöèè îáëîìêà [11]; 
ñòåïåíü ñîðòèðîâêè So âû÷èñëÿëàñü ïî ìåòîäó êâàðòè-
ëåé (Q3/Q1) Ï. Òðàñêà [19].

Äëÿ ãåîõèìè÷åñêîé õàðàêòåðèñòèêè èññëåäóåìûõ 
ïîðîä è ïàëåîêëèìàòè÷åñêîé ðåêîíñòðóêöèè îáñòàíî-
âîê èõ ôîðìèðîâàíèÿ èñïîëüçîâàëèñü ïåòðîõèìè÷å-
ñêèå ìîäóëè ß. Ý. Þäîâè÷à, Ì. Ï. Êåòðèñ [12], à òàê-
æå èíäåêñ õèìè÷åñêîãî âûâåòðèâàíèÿ CIA=(Al2O3/
(Al2O3+CaO+Na2O+K2O)molec×100 [16].

Äëÿ óäîáñòâà èñïîëüçîâàíèÿ â ãðàôè÷åñêèõ è òà-
áëè÷íûõ äàííûõ íàèìåíîâàíèé ëèòîëîãè÷åñêèõ ïà÷åê 
ïðèìåíÿëèñü òåðìèíîëîãè÷åñêèå ñîêðàùåíèÿ íà îñíî-
âå àíãëîÿçû÷íîãî íàçâàíèÿ ïîðîäû ñ ïðèñâîåíèåì íî-
ìåðà ñîãëàñíî ïîëîæåíèþ â ðàçðåçå (ñíèçó ââåðõ): sand-
gravel (SG-1, SG-2), aleurite-sand (A-1, A-2).

Õàðàêòåðèñòèêà îáúåêòà èññëåäîâàíèé
Â ãåîëîãè÷åñêîì ñòðîåíèè ðàéîíà Ñàèòîâñêîãî 

ìåñòîðîæäåíèÿ ó÷àñòâóþò ïåðìñêèå è íåîãåí-÷åò-
âåðòè÷íûå îòëîæåíèÿ îñàäî÷íîãî ÷åõëà Âîñòî÷íî-
Åâðîïåéñêîé ïëàòôîðìû [4, 9]. Ïåðìñêèå îòëîæåíèÿ 
ïðåäñòàâëåíû ïîëèìèêòîâûìè ïåñ÷àíèêàìè ñ ïðîñëî-
ÿìè èçâåñòíÿêîâ è ìåðãåëåé, îòíîñèìûõ ê øåøìèí-
ñêîé, ñîëèêàìñêîé, áåëåáååâñêîé ñâèòàì ðàííåé — 
ñðåäíåé ïåðìè. Ê íåîãåíîâûì îáðàçîâàíèÿì îòíåñåíû 
ïåñòðîöâåòíûå ãëèíû (ïðåäïîëîæèòåëüíî íèæíåìèî-
öåíîâûå), ñâåòëîîêðàøåííûå ãàëå÷íèêè ñ ïðîñëîÿìè 
êâàðöåâûõ ïåñêîâ (ïðåäïîëîæèòåëüíî ñðåäíå- è âåðõ-
íåìèîöåíîâûå). Ìàëîìîùíûå ÷åòâåðòè÷íûå îáðàçîâà-
íèÿ ðàçâèòû âäîëü ðóñåë ðåê Àøêàäàð è Ñóõàéëÿ.

Â èçó÷åííîì ðàçðåçå àâòîðîì áûëè âûäåëåíû 4 
ëèòîñòðàòèãðàôè÷åñêèå ïà÷êè: 2 ãðàâèéíî-ãàëå÷íûå 
(SG-1 è SG-2) è 2 àëåâðîïåñ÷àíûå (A-1 è A-2) (ðèñ. 2). 
Ïîäñòèëàþùèå ïåñòðîöâåòíûå ãëèíû êàðüåðîì íå 
âñêðûòû. Ïî ãåîëîãî-ëèòîëîãè÷åñêèì õàðàêòåðèñòè-
êàì èññëåäóåìûå îáðàçîâàíèÿ íàìè ïðåäâàðèòåëüíî 
áûëè îòíåñåíû ê îç¸ðíûì îòëîæåíèÿì òÿòåðñêîé òîë-
ùè óøêàòëèíñêîãî ãîðèçîíòà ñðåäíåãî — âåðõíåãî ìè-
îöåíà (N1

2–3 uš) [8].
Íèæíÿÿ ïà÷êà (SG-1) ìîùíîñòüþ 4–13 ì ñëîæåíà 

ñâåòëî-ñåðûìè è ðûæåâàòûìè ãðàâèéíûìè ãàëå÷íèêà-
ìè ñ ïðîñëîÿìè ñðåäíåçåðíèñòûõ ïåñêîâ. Âûøå çàëåãàåò 

Ðèñ. 1. Ãåîëîãè÷åñêàÿ êàðòà ðàéîíà ðàçâèòèÿ Àøêàäàðñêî-
Ñóõàéëèíñêîé íåîãåíîâîé çàëåæè (îáîçíà÷åíà ïóíêòè-
ðîì) (à) ïî [4] è ñïóòíèêîâûé ñíèìîê Google Earth êàðüåðà 
Ñàèòîâñêîãî ïåñ÷àíî-ãðàâèéíîãî ìåñòîðîæäåíèÿ (b).
Óñëîâíûå îáîçíà÷åíèÿ: òåððèãåííûå è òåððèãåííî-êàðáî-
íàòíûå îòëîæåíèÿ ñâèò: 1 — øåøìèíñêîé (P1), 2 — íåæèí-
ñêîé (P1), 3 — ñîëèêàìñêîé (P1), 4 — áåëåáååâñêîé (P2), 5 — 
ñàëìûøñêîé, ãðåáåíñêîé, âÿçîâñêîé è êóëü÷óìîâñêîé îáúå-
äèí¸ííûå (P2–3), 6 — âîðîøèëîâñêîé è óøêàòëèíñêîé îáúå-
äèí¸ííûå (N1)

Fig. 1. Geological map of Ashkadar-Sukhaylya Neogene strata dis-
tribution region (marked by a dotted line) (a) and satellite image 
Google Earth of Saitovo sand-gravel deposit career (b).
Legend: terrigenous and terrigenous-carbonate sediments of: 1 — 
Sheshma suite (P1), 2 — Nezhinka suite (P1), 3 — Solikamsk suite 
(P1), 4 — Belebey suite (P2), 5 — Salmysh, Grebenka, Vyazovka, 
and Kul’chumovo suites common (P2–3), 6 — Voroshilovka, and 
Ushkatly suites common (N1)
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ïà÷êà ñâåòëî-ñåðûõ è îõðèñòî-ðûæåâàòûõ àëåâðîïåñêîâ 
(A-1) ìîùíîñòüþ îò 1.5 äî 7 ì. Âûøå âíîâü ðàçâèòà ïà÷-
êà ãðàâèéíûõ ãàëå÷íèêîâ (SG-2), àíàëîãè÷íûõ SG-1,
ìîùíîñòüþ 3.5 ì. Âåðõíÿÿ ïà÷êà (A-2) ïðåäñòàâëåíà 
àëåâðèòîâûìè ïåñêàìè áóðîâàòî-ñâåòëî-ñåðîãî öâåòà 
ìîùíîñòüþ 3–4 ì. Êðîâëåé ðàçðåçà ñëóæèò íåðàâíî-
ìåðíàÿ ïî ìîùíîñòè ñîâðåìåííàÿ êîðà âûâåòðèâàíèÿ 
(0.4–2 ì) è ïî÷âåííî-ðàñòèòåëüíûé ñëîé (0.1–0.3 ì).

Ñëîèñòîñòü â îòëîæåíèÿõ âûðàæåíà ñëàáî è ñâÿ-
çàíà ñ íåçíà÷èòåëüíûì ïðîÿâëåíèåì ãðàíóëîìåòðè-
÷åñêèõ ãðàäàöèé. Çàëåãàíèå ñëî¸â èìååò ñóáãîðèçîí-
òàëüíûé (~3°) õàðàêòåð, õîòÿ óãëû âàðüèðóþò îò 0 äî 9°. 
Ðàçðåç îñëîæí¸í ñèñòåìîé ìåëêèõ ðàçðûâíûõ íàðóøå-
íèé ñáðîñîâîãî òèïà ñ âîñòî÷íûì ïàäåíèåì è àìïëèòó-
äîé ñìåùåíèÿ êðûëüåâ äî 3 ì [8].

Ðåçóëüòàòû èññëåäîâàíèé
Ïî ðåçóëüòàòàì ãðàíóëîìåòðè÷åñêîãî àíàëèçà â 

ãðàâèéíî-ãàëå÷íûõ îòëîæåíèÿõ âûÿâèëèñü íåêîòîðûå 
âàðèàöèè, ñâÿçàííûå ñ ïåðåìåííûì ïðåîáëàäàíèåì îá-
ëîìêîâ ãàëå÷íîé ëèáî ãðàâèéíîé ðàçìåðíîñòè (òàáë. 1). 
Çàïîëíèòåëåì îáû÷íî ñëóæèò ñðåäíåçåðíèñòûé ïåñîê, 
äîëÿ ôðàêöèè >100 ìì íå âû÷èñëÿëàñü, ïîñêîëüêó îá-
ëîìêè âàëóííîé ðàçìåðíîñòè â òîëùàõ íåìíîãî÷èñëåí-
íû. Ãàëüêà è ãðàâèé ïðåäñòàâëåíû ôðàãìåíòàìè êâàð-
öèòîâ (90–95 îá. %) è ôòàíèòîâ (5–10 îá. %). Èçðåäêà 
â ãàëå÷íèêàõ âñòðå÷àþòñÿ âêëþ÷åíèÿ-îêàòûøè ãîëó-
áîâàòî-ñåðûõ îïåñ÷àíåííûõ ãëèí äèàìåòðîì äî 10 ñì. 
Îáëîìêè êâàðöèòîâ èìåþò ñðåäíþþ è õîðîøóþ îêà-
òàííîñòü (2–4 áàëëà) è âûñîêóþ ñòåïåíü ñôåðè÷íîñòè 
(0.9–1), òîãäà êàê îáëîìêè ôòàíèòîâ ñëàáî- èëè ñðåä-
íåîêàòàííû (1–2 áàëëà), ñòåïåíü ñôåðè÷íîñòè íèçêàÿ 
(0.7–0.8).

Â àëåâðîïåñ÷àíûõ îòëîæåíèÿõ âåäóùåé ÿâëÿ-
åòñÿ ôðàêöèÿ 0.1–0.2 ìì (ïåñîê ìåëêîçåðíèñòûé). 
Êîëè÷åñòâî àëåâðèòîâîé ôðàêöèè (0.005–0.05 ìì) âà-
ðüèðóåò îò 12.4 äî 31.8 %, à äîëÿ ãëèíèñòîé ôðàê-
öèè (< 0.005 ìì) – îò 4.1 äî 31.9 %. Ñòåïåíü îêàòàí-
íîñòè áîëüøèíñòâà ïåñ÷àíûõ ç¸ðåí ïî øêàëå Ðàññåëà 
è Òýéëîðà — 1. Ñîðòèðîâêà îòëîæåíèé õàðàêòåðèçóåò-
ñÿ êàê ñðåäíÿÿ è õîðîøàÿ, êîýôôèöèåíò ñîðòèðîâêè So 
âàðüèðóåò îò 1.3 äî 1.9. Ó÷èòûâàÿ øèðîêîå ðàñïðîñòðà-
íåíèå â íèõ íå ïðîñòî êâàðöà, à îáëîìêîâ êâàðöèòîâ, 
ïî ïåòðîãðàôè÷åñêèì ïðèçíàêàì èõ ñëåäóåò îòíîñèòü ê 
êðåìí¸âûì ãðàóâàêêàì è âàêêàì [10, 13].

Â îòëîæåíèÿõ Ñàèòîâñêîãî êàðüåðà âûÿâëåíû ìíî-
ãî÷èñëåííûå ó÷àñòêè ïîñòñåäèìåíòàöèîííîãî îæåëåç-
íåíèÿ, ïðîÿâëåííûå â ãðàâèéíûõ ãàëå÷íèêàõ â âèäå 
ò¸ìíî-áóðûõ ïîëîñ è ëèíç — ñêîïëåíèé òîíêîäèñïåð-
ñíûõ ìèíåðàëîâ æåëåçà (ðèñ. 3, à). Øèðèíà ïîëîñ âà-
ðüèðóåò îò 1–5 äî íåñêîëüêèõ äåñÿòêîâ ñàíòèìåòðîâ. 
Òàêæå âñòðå÷àþòñÿ ïðîñëîè æåëåçèñòûõ êîíãëîìåðà-
òîâ (ãàëå÷íèê, ñöåìåíòèðîâàííûé ãèäðîêñèäíî-æåëå-
çèñòûì ìèíåðàëüíûì ìàòðèêñîì) ìîùíîñòüþ äî 40 ñì, 
èçâèëèñòûå ïðîïëàñòêè (ðèñ. 3, b) è æèëû áóðûõ æåëåç-
íÿêîâ òîëùèíîé äî 3–5 ñì. Ïðîïëàñòêè èìåþò ñóáãî-
ðèçîíòàëüíóþ îðèåíòèðîâêó è ðàñïðîñòðàíåíû â ãðà-
âèéíî-ãàëå÷íîé ïà÷êå SG-2, òîãäà êàê æèëüíûå òåëà 
çàïîëíÿþò òðåùèíû â àëåâðîïåñ÷àíîé ïà÷êå A-2.

Ãëàâíûì ìèíåðàëîì èññëåäóåìûõ îòëîæåíèé ÿâ-
ëÿåòñÿ êâàðö, ïðåîáëàäàþùèé âî âñåõ ãðàíóëîìåòðè÷å-
ñêèõ ôðàêöèÿõ, êðîìå ãëèíèñòîé. Â ãàëå÷íûõ, ãðàâèé-
íûõ è ïåñ÷àíûõ ôðàêöèÿõ êâàðö ñîäåðæèòñÿ â êîëè÷å-
ñòâå íå ìåíåå 90 % (äî 98 %), â àëåâðèòîâîé ôðàêöèè 
åãî äîëÿ ñîñòàâëÿåò 80–85 %, â ãëèíèñòîé — 24–35 %. 
Ïîìèìî êâàðöà â ïåñ÷àíîé ôðàêöèè ïðèñóòñòâóþò ïî-
ëåâûå øïàòû, ìóñêîâèò, õëîðèò è äðóãèå ìèíåðàëû.

Â òîíêèõ ôðàêöèÿõ ïñàììèòîâ (0.1–0.05, 0.05–
0.005, < 0.005 ìì) ïî ðåçóëüòàòàì ðåíòãåíîôàçîâîãî 
àíàëèçà âûÿâëåíû ãëèíèñòûå ìèíåðàëû ãðóïï êàîëè-
íèòà, èëëèòà, õëîðèòà (ðèñ. 4). Ñðåäè íèõ îáû÷íî ïðåî-
áëàäàåò êàîëèíèò (äî 47 ìàñ. % âî ôðàêöèè < 0.005 ìì), 
êîòîðûé èäåíòèôèöèðóåòñÿ ïî îñíîâíûì ðåôëåêñàì 
7.2, 3.6, 2.4, 2.3, 1.5 Å. Èëëèò äèàãíîñòèðóåòñÿ ïî ïèêàì 
10.0, 4.5, 3.9, 2.9 Å â ïåëèòîâîé ôðàêöèè (äî 14 ìàñ. %). 
Õëîðèò (äî 6 %) òàêæå â îñíîâíîì õàðàêòåðåí äëÿ ôðàê-
öèè < 0.005 ìì, îïðåäåëÿÿñü ïî ïèêàì 7.17, 2.49, 2.00 Å. 
Óñòàíîâëåíî çíà÷èòåëüíîå êîëè÷åñòâî ìóñêîâèòà (äî 
4 % — â òîíêîé ïåñ÷àíîé ôðàêöèè, äî 6 % – â àëåâðè-
òîâîé, äî 17 % – â ïåëèòîâîé) ñ ðåôëåêñàìè 2.57, 10.0, 

Ðèñ. 2. Ñõåìà ëèòîëîãè÷åñêîãî ðàñ÷ëåíåíèÿ îòëîæåíèé 
Ñàèòîâñêîãî ìåñòîðîæäåíèÿ: 1 — ãðàâèéíî-ãàëå÷íûå îòëî-
æåíèÿ, 2 — àëåâðîïåñêè, 3 — ãëèíèñòî-àëåâðèòîâûå ïåñêè, 
4 — ãëèíû æèðíûå, 5 — æèëû è ïðîñëîè áóðûõ æåëåçíÿêîâ
Fig. 2. Scheme of lithology of Saitovo deposit. Legend: 1 — gravel-
pebble sediments, 2 — aleurite-sands, 3 — clay-aleurite-sands, 4 — 
greasy clay, 5 — brown iron veins and bands
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4.99, 2.99, 2.00 Å. Ìóñêîâèò íàðàâíå ñ êâàðöåì óâåðåí-
íî îïðåäåëÿåòñÿ â ïîðîäàõ íåâîîðóæ¸ííûì âçãëÿäîì. 
Â íåáîëüøîì êîëè÷åñòâå ïðèñóòñòâóþò ïîëåâûå øïà-
òû (ìèêðîêëèí, àëüáèò). Âî âñåõ èññëåäîâàííûõ ôðàê-
öèÿõ ïðîÿâëÿþòñÿ ÷¸òêèå ðåôëåêñû êâàðöà (3.34, 4.25, 
1.82, 1.54, 1.37 Å).

Ãëàâíûìè ðóäíûìè ìèíåðàëàìè æåëåçèñòûõ íîâî-
îáðàçîâàíèé ÿâëÿþòñÿ ã¸òèò (30–40 %) è ãåìàòèò (16–
35 %). Ñîäåðæàíèå FeOt (FeO + Fe2O3) â æåëåçèñòûõ 
êîíãëîìåðàòàõ ñîñòàâëÿåò îêîëî 11 %. Â æèëüíûõ ðó-
äàõ àëåâðîïåñêîâ äèàãíîñòèðîâàíû ã¸òèò (67 %), ãåìà-
òèò (15 %), ìàãíåòèò (4 %), ëåïèäîêðîêèò (1 %) è äð. 
Ñîäåðæàíèå FeOt â æèëüíûõ ðóäàõ äîñòèãàåò 32 %.

Êîëè÷åñòâî êðåìíåç¸ìà â ãðàâèéíûõ ãàëå÷íèêàõ 
ñîñòàâëÿåò 91–96 % (òàáë. 2), à çíà÷åíèå ãèäðîëèçàòíî-
ãî ìîäóëÿ (ÃÌ) íå ïðåâûøàåò 0.07 (ãèïåð- è ñóïåðñèëè-
òû). Àëåâðîïåñêè Ñàèòîâñêîãî ìåñòîðîæäåíèÿ õàðàê-
òåðèçóþòñÿ ïîâûøåííûì çíà÷åíèåì ÃÌ (0.14–0.27), 
îòíîñÿñü ê êëàññàì íîðìî- è ìèîñèëèòîâ. Ñîäåðæàíèå 
SiO2 â íèõ ñîñòàâëÿåò 73.5–83.9 %. Ìîäóëü íîðìèðî-
âàííîé ù¸ëî÷íîñòè (ÍÊÌ) â ïñåôèòàõ ñèëüíî âàðüè-
ðóåò (0.07–0.3), ÷òî ñâÿçàíî ñ ðåçêèìè êîëåáàíèÿìè â 
íèõ ñîäåðæàíèÿ Na2O, òîãäà êàê â ïñàììèòàõ åãî çíà-
÷åíèå ñòàáèëüíî (0.07–0.09). Íà äèàãðàììå ÃÌ – ÍÊÌ 
(ðèñ. 5, à) âûðàæåíî ÿâíîå ðàçëè÷èå ïîðîä èç ðàçíûõ 
ïà÷åê ïî òèïàì êîððåëÿöèè èíäèêàòîðíûõ ìîäóëåé: 
îòðèöàòåëüíîé â ãðóáîîáëîìî÷íûõ è ïîëîæèòåëüíîé â 
ìåëêîîáëîìî÷íûõ.

Ðàçíûé õàðàêòåð ðàñïðåäåëåíèÿ ôèãóðàòèâíûõ òî-
÷åê íàáëþäàåòñÿ è íà äèàãðàììå ÆÌ – ÒÌ, íà êîòîðîé 
ãðóáîîáëîìî÷íûå ïðîáû îáðàçóþò òðåíä îòðèöàòåëüíîé 
êîððåëÿöèè, à àëåâðîïåñ÷àíûå ïîðîäû îáðàçóþò êîì-
ïàêòíîå ïîëå (ðèñ. 5, b). Îáå ðàçíîâèäíîñòè ïîðîä îòíî-
ñÿòñÿ ê íîðìîòèòàíèñòûì ïî âåëè÷èíå òèòàíîâîãî ìîäó-
ëÿ (ÒÌ) (â ñðåäíåì 0.07), íî ñèëüíî ðàçëè÷àþòñÿ ïî æå-
ëåçíîìó ìîäóëþ (ÆÌ): ãðàâèéíûå ãàëå÷íèêè îòíîñÿòñÿ 
ê ñóïåð- è ãèïåðæåëåçèñòûì (ÆÌ 0.9–2.5), à àëåâðîïå-
ñêè — ê ãèïîæåëåçèñòûì (ÆÌ 0.07–0.14) ñèëèòàì.

Ïîìèìî âûøåóêàçàííûõ îòëè÷èé, ãðóáîîáëîìî÷-
íûå è ìåëêîîáëîìî÷íûå îòëîæåíèÿ Ñàèòîâñêîãî ìå-

Ôðàêöèè, ìì
Fractions, mm 

Èíäåêñû ïà÷åê è ¹ ïðîá / Indices of members and Nos of samples

SG-1 A-1 A-2

D5-29 D5-33 D5-34 D5-35 D5-41 D5-50 D5-51 D5-52 D5-56

10–100 41.59 51.13 35.16 59.59 25.24 0 0 0 0

2–10 27.73 22.64 54.35 29.90 38.45 0.03 0 0 0.04

1–2 4.44 4.49 2.34 1.97 4.27 0 0.03 0 0.01

0.5–1 4.48 4.07 1.13 0.74 4.21 0.03 0.01 0 0.01

0.2–0.5 18.28 12.94 4.57 6.06 22.33 2.22 0.12 2.18 11.29

0.1–0.2 1.99 2.32 0.46 0.59 3.24 29.94 3.10 20.12 42.38

<0.1 1.49 2.42 1.98 1.15 2.25 67.79 96.74 77.71 46.27

0.05–0.1 n.d. n.d. n.d. n.d. n.d. 21.94 33.04 51.48 22.04

0.005–0.05 n.d. n.d. n.d. n.d. n.d. 23.62 31.80 12.38 20.15

<0.005 n.d. n.d. n.d. n.d. n.d. 22.23 31.90 13.85 4.08

Ñóììà Total 100 100 100 100 100 100 100 100 100

Òàáëèöà 1. Ãðàíóëîìåòðè÷åñêèé ñîñòàâ ïîðîä Ñàèòîâñêîãî ìåñòîðîæäåíèÿ, ìàñ.%
Table 1.Granulometric composition of Saitovo deposit, wt. %

Ïðèìå÷àíèå: «n.d.» — ôðàêöèè íå îïðåäåëÿëèñü. Ïðåäñòàâëåííûå â ïà÷êàõ SG-1 è A-1 ïðîáû îòáèðàëèñü ñíèçó ââåðõ ÷åðåç ðàâ-
íûé èíòåðâàë.
Note: «n.d.» — fraction was not determined. Samples in SG-1 and A-1 were selected bottom upward through equal interval.

Ðèñ. 3. Ïîëîñû îæåëåçíåíèÿ (à) è ïðîïëàñòêè áóðûõ æåëåçíÿ-
êîâ (b) â ãðàâèéíî-ãàëå÷íèêàõ Ñàèòîâñêîãî ìåñòîðîæäåíèÿ
Fig. 3. Ferriferous bands (a) and seams of ironstone (b) in the 
Saitovo sand-gravel deposit
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¹ ï/ï 
No

¹ ïðîá 
Sample No SiO2 TiO2 Al2O3 FeÎt MnO MgO CaO Na2O K2O P2O5

ÏÏÏ
poi

Ñóììà 
Total 

1 D5-29 95.62 0.14 1.54 1.50 0.02 0.41 0.16 0.40 0.06 0.04 0.47 100.42
2 D5-29-1 91.35 1.56 3.63 1.77 0.05 0.48 0.07 0.39 0.17 0.06 0.86 100.74
3 D5-34* 91.53 0.09 1.56 4.05 0.06 0.20 0.04 0.20 0.06 0.14 1.21 99.23
4 D5-34-1* 50.55 0.44 7.68 26.45 0.84 2.61 0.14 0.20 0.26 1.16 9.32 100.90
5 D5-35* 90.83 0.15 2.45 4.10 0.02 <0.1 0.03 0.10 0.06 0.04 1.50 99.41
6 D5-35-1* 68.44 0.84 7.85 11.74 0.13 3.89 0.12 <0.1 0.29 0.09 5.92 101.03
7 D5-50 76.84 1.10 16.10 1.77 0.02 0.10 0.15 <0.1 1.25 0.05 3.42 100.96
8 D5-50à 55.36 1.67 26.64 2.33 0.02 1.24 0.35 0.26 2.42 0.09 10.43 100.84
9 D5-50b 86.43 0.87 8.33 0.88 0.01 0.78 0.10 0.27 1.01 0.11 1.42 100.23

10 D5-50ñ 94.72 0.80 2.24 0.65 0.02 0.34 0.07 0.10 0.17 0.12 0.68 99.91
11 D5-51 73.55 1.24 17.64 1.28 0.02 1.08 0.19 0.12 1.50 0.06 4.24 100.91
12 D5-51à 56.39 1.85 25.35 2.33 0.02 1.13 0.32 0.12 2.28 0.12 10.84 100.76
13 D5-51b 84.22 1.01 9.37 1.00 0.01 1.07 0.11 0.12 1.26 0.09 1.91 100.18
14 D5-51ñ 94.91 0.52 1.90 0.46 0.01 1.09 0.07 0.12 0.15 0.11 0.29 99.63
15 D5-52* 82.97 0.75 10.70 1.62 0.02 <0.1 0.15 0.10 0.67 0.11 3.11 100.23
16 D5-52à* 52.81 1.59 24.53 6.19 0.02 1.55 0.35 0.26 1.94 0.16 11.11 100.53
17 D5-52b* 80.36 1.42 11.81 2.18 0.02 0.22 0.13 0.12 1.24 0.07 3.00 100.58
18 D5-52ñ* 96.00 0.53 1.88 0.55 0.02 <0.1 0.07 0.10 0.11 0.08 0.35 99.68
19 D5-56 83.90 0.76 10.42 0.92 0.02 1.04 0.12 0.25 0.55 0.09 2.45 100.53
20 D5-56à 54.51 2.13 25.43 2.45 0.02 2.44 0.22 0.24 1.43 0.21 10.22 99.33
21 D5-56b 71.34 1.30 19.58 1.50 0.02 0.32 0.16 0.24 1.33 0.07 5.05 100.92
22 D5-56ñ 95.29 0.58 1.83 0.63 0.02 0.73 0.06 0.25 0.09 0.03 0.28 99.81

Òàáëèöà 2. Õèìè÷åñêèé ñîñòàâ ïîðîä Ñàèòîâñêîãî ìåñòîðîæäåíèÿ è èõ òîíêèõ ôðàêöèé
(îêñèäû — â ìàñ.%, ýëåìåíòû — â ã/ò)

Table 2. Chemical composition of Saitovo deposit and its fine fractions
(oxides in wt. %, elements in ppm)

¹ ï/ï
No

¹ ïðîá
Sample No Sc V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba Pb

1 D5-29 11 32 100 3 16 17 5 <10 41 <10 74 16 <100 10
2 D5-29-1 12 107 1180 <10 39 32 78 10 32 29 1404 12 <100 –
3 D5-34* 12 106 270 4 120 69 34 <10 40 29 77 16 <100 15
4 D5-34-1* 104 1064 4400 530 1520 470 420 <10 10 76 100 5 375 24
5 D5-35* 10 49 370 13 72 49 20 16 42 27 86 13 431 24
6 D5-35-1* 52 253 2885 84 220 137 111 13 35 <10 405 19 <100 –
7 D5-50 9 111 220 5 65 12 13 83 54 32 443 16 244 30
8 D5-50à 15 194 460 13 140 26 41 176 73 37 267 41 425 20
9 D5-50b 13 65 150 <10 8 6 18 52 23 31 447 46 198 8

10 D5-50ñ 8 35 300 <10 5 7 20 23 <10 20 840 37 122 10
11 D5-51 15 102 240 7 46 10 20 68 <10 29 410 53 338 8
12 D5-51à 8 175 340 10 110 32 920 161 32 34 287 54 436 24
13 D5-51b <5 61 160 <10 16 17 56 67 <10 47 454 47 234 12
14 D5-51ñ 13 24 170 <10 7 8 8 <10 <10 21 461 61 <100 11
15 D5-52* 10 33 190 11 26 9 21 26 <10 32 307 79 170 5
16 D5-52à* 25 226 440 25 140 57 61 96 <10 42 250 46 266 25
17 D5-52b* 22 84 220 15 23 27 32 57 <10 41 414 34 <100 12
18 D5-52ñ* 11 12 103 <10 5 5 13 13 <10 31 410 51 <100 7
19 D5-56 29 41 150 <10 33 7 20 44 11 23 292 41 127 6
20 D5-56à 10 177 450 12 170 67 1100 102 29 37 275 42 195 40
21 D5-56b 9 93 250 6 85 67 43 71 <10 33 370 48 191 9
22 D5-56ñ <5 25 220 <10 <5 82 14 <10 <10 16 432 51 <100 6

Ïðèìå÷àíèå: 2, 4, 6 — ôðàêöèè < 0.1 ìì; 8, 12, 16, 20 — ôðàêöèè < 0.005 ìì; 9, 13, 17, 21 — ôðàêöèè 0.005–0.05 ìì; 10, 14, 18, 
22 — ôðàêöèè 0.05–0.1 ìì; * — îæåëåçí¸ííûå ïîðîäû.
Note: 2, 4, 6 — fractions < 0.1 mm; 8, 12, 16, 20 — fractions < 0.005 mm; 9, 13, 17, 21 — fractions 0.005–0.05 mm; 10, 14, 18, 22 — 
fractions 0.05–0.1 mm;* — ferriferous rocks.

Ïðîäîëæåíèå òàáëèöû 2 / Continuation of table 2
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ñòîðîæäåíèÿ ðàçëè÷àþòñÿ ïî âåëè÷èíå àëþìîêðåì-
íèåâîãî (0.02 è 0.17 ñîîòâåòñòâåííî) è ùåëî÷íîãî ìî-
äóëåé (1.6–6.6 è 0.06–0.46 ñîîòâåòñòâåííî). Ïî óðîâ-
íþ ñðåäíèõ êîíöåíòðàöèé ìèêðîýëåìåíòîâ ãðàâèéíûå 
ãàëå÷íèêè è àëåâðîïåñêè çíà÷èòåëüíî îòëè÷àþòñÿ ñî-
äåðæàíèÿìè Zr (79 ïðîòèâ 363 ã/ò) è Nb (15 ïðîòèâ 
47 ã/ò). Äëÿ ïîðîä õàðàêòåðåí âûñîêèé èíäåêñ õèìè÷å-
ñêîãî âûâåòðèâàíèÿ CIA: 60–89 â ïñåôèòîâûõ è 89–90 
â ïñàììèòîâûõ îòëîæåíèÿõ, ÷òî ñâèäåòåëüñòâóåò î íà-
êîïëåíèè îñàäêîâ â óñëîâèÿõ ãóìèäíîãî êëèìàòà. Íà 
ýòî æå óêàçûâàåò íàëè÷èå íåáîëüøèõ ðåäêèõ óãëèñòûõ 
âêëþ÷åíèé â àëåâðîïåñêàõ.

Â òîíêèõ ôðàêöèÿõ ãðàâèéíî-ãàëå÷íûõ è àëåâ-
ðîïåñ÷àíûõ îòëîæåíèé âûÿâëåíû ïîâûøåííûå êîí-
öåíòðàöèè íåêîòîðûõ ðåäêèõ ýëåìåíòîâ (òàáë. 2): Cr 
(äî 4400 ã/ò), Co (äî 530 ã/ò), Ni (äî 1520 ã/ò), Cu (äî 
470 ã/ò), Zn (äî 1100 ã/ò), Zr (äî 1404 ã/ò). Äàííîå îáñòî-
ÿòåëüñòâî ïðåæäå âñåãî ñâÿçûâàåòñÿ ñ ìèíåðàëüíûì ñî-
ñòàâîì òÿæ¸ëîé ôðàêöèè.

Îáñóæäåíèå è âûâîäû
Ëèòîëîãè÷åñêèé ñîñòàâ îòëîæåíèé ñâèäåòåëüñò-

âóåò êàê ìèíèìóì î äâóõ ýòàïàõ òåêòîíè÷åñêîé àêòèâ-
íîñòè îáëàñòè ñíîñà â ïåðèîä íàêîïëåíèÿ èçó÷åííîãî 
ðàçðåçà, âûðàæåííûõ â ôîðìèðîâàíèè äâóõ ãðóáîîáëî-
ìî÷íûõ ïà÷åê. Ìåõàíèçìû ïåðåíîñà îáëîìî÷íîãî ìà-
òåðèàëà âêëþ÷àëè êàê ãðàâèòàöèîííûå ïðîöåññû, òàê è 
äåÿòåëüíîñòü âîäíûõ ïîòîêîâ, èìåâøèõ âûñîêóþ òðàí-
ñïîðòèðóþùóþ ñïîñîáíîñòü. Â êîíå÷íîì ñ÷åòå ìàòåðè-
àë îñàæäàëñÿ â áîëåå íèçêèõ ó÷àñòêàõ ðåëüåôà (âî âïà-
äèíå ðàçìåðîì ñ êðóïíîå îçåðî), ïåðåìûâàëñÿ è ðàçðó-
øàëñÿ â ïðèáðåæíûõ óñëîâèÿõ. Ìåõàíè÷åñêè ïðî÷íûå 
êâàðöèòîâûå êëàñòèòû èñïûòûâàëè íåçíà÷èòåëüíîå 
ðàçðóøåíèå è õîðîøî îêàòûâàëèñü, òîãäà êàê õðóïêèå 
ôòàíèòû àêòèâíî ðàçðóøàëèñü íà ìåñòå îñàæäåíèÿ è 
íå óñïåâàëè õîðîøî îêàòûâàòüñÿ. Â ïðîìåæóòêå è ïî-
ñëå òåêòîíè÷åñêè àêòèâíûõ ýòàïîâ îñëàáåâàþùèå ïî-
òîêè ïðèâíîñèëè òåððèãåííûé è ãëèíèñòûé ìàòåðèàë 
èç äðóãèõ èñòî÷íèêîâ, íàïðèìåð èç äðåâíèõ êîð âûâå-

Ðèñ. 4. Äèôðàêòîãðàììû ïîðîøêîâûõ ïðîá òîíêèõ ôðàêöèé ïåñ÷àíûõ ïîðîä Ñàèòîâñêîãî ìåñòîðîæäåíèÿ: Q — êâàðö, K — 
êàîëèíèò, M — ìóñêîâèò, Ch — õëîðèò, I — èëëèò, Mc — ìèêðîêëèí

Fig. 4. XRD powder patterns of the fine fraction of Saitovo deposit sandy rocks: Q — quartz, K — kaolinite, M — muscovite, Ch — chlo-
rite, I — illite, Mc — microcline

Ðèñ. 5. Äèàãðàììû ÃÌ – ÍÊÌ (à) è ÆÌ – ÒÌ (b) äëÿ ãðà-
âèéíî-ãàëå÷íûõ (íåçàëèòûå êðóæêè) è àëåâðîïåñ÷àíûõ 
(çàëèòûå êðóæêè) ïîðîä Ñàèòîâñêîãî ìåñòîðîæäåíèÿ
Fig. 5. Diagrams ÃÌ – ÍÊÌ (à) and ÆÌ – ÒÌ (b) for gravel-
pebble (no painted circles) and silt-sandy (painted circles) Saitovo 
deposit sediments
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òðèâàíèÿ. Îá ýòîì ñâèäåòåëüñòâóþò ëèòîëîãè÷åñêèå è 
ñòðóêòóðíî-òåêñòóðíûå îñîáåííîñòè îòëîæåíèé (ìîù-
íîñòü è ãðàíóëîìåòðè÷åñêàÿ âûäåðæàííîñòü ïà÷åê, 
ìîðôîëîãèÿ îáëîìêîâ, ñòåïåíü ñîðòèðîâêè), ïðèíöè-
ïèàëüíûå ðàçëè÷èÿ ìèíåðàëüíîãî è õèìè÷åñêîãî ñî-
ñòàâà ïîðîä (êîëè÷åñòâî êâàðöà ïî îòíîøåíèþ ê ìè-
íåðàëàì-àëþìîñèëèêàòàì è äð., âåëè÷èíà ïåòðîõèìè-
÷åñêèõ ìîäóëåé) ãðàâèéíî-ãàëå÷íûõ è àëåâðîïåñ÷àíûõ 
ïà÷åê. Ïðè ýòîì íåëüçÿ èñêëþ÷àòü, ÷òî ÷àñòü êàîëèíè-
òà è èëëèòà îáðàçîâàëàñü in situ ïðè ðàçëîæåíèè ïîëå-
âûõ øïàòîâ è ìóñêîâèòà [18].

Ïñåôèòîâûå îòëîæåíèÿ ÿâëÿþòñÿ ïðàêòè÷åñêè ìî-
íîìèíåðàëüíûìè êâàðöåâûìè ïîðîäàìè (Q > 95 %), íî 
â çàïîëíÿþùèõ ãðàâèéíî-ãàëå÷íèêè ïåñêàõ (èõ îáú¸ì-
íàÿ äîëÿ âàðüèðóåò îò 10.5 äî 36.3 %) â íåáîëüøîì êîëè-
÷åñòâå ïðèñóòñòâóþò ïîëåâûå øïàòû, ñëþäû è ãëèíè-
ñòûå ìèíåðàëû. Òàêîé ìèíåðàëüíûé ñîñòàâ îáóñëîâëè-
âàåò íèçêèå çíà÷åíèÿ ãèäðîëèçàòíîãî è àëþìîêðåìíè-
åâîãî ìîäóëåé, à òàêæå ñèëüíî âàðüèðóþùèå çíà÷åíèÿ 
ìîäóëÿ íîðìèðîâàííîé ù¸ëî÷íîñòè. Â àëåâðîïåñêàõ èç 
ñàìîñòîÿòåëüíûõ ïà÷åê òàêæå ïðåîáëàäàåò êâàðö (Q > 
70 %), íî è îñòàëüíûå ìèíåðàëû ïðèñóòñòâóþò â îòíî-
ñèòåëüíî ïîñòîÿííîì êîëè÷åñòâå: ïîëåâûå øïàòû (2–
6 %), ñëþäû (5–9 %), ãëèíèñòûå ìèíåðàëû (13–18 %). 
Ýòî è îáúÿñíÿåò óìåðåííî ñòàáèëüíûå ïîêàçàòåëè ìíî-
ãèõ ïåòðîõèìè÷åñêèõ ìîäóëåé â àëåâðîïåñ÷àíûõ îòëî-
æåíèÿõ. Âìåñòå ñ òåì è ãðóáîîáëîìî÷íûå, è òîíêîîáëî-
ìî÷íûå ïîðîäû èìåþò ñîïîñòàâèìûå çíà÷åíèÿ òèòàíî-
âîãî ìîäóëÿ è èíäåêñà õèìè÷åñêîãî âûâåòðèâàíèÿ, ÷òî 
ñâèäåòåëüñòâóåò îá îäíîòèïíûõ êëèìàòè÷åñêèõ óñëî-
âèÿõ èõ ôîðìèðîâàíèÿ (ò¸ïëûé ãóìèäíûé êëèìàò), à 
òàêæå, âåðîÿòíî, îá îïðåäåë¸ííîì åäèíñòâå èñõîäíî-
ãî ñóáñòðàòà. Âîçìîæíî, ãðóáûé ìàòåðèàë òàêæå ñîäåð-
æàë îáëîìêè íå òîëüêî ñèëèöèòîâ, íî è ìåíåå ïðî÷íûõ 
(â ìåõàíè÷åñêîì è õèìè÷åñêîì ñìûñëå) ïîëåâîøïàòñî-
äåðæàùèõ ïîðîä, êîòîðûå ïîäâåðãëèñü çíà÷èòåëüíîìó 
èçìåëü÷åíèþ è ðàçëîæåíèþ.

Ñ àóòèãåííûì ìèíåðàëîîáðàçîâàíèåì â îòëîæå-
íèÿõ Ñàèòîâñêîãî ìåñòîðîæäåíèÿ ñâÿçàíî ôîðìèðîâà-
íèå æåëåçèñòûõ êîíãëîìåðàòîâ è æèë, ïðîèçîøåäøåå 
ïðè èëëþâèàëüíîì îñàæäåíèè æåëåçà, ò. å. â ïðîöåññå 
èíôèëüòðàöèè îáîãàù¸ííûõ ãóìèíîâûìè êèñëîòàìè 
ñòî÷íûõ âîä, îáåñïå÷èâøèõ ðàñòâîðåíèå îðãàíè÷åñêèõ 
îñòàòêîâ è îáùóþ ñâåòëóþ îêðàñêó îòëîæåíèé [7, 15].

Èñòî÷íèêîì ñíîñà äëÿ ôîðìèðîâàíèÿ îñàäêîâ 
Ñàèòîâñêîãî ìåñòîðîæäåíèÿ ìîãëè ñëóæèòü ãðóáî-
îáëîìî÷íûå îòëîæåíèÿ áëèç ãã. Ìåëåóç, Êóìåðòàó è 
ñ. Çèðãàí, äàòèðîâàííûå íà ãåîëîãè÷åñêèõ êàðòàõ òðè-
àñîì [4], à òàêæå ïåðåîòëîæåííûå ïðîäóêòû äðåâíèõ 
êîð âûâåòðèâàíèÿ (êàîëèíîâûé è ãèäðîõëîðèòîâûé 
ãîðèçîíòû [7]), ðàñïîëàãàâøèõñÿ áëèæå ê ñêëàä÷àòî-
ìó Óðàëó. Â ñâÿçè ñ ýòèì èçó÷åííûå îòëîæåíèÿ ìîæ-
íî îòíåñòè ê ãèáðèäíîé ìîëàññîâî-ôàëàõîâîé ôîðìà-
öèè [3]. Ñòîèò îòìåòèòü, ÷òî ñ òåêòîíè÷åñêîé àêòèâíî-
ñòüþ Ïðåäóðàëüñêîãî è Çàïàäíî-Óðàëüñêîãî ñåãìåíòà â 
íåîãåíå, ê ïðèìåðó, ñâÿçûâàåòñÿ âîçäûìàíèå ïåðìñêî-
ãî áàðüåðíîãî ðèôà, âûðàæåííîãî â âèäå öåïî÷êè øè-
õàíîâ [6].

Òàêèì îáðàçîì, îñîáåííîñòè âåùåñòâåííîãî ñî-
ñòàâà îòëîæåíèé Ñàèòîâñêîãî ìåñòîðîæäåíèÿ ñâèäå-
òåëüñòâóþò î òîì, ÷òî îíè ôîðìèðîâàëèñü â ýïîõó ýïè-
çîäè÷åñêîé òåêòîíè÷åñêîé àêòèâèçàöèè îáëàñòè ñíîñà. 
Â ïåðèîäû çàòóõàíèÿ òåêòîíè÷åñêîé àêòèâíîñòè îòëà-
ãàëèñü àëåâðîïåñ÷àíûå ïîðîäû (êðåìí¸âûå ãðàóâàêêè 

è âàêêè), îáðàçîâàâøèåñÿ êàê çà ñ÷¸ò ðàçðóøåíèÿ ìåñò-
íîãî ãðóáîîáëîìî÷íîãî ìàòåðèàëà â óñëîâèÿõ ãóìèä-
íîãî êëèìàòà, òàê è çà ñ÷åò ïîñòîÿííîãî ïðèâíåñåíèÿ 
ãëèíèñòî-òåððèãåííîãî âåùåñòâà èç äðóãèõ èñòî÷íèêîâ 
(äðåâíèå êàîëèíîâûå/èëëèòîâûå êîðû âûâåòðèâàíèÿ). 
Â äàëüíåéøåì ïðîöåññû èíôèëüòðàöèè ñòî÷íûõ âîä 
ïðè ó÷àñòèè ãóìèíîâûõ êèñëîò ïðèâåëè ê ðàñòâîðåíèþ 
îðãàíè÷åñêîãî âåùåñòâà è ìèãðàöèè îòäåëüíûõ õèìè-
÷åñêèõ ýëåìåíòîâ ñ îáðàçîâàíèåì æåëåçèñòûõ ðóäíûõ 
òåë. Âûÿâëåííûå óñëîâèÿ çàëåãàíèÿ, ñòåïåíü ñîðòèðîâ-
êè, à òàêæå ìîðôîëîãèÿ îáëîìêîâ ïîðîä õàðàêòåðíû 
äëÿ ëèòîðàëüíîé è ïðîôóíäàëüíîé ôàöèàëüíûõ çîí îò-
íîñèòåëüíî êðóïíîãî îçåðà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå òåìû 
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(ïðîåêò ¹18-35-00391). Àâòîð âûðàæàåò áëàãîäàð-
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Àðêòè÷åñêèé âåêòîð ãåîëîãè÷åñêèõ èññëåäîâàíèé

Arctic vector of geological research

Ââåäåíèå
Âàæíûìè èíäèêàòîðàìè îïðåäåëåíèÿ óñëîâèé 

ôîðìèðîâàíèÿ ïîðîä ÿâëÿþòñÿ ñòðóêòóðíî-òåêñòóð-
íûå îñîáåííîñòè ïîñëåäíèõ. Òåêñòóðû, âîçíèêàþ-
ùèå ïðè îñåäàíèè ÷àñòèö âåùåñòâà, ïðîÿâëÿþòñÿ âî 
âíóòðåííåì ñòðîåíèè ïëàñòîâ è íà ïîâåðõíîñòÿõ íà-
ïëàñòîâàíèÿ. Ñîîòâåòñòâåííî, èõ ìîæíî ðàçäåëèòü 
íà äâå ãðóïïû: âíóòðåííèå è âíåøíèå. Â çàâèñèìî-
ñòè îò àãåíòà îñàäêîîáðàçîâàíèÿ âûäåëÿþò òàêæå áè-
îãåííûå è àáèîãåííûå òåêñòóðû. Ê ïåðâîìó òèïó (ê 
áèîãåííûì) îòíîñÿò òåêñòóðû, â îáðàçîâàíèè êîòî-
ðûõ ó÷àñòèå ïðèíèìàëè æèâûå îðãàíèçìû, êî âòî-
ðîìó — âñå îñòàëüíûå. Â ñîçäàíèè êëàññèôèêàöèè 

àáèî ãåííûõ òåêñòóð âîçíèêàþò îïðåäåëåííûå òðóä-
íîñòè [1, 13, 14], êîòîðûå ðàññìàòðèâàþòñÿ è àíàëè-
çèðóþòñÿ çäåñü íà ïðèìåðå îòëîæåíèé ïàëåîçîéñêî-
ãî Ïàéõîéñêîãî áàññåéíà. Öåëüþ äàííîé ðàáîòû ÿâ-
ëÿåòñÿ èññëåäîâàíèå òåêñòóð-èíäèêàòîðîâ óñëîâèé 
îáðàçîâàíèÿ ïîðîä â èçîëèðîâàííûõ âûõîäàõ íà ïî-
âåðõíîñòü íåêîòîðûõ ìåñòíûõ ñòðàòèãðàôè÷åñêèõ 
ïîäðàçäåëåíèé ïàëåîçîéñêîãî âîçðàñòà (õåíãóðñêàÿ
(ª3-O2hn), òàëüáåéòûâèññêàÿ (O2-3tb), ñîï÷èíñêàÿ 
(O3sp) è ëèâàíîâñêàÿ ñâèòû (D1lv)) Ñåâåðî-Âîñòî÷íîãî 
Ïàé-Õîÿ è, ñîîòâåòñòâåííî, óòî÷íåíèå ãåíåòè÷åñêîé 
èíòåðïðåòàöèè èõ ëèòîëîãè÷åñêèõ ðàçíîñòåé ïî õà-
ðàêòåðíîìó íàáîðó òåêñòóð.
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Â ñâåòå íîâûõ ãåîëîãè÷åñêèõ äàííûõ âîçíèêëà íåîáõîäèìîñòü ïåðåîñìûñëåíèÿ ãåíåòè÷åñêîé èíòåðïðåòàöèè íàáîðà òåê-
ñòóð ãëóáîêîâîäíûõ îòëîæåíèé Þãîðñêîãî ïîëóîñòðîâà. Â ðàáîòå ðàññìîòðåíû òåêñòóðíûå îñîáåííîñòè íåêîòîðûõ ñòðàòèãðàôè-
÷åñêèõ ïîäðàçäåëåíèé ïàëåîçîéñêîãî âîçðàñòà (õåíãóðñêàÿ, òàëüáåéòûâèññêàÿ, ñîï÷èíñêàÿ è ëèâàíîâñêàÿ ñâèòû) ñëàíöåâîé çî-
íû Ñåâåðî-Âîñòî÷íîãî Ïàé-Õîÿ, âûäåëåíû è îõàðàêòåðèçîâàíû ëèòîòèïû. Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿëàñü äèàãíîñòèêà ðÿäà 
ìåñòíûõ ñòðàòîíîâ è óòî÷íåíèå ãåíåòè÷åñêîé èíòåðïðåòàöèè èõ ëèòîëîãè÷åñêèõ ðàçíîñòåé ïî õàðàêòåðíîìó íàáîðó òåêñòóð â èçî-
ëèðîâàííûõ âûõîäàõ íà ïîâåðõíîñòü. Íà îñíîâå ñòðóêòóðíî-ãåíåòè÷åñêîãî àíàëèçà áûëè âûäåëåíû ëèòîòèïû (xa, xb, xc) ðàññìàòðè-
âàåìûõ îòëîæåíèé ñ èñïîëüçîâàíèåì èäåàëèçèðîâàííîé ìîäåëè îñàäêîíàêîïëåíèÿ â ýïèêîíòèíåíòàëüíûõ áàññåéíàõ Ì. Èðâèíà . 
Óòî÷íåíà èíòåðïðåòàöèÿ îïðåäåëåííîãî íàáîðà òåêñòóð ðàçëè÷íûõ ëèòîòèïîâ ïàëåîçîéñêèõ ðàçðåçîâ, ÷òî ïîçâîëèëî ïîëó÷èòü íî-
âûå ñâåäåíèÿ îá óñëîâèÿõ îñàäêîíàêîïëåíèÿ îáðàçîâàíèé Ïàéõîéñêîãî ïàëåîáàññåéíà. Âïåðâûå ïðåäëîæåíû äåòàëüíàÿ ìîð-
ôîëîãè÷åñêàÿ õàðàêòåðèñòèêà è ãåíåòè÷åñêàÿ èíòåðïðåòàöèÿ ñòðóêòóðíî-òåêñòóðíûõ îñîáåííîñòåé îðäîâèêñêî-ðàííåäåâîíñêèõ 
îáðàçîâàíèé ñëàíöåâîé çîíû Ïàé-Õîÿ.
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ON SOME TEXTURAL FEATURES OF PALEOZOIC DEEP-WATER DEPOSITS OF PAY-KHOY ANTICLINORIUM
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In the light of new geological data, it became necessary to rethink the genetic interpretation of a set of textures of deep-water sediments 
of the Yugor Peninsula. 

In the paper, the textural features of rocks of some stratigraphic units of the Paleozoic age (Hengur, Talbeytiviss, Sopcha and 
Livanov formations) of the shale zone of the northeastern Pay-Khoy were considered, lithotypes were identified and characterized. The 
subject of the research was the diagnosis of a number of local stratons and the refinement of the genetic interpretation of their lithological 
differences according to a characteristic set of textures in isolated outcrops. The lithologic-genetic types of the deep-water sediments under 
consideration were identified on the basis of structural-genetic analysis (lithotypes xa, xb, xc) using an idealized sedimentation model in 
epicontinental basins (by M. Irwin, with additions by S. Shishlov).

The interpretation of a specific set of textures of various lithotypes of Paleozoic sections was clarified, which made it possible to obtain 
new information on the conditions of sedimentation of the formations of Pay-Khoy paleobasin. For the first time, a detailed morphological 
characteristic and genetic interpretation of the structural-textural features of the Ordovician-Early Devonian formations of the Pay-Khoy 
Shale zone are proposed.

The problems of genetic interpretation of textures arose during investigation of the majority of not only Paleozoic deposits, but also re-
cent ones.
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Èçó÷åíèå òåêñòóðíûõ îñîáåííîñòåé ïîðîä íè-
æíåãî è ñðåäíåãî ïàëåîçîÿ íà òåððèòîðèè Þãîðñêîãî 
ïîëóîñòðîâà ðàíåå ïðîâîäèëîñü ëèøü íà óðîâíå ëè-
òîëîãî-ïåòðîãðàôè÷åñêîé õàðàêòåðèñòèêè áåç ãåíå-
òè÷åñêîé èíòåðïðåòàöèè [4, 9, 10]. Òîëüêî â ðàáîòå 
Ê. Ã. Âîéíîâñêîãî-Êðèãåðà [2] áûëè ïðîàíàëèçèðîâà-
íû ïåòåëü÷àòûå òåêñòóðû êàðáîíàòíûõ ïîðîä çàïàäíî-
ãî ñêëîíà Ïîëÿðíîãî Óðàëà. Íà Þãîðñêîì ïîëóîñòðîâå 
äåòàëüíûé àíàëèç è ãåíåòè÷åñêàÿ èíòåðïðåòàöèÿ òåê-
ñòóð-èíäèêàòîðîâ íå ïðîâîäèëèñü. Íà ñîâðåìåííîì 
ýòàïå èçó÷åíèþ òåêñòóð òèïà «ïåòåëü÷àòàÿ», «çàâèõðå-
íèÿ îñàäêà» èëè «òå÷åíèÿ-çàâèõðåíèÿ» ïîñâÿùåíî íå-
áîëüøîå êîëè÷åñòâî îòå÷åñòâåííûõ è èíîñòðàííûõ èñ-
ñëåäîâàíèé [5, 12, 14–16]. Ïîäðîáíåå î òàêèõ òåêñòóðàõ 
ìîæíî óçíàòü â ñïðàâî÷íèêàõ ïî ñåäèìåíòîëîãèè, ïå-
òðîãðàôèè è àòëàñàõ ñòðóêòóð è òåêñòóð [1, 8, 13].

Ìàòåðèàëû è ìåòîäèêà ðàáîò
Â õîäå âûïîëíåíèÿ ãåîëîãî-ñúåìî÷íûõ ìàðøðó-

òîâ ñ öåëüþ ñîñòàâëåíèÿ äåòàëüíûõ ðàçðåçîâ â ðàìêàõ 
êàðòèðîâî÷íûõ ðàáîò ìàñøòàáà 1:200 000 ïî Ñåâåðî-
Çàïàäíîìó ôåäåðàëüíîìó îêðóãó (Àðõàíãåëüñêàÿ îáë., 
Íåíåöêèé àâòîíîìíûé îêðóã) áûëè èçó÷åíû ëèòî-
ëîãî-ãåíåòè÷åñêèå îñîáåííîñòè îòëîæåíèé íèæíå-
ãî è ñðåäíåãî ïàëåîçîÿ ëåìâèíñêèõ è áåëüñêî-åëåö-
êèõ ñòðóêòóð Ïàéõîéñêîãî àíòèêëèíîðèÿ, ðàçäå-
ëåííûõ Ãëàâíûì Ïàéõîéñêèì íàäâèãîì [2, 3, 6, 9, 
10]. Äàííàÿ òåððèòîðèÿ çàíèìàåò ñåâåðî-çàïàäíóþ 
÷àñòü Þãîðñêîãî ïîëóîñòðîâà, ìåæäó Áàðåíöåâûì 
è Êàðñêèì ìîðÿìè (ðèñ. 1). Ðÿä ðàçðåçîâ íèæíåãî è 
ñðåäíåãî ïàëåîçîÿ áûë èçó÷åí àâòîðîì, áûëè âûïîë-
íåíû ëèòîëîãî-ïåòðîãðàôè÷åñêèå èññëåäîâàíèÿ ïî-
ðîä, ñëàãàþùèõ ïåðå÷èñëåííûå ñâèòû.

Õåíãóðñêàÿ ñâèòà (ª3–O2hn) ñëîæåíà ëèòîëîãè÷å-
ñêè âûäåðæàííîé â áîëüøèíñòâå ðàçðåçîâ ìîíîòîí-
íîé àññîöèàöèåé àðãèëëèòîâ ñ ðàçëè÷íîé ïðèìåñüþ 
êðåìíèñòîãî âåùåñòâà, èõ óãëåðîäèñòûõ è êàðáîíàò-
íûõ ðàçíîâèäíîñòåé ñ ðåäêèìè ìàëîìîùíûìè ðàçëèí-
çîâàííûìè ÷åòêî âèäíûìè ïðîñëîÿìè èçâåñòíÿêîâ. 
Ìåñòàìè âñòðå÷àþòñÿ áàçàëüòû è áàçàëüòîâûå òóôû, 
ïåñ÷àíèêè (êâàðöåâûå, îëèãîìèêòîâûå [12]) è àëåâðî-
ëèòû, ãðàâåëèòû, êîíãëîìåðàòû, ïðîñëîè óãëåðîäèñòûõ 
àðãèëëèòîâ. Ìîùíîñòü ñâèòû 450–1100 ì.

Òàëüáåéòûâèññêàÿ ñâèòà (O2-3tb) ïðåäñòàâëåíà ïå-
ðåñëàèâàþùèìèñÿ èçâåñòíÿêîâûìè ãðàâåëèòàìè, èç-
âåñòíÿêîâûìè ïåñ÷àíèêàìè, àëåâðèòèñòûìè è ïåñ÷à-
íèñòûìè èçâåñòíÿêàìè, àðãèëëèòàìè ñ ðàçëè÷íûì ñî-
äåðæàíèåì êðåìíèñòîãî è êàðáîíàòíîãî âåùåñòâà. 
Ìîùíîñòü 400–450 ì.

Ñîï÷èíñêàÿ ñâèòà (O3sp). Â íèæíåé ÷àñòè — èçâåñò-
íÿêè ñ ïðîñëîÿìè îðãàíîãåííî-îáëîìî÷íûõ ðàçíîñòåé 
è àðãèëëèòîâ, â ðàçíîé ñòåïåíè êðåìíèñòûõ. Âûøå — 
òîíêîñëîèñòûå èçâåñòíÿêè, ÷àñòî áèîòóðáèðîâàííûå, ñ 
ïðîñëîÿìè è ïà÷êàìè (äî 60 ì) ñèëèöèòîâ, êðåìíèñòûõ 
àðãèëëèòîâ. Â ïðèêðîâåëüíîé ÷àñòè — ðèòìè÷íîå ïå-
ðåñëàèâàíèå ãëèíèñòî-êðåìíèñòûõ èçâåñòíÿêîâ è àð-
ãèëëèòîâ, â ðàçëè÷íîé ñòåïåíè êðåìíèñòûõ. Ìîùíîñòü 
ñâèòû 500–550 ì.

Ëèâàíîâñêàÿ ñâèòà (D1lv) ïðåäñòàâëåíà ÷åðåäóþùè-
ìèñÿ óãëåðîäèñòî-êðåìíèñòûìè è êàðáîíàòíûìè àðãèë-
ëèòàìè è òåíòàêóëèòîâûìè èçâåñòíÿêàìè ñ óâåëè÷åíè-
åì äîëè èçâåñòíÿêîâ ââåðõ ïî ðàçðåçó. Â âåðõíåé ÷àñòè 
ñâèòû — èçâåñòíÿêè ïåòåëü÷àòûå ñ ïðîñëîÿìè ãëèíèñòî-
êðåìíèñòûõ àðãèëëèòîâ. Ìîùíîñòü ñâèòû 50–120 ì.

Ðåçóëüòàòû èçó÷åíèÿ è îáñóæäåíèå
Íà îñíîâå èñïîëüçîâàíèÿ ìåòîäà ñòðóêòóðíî-ãå-

íåòè÷åñêîãî àíàëèçà îñàäî÷íûõ ôîðìàöèé [12, 15] 
àâòîðîì áûëè âûäåëåíû ëèòîòèïû1 ðàññìàòðèâàå-
ìûõ îòëîæåíèé, õàðàêòåðèçóþùèåñÿ ñâîèìè òåê-
ñòóðíûìè è ñòðóêòóðíûìè îñîáåííîñòÿìè — xa, xb, 
xc. Ïðè ýòîì ïåðâàÿ áóêâà èíäåêñà — x — îáîçíà÷à-
åò íèçêîäèíàìè÷íóþ ãëóáîêîâîäíóþ ñðåäó (ñì. èäå-
àëèçèðîâàííóþ ìîäåëü Ì. Èðâèíà — ðèñ. 2). Âòîðàÿ 
õàðàêòåðèçóåò îñíîâíîé èíäèêàòîð äèíàìèêè ñðå-
äû îñàäêîíàêîïëåíèÿ — ñòðóêòóðû: a — òîíêîäåòðè-
òîâî-ïåëèòîìîðôíóþ, b — ïåðåñëàèâàþùèåñÿ òîíêî-
äåòðèòîâî-ïåëèòîìîðôíóþ è òîíêîäåòðèòîâóþ, c — 
ìåëêî- è òîíêîäåòðèòîâóþ. 

Ñîîòâåòñòâóþùàÿ òèïèçàöèÿ íåîáõîäèìà äëÿ âû-
äåëåíèÿ è àíàëèçà ñòðîåíèÿ ñëîåâ [15]. Äëÿ íàñ â ýòîé 
ñâÿçè îñíîâíîå çíà÷åíèå èìåëà êîíôèãóðàöèÿ òåêñòóð-
íûõ ïðèçíàêîâ è ïðàâèëüíîñòü óïîòðåáëåíèÿ òåðìèíîâ 
â îòíîøåíèè òåêñòóð.

Èññëåäóåìûå îáðàçîâàíèÿ îòíîñÿòñÿ ê ðàçíûì 
ñòðàòèãðàôè÷åñêèì óðîâíÿì. Ïðè ýòîì êàæäàÿ èç ñâèò 
õàðàêòåðèçóåòñÿ ãîðèçîíòàìè ëèòîòèïîâ ñ ðàçëè÷íûìè 
òåêñòóðàìè-èíäèêàòîðàìè, óòî÷íåíèþ ãåíåçèñà êîòî-
ðûõ ïîñâÿùåíà ñòàòüÿ. 

1. Ëèòîòèï  xa-1  âñòðå÷àåòñÿ â ñðåäíåõåíãóðñêîé ïîä-
ñâèòå õåíãóðñêîé ñâèòû (O1-2hn2). Ïðåäñòàâëåí èçâåñòíÿ-

1Термином «литолого-генетический тип» (или сокращенно лито-
тип) С. Б. Шишлов [15, с. 34] обозначает минимальную единицу 
литолого-генетической типизации — множество пород, имею-
щих одинаковый комплекс первичных генетических признаков.

Ðèñ. 1. Êàðòà-ñõåìà ðàéîíà èññëåäîâàíèé ñ ðàñïîëîæåíèåì 
îñíîâíûõ èçó÷åííûõ ðàçðåçîâ. Óñëîâíûå îáîçíà÷åíèÿ: 1, 2 — 
õåíãóðñêàÿ ñâèòà; 3 — òàëüáåéòûâèññêàÿ ñâèòà; 4 — ñîï÷èí-
ñêàÿ ñâèòà; 5 — ëèâàíîâñêàÿ ñâèòà

Fig. 1. Map-scheme of the area of research with the main stud-
ied sections. Legend:1, 2 — Hengur Formation; 3 — Talbeytyvis 
Formation; 4 — Sopcha Formation; 5 — Livanov Formation
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êàìè òåìíî-ñåðûìè òîíêîäåòðèòîâî-ïåëèòîìîðô íûìè.
«Ïåòåëü÷àòàÿ», èëè «áëîêîâî-ïåòåëü÷àòàÿ», òåêñòóðà 
(ðèñ. 3) ïîä÷åðêíóòà ãëèíèñòûìè ïðèìàçêàìè è òîíêè-
ìè (5–10 ñì) ãëèíèñòûìè ñëîéêàìè. 

Îáðàçîâàíèå òàêèõ òåêñòóð â ïðåäåëàõ ëèòîòè-
ïà ñâÿçàíî â îñíîâíîì ñ äèàãåíåòè÷åñêèìè ïðîöåñ-
ñàìè ïåðåðàñïðåäåëåíèÿ êàðáîíàòà êàëüöèÿ â ãëèíè-
ñòî-êàðáîíàòíîì îñàäêå íèçêîäèíàìè÷íîãî ãëóáîêî-
âîäüÿ ïðè äåôèöèòå êèñëîðîäà â ïîðîâûõ âîäàõ [12]. 
Ïåðåðàñïðåäåëåíèå ìîæåò áûòü ñâÿçàíî ñ ïðîöåññîì 
äèôôóçèè ÑO2, ëèáî ñ ðàçëè÷íûìè çíà÷åíèÿìè ðÍ è 
Eh îñàäêîâ. Ãîðèçîíòàëüíî-ñëîèñòàÿ òåêñòóðà ëèòîòè-
ïà ïîêàçàíà â âåðõíåé ÷àñòè ðèñóíêà 2.

2. Ëèòîòèï õà-2 ïðèñóòñòâóåò â ñîñòàâå ëèâàíîâ-
ñêîé ñâèòû (D1lv). Ýòî ïåòåëü÷àòûå èçâåñòíÿêè, ãëè-
íèñòûå, òîíêîäåòðèòîâî-ïåëèòîìîðôíûå, ñ ïðîñëîÿ-
ìè (ïåðâûå ñàíòèìåòðû) ñâåòëî-ñåðîãî ïåëèòîìîðôíî-
ãî èçâåñòíÿêà, ñîäåðæàùåãî îáèëüíûå îñòàòêè òåíòàêó-
ëèòîâ Nowakia è Styliolina [6].

Ðåçóëüòàòû èçó÷åíèÿ òåêñòóð, õàðàêòåðíûõ äëÿ èç-
âåñòíÿêîâ äàííîé ñâèòû, ïîêàçûâàþò, ÷òî òåðìèí «ïå-
òåëü÷àòûé» ïðè ïîëåâîì îïèñàíèè èñïîëüçîâàëñÿ äëÿ 
òåêñòóð ðàçëè÷íîãî ïðîèñõîæäåíèÿ (ðèñ. 4).

2.1. Îòëîæåíèÿ ñ ïåòåëü÷àòîé òåêñòóðîé, ïðåäñòàâ-
ëåííûå íà ðèñ. 4, À, èìåþò îïîëçíåâóþ ïðèðîäó, ñõî-
æóþ ñ òîé, êîòîðàÿ îïèñàíà íèæå ó ëèòîòèïà xb.

2.2. Ôîðìèðîâàíèå ïåòåëü÷àòîé òåêñòóðû, èçîáðà-
æåííîé íà ðèñ. 4, Ñ, ïðîõîäèëî íà íà÷àëüíîé ñòàäèè 
äèàãåíåçà [5,14]. Äëÿ òàêèõ îáðàçîâàíèé ïðàâèëüíåå áó-
äåò èñïîëüçîâàòü òåðìèí íîäóëÿðíàÿ òåêñòóðà (îò ëàò. 
nodulus — óçåëîê).

2.3. Êîíãëîìåðàòîâèäíàÿ òåêñòóðà (òîæå ïåòåëü÷à-
òàÿ) ñ ëèíçàìè è ñêîïëåíèÿìè óçåëêîâ (ðèñ. 4, Â), îá-
íàðóæåííàÿ íà ïðàâîì áîðòó ð. Áîëüøàÿ Îþ (Âåëèêàÿ), 
ïî-âèäèìîìó, óêàçûâàåò íà îòëîæåíèÿ îáëîìî÷íûõ ïî-
òîêîâ (íà äåáðèòû). Îíà èìååò êîðûòîîáðàçíûå îáîñî-
áëåíèÿ êàðáîíàòíîãî è óãëåðîäèñòî-êðåìíèñòîãî ñî-
ñòàâà ñðåäè êðåìíèñòî-ãëèíèñòîé ìàññû. Íàðóøåíèå 
ïåðâè÷íîé ãîðèçîíòàëüíîé ñëîèñòîñòè, î÷åâèäíî, ñâÿ-
çàíî ñ ïåðåìåøèâàíèåì åùå íå äî êîíöà óïëîòíåííî-
ãî îñàäêà.

3. Ëèòîòèï xb — ïåðåñëàèâàþùèåñÿ èçâåñòíÿêè è 
äîëîìèòû. Ðàñïðîñòðàíåí â ñîñòàâå òàëüáåéòûâèññêîé 
ñâèòû (O2-3tb). Âûäåëÿþòñÿ 2 ïîäòèïà.

3.1. xb-1: Èçâåñòíÿêè ñåðûå ãëèíèñòî-êðåìíèñòûå, 
ìåñòàìè äîëîìèòîâûå, òîíêîäåòðèòîâî-ïåëèòîìîðô-
íûå, ñ òåêñòóðàìè çàâèõðåíèÿ îñàäêà è ñêóëüïòóðíûìè 
ýëåìåíòàìè â ïîäîøâå ñëîåâ, èìåþùèìè ôîðìó áîðîçä 
è êîíóñîâ; âñòðå÷àþòñÿ èõíîôîññèëèè. 

Ðèñ. 3. Ãîðèçîíòàëüíî-ñëîèñòàÿ òåêñòóðà ëèòîòèïà ñðåä-
íåõåíãóðñêîé ïîäñâèòû â ð-íå ïîñ. Àìäåðìà (À — ôîòî 
Å. Â. Ñòàðèêîâîé) è îáðàçåö äåòðèòîâîãî èçâåñòíÿêà ñ áëî-
êîâî-ïåòåëü÷àòîé òåêñòóðîé (Â — ôîòî Ê. Ï. Ðÿçàíîâà)

Fig. 3. The horizontal-layered texture of the lithotypes of the 
Middle-Hengur Subformation in the district of the Amderma (À — 
photo by E. V. Starikova) and a sample of detrital limestone with a 
block-loop texture (Â — photo of K. P. Ryazanov)

Ðèñ. 2. Áàçîâàÿ ìîäåëü îñàäêîíàêîïëåíèÿ â ýïèêîíòèíåíòàëüíûõ áàññåéíàõ (M. Irwin, 1965 ñ äîïîëíåíèÿìè Ñ. Á. Øèøëîâà [15])

Fig. 2. The basic model of sedimentation in epicontinental basins (Irwin, 1965 with the additions of S. B. Shishlov [15])
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3.2. xb-2: Äîëîìèòû ñåðûå òîíêîäåòðèòîâûå, ñ òåê-
ñòóðàìè çàâèõðåíèÿ îñàäêà è ñêóëüïòóðíûìè ýëåìåí-
òàìè â ïîäîøâå ñëîåâ, èìåþùèìè ôîðìó áîðîçä è êî-
íóñîâ.

Îñîáåííîñòüþ äàííîãî ëèòîòèïà ÿâëÿþòñÿ ÷åòêî 
âûðàæåííûå ïðè÷óäëèâûå òåêñòóðû çàâèõðåíèÿ (ðèñ. 
5, 6). Âñåìè ïðåäûäóùèìè èññëåäîâàòåëÿìè ýòè òåê-
ñòóðû îïèñûâàëèñü êàê «ïîäâîäíî-îïîëçíåâûå», ïðè-
÷èíà îáðàçîâàíèÿ êîòîðûõ âèäèòñÿ â ñîñêàëüçûâàíèè 
íåêîíñîëèäèðîâàííûõ èëèñòûõ îñàäêîâ ïî íàêëîííî-
ìó äíó ïàëåîáàññåéíà [11]. Ïî ìíåíèþ àâòîðà, ðàññìà-
òðèâàåìûå òåêñòóðû îáðàçîâàëèñü â äâà ýòàïà. Ïåðâûé 
ñâÿçàí ñ ïðåðûâèñòûì îïîëçàíèåì ïî ïîëîãîíàêëîí-
íûì ó÷àñòêàì äíà è ôîðìèðîâàíèåì îïîëçíåâûõ òåê-
ñòóð, êîòîðûå íàáëþäàþòñÿ â ïåñ÷àíûõ, àëåâðèòîâûõ, 
ãëèíèñòûõ, êàðáîíàòíûõ è äðóãèõ ïîðîäàõ (ðèñ. 5, À;
6, À). Íà âòîðîì ýòàïå îïîëçàþùèé îñàäîê íà çíà÷è-
òåëüíîé ñêîðîñòè âíåäðÿëñÿ â íèæåëåæàùèå íåëèòè-
ôèöèðîâàííûå îñàäêè (ðèñ. 5, Â; 5, Ñ; 6, Â) è ôîðìèðî-
âàëèñü óæå áîëåå ñëîæíûå òåêñòóðû.

4. Ëèòîòèï xc ðàçâèò â ñîñòàâå âåðõíåé ïà÷êè âåðõ-
íåñîï÷èíñêîé ïîäñâèòû (O3sp2

2). Ïåòåëü÷àòûå èçâåñò-
íÿêè, ìåëêî- è òîíêîäåòðèòîâûå, ñåðûå, ñëþäèñòî-
ãëèíèñòûå, ñ ïðîñëîÿìè (ïåðâûå ñàíòèìåòðû) èçâåñò-
íÿêîâ ÷åðíîãî öâåòà (ðèñ. 7). Âñòðå÷àþòñÿ òàêæå ïðî-
ñëîè ñëàáîïåòåëü÷àòûõ (?) èçâåñòíÿêîâ ñî ñëåäàìè 
áèîòóðáàöèé è ïîðîäû ñ æåëòîé êîðêîé âûâåòðèâàíèÿ 
è ñëåäàìè âçìó÷èâàíèÿ îñàäêà ïî ïîâåðõíîñòÿì íàïëà-
ñòîâàíèÿ. ×àñòî â íèõ, òàê æå êàê è â ïåòåëü÷àòûõ èç-
âåñòíÿêàõ, âèäíû ðàêîâèíû ãàñòðîïîä.

Ïî äàííûì àâòîðà, îáðàçîâàíèå òåêñòóð óïîìÿíó-
òîãî ëèòîòèïà òàêæå ñëåäóåò ðàçäåëèòü íà äâà ýòàïà. Â 
òå÷åíèå ïåðâîãî ôîðìèðîâàëèñü îòëîæåíèÿ ñ ïåòåëü÷à-
òîé òåêñòóðîé â ðåçóëüòàòå óìåðåííîãî âîëíîâîãî âîç-
äåéñòâèÿ è îïîëçàíèÿ îñàäêà ïî ñêëîíó [4]. Íà âòî-
ðîì — â ïðîöåññå äèàãåíåòè÷åñêèõ ïðåîáðàçîâàíèé 
ïðè äåôèöèòå êèñëîðîäà â ïîðîâûõ âîäàõ [2, 3, 14] ïîÿ-
âèëèñü ëèíçîâèäíî-âîëíèñòûå òåêñòóðû.

Íà ïåðâûé âçãëÿä, ñòðóêòóðà ëèòîòèïîâ xb-2 è xc 
ìîæåò áûòü ñõîæåé ïî äèíàìèêå ñðåäû îñàäêîíàêîïëå-
íèÿ. Åäèíñòâåííûì âàæíûì îòëè÷èåì ÿâëÿåòñÿ áû-
ñòðîå ïðåðûâèñòîå îñàæäåíèå ìàòåðèàëà ëèòîòèïà xb-2,
ïåðåìåùàåìîãî ìóòüåâûìè ïîòîêàìè ñ áîëåå âûñîêî-
ãî áàòèìåòðè÷åñêîãî óðîâíÿ âíèç ïî ñêëîíàì ñ îáðàçî-
âàíèåì òîíêèõ ñëîéêîâ, ìîùíîñòü êîòîðûõ îáû÷íî íå 
äîñòèãàåò 10 ñì.

Ðèñ. 5. Òåêñòóðû ëèòîòèïîâ òàëüáåéòûâèññêîé ñâèòû â áàñ-
ñåéíå ð. Ìàëàÿ Îþ (À — èçâåñòíÿê, ôîòî Å. Â. Áîãàòûðåâîé) 
è â âåðõíåì è ñðåäíåì òå÷åíèè ð. Áîëüøàÿ Îþ (Âåëèêàÿ) (B — 
äîëîìèò, ôîòî Ê. Ï. Ðÿçàíîâà), ïðîìåæóòî÷íàÿ ðàçíîñòü (C — 
èçâåñòíÿê äîëîìèòîâî-êðåìíèñòûé (ôîòî È. Ñ. ×óìàêîâà)

Fig. 5. Textures of lithotypes of the Talbeytyvis Formation in the 
basin of the river Malaya Oyu (A — limestone, photo by E. V. 
Bogatyreva) and in the upper and middle reaches of the river 
Bolshaya Oyu (Velikaya) (B — dolomite, photo of K. P. Ryazanov), 
intermediate difference (C — dolomite-siliceous limestone (photo 
by I. S. Chumakov)

Ðèñ. 4. Òåêñòóðû ëèòîòèïîâ ëèâàíîâñêîé ñâèòû: À è B — íèæíåå òå÷åíèå ð. Áîëüøàÿ Îþ (ôîòî Ê. Ï. Ðÿçàíîâà), Ñ — ïîáåðå-
æüå Êàðñêîãî ìîðÿ (ñòðàòîòèï ñâèòû, ôîòî Â. À. Ïëàêñèíîé)

Fig. 4. Textures lithotypes of the Livanov Formation: A and B — the lower course of the river Bolshaya Oyu (photo by K. P. Ryazanov), 
Ñ — coast of the Kara Sea (stratotype formation, photo by V. A. Plaksina)
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Âûâîäû
Â õîäå èçó÷åíèÿ ïàëåîçîéñêèõ îòëîæåíèé (õåí-

ãóðñêàÿ, òàëüáåéòûâèññêàÿ, ñîï÷èíñêàÿ è ëèâàíîâ-
ñêàÿ ñâèòû) ñëàíöåâîé çîíû Ñåâåðî-Âîñòî÷íîãî Ïàé-
Õîÿ ïîëó÷åíû íîâûå äàííûå, íà îñíîâå êîòîðûõ ìîæ-
íî ñäåëàòü ñëåäóþùèå âûâîäû:

1. Óòî÷íåíà èíòåðïðåòàöèÿ òåêñòóð-èíäèêàòîðîâ 
ðàçëè÷íûõ ëèòîòèïîâ ïàëåîçîéñêèõ ðàçðåçîâ, ÷òî ïî-
çâîëèëî ïîëó÷èòü íîâûå ñâåäåíèÿ îá óñëîâèÿõ îñàäêî-
íàêîïëåíèÿ îáðàçîâàíèé Ïàéõîéñêîãî ïàëåîáàññåéíà.

2. Íà îñíîâå ñòðóêòóðíî-ãåíåòè÷åñêîãî àíàëèçà 
áûëè âûäåëåíû ëèòîòèïû (xa, xb, xc) ðàññìàòðèâàåìûõ 
îòëîæåíèé ñ èñïîëüçîâàíèåì èäåàëèçèðîâàííîé ìîäå-
ëè Ì. Èðâèíà.

Ê ëèòîòèïó õà îòíîñÿòñÿ îòëîæåíèÿ, êîòîðûå 
ñôîðìèðîâàëèñü çà ñ÷åò îñåäàíèÿ êàðáîíàòíîãî ìàòå-
ðèàëà ñ íåáîëüøèì êîëè÷åñòâîì ãëèíèñòîãî, ïðåèìó-
ùåñòâåííî èç ñóñïåíçèè, â óñëîâèÿõ ãëóáîêîâîäüÿ (íè-
æå áàçèñà âîëí), ñ ïîñëåäóþùèìè ïðåîáðàçîâàíèÿìè 
íà ñòàäèè äèàãåíåçà.

Ëèòîòèï õb — îòëîæåíèÿ, îáðàçîâàâøèåñÿ ïðè îñà-
æäåíèè ãëèíèñòîãî è êàðáîíàòíîãî âåùåñòâà èç âçâå-
ñè â óñëîâèÿõ ãëóáîêîâîäíîé çîíû ïðè íåîäíîðîäíîì 
âîëíîâîì âîçäåéñòâèè, âëèÿþùèì íà ñêîðîñòü îñàæäå-
íèÿ ìàòåðèàëà è åãî êîëè÷åñòâî.

Ê ëèòîòèïó xc îòíîñÿòñÿ îòëîæåíèÿ, îáðàçîâàâøèå-
ñÿ ïðè îñàæäåíèè ãëèíèñòî-êàðáîíàòíîãî âåùåñòâà â 
óñëîâèÿõ óìåðåííîãî ãëóáîêîâîäüÿ ïðè ñëàáîì âîëíî-
âîì âîçäåéñòâèè è ñ ïîñëåäóþùèìè ïðåîáðàçîâàíèÿìè 
íà ñòàäèè äèàãåíåçà.

Ëèòîòèï õà âñòðå÷àåòñÿ â ñîñòàâå ñðåäíåõåíãóð-
ñêîé ïîäñâèòû õåíãóðñêîé ñâèòû (O1-2hn2) è ñðåäè îò-
ëîæåíèé ëèâàíîâñêîé ñâèòû (D1lv), õb ðàñïðîñòðàíåí 
â ñîñòàâå òàëüáåéòûâèññêîé ñâèòû (O2-3tb), à xc õàðàê-
òåðåí äëÿ âåðõíåé ïà÷êè âåðõíåñîï÷èíñêîé ïîäñâèòû 
(O3sp2

2). 
Àâòîð âûðàæàåò áëàãîäàðíîñòü îòäåëó ÐÃ è ÏÈ 

ïîëÿðíûõ è ïðèïîëÿðíûõ òåððèòîðèé ÂÑÅÃÅÈ, ëè÷-
íî ñòóäåíòó À. Ñ. ×åáîòàðåâó è ê. ã.-ì. í. äîöåíòó 
Ð. À. Ùåêîëäèíó (Ñàíêò-Ïåòåðáóðãñêèé ãîðíûé óíèâåð-
ñèòåò) çà âñåñòîðîííåå ñîäåéñòâèå â ïðîâåäåíèè èññëåäî-
âàíèé, ïîìîùü è ïîääåðæêó. Àâòîð òàêæå ïðèçíàòåëåí 
ðåöåíçåíòàì çà öåííûå ñîâåòû è çàìå÷àíèÿ.
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2 — Sandstones; 3 — Siliceous clayey argillites; 4 — Siltstones
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Àðêòè÷åñêèé âåêòîð ãåîëîãè÷åñêèõ èññëåäîâàíèé

Arctic vector of geological research

Ââåäåíèå 
Îïðåäåëåíèå ïåòðîãðàôè÷åñêîãî ñîñòàâà ãðóáî-

îáëîìî÷íîé ôðàêöèè è óñòàíîâëåíèå èñòî÷íèêîâ ñíî-
ñà îáëîìî÷íîãî ìàòåðèàëà ÿâëÿåòñÿ îäíèì èç îñíîâ-
íûõ ìåòîäîâ ïðè èññëåäîâàíèè ëåäíèêîâûõ îòëîæå-
íèé è ðåêîíñòðóêöèè äèíàìèêè ëåäíèêîâûõ ïîêðîâîâ. 
Íà ñåãîäíÿøíèé äåíü ïåðñïåêòèâû èñïîëüçîâàíèÿ ïå-
òðîãðàôè÷åñêîãî ìåòîäà çàêëþ÷àþòñÿ â ðåøåíèè âî-
ïðîñîâ î äèíàìèêå è âçàèìîäåéñòâèè ðàçëè÷íûõ ëîïà-
ñòåé ëåäíèêîâ, âîçìîæíîñòè ñóùåñòâîâàíèÿ â ðåãèîíå 
ìàëîïîäâèæíûõ ëåäíèêîâûõ ùèòîâ, à òàêæå ëåäíèêîâ, 
èìåþùèõ íåñêàíäèíàâñêîå ïðîèñõîæäåíèå. Êðîìå òî-
ãî, àêòóàëüíà ïðîáëåìà ìåõàíèçìà ôîðìèðîâàíèÿ êðà-
åâûõ çîí ïîñëåäíåãî îëåäåíåíèÿ, â ÷àñòíîñòè Òåðñêèõ 
Êåéâ. Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ óñòàíîâëåíèå ïå-
òðîãðàôè÷åñêîãî ñîñòàâà òèëëîâ ðàçëè÷íûõ ôàöèé è 
îïðåäåëåíèå ïðèçíàêîâ êðàåâûõ îáðàçîâàíèé. 

Ïåðâûå ñâåäåíèÿ î ðàñïðîñòðàíåíèè ýððàòè÷å-
ñêèõ âàëóíîâ â Êîëüñêîì ðåãèîíå âñòðå÷àþòñÿ â ðàáî-
òàõ Â. Ðàìñåÿ [18]. Ïîçäíåå â ðåçóëüòàòå ãåîëîãî-ñúå-
ìî÷íûõ è ïîèñêîâûõ ðàáîò áûë íàêîïëåí îáøèðíûé 
ìàòåðèàë ïî ðàçíîñó ëåäíèêîâûõ âàëóíîâ, êîòîðûé áûë 
îáîáùåí â ìîíîãðàôèè Ì. À. Ëàâðîâîé [14]. Âàæíîå 
ìåñòî èçó÷åíèþ ïåòðîãðàôè÷åñêîãî ñîñòàâà ëåäíèêî-
âûõ îòëîæåíèé îòâåäåíî â ðàáîòàõ À. Ä. Àðìàíä, Â. ß. 
Åâçåðîâà, Ë. À. Êèðè÷åíêî, À. À. Íèêîíîâà è äðóãèõ [2, 
10, 13, 15]. Êðîìå òîãî, â ðÿäå ðàáîò âûøåóïîìÿíóòûõ 
àâòîðîâ ïðèâîäÿòñÿ äàííûå î ñîñòàâå ðàçíîâîçðàñòíûõ 
òèëëîâ [10, 15, 18]. Ïåòðîãðàôè÷åñêèé ìåòîä áûë èñ-
ïîëüçîâàí ïðè óñòàíîâëåíèè äèíàìèêè è âçàèìîäåéñò-
âèÿ ëåäíèêîâûõ ïîêðîâîâ è ïðè îïðåäåëåíèè ñòàäèé-
íîñòè ãîðíîãî îëåäåíåíèÿ Õèáèíñêèõ è Ëîâîç¸ðñêèõ 
òóíäð [1, 8, 11]. Ïîëó÷åííûé â õîäå ïåòðîãðàôè÷åñêèõ 
èññëåäîâàíèé ìàòåðèàë èñïîëüçîâàëñÿ ïðè ðåêîí-
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Äëÿ íàäåæíîãî óñòàíîâëåíèÿ äèíàìèêè ëåäíèêîâûõ ïîêðîâîâ è ôàöèàëüíîé ïðèíàäëåæíîñòè òèëëîâ íåîáõîäèìî îïðåäåëå-
íèå ïåòðîãðàôè÷åñêîãî ñîñòàâà ëåäíèêîâûõ îòëîæåíèé. Äàííàÿ ðàáîòà ðàññìàòðèâàåò ïåòðîãðàôè÷åñêèé ñîñòàâ âàëóííîé, ãàëå÷-
íîé è ãðàâèéíîé ôðàêöèé ðàçëè÷íûõ ôàöèé òèëëîâ, ó÷àñòâóþùèõ â ñòðîåíèè ãðÿäû ñ íàïîðíûì ìîðåííûì îñíîâàíèåì ó ä. Ìîñååâî 
(Êîëüñêèé ï-îâ) è ïðèëåãàþùåé ñ çàïàäà ìîðåííîé ðàâíèíû. Â ñîñòàâå òèëëîâ âûÿâëåíî 16 îñíîâíûõ ãðóïï ïîðîä è ìèíåðàëîâ. 
Ïðîâåäåíî ñðàâíåíèå ïåòðîãðàôè÷åñêîãî ñîñòàâà òèëëîâ ðàçëè÷íûõ ôàöèé, à òàêæå òèëëîâ ìîðåííîé ãðÿäû è ïðèëåãàþùåé ðàâ-
íèíû. Áàçàëüíûé òèëë ãðÿäû ñ íàïîðíûì îñíîâàíèåì õàðàêòåðèçóåòñÿ àññîöèàöèåé ïîðîä, èñòî÷íèêè êîòîðûõ óäàëåíû îò ó÷àñòêà 
èññëåäîâàíèé â çàïàäíîì è ñåâåðî-çàïàäíîì íàïðàâëåíèè. Àáëÿöèîííûé òèëë ãðÿäû íàñûùåí îáëîìî÷íûì ìàòåðèàëîì ïîäñòè-
ëàþùèõ èëè áëèçêî çàëåãàþùèõ ïîðîä. Îñîáåííîñòè ïåòðîãðàôè÷åñêîãî ñîñòàâà òèëëîâ ðàçíûõ ôàöèé ïîçâîëèëè óñòàíîâèòü ñìå-
íó ãëÿöèîäèíàìè÷åñêèõ îáñòàíîâîê è òåðìîäèíàìè÷åñêîãî ðåæèìà íà êîíòàêòå ëåäíèêîâîãî ïîêðîâà è åãî ëîæà. Îïðåäåëåíî âîñ-
òî÷íîå è ñåâåðî-âîñòî÷íîå íàïðàâëåíèå ïåðåìåùåíèÿ îáëîìî÷íîãî ìàòåðèàëà è âëèÿíèå íà äèíàìèêó ëåäíèêà âûñòóïà êðèñòàë-
ëè÷åñêîãî ôóíäàìåíòà ïîëóîñòðîâà Òóðèé.
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PETROGRAPHIC COMPOSITION OF TILL DEBRIS OF THE RIDGE WITH PUSH MORAINE BASEMENT

NEAR THE MOSEEVO VILLAGE (WESTERN PART OF THE TERSKIE KEIVY, THE KOLA PENINSULA)
O. Yu. Nosova, A. A. Vashkov 

Geological Institute of Kola Scientific Centre of RAS

Determination of petrographic composition of glacial deposits is necessary for reliable definition of glacial cover dynamics and till 
facies. This study considered petrographic composition of boulder, pebble and gravel fractions of different till facies composing the ridge 
with push moraine basement near the Moseevo Village and the moraine plain adjacent from the west. 16 main groups of rocks and minerals 
were defined in these tills. Petrographic composition of different till facies as well as till compositions of the ridge and the adjacent moraine 
plain were compared. The basal till of the ridge with push moraine basement was characterized by association of source rocks from the west 
and north-west of the study area. The ablation till of the ridge was saturated by debris of underlying bedrocks in the vicinity. Petrographic 
composition features of different till facies allowed to determine changing of glaciodynamic and thermodynamic conditions on the ice-bed 
contact. The east- and north-eastward debris transport and effect of raised crystalline basement of the Turii Peninsula on the glacier dynamic 
was defined 

Keywords: till, petrographic composition, glacial erosion, glacial movement directions, boulders, pebbles, gravels.
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ñòðóêöèè äèíàìèêè ïîñëåäíåãî ëåäíèêîâîãî ïîêðîâà è 
óñòàíîâëåíèè ëåäîðàçäåëüíûõ çîí [10]. Äàííûå ïî ñî-
ñòàâó êðóïíûõ îáëîìêîâ ïîçâîëèëè ðÿäó àâòîðîâ ïðåä-
ïîëîæèòü ïðèñóòñòâèå íà òåððèòîðèè Êîëüñêîãî ðåãèî-
íà Áàðåíöåâîìîðñêî-Íîâîçåìåëüñêîãî ëåäíèêà, à òàê-
æå ïîäêðåïèòü âåðñèþ î ñóùåñòâîâàíèè Ïîíîéñêîãî 
ëåäíèêîâîãî ùèòà [2, 15].

Õàðàêòåðèñòèêà ðàéîíà ðàáîò
Ðàéîí ðàáîò ðàñïîëîæåí íà þæíîì áåðåãó Êîëü-

ñêîãî ïîëóîñòðîâà, ñåâåðî-âîñòî÷íåå ïîëóîñòðîâà 
Òóðèé (ðèñ. 1). Êîðåííûå ïîðîäû â ðàéîíå èññëåäîâà-
íèé ïðåäñòàâëåíû ãðàíèòîèäàìè óìáèíñêîãî êîìïëåê-
ñà (â îñíîâíîì ïîðôèðîâèäíûìè ãðàíèòàìè) è ïîëè-
ìèêòîâûìè àðêîçîâûìè ïåñ÷àíèêàìè òåðñêîé ñâèòû. 
Äàííûå ïîðîäû òàêæå ñëàãàþò ïðèëåãàþùèå ó÷àñòêè 
äíà Áåëîãî ìîðÿ. Íà çàïàäå ðàéîíà ðàáîò ðàñïðîñòðàíå-
íû êèñëûå ãðàíóëèòû ÿóðèîêñêîé òîëùè Ëàïëàíäñêîãî 
ãðàíóëèòîâîãî ïîÿñà, â îñíîâíîì ïðåäñòàâëåííûå ãëè-
íîç¸ìèñòûìè ãíåéñàìè (ñèëëèìàíèò-ãðàíàò-áèîòè-
òîâûìè, ãðàíàò-áèîòèòîâûìè, êîðäèåðèòñîäåðæàùè-
ìè). Íà ïîëóîñòðîâå Òóðèé äàííûå ãíåéñû è ãðàíèòî-
èäû óìáèíñêîãî êîìïëåêñà ïðîðûâàþòñÿ èíòðóçèÿìè 
óëüòðàîñíîâíûõ ùåëî÷íûõ ïîðîä è êàðáîíàòèòîâ êîì-
ïëåêñà Òóðüåãî ìûñà, êîòîðûå ôåíèòèçèðóþò âìåùàþ-
ùèå ïîðîäû [9]. Êðîìå òîãî, íà þãå Òóðüåãî ïîëóîñòðî-
âà çàëåãàåò òîëùà ïåñ÷àíèêîâ òóðüèíñêîé ñâèòû, ñóùå-
ñòâåííî ôåíèòèçèðîâàíûõ è ïðîðûâàåìûõ ìíîãî÷è-
ñëåííûìè äàéêàìè ùåëî÷íûõ ïîðîä è ëàìïðîôèðîâ [3, 
9]. Äàéêè è òðóáêè âçðûâà ùåëî÷íûõ ïîðîä è ëàìïðî-
ôèðîâ âñòðå÷àþòñÿ â ìàññèâàõ ãðàíèòîèäîâ óìáèíñêî-
ãî êîìïëåêñà è øèðîêî ðàñïðîñòðàíåíû â òîëùàõ ïåñ-
÷àíèêîâ òåðñêîé ñâèòû. 

×åòâåðòè÷íûå îáðàçîâàíèÿ â ðàéîíå èññëåäîâà-
íèé ïðåäñòàâëåíû ìàëîìîùíûì ïðåðûâèñòûì ÷åõëîì 
ëåäíèêîâûõ, âîäíî-ëåäíèêîâûõ, ìîðñêèõ, àëëþâèàëü-
íûõ è áîëîòíûõ îáðàçîâàíèé. Ëåäíèêîâûå îòëîæåíèÿ 
íà âîñòîêå ðàéîíà ðàáîò ó ä. Ìîñååâî ôîðìèðóþò ãðÿ-
äó ñóáìåðèäèîíàëüíîé îðèåíòèðîâêè è ïðèìûêàþùèå 
ê íåé ñ âîñòîêà ôëþâèîãëÿöèàëüíûå îòëîæåíèÿ. Íà ñå-
âåðî-çàïàäå îò äàííîé ãðÿäû ðàñïîëàãàåòñÿ õîëìèñòàÿ 
ìîðåííàÿ ðàâíèíà. Ãðÿäà ó ä. Ìîñååâî ñîñòîèò èç íà-
ïîðíîãî îñíîâàíèÿ, ñëîæåííîãî ñêëàä÷àòûì òèëëîì, è 
ïåðåêðûâàþùèõ åãî áàçàëüíîãî è àáëÿöèîííîãî òèëëîâ 
(ïîäðîáíîå îïèñàíèå ñòðîåíèÿ è ìîäåëü ôîðìèðîâà-
íèÿ ãðÿäû Ìîñååâî äàíû â ðàíåå îïóáëèêîâàííîé ñòà-
òüå [4]). Ëåäíèêîâûå îòëîæåíèÿ, ïðèìûêàþùèå ñ ñå-
âåðà è çàïàäà ê ãðÿäå Ìîñååâî è ñëàãàþùèå ìîðåííóþ 
ðàâíèíó, ïðåäñòàâëåíû áàçàëüíûì è àáëÿöèîííûì òèë-
ëàìè. 

Ìåòîäèêà èññëåäîâàíèé
Èññëåäîâàíèå âàëóííîé ôðàêöèè ïðîèçâîäèëîñü 

ñ ïîâåðõíîñòè ëåäíèêîâûõ ôîðì ðåëüåôà. Íà ó÷àñòêå 
ïëîùàäüþ 5×5 ìåòðîâ ïðîâîäèëñÿ ñáîð îáëîìêîâ ðàç-
ìåðîì áîëåå 100 ìì. Ó÷àñòêè âàëóííûõ ñáîðîâ íàõîäè-
ëèñü â íåïîñðåäñòâåííîé áëèçîñòè îò èññëåäóåìûõ îá-
íàæåíèé. Âàëóíû ðàçäåëÿëèñü íà ãðóïïû, èç êîòîðûõ 
îòáèðàëèñü íàèáîëåå õàðàêòåðíûå îáðàçöû äëÿ èçãî-
òîâëåíèÿ ïåòðîãðàôè÷åñêèõ øëèôîâ. Øëèôû èçó÷à-
ëèñü ïðè ïîìîùè ïîëÿðèçàöèîííîãî ìèêðîñêîïà. Èç 
òèëëîâ â îáíàæåíèÿõ è øóðôàõ îòáèðàëèñü ïðîáû îáú-
¸ìîì 12 ëèòðîâ (îêîëî 18–25 êã), êîòîðûå äåëèëèñü íà 
ôðàêöèè: ãàëå÷íóþ (10–100 ìì), ãðàâèéíóþ (1–10 ìì) 

è ïåñ÷àíóþ (<1ìì). Ãàëå÷íàÿ ôðàêöèÿ ðàññìàòðèâàëàñü 
ïîëíîñòüþ (êîëè÷åñòâî ãàëåê â ïðîáå ñîñòàâëÿëî îò 300 
äî 2200 øò.), èç ãðàâèéíîé ôðàêöèè îòáèðàëîñü îêîëî 
250 ñì3 ìàòåðèàëà ñ ðàçìåðíîñòüþ ç¸ðåí 5–10 ìì (êî-
ëè÷åñòâî ãðàâèéíûõ ç¸ðåí â ïðîáå ñîñòàâëÿëî îò 1200 
äî 2200 øò.). Èçó÷àëñÿ ìàòåðèàë ïðè ïîìîùè ñòåðåî-
ñêîïè÷åñêîãî ìèêðîñêîïà. Îáëîìêè èç ãàëå÷íîé è ãðà-
âèéíîé ôðàêöèé ñðàâíèâàëèñü ñ èçó÷åííûìè îáðàç-
öàìè èç âàëóííîé ôðàêöèè. Èç ôðàãìåíòîâ ïîðîä, íå 
âñòðå÷åííûõ â âàëóííîé ôðàêöèè, èçãîòàâëèâàëèñü ïå-
òðîãðàôè÷åñêèå øëèôû. Äëÿ îïðåäåëåíèÿ èñòî÷íèêîâ 
ïîðîä â îñíîâíîì èñïîëüçîâàëèñü ãåîëîãè÷åñêèå êàðòû 
è ëèòåðàòóðà ïî ãåîëîãè÷åñêîìó ñòðîåíèþ ðåãèîíà [5–
7, 16, 17], ýêñïîçèöèÿ ìóçåÿ ÃÈ ÊÍÖ ÐÀÍ è ñîáñòâåí-
íûå ïîëåâûå íàáëþäåíèÿ. 

Âñåãî â èññëåäóåìîì ðàéîíå áûëî îòîáðàíî 9 ïðîá 
ãðàâèéíî-ãàëå÷íîãî ìàòåðèàëà ëåäíèêîâûõ îòëîæå-
íèé. Èç ãðÿäû ó ä. Ìîñååâî áûëè âçÿòû ïðîáû ìàòå-
ðèàëà ëèíçû â ñêëàä÷àòîì òèëëå (Ìîñååâî-3, ëèíçà â 
ñëîå 5) è ñëî¸â áàçàëüíîãî (Ìîñååâî-3, ñëîé 4) è àáëÿ-
öèîííîãî (Ìîñååâî-3, ñëîé 1, Ìîñååâî-1 è Ìîñååâî-Â) 
òèëëîâ. Íà ìîðåííîé ðàâíèíå áàçàëüíûé òèëë áûë 
îïðîáîâàí â îáíàæåíèÿõ: ê-ð Êóçðå÷åíñêèé (ñëîé 2), 
Êóçðåêà è Õëåáíàÿ, à àáëÿöèîííûé òèëë — â îáíàæå-
íèè êàðüåðà Êóçðå÷åíñêîãî (ñëîé 1). Âàëóííàÿ ôðàê-
öèÿ àáëÿöèîííûõ òèëëîâ áûëà èçó÷åíà íà ïîâåðõíî-
ñòè ãðÿäû Ìîñååâî (Ìîñååâî-Â) è íà ìîðåííîé ðàâíè-
íå (Êóçðåêà-Â).

Ðåçóëüòàòû ïåòðîãðàôè÷åñêîãî àíàëèçà
Â ðåçóëüòàòå èçó÷åíèÿ âàëóííîãî, ãàëå÷íîãî è ãðà-

âèéíîãî ìàòåðèàëà òèëëîâ íà ó÷àñòêå èññëåäîâàíèé 
áûëî âûäåëåíî 16 îñíîâíûõ ãðóïï ïîðîä è ìèíåðàëîâ. 

1. Ïåñ÷àíèêè. Â ãðóïïó âõîäÿò ïðåèìóùåñòâåí-
íî êðàñíîöâåòíûå àðêîçîâûå ïîëèìèêòîâûå ïåñ÷àíè-
êè (ðåäêî ãðàâåëèòû), ñîñòîÿùèå èç êâàðöà è ïîëåâûõ 
øïàòîâ è ïðîïèòàííûå îêèñëàìè æåëåçà. Èõ èñòî÷íè-
êîì ÿâëÿþòñÿ òîëùè òåðñêîé ñâèòû, ðàçâèòîé âäîëü ïî-
áåðåæüÿ è íà äíå Áåëîãî ìîðÿ. 

2. Ãðóïïó ãíåéñîâ ñîñòàâëÿþò ñðåäíå- è ìåëêî-
çåðíèñòûå áèîòèòîâûå, àìôèáîë-áèîòèòîâûå, àìôè-
áîëîâûå ãíåéñû, ïëàãèîãíåéñû, ïëàãèîãðàíèòîãíåéñû, 
÷àñòî çíà÷èòåëüíî ìèãìàòèçèðîâàííûå (êðàñíûìè è 
ðîçîâûìè ìèêðîêëèíîâûìè ãðàíèòàìè) è êàëèøïàòè-
çèðîâàííûå. Ê äàííîé ãðóïïå îòíåñåíû àìôèáîë-äè-
îïñèäîâûå ãíåéñû, äâóñëþäÿíûå è ìóñêîâèòîâûå ãíåé-
ñû è ñëàíöû. Ïîðîäû ãðóïïû øèðîêî ðàçâèòû íà þãå 
Êîëüñêîãî ïîëóîñòðîâà è ñåâåðå Êàðåëèè è ïðåäñòàâëÿ-
þò àðõåéñêèé êîìïëåêñ îñíîâàíèÿ. Áèîòèòîâûå ãíåé-
ñû òàêæå ÿâëÿþòñÿ ÷àñòüþ òîëù êèñëûõ ãðàíóëèòîâ â 
ñîñòàâå Ëàïëàíäñêîãî ãðàíóëèòîâîãî ïîÿñà, ñëàãàþùèõ 
êðóïíûå ìàññèâû íà çàïàäå — ñåâåðî-çàïàäå îò ðàéî-
íà èññëåäîâàíèé. Êðîìå òîãî, øèðîêî ðàçâèòû ãíåé-
ñû ñðåäè òîëù êîëüñêî-áåëîìîðñêîãî íåñòðàòèôèöè-
ðîâàííîãî êîìïëåêñà (ñåðãîç¸ðñêàÿ òîëùà) è âåðõíåàð-
õåéñêèõ òîëù (êèñëîãóáñêàÿ ñâèòà). Âîçìîæíî, íåêîòî-
ðûå îáðàçöû ïðèíàäëåæàò ðàçãíåéñîâàííûì ðàçíîñòÿì 
ïëàãèîãðàíèòîâ òåðñêîãî êîìïëåêñà.

3. Ãëèíîç¸ìèñòûå ãíåéñû. Ãðóïïà ïðåäñòàâëåíà áèî-
òèòîâûìè ãíåéñàìè, ñîäåðæàùèìè ãðàíàò, ñèëëèìàíèò 
(ðåæå êèàíèò) è êîðäèåðèò. Äàííûå ïîðîäû ÷àñòî èìå-
þò ïîò¸êè îêèñëîâ æåëåçà è äåôîðìèðîâàííûå òåêñòó-
ðû (ðàçäóâû, çàïîëíåííûå ïîëåâûìè øïàòàìè è êâàð-
öåì, ôëþèäàëüíûå ñêîïëåíèÿ áèîòèòà). Ñþäà æå îòíå-
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Ðèñ. 1. Êàðòà ïðåäïîëàãàåìûõ èñòî÷íèêîâ âûäåëåííûõ ãðóïï ïîðîä è íàïðàâëåíèé ïåðåìåùåíèÿ ìàòåðèàëà ê èññëåäóåìîìó 
ó÷àñòêó (íà îñíîâå [5, 7]): 1) ïåñ÷àíèêè: à) òåðñêîé ñâèòû, b) òóðüèíñêîé ñâèòû, c) äðóãèõ ñâèò îëåíèöêîãî êîìïëåêñà; 2) 
ãíåéñû: à) êîìïëåêñà îñíîâàíèÿ, b) ñåðãîçåðñêîé òîëùè, ñ) êèñëîãóáñêîé ñâèòû; 3) ãëèíîç¸ìèñòûå ãíåéñû: à) ÿóðèîêñêîé 
òîëùè Ëàïëàíäñêîãî ãðàíóëèòîâîãî ïîÿñà, b) âîëøïàõñêîé è äð. òîëù êîëüñêî-áåëîìîðñêîãî íåñòðàòèôèöèðîâàííîãî êîì-
ïëåêñà; 4) ãðàíèòîèäû: à) óìáèíñêîãî, b) ëèöêî-àðàãóáñêîãî, c) âîðîíüèíñêîãî êîìïëåêñîâ, d) Êàíîç¸ðñêîãî ìàññèâà, e) òåð-
ñêîãî, f) òåðèáåðñêîãî êîìïëåêñîâ; 5) àìôèáîëèòû: à) êàíäàëàêøñêîé òîëùè, b), c), d) ñâèò ïàò÷åðâà, ïîëìîñ, ïÿëî÷íàÿ è äð., 
e) íåñòðàòèôèöèðîâàííîãî òåðñêîãî êîìïëåêñà; 6) ìåòàãàááðî-àíîðòîçèòû è îñíîâíûå ãðàíóëèòû: à) îñíîâíûå è ñðåäíèå ãðà-
íóëèòû Ëàïëàíäñêîãî ãðàíóëèòîâîãî ïîÿñà, b) ìåòàãàááðî-àíîðòîçèòû ìàññèâîâ Êàíäàëàêøñêîãî, Êîëâèöêîãî è Ãëàâíîãî 
õðåáòà; 7) îñíîâíûå (à òàêæå óëüòðàîñíîâíûå) ïîðîäû: à) Èìàíäðîâñêîãî ìàññèâà, b) ïîðüåãóáñêîãî êîìïëåêñà, c) êîìïëåêñà 
Çàñòåéä, d) àëàêóðòòèíñêîãî êîìïëåêñà; 8) óëüòðàîñíîâíûå ïîðîäû âî÷åëàìáèíñêîãî êîìïëåêñà; 9) çåë¸íûå ñëàíöû ïîÿñà 
Èìàíäðà-Âàðçóãà; 10) íåôåëèíîâûå ñèåíèòû Õèáèíñêîãî ìàññèâà; 11) ôîéäîëèòû êîìïëåêñà Òóðüåãî ìûñà, Êîâäîðñêîãî ìàñ-
ñèâà è äð.; 12) òîëùè ïîðîä, îáëîìî÷íûé ìàòåðèàë êîòîðûõ íå ïîñòóïàë â ðàéîí èññëåäîâàíèÿ; 13) îáëàñòè ðàçâèòèÿ äàåê 
æèëüíûõ ùåëî÷íûõ ïîðîä è ëàìïðîôèðîâ, à òàêæå òðóáîê âçðûâà; 14) çîíû ôåíèòèçàöèè âìåùàþùèõ ïîðîä (íå â ìàñøòàáå); 
15) ëèíèÿ ãëàâíîãî ëåäîðàçäåëà ïîñëåäíåãî îëåäåíåíèÿ; 16) ëèíèÿ ìåæëîïàñòíîãî ëåäîðàçäåëà; 17) ïðåäïîëàãàåìûå íàïðàâ-
ëåíèÿ ïåðåíîñà îáëîìî÷íîãî ìàòåðèàëà ëåäíèêîì ê èññëåäóåìîìó ó÷àñòêó; 18) áåðåãîâàÿ ëèíèÿ ìîðÿ; 19) îáëàñòè, èç êîòîðûõ 
ïðåäïîëîæèòåëüíî îáëîìî÷íûé ìàòåðèàë íå ïîñòóïàë; 20) îç¸ðà; 21) ó÷àñòîê ðàáîò è òî÷åê îïðîáîâàíèÿ

Fig. 1. Map of assumed sources of determined rock groups and transport directions of material to the study area (based on [5, 7]). 1) 
Sandstones of the: à) Terskaya, b) Turyinskaya formations, c) other formations of the Olenitskii complex; 2) gneisses of the: à) Basement 
Complex, b) Sergozyorskaya unit, ñ) Kislaya Guba formation; 3) aluminous gneisses of the à) Yauriyoki unit of the Lapland Granulite 
Belt, b) Volshpakhk and other units of the Kola-Belomorian nonstratified complex; 4) granitoids of the à) Umba, b) Litsa – Ara Guba, 
c) Voronya complexes, d) Kanozero massif, e) Terskii, f) Teriberskii complexes; 5) amphibolites of the à) Kandalaksha unit, b), c), d) 
Patcherva, Polmos, Pyalochnaya formations and other, e) Terskii nonstratified complex; 6) metagabbro-anorthosites and intermediate 
and basic granulites à) basic and intermediate granulites of the Lapland Granulite Belt, b) basic rocks of the Kandalaksha, Kolvitsa and 
Main Ridge massives; 7) basic (and ultrabasic) rocks of the à) Imandra massif, b) Porya Guba, c) Zasteid, d) Allakurti complexes; 8) ultra-
basic rocks of the Vochelambina complex; 9) green schists of the Imandra-Varzuga Belt; 10) nepheline syenites of the Khibiny massif; 11) 
foidolites of the Turii Cape complex, Kovdor massif et. al.; 12) rocks that didn’t come to the study area; 13) spreading areas of dykes of 
vein alkaline rocks and lamprophyres, and diatremes; 14) fenitization zones of enclosing rocks (without scale); 15) line of main ice divide 
of the last glaciation; 16) line of interlobate ice divide; 17) assumed directions of debris transport to the study area; 18) shore line; 19) areas 
from which debris is not assumed to enter; 20) lakes; 21) study and sampling area
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ñåíû ìóñêîâèòîâûå ãíåéñû ñ êèàíèòîì. Ïîðîäû äàí-
íîé ãðóïïû â îñíîâíîì ïðåäñòàâëÿþò òîëùè êèñëûõ 
ãðàíóëèòîâ þãî-âîñòî÷íîé âåòâè Ëàïëàíäñêîãî ãðàíó-
ëèòîâîãî ïîÿñà íà çàïàäå è ñåâåðî-çàïàäå îò ðàéîíà ðà-
áîò. Àíàëîãè÷íûå ïîðîäû âñòðå÷àþòñÿ â âîëøïàõñêîé 
è ñåðãîç¸ðñêîé òîëùàõ. 

4. Ãðóïïà ãðàíèòîèäîâ îáúåäèíÿåò ïîðôèðîâèä-
íûå ïëàãèîìèêðîêëèíîâûå ãðàíèòû, ñðåäíåçåðíè-
ñòûå áèîòèòîâûå ãðàíèòû, ïëàãèîìèêðîêëèíîâûå 
ñðåäíå- è ìåëêîçåðíèñòûå ãðàíèòû (ìèãìàòèò-ãðà-
íèòû), àìôèáîëîâûå ñåðî-êðàñíûå ãðàíèòîãíåé-
ñû, àìôèáîëîâûå ãðàíîäèîðèòû, ñåðûå ïëàãèîãðàíè-
òû (èíîãäà ðàçãíåéñîâàííûå) è ðîçîâûå ìèëîíèòû. 
Ïåðâàÿ ïîäãðóïïà ïðèíàäëåæèò óìáèíñêîìó êîìïëåê-
ñó. Ïëàãèîìèêðîêëèíîâûå ñðåäíå- è ìåëêîçåðíèñòûå 
ãðàíèòû øèðîêî ðàçâèòû ñðåäè òîëù ãíåéñîâ îñíî-
âàíèÿ (ìèãìàòèçèðóþò èõ) è, î÷åâèäíî, ïðåäñòàâëÿ-
þò âîðîíüèíñêèé êîìïëåêñ. Àìôèáîëîâûå ãðàíè-
òîãíåéñû ïðåäïîëîæèòåëüíî ïðåäñòàâëÿþò ïîðîäû 
Êàíîç¸ðñêîãî ìàññèâà (ñåâåðî-çàïàä îò ðàéîíà èññëå-
äîâàíèé, áëèç îç. Êàíîçåðî è ðàéîíà Ïîðüåé ãóáû). 
Ñåðûå ïëàãèîãðàíèòû ïðèíåñåíû èç ìàññèâîâ òåðñêî-
ãî êîìïëåêñà. Ðîçîâûå ìèëîíèòû, âèäèìî, ñâÿçàíû ñ 
âíåäðåíèåì è èçìåíåíèåì (òåêòîíèçàöèåé) ðàçëè÷-
íûõ ãðàíèòîèäîâ.

5. Àìôèáîëèòû ïðåäñòàâëåíû ìàññèâíûìè, ïîëîñ-
÷àòûìè è ñëàíöåâàòûìè ñðåäíå- è ìåëêîçåðíèñòûìè 
ðàçíîñòÿìè, ñîñòîÿùèìè èç ðîãîâîé îáìàíêè è ïëàãè-
îêëàçà. Èíîãäà â ñîñòàâå ïðèñóòñòâóþò äèîïñèä è ãðà-
íàò. Îñíîâíûìè èõ èñòî÷íèêàìè ñëóæàò êðóïíûå àì-
ôèáîëèòîâûå ìàññèâû Êàíäàëàêøñêî-Êîëâèöêîé çî-
íû è äðóãèå âóëêàíîãåííî-îñàäî÷íûå òîëùè âåðõíåãî 
àðõåÿ (ïÿëî÷íàÿ ñâèòà, ñåðãîçåðñêàÿ òîëùà è äð.), à òàê-
æå àìôèáîëèòû êîìïëåêñà îñíîâàíèÿ è òåëà ãàááðî-
àìôèáîëèòîâ òåðñêîãî êîìïëåêñà.

6. Ãðóïïà ìåòàãàááðî-àíîðòîçèòîâ è ñðåäíèõ è îñ-
íîâíûõ ãðàíóëèòîâ ïðåäñòàâëåíà ñëîèñòûìè ñðåäíå- è 
ìåëêîçåðíèñòûìè ïîðîäàìè, ñîñòîÿùèìè èç ðàçíûõ 
ñîîòíîøåíèé ïëàãèîêëàçà, àìôèáîëà, êëèíîïèðîêñå-
íà (ðåæå îòðîïèðîêñåíà) è ãðàíàòà. Ñþäà îòíåñåíû è 
ìåòàïëàãèîêëàçèòû — ïî÷òè ïîëíîñòüþ ñåðèöèòèçè-
ðîâàííûå ïîðîäû ñ ðåëèêòàìè ïëàãèîêëàçà, ìèíåðà-
ëîì ýïèäîòîâîé ãðóïïû, õëîðèòîì è ãðàíàòîì. Ïîðîäû 
äàííîé ãðóïïû ìîãóò áûòü ÷àñòè÷íî ïðèíåñåíû èç ìàñ-
ñèâîâ Ãëàâíîãî õðåáòà èëè Êàíäàëàêøñêî-Êîëâèöêîé 
çîíû. Ó÷èòûâàÿ, ÷òî â Êàíäàëàêøñêî-Êîëâèöêîé çî-
íå ìàññèâû ãàááðî-àíîðòîçèòîâ ñîñåäñòâóþò ñ ãðàíó-
ëèòàìè Ëàïëàíäñêîãî ãðàíóëèòîâîãî ïîÿñà, äëÿ äàííîé 
ãðóïïû ïîðîä âûñîêà âåðîÿòíîñòü èìåííî ýòîãî èñòî÷-
íèêà. Êðîìå òîãî, â ãðàâèéíîé ôðàêöèè âñòðå÷àþòñÿ 
åäèíè÷íûå îáëîìêè ïîðîäû òèïà êàòàðàíñêèòà (îñíîâ-
íàÿ ïîðîäà, â êîòîðîé âñëåäñòâèå âòîðè÷íûõ èçìåíå-
íèé ïëàãèîêëàç ïðèîáð¸ë ðîçîâàòî-ñèðåíåâûé îòòå-
íîê), âñòðå÷àåìûõ òîëüêî íà ìûñå Êàòàðàíñêèé.

7. Â ãðóïïó îñíîâíûõ ïîðîä âõîäÿò íîðèòû, ãàááðî, 
äîëåðèòû, àíîðòîçèòû è èõ èçìåí¸ííûå àíàëîãè, ñî-
õðàíèâøèå ðåëèêòîâûå ñòðóêòóðû è ÷àñòè÷íî ìèíåðà-
ëû, ìåòàãàááðî-íîðèò, ïèðîêñåíèòû. Èñòî÷íèêîì äàí-
íûõ ïîðîä ìîãóò áûòü Êàíäàëàêøñêèé è Êîëâèöêèé 
ìàññèâû, ìåëêèå òåëà ïîðüåãóáñêîãî, çàñòåéäîâñêîãî è 
àëàêóðòòèíñêîãî êîìïëåêñîâ, ìàññèâû Ãëàâíîãî õðåáòà 
è Èìàíäðîâñêîãî ëîïîëèòà.

8. Óëüòðàîñíîâíûå ïîðîäû ïðåäñòàâëåíû â îñíîâíîì 
ñåðïåíòèíèçèðîâàííûìè (èíîãäà ñ àìôèáîëîì, õëîðè-

òîì è òàëüêîì) ïîðîäàìè òèïà ïåðèäîòèòîâ è îëèâèíè-
òîâ, ñîõðàíèâøèìè ðåëèêòû îëèâèíà. Èõ èñòî÷íèêîì 
ìîãëè ïîñëóæèòü ìàññèâû ïîðüåãóáñêîãî êîìïëåêñà 
ðàéîíà Ïîðüåé ãóáû èëè Ãëàâíîãî õðåáòà è íåáîëüøèå 
èíòðóçèè âî÷åëàìáèíñêîãî êîìïëåêñà íà þãî-çàïàäå è 
þãå îò Õèáèíñêîãî ìàññèâà, ìåëêèå òåëà àëàêóðòòèí-
ñêîãî è çàñòåéäîâñêîãî êîìïëåêñîâ, âñòðå÷àþùèåñÿ íà 
þãî-âîñòîêå îò îç. Êîëâèöêîå. 

9. Çåë¸íûå ñëàíöû ïðåäñòàâëåíû â îñíîâíîì àêòè-
íîëèòîâûìè (èíîãäà áëèæå ê ðîãîâîîáìàíêîâûì) è 
õëîðèò-àêòèíîëèòîâûìè ñëàíöàìè, îòäåëüíûìè îá-
ëîìêàìè ïëàãèîêëàç-õëîðèò-ñåðèöèòîâîãî ñëàíöà ñ 
ãðàíàòîì, êîòîðûå ïðèíàäëåæàò êîìïëåêñàì çîíû 
Èìàíäðà-Âàðçóãà (òîìèíãñêàÿ ñåðèÿ è äð.) è, âîçìîæ-
íî, áîëåå äðåâíèì ïàëåîðèôòîâûì çîíàì ðåãèîíà. 

10. Íåôåëèíîâûå ñèåíèòû ïðåäñòàâëåíû â îñíîâíîì 
ôîéÿèòàìè è ðåæå ëóÿâðèòàìè. Èñòî÷íèê äàííûõ ïî-
ðîä — Õèáèíñêèé ùåëî÷íîé ìàññèâ. 

11. Ãðóïïà æèëüíûõ ùåëî÷íûõ ïîðîä è ëàìïðîôè-
ðîâ ïðåäñòàâëåíà íåôåëèíèòàìè, ýâäèàëèòîâûìè ôî-
íîëèòàìè, ìîí÷èêèòàìè, àâãèòèòàìè, ôóð÷èòîì,
èçìåí¸ííûì ìåëèëèòîì (?) è äð. Ïîðîäû äàííîé 
ãðóïïû ñëàãàþò ìíîãî÷èñëåííûå äàéêè â êóòîâîé 
÷àñòè Êàíäàëàêøñêîãî çàëèâà, íà ó÷àñòêå îò ìûñà 
Ïåíòåëüñêèé äî Ïîðüåé ãóáû è íà þãå Òóðüåãî ïîëóî-
ñòðîâà. Äàéêè äàííûõ ïîðîä ðàñïðîñòðàíåíû íà þãå — 
þãî-çàïàäå îò Õèáèíñêîãî ìàññèâà, âñòðå÷àþòñÿ â óì-
áèíñêèõ ãðàíèòîèäàõ è â òîëùàõ òåðñêîé ñâèòû, ñåêóò 
ìåëêèå è êðóïíûå ùåëî÷íûå ìàññèâû Êîëüñêîãî ðåãè-
îíà.

12. Ôîéäîëèòû ïðåäñòàâëåíû ìåëüòåéãèòîì, èéî-
ëèòîì, â îñíîâíîì ìåëêîçåðíèñòûìè, à òàêæå óðòè-
òîì. Ïîðîäû äàííîé ãðóïïû ðàçâèòû â Õèáèíñêîì ìàñ-
ñèâå è íà Òóðüåì ïîëóîñòðîâå, â áîëåå ìåëêèõ ùåëî÷-
íûõ ìàññèâàõ þæíåå Õèáèí è â Êîâäîðñêîì ìàññèâå, â 
òðóáêàõ âçðûâà. 

13. Ôåíèòèçèðîâàííûå ïîðîäû. Â äàííóþ ãðóïïó 
îáúåäèíåíû ôåíèòèçèðîâàííûå ïåñ÷àíèêè, ãíåéñû è 
ãðàíèòîèäû. Âñëåäñòâèå ôåíèòèçàöèè ïîðîäû ïðèî-
áðåòàþò ãîëóáîâàòî-çåëåíîâàòî-ñåðûé öâåò, çà÷àñòóþ 
ïðîèñõîäèò äåôîðìàöèÿ òåêñòóð. Íà ìèêðîñêîïè÷å-
ñêîì óðîâíå ôåíèòèçàöèÿ â ïåñ÷àíèêàõ è ãíåéñàõ âû-
ðàæàåòñÿ â îáðàçîâàíèè â ìåæçåðíîâîì ïðîñòðàíñò-
âå òîíêîèãîëü÷àòîãî ãîëóáîâàòî-ñåðîãî àìôèáîëà. Â 
ãíåéñàõ èíîãäà ïðîèñõîäèò îáðàçîâàíèå âîêðóã êâàðöà 
îòîðî÷åê èç ç¸ðåí ÿðêî-çåë¸íîãî êëèíîïèðîêñåíà (ýãè-
ðèí-ãåäåíáåðãèòà?). Íàèáîëåå èçìåí¸ííûå ãðàíèòîè-
äû ïðèîáðåòàþò áëàñòîïîðôèðîâóþ ñòðóêòóðó è õàðàê-
òåðèçóþòñÿ íîâîîáðàçîâàíèÿìè ýãèðèíà, ñâåòëî-ãîëó-
áîãî ùåëî÷íîãî àìôèáîëà, áèîòèòà (èëè ôëîãîïèòà) è 
àëüáèòà, ñëàãàþùèìè ôëþèäàëüíûå ñêîïëåíèÿ («ïîòî-
êè») ìåæäó ç¸ðíàìè èçìåí¸ííûõ âêðàïëåííèêîâ ïîëå-
âûõ øïàòîâ. Èñòî÷íèêîì ôåíèòèçèðîâàííûõ ïåñ÷àíè-
êîâ ÿâëÿþòñÿ òîëùè òóðüèíñêîé ñâèòû þãà ïîëóîñòðî-
âà Òóðèé, âîçìîæíî òàêæå íåáîëüøèå ó÷àñòêè ïåñ÷àíè-
êîâ òåðñêîé ñâèòû, ïðîðûâàåìûå äàéêàìè ùåëî÷íûõ 
ïîðîä è ëàìïðîôèðîâ. Ôåíèòèçèðîâàííûå ãðàíèòîèäû 
ïðèíåñåíû ñ Òóðüåãî ïîëóîñòðîâà. Ôåíèòèçèðîâàííûå 
ãíåéñû ìîãóò ïðèíàäëåæàòü òîëùàì ãíåéñîâ îñíîâà-
íèÿ, êîíòàêòèðóþùèì ñ Õèáèíñêèì ìàññèâîì è íå-
áîëüøèìè ùåëî÷íûìè èíòðóçèÿìè þæíåå ìàññèâà. Íà 
Òóðüåì ïîëóîñòðîâå åñòü ó÷àñòêè, íà êîòîðûõ ãíåéñû 
ÿóðèîêñêîé òîëùè êîíòàêòèðóþò ñ óëüòðàîñíîâíûìè 
ùåëî÷íûìè èíòðóçèÿìè. 
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Ãðóïïû ïîëåâûõ øïàòîâ (14) è êâàðöà (15) âûäåëå-
íû â ãàëå÷íîé è ãðàâèéíîé ôðàêöèÿõ è, ïî âñåé âèäè-
ìîñòè, ÿâëÿþòñÿ ïðîäóêòîì ðàçðóøåíèÿ ïðåèìóùåñò-
âåííî ïîðôèðîâèäíûõ ãðàíèòîèäîâ óìáèíñêîãî êîì-
ïëåêñà. 

16. Â ãðóïïó äðóãèõ îáúåäèíåíû ïëîõî îïðåäåëÿå-
ìûå â ìåëêèõ ôðàêöèÿõ îáëîìêè, à òàêæå åäèíè÷íûå 
îáðàçöû ïîðîä è ìèíåðàëîâ, íàïðèìåð ãðàíîôèðû, 
áëàñòîìèëîíèòû, ùåëî÷íûå ñèåíèòû, àìôèáîëèçèðî-
âàííûé ýêëîãèò, òðàõèò, àìàçîíèò (èñòî÷íèê – àìàçî-
íèòîâûå ïåãìàòèòû ðàéîíà îç. Êàíîçåðî) è äð. Â ïðîáå 
ëèíçû èç ñêëàä÷àòîãî òèëëà (ëèíçà â ñëîå 5) â Ìîñååâî-3 
áûëè îáíàðóæåíû îáëîìêè ìåðãåëÿ. Ãðóïïà «äðóãèå» 
íå ó÷èòûâàëàñü ïðè àíàëèçå ñîîòíîøåíèé ãðóïï ïîðîä 
â ñîñòàâå òèëëîâ.

Ïîðîäû óìáèíñêîãî êîìïëåêñà, ïåñ÷àíèêè òåð-
ñêîé ñâèòû è ÷àñòü æèëüíûõ ùåëî÷íûõ ïîðîä è ëàì-
ïðîôèðîâ (äëÿ ãðÿäû Ìîñååâî) îòíîñÿòñÿ íàìè ê ìåñò-
íîé ïèòàþùåé ïðîâèíöèè (äàëåå — ìåñòíûå ïîðîäû), 
òàê êàê îíè ëèáî ïîäñòèëàþò, ëèáî íàõîäÿòñÿ â íåïî-
ñðåäñòâåííîé áëèçîñòè ê èçó÷àåìîìó ó÷àñòêó (äî 10 êì 
îò òî÷åê îïðîáîâàíèÿ). Âñå îñòàëüíûå ïîðîäû ðàññìà-
òðèâàþòñÿ íàìè êàê ïðèíîñíûå è ïðèíàäëåæàò óäàë¸í-
íûì ïèòàþùèì ïðîâèíöèÿì, ðàñïîëîæåííûì äàëåå 
÷åì 10 êì îò èññëåäóåìûõ îáúåêòîâ.

Â õîäå èññëåäîâàíèÿ ñîîòíîøåíèé âûäåëåííûõ 
ãðóïï áûëî îïðåäåëåíî, ÷òî áàçàëüíûå òèëëû ãðÿäû 
(ðèñ. 2, äèàãðàììû Å è F) è ìîðåííîé ðàâíèíû (ðèñ. 3, 
E è F) èìåþò ñõîäíûé ïåòðîãðàôè÷åñêèé ñîñòàâ. Â 
íèõ ïðåîáëàäàþò áèîòèòîâûå ãíåéñû è ãðàíèòîèäû. 
Âûñîêèå ñîäåðæàíèÿ îáëîìêîâ ãðàíèòîèäîâ ñâÿçàíû 
êàê ñ íàñûùåíèåì ïîäñòèëàþùèìè óìáèíñêèìè ãðà-
íèòîèäàìè, òàê è ñ îòäåëåíèåì îò êðóïíûõ îáëîìêîâ 
ãðàíèòèçèðîâàííûõ ãíåéñîâ ìèãìàòèòîâûõ ïðîæèë-
êîâ. Â ñîñòàâå áàçàëüíîãî òèëëà ãðàíèòîèäíûå îáëîìêè 
èç ãíåéñîâûõ òîëù çà÷àñòóþ ïðåîáëàäàþò íàä óìáèí-
ñêèìè ãðàíèòàìè. Â áàçàëüíîì òèëëå âûñîêî ñîäåðæà-
íèå àìôèáîëèòîâ, ìåòàãàááðî-àíîðòîçèòîâ è ãðàíóëè-
òîâ, èíîãäà çåë¸íûõ ñëàíöåâ è ãëèíîç¸ìèñòûõ ãíåé-
ñîâ. Çíà÷èòåëüíàÿ ðàçíèöà ñîäåðæàíèÿ ãëèíîç¸ìèñòûõ 
ãíåéñîâ â ðàçíûõ ïðîáàõ è ôðàêöèÿõ ñâÿçàíà ñ òðóä-
íîñòüþ èõ îïðåäåëåíèÿ è ñõîäñòâîì ñ øèðîêî ðàñïðî-
ñòðàíåííûìè áèîòèòîâûìè ãíåéñàìè. Â ïðîáàõ êðîìå 
êâàðöà è ïîëåâûõ øïàòîâ îòìå÷àåòñÿ ïîñòîÿííîå ïðè-
ñóòñòâèå îáëîìêîâ îñíîâíûõ ïîðîä, íåôåëèíîâûõ ñè-
åíèòîâ, ôîéäîëèòîâ, æèëüíûõ ùåëî÷íûõ ïîðîä è ëàì-
ïðîôèðîâ.

Äëÿ òèëëà èç ëèíçû â ñêëàä÷àòîì ÿäðå ãðÿäû 
(ðèñ. 2, G è H) õàðàêòåðíî ïðåîáëàäàíèå ãðàíèòîèäîâ 
(â îñíîâíîì óìáèíñêîãî ìàññèâà), ãíåéñîâ è ãëèíîç¸-
ìèñòûõ ãíåéñîâ, ç¸ðåí ïîëåâûõ øïàòîâ. Ïðèñóòñòâóþò 
êðàñíîöâåòíûå ïåñ÷àíèêè, àìôèáîëèòû, çåë¸íûå ñëàí-
öû, íåôåëèíîâûå ñèåíèòû, ôîéäîëèòû è æèëüíûå ùå-
ëî÷íûå ïîðîäû è ëàìïðîôèðû.

Â àáëÿöèîííîì òèëëå ãðÿäû (ðèñ. 2, C è D; ðèñ. 4, 
Â) íàèáîëüøåå ñîäåðæàíèå õàðàêòåðíî äëÿ êðàñíî-
öâåòíûõ ïåñ÷àíèêîâ è ãðàíèòîèäîâ (â îñíîâíîì óìáèí-
ñêèõ). Â âàëóííîé ôðàêöèè âñòðå÷àåòñÿ ìíîãî ãíåéñîâ, 
õîòÿ â ãàëå÷íîé è ãðàâèéíîé èõ ñîäåðæàíèå íåçíà÷è-
òåëüíî. Èíîãäà â ãðàâèéíîé ôðàêöèè îòìå÷àþòñÿ âû-
ñîêèå ñîäåðæàíèÿ ïîëåâûõ øïàòîâ. Îñòàëüíûå ïîðîäû 
ïðèñóòñòâóþò â íåáîëüøèõ êîëè÷åñòâàõ.

Ñîñòàâ àáëÿöèîííîãî òèëëà ìîðåííîé ðàâíèíû 
(ðèñ. 3, C è D, ðèñ. 4, À) õàðàêòåðèçóåòñÿ ïðåîáëàäàíè-

åì ãíåéñîâ, âòîðîñòåïåííîé ðîëüþ ãðàíèòîèäîâ è ïî-
âûøåííûì ñîäåðæàíèåì àìôèáîëèòîâ, ìåòàãàááðî-
àíîðòîçèòîâ è ãðàíóëèòîâ, ãëèíîç¸ìèñòûõ ãíåéñîâ, 
èíîãäà îñíîâíûõ ïîðîä è çåë¸íûõ ñëàíöåâ. Â öåëîì ñî-
ñòàâ äàííîãî òèëëà àíàëîãè÷åí ñîñòàâó áàçàëüíîãî òèë-
ëà êàê ìîðåííîé ðàâíèíû, òàê è íàïîðíîé ãðÿäû.

Îáñóæäåíèå è âûâîäû
Òèëëû ðàçíûõ ôàöèé, ó÷àñòâóþùèå â ñòðîåíèè 

ãðÿäû ó ä. Ìîñååâî, èìåþò ðàçëè÷íûé ïåòðîãðàôè÷å-
ñêèé ñîñòàâ, à òèëëû ìîðåííîé ðàâíèíû — ñõîäíûé. 
Â òî æå âðåìÿ áàçàëüíûé òèëë ãðÿäû è ìîðåííîé ðàâíè-
íû èìååò ïîäîáíûé ñîñòàâ, à àáëÿöèîííûå òèëëû, íà-
îáîðîò, èìåþò ðåçêèå ðàçëè÷èÿ. Äàííûå çàêîíîìåðíî-
ñòè ïðîñëåæèâàþòñÿ âî âñåõ èçó÷åííûõ ôðàêöèÿõ.

Äëÿ áàçàëüíîãî òèëëà ãðÿäû è ìîðåííîé ðàâ-
íèíû õàðàêòåðíû â îñíîâíîì ïðèíîñíûå ïîðîäû. 
Àíàëîãè÷íàÿ áàçàëüíîìó òèëëó àññîöèàöèÿ ïîðîä 
ïðèñóùà àáëÿöèîííîìó òèëëó ìîðåííîé ðàâíèíû. Ýòî 
ñâèäåòåëüñòâóåò î òîì, ÷òî íàñûùåíèå íèæíåé è ñðåä-
íåé ÷àñòåé ïîêðîâíîãî ëåäíèêà îáëîìî÷íûì ìàòåðèà-
ëîì ïðîèñõîäèëî èç îäíèõ èñòî÷íèêîâ ïî ìåðå åãî äâè-
æåíèÿ. Îáëîìî÷íûé ìàòåðèàë ïîñòåïåííî ïðîíèêàë â 
áîëåå âûñîêèå ÷àñòè ìàññèâà ëüäà è ïðè ïîñëåäóþùåì 
âûòàèâàíèè îïðåäåëèë ñõîäñòâî ïåòðîãðàôè÷åñêîãî 
ñîñòàâà àáëÿöèîííîãî è áàçàëüíîãî òèëëîâ. Íàèáîëåå 
âåðîÿòíûìè ó÷àñòêàìè çàõâàòà ëåäíèêîì ïîðîä ëî-
æà ÿâëÿþòñÿ ðàéîí êîòëîâèí îçåð Ïèðåíãà, Áàáèíñêàÿ 
Èìàíäðà, Ýêîñòðîâñêàÿ Èìàíäðà, Êàíîçåðî, þæ-
íûå ñêëîíû Ãëàâíîãî õðåáòà, þãî-çàïàäíûé ñêëîí 
Õèáèíñêîãî ìàññèâà, ñêëîíû Êàíäàëàêøñêèõ è 
Êîëâèö êèõ òóíäð, äíî Êàíäàëàêøñêîãî çàëèâà Áåëîãî 
ìîðÿ è ðàéîí ïîëóîñòðîâà Òóðèé (ðèñ. 1). 

Ëèíçà â ñêëàä÷àòîì òèëëå â ÿäðå ãðÿäû â öåëîì 
ñîîòâåòñòâóåò ñîñòàâó çàëåãàþùåãî âûøå áàçàëüíîãî 
òèëëà, õîòÿ â áîëüøåé ñòåïåíè íàñûùåíà îáëîìêàìè 
ïîäñòèëàþùèõ ãðàíèòîâ. Âìåñòå ñ èäåíòè÷íîé 
ñòðóêòóðîé è îêðàñêîé ýòî ïîçâîëÿåò ñ÷èòàòü ëèíçó 
íåáîëüøèì îòòîðæåíöåì áàçàëüíîãî òèëëà. Ñëîèñòàÿ 
ïà÷êà êîðè÷íåâàòî-êðàñíûõ ïåñêîâ è ãðàâèéíî-
ãàëå÷íîãî ìàòåðèàëà, âìåùàþùàÿ ëèíçó, ðåçêî êîíòðà-
ñòèðóåò ñ íåé ïðåîáëàäàíèåì êðàñíîöâåòíûõ ïåñ÷àíè-
êîâ ìåñòíîé ïèòàþùåé ïðîâèíöèè. Ïåðåìåøèâàíèå 
ìàòåðèàëà ïðàêòè÷åñêè íå óñòàíîâëåíî. Äàííûé ôàêò 
ñâèäåòåëüñòâóåò â ïîëüçó òîãî, ÷òî òîëùà ðûõëûõ ïî-
ðîä, ñëîæåííàÿ êðàñíîöâåòíûìè ïåñ÷àíèêàìè, áûëà 
äèñëîöèðîâàíà àêòèâíûì ëüäîì â ïðîìîðîæåííîì ñî-
ñòîÿíèè, âêëþ÷åíà â ñîñòàâ îáîãàùåííîé äåáðèñîì íè-
æíåé ÷àñòè ëüäà è ïåðåìåùåíà íà íåçíà÷èòåëüíîå ðàñ-
ñòîÿíèå (äî 1–2 êì) ïóòåì ïëàñòè÷åñêîãî òå÷åíèÿ ìà-
òåðèàëà. Èòîãè äàííîãî ïðîöåññà ôèêñèðóþòñÿ â íà-
ñòîÿùèé ìîìåíò â âèäå ñêëàäîê âîëî÷åíèÿ, êà÷åíèÿ è 
ãëÿöèîíàäâèãîâ [4]. 

Ñîñòàâ àáëÿöèîííîãî òèëëà ãðÿäû êîðåííûì îáðà-
çîì îòëè÷àåòñÿ îò ëåæàùåãî íèæå ïî ðàçðåçó áàçàëüíîãî 
òèëëà, à òàêæå îò àáëÿöèîííîãî òèëëà ìîðåííîé ðàâíè-
íû. Äëÿ íåãî õàðàêòåðíî ïðåîáëàäàíèå â ñîñòàâå ìåñò-
íûõ ïîðîä êðàñíîöâåòíûõ ïåñ÷àíèêîâ è ãðàíèòîèäîâ 
è ïîâûøåííîå îòíîñèòåëüíî äðóãèõ ïðîá ñîäåðæàíèå 
æèëüíûõ ùåëî÷íûõ ïîðîä è ëàìïðîôèðîâ. Õàðàêòåðíî 
îáíàðóæåíèå îáëîìêîâ ôåíèòèçèðîâàííûõ ãðàíèòî-
èäîâ. Èñòî÷íèêè îòìå÷åííûõ ïîðîä ðàñïîëîæåíû íà 
Òóðüåì ïîëóîñòðîâå, ïðèëåãàþùåé àêâàòîðèè Áåëîãî 
ìîðÿ è ïîáåðåæüå. Ñïåöèôè÷åñêèé  ñîñòàâ àáëÿöèîí-
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íîãî òèëëà ãðÿäû ó ä. Ìîñååâî ñâèäåòåëüñòâóåò î ôîð-
ìèðîâàíèè ýòîé ôîðìû ó íåïîñðåäñòâåííîãî êðàÿ äåã-
ðàäèðóþùåãî ëåäíèêà â îäíó èç ôàç åãî îòñòóïëåíèÿ â 
ïîçäíåì ïëåéñòîöåíå. Ó íåïîñðåäñòâåííîãî êðàÿ ëåä-
íèêà àêòèâíûé ëåä ïðîäâèãàåòñÿ, êàê ïðàâèëî, ïî ìåð-
çëîìó ñóáñòðàòó ëîæà [12], ÷òî âûçûâàåò àáðàçèþ êî-
ðåííûõ ïîðîä è èõ ïîñòóïëåíèå â ñîñòàâ îòíîñèòåëüíî 
óçêîé ïðèêðàåâîé ïîëîñû (å¸ øèðèíà êîëåáëåòñÿ â ïðå-
äåëàõ 1–5 êì). Äåáðèñ, çàõâà÷åííûé ëåäíèêîì â õîäå 
ñâîåãî ïðîäâèæåíèÿ ê ãðÿäå, àêòèâíî àêêóìóëèðîâàëñÿ 
âíå ýòîé óçêîé çîíû, îïðåäåëÿÿ ñîñòàâ áàçàëüíûõ òèë-
ëîâ ìîðåííûõ ðàâíèí çàïàäíåå ãðÿäû [12]. ×àñòè÷íî 
ýòîò ìàòåðèàë äîñòèãàë è íåïîñðåäñòâåííîé êðàåâîé 
çîíû, ãäå ñìåøèâàëñÿ ñ ìåñòíûìè ïîðîäàìè. 

Ïåòðîãðàôè÷åñêèé ñîñòàâ òèëëîâ è ñòðóêòóðíî-ãå-
îëîãè÷åñêèå ñâåäåíèÿ î ãðÿäå óêàçûâàþò íà òî, ÷òî èñ-
ñëåäóåìàÿ òåððèòîðèÿ îêàçàëàñü íà ïåðèôåðèè àêòèâ-
íîãî Áåëîìîðñêîãî ëåäíèêîâîãî ïîòîêà. Ïðîäâèæåíèå 

îñåâîé ÷àñòè ïîòîêà ïðîèñõîäèëî ïî êîòëîâèíå Áåëîãî 
ìîðÿ â þãî-âîñòî÷íî-âîñòî÷íîì íàïðàâëåíèè â îäíó èç 
ôàç äåãðàäàöèè ïîñëåäíåãî îëåäåíåíèÿ. Èç-çà áëèçêîãî 
ëåäíèêîâîãî êðàÿ ìîùíîñòü òîëùè ëüäà áûëà íåáîëü-
øîé. Ìàëîìîùíûé ëåäíèê âûíóæäåí áûë ðåàãèðîâàòü 
è íà ìàëîàìïëèòóäíûå íåðîâíîñòè ëåäíèêîâîãî ëîæà 
ñ «îáòåêàíèåì» è ïîâûøåííîé ëåäíèêîâîé ýêçàðàöèåé 
ïîäíÿòèé, êîòîðûå ñòàíîâèëèñü ïðåãðàäîé íà ïóòè ëåä-
íèêà. Ê íèì ìîæíî îòíåñòè êîìïàêòíûé âîçâûøåí-
íûé ìàññèâ ïîëóîñòðîâà Òóðèé (ñ îòíîñèòåëüíîé âûñî-
òîé äî 250 ì). Íàëè÷èå ïîäíÿòèÿ ïðèâåëî ê èçìåíåíèþ 
íàïðàâëåíèÿ äâèæåíèÿ ëüäà íà ñåâåðî-âîñòî÷íîå â äå-
ïðåññèè âîñòî÷íåå ïîëóîñòðîâà. 

Â ðåçóëüòàòå ïðîâåä¸ííûõ èññëåäîâàíèé áûë îïðå-
äåë¸í ïåòðîãðàôè÷åñêèé ñîñòàâ ëåäíèêîâûõ îáðàçîâà-
íèé è âûÿâëåíû îñîáåííîñòè ñîñòàâà ðàçëè÷íûõ ôà-
öèé òèëëîâ ãðÿäû ñ íàïîðíûì îñíîâàíèåì è ïðèëåãà-
þùåé ìîðåííîé ðàâíèíû. Äàííûå, ïîëó÷åííûå ïðè 

Ðèñ. 2. Ñòðîåíèå ãðÿäû ñ íàïîðíûì ìîðåííûì îñíîâàíèåì â îáíàæåíèè «Ìîñååâî-3» è äèàãðàììû ïåòðîãðàôè÷åñêîãî ñîñòàâà 
òèëëîâ: À — ôîòîãðàôèÿ, B — çàðèñîâêà ðàçðåçà, C, E, G — äèàãðàììû ïåòðîãðàôè÷åñêîãî ñîñòàâà ãàëå÷íîé ôðàêöèè (%), D, 
F, H — äèàãðàììû ïåòðîãðàôè÷åñêîãî ñîñòàâà ãðàâèéíîé ôðàêöèè (%). 1 — ãðàâèéíî-ãàëå÷íàÿ ñìåñü ñ âàëóíàìè; 2 — ïåñîê 
ðàçíîçåðíèñòûé; 3 — ïåñ÷àíî-ãðàâèéíàÿ ñìåñü; 4 — ïåñîê ãëèíèñòûé; 5 — ïåñîê ãëèíèñòûé ñ ãàëüêîé è âàëóíàìè; 6 — îñûïü; 
7 — ñëîèñòîñòü; 8 — íîìåðà ñëîåâ ðàçðåçà. Ê äèàãðàììàì ïåòðîãðàôè÷åñêîãî ñîñòàâà: 9 — ïåñ÷àíèêè; 10 — ãíåéñû; 11 — ãëè-
íîç¸ìèñòûå ãíåéñû; 12 — ãðàíèòîèäû; 13 — àìôèáîëèòû; 14 — ìåòàãàááðî-àíîðòîçèòû è ñðåäíèå è îñíîâíûå ãðàíóëèòû; 15 — 
îñíîâíûå ïîðîäû; 16 — óëüòðàîñíîâíûå ïîðîäû; 17 — çåë¸íûå ñëàíöû; 18 — íåôåëèíîâûå ñèåíèòû; 19 — æèëüíûå ùåëî÷íûå 
ïîðîäû è ëàìïðîôèðû; 20 — ôîéäîëèòû; 21 — ôåíèòèçèðîâàííûå ïîðîäû; 22 — ïîëåâûå øïàòû; 23 — êâàðö

Fig. 2. Composition of the ridge with push moraine basement in the outcrop «Moseevo–3» and diagrams of till petrographic composition. 
A — photo, B — section sketch, C, E, G — diagrams of petrographic composition of pebble fraction (%), D, F, H — diagrams of petro-
graphic composition of gravel fraction (%).1 — gravel-pebble mix with boulders; 2 — various-grained sand; 3 — sand-gravel mix; 4 — 
clayey sand; 5 — clayey sand with pebbles and boulders; 6 — colluvium; 7 — lamination; 8 — layer numbers. To diagrams of petrographic 
composition: 9 — sandstones; 10 — gneisses; 11 — aluminous gneisses; 12 — granitoids; 13 — amphibolites; 14 — metagabbro-anortho-
sites and intermediate and basic granulites; 15 — basic rocks; 16 — ultrabasic rocks; 17 — green schists; 18 — nepheline syenites; 19 — 
vein alkaline rocks and lamprophyres; 20 — foidolites; 21 — fenitized rocks ; 22 — feldspars; 23 — quartz
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ïîìîùè ïåòðîãðàôè÷åñêîãî àíàëèçà îáëîìî÷íîãî ìà-
òåðèàëà, ñîãëàñóþòñÿ ñ ãåîëîãè÷åñêîé è ñòðóêòóðíî-ãå-
îëîãè÷åñêîé èíôîðìàöèåé î þãî-çàïàäíîì íàïðàâëå-
íèè äâèæåíèÿ ëåäíèêà âî âðåìÿ îáðàçîâàíèÿ ãðÿäû â 

îäíó èç çàêëþ÷èòåëüíûõ ôàç ðàçâèòèÿ ïîñëåäíåãî ëåä-
íèêîâîãî ïîêðîâà. Âàæíûì äîñòèæåíèåì ïðîâåäåííîé 
ðàáîòû ÿâëÿåòñÿ óñòàíîâëåíèå ïåòðîãðàôè÷åñêèõ êðè-
òåðèåâ ñîñòàâà îáëîìî÷íîãî ìàòåðèàëà, êîòîðûå èäåí-
òèôèöèðóþò êðàåâûå ëåäíèêîâûå îáðàçîâàíèÿ â ðåãè-
îíå. Ýòî ïîçâîëÿåò ñ÷èòàòü ïåòðîãðàôè÷åñêèé ìåòîä 
ïðèìåíèìûì äëÿ èçó÷åíèÿ ëåäíèêîâûõ îáðàçîâàíèé â 
Êîëüñêîì ðåãèîíå íàðÿäó ñ òðàäèöèîííûìè ãåîëîãè÷å-
ñêèìè è ñòðóêòóðíî-ãåîëîãè÷åñêèìè ìåòîäàìè. 

Àâòîðû âûðàæàþò ãëóáîêóþ ïðèçíàòåëüíîñòü íàó÷-
íîìó ðóêîâîäèòåëþ Â. Â. Êîëüêå â âûáîðå îáúåêòîâ è òå-
ìàòèêè èññëåäîâàíèé è çà ïîìîùü â ïîäãîòîâêå ñòàòüè, 
Ò. Â. Ðóíäêâèñò è Â. Â. Áîðèñîâîé çà ïîìîùü â îïðåäåëå-
íèè ïîðîä, à òàêæå Ä. Ñ. Òîëñòîáðîâó è Â. Ë. Èëü÷åíêî çà 
àêòèâíîå ó÷àñòèå â ïîëåâûõ ðàáîòàõ.
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Ðèñ. 4. Ïåòðîãðàôè÷åñêèé ñîñòàâ (%) âàëóííîé ôðàêöèè 
àáëÿöèîííîãî òèëëà ìîðåííîé ðàâíèíû (äèàãðàììà À) è 
ãðÿäû ñ íàïîðíûì îñíîâàíèåì (äèàãðàììà Â). Óñëîâíûå 
îáîçíà÷åíèÿ ñì. íà ðèñ. 2

Fig. 4. Petrographic composition (%) of boulder fraction of the 
moraine plain ablation till (diagram A) and ablation till of the ridge 
with push moraine basement (diagram B). Symbolic representa-
tions to diagrams see on Fig. 2
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Introduction
Three lineages of conodont genus Siphonodella are 

known. The pandemic lineage comprising so-called «orna-
mented» or «deep-water» siphonodellids forms basis for the 
detailed conodont zonation of the terminal Famennian and 
Tournaisian (excluding uppermost Tournaisian) (Sandberg 
et al., 1978). Besides «ornamented» siphonodellids two en-
demic lineages of this genus are known in the East Europe 
and South China. The Chinese lineage is composed of spe-
cies possessing unornamented Pa elements (Ji & Ziegler, 
1992; Ji, 2004). These species dwelt shallow-water ma-
rine environment. Another shallow-water lineage of sipho-
nodellids, characterized by unornamented or poorly orna-
mented Pa elements, existed in East European part of the 
Laurussia Palaeocontinent only. Representatives of the last 
lineage are known from shallow-water successions of Donets 
Basin, Moscow Syneclise, Timan-Pechora Basin, and South 
Urals (Kozitskaya et al., 1978; Lipnjagov, 1979; Barskov et 
al., 1984; Gagiev et al., 1987). The most diverse associations 
of these siphonodellids were described from the eastern part 
of the Timan-Pechora Basin (Zhuravlev, 2017). All species 
of the East European lineage, excluding Siphonodella kal-
vodai Kaiser, Kumpan et Cigler, were found in the terminal 
Famennian and Tournaisian shallow-water clayey-carbon-
ate successions in the southern part of the Pechora-Kozhva 
Uplift (Fig. 1).

Material and methods
This study is based on about 170 limestone and clay 

samples collected from the Kamenka River sections (Figs. 1, 2). 
The processing of samples (about 1 kg in weight) followed the 
standard procedure: dissolution of limestone in 10% buffered 

acetic acid; and dispergation of clay in hot water. The residues 
were washed through a sieve of 70 μm, dried and conodont 
elements were picked out. About 2750 conodont elements were 
collected, including 1440 P1-elements; 270 of them belong to 
genus Siphonodella. Most of the conodont elements are of good 
preservation, however some elements possess corroded surface. 
Five samples characterizing upper part of the Tournaisian 
contain a new Siphonodella species (Fig. 2).

Results
The Pechora-Kozhva Uplift is a structure in the east-

ern part of the Pechora Plate, on the passive margin of the 
Laurussia Palaeocontinent, where an eastward transition 
from Devonian and Carboniferous shallow-water, main-
ly marine siliciclastic and carbonate deposits, into deep wa-
ter facies can be observed. The Devonian-Carboniferous 
boundary beds correspond to the lower part of the Edzhid 
Formation comprising clayey-carbonate deposits.

Studied sections are located in the Kozhva River basin, 
on the banks of the Kamenka River (N 65° 04’ 27.4’’ E 56° 
42’ 50.9’’) (Fig. 1). Terminal Famennian and Tournaisian 
strata, represented mainly by carbonate deposits are exposed 
there (Fig. 2). For lithological description and facies inter-
pretation of the sections refer to Vevel et al., 2012. The de-
posits here contain rather abundant conodont associations 
dominated by representatives of genera Polygnathus and 
Patrognathus. Species of Siphonodella, Pseudopolygnathus, 
Hindeodus, and Ligonodina occur as well. The Devonian/
Carboniferous boundary is marked by the first occurrence of 
Siphonodella sulcata in association with S. semichatovae and 
Patrognathus crassus, that allows reliable recognition of this 
level (Zhuravlev, 2017).

ÓÄÊ 56.016.3

A NEW SPECIES OF SHALLOW-WATER SIPHONODELLA (CONODONTA) FROM THE TOURNAISIAN

(LOWER CARBONIFEROUS) OF PECHORA-KOZHVA UPLIFT, TIMAN-PECHORA BASIN
A. V. Zhuravlev

Institute of Geology Komi SC B RAS, Syktyvkar
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A new Tournaisian (Early Carboniferous) conodont Siphonodella puchkovi sp. nov. is described from the shallow-water clayey-
carbonate deposits of the Pechora-Kozhva Uplift (Pechora Plate). Morphologically Siphonodella puchkovi is similar to its ancestral species 
Siphonodella quasinuda Gagiev, Kononova et Pazuhin but differs from it by longer outer rostral ridge, platform outline, and rounded posterior 
tip of platform. The new species occurs in the L. crenulata Zone (carinata local zone) of the middle Tournaisian, and is known from the Timan-
Pechora and Donets basins. Together with Siphonodella carinata and Hindeodus cristulus the new species is characteristic of this zone in 
the shallow-water facies.
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Occurrence of a diverse shallow-water assemblage of 
siphonodellids, including Siphonodella bella Kononova et 
Migdisova, S. quasinuda Gagiev, Kononova et Pazuhin, S. 
semichatovae Kononova et Lipnjagov, S. ludmilae Zhuravlev 
et Plotitsyn, and S. carinata Zhuravlev, allowed to reveal their 
phylogeny and to propose local conodont zones (Zhuravlev, 
2017). Studied siphonodellids demonstrate wide morpho-
logical variation in their platform outline and ornamenta-
tion, including rostrum architecture, that allows to recog-
nize a new species – Siphonodella puchkovi sp. nov. (Fig. 3). 
This species is represented by few specimens only and was 
mentioned as S. aff. quasinuda earlier (Zhuravlev, 2017).

Systematic paleontology
Genus Siphonodella Branson et Mehl
Siphonodella puchkovi sp. nov.
Fig. 3.1–3.3
Siphonodella aff. crenulata: Kozitskaya et al., 1978, p. 

88-89, pl. VI, fig. 7
Siphonodella sp. A: Lipnjagov, 1979, Pl. 2, fig. 2
Etymology: In honor of V.V. Puchkov, for his contribu-

tion to conodont studies in the North Urals.
Holotype: Fig. 3.1, specimen 703/16, sample 121-15/18, 

Kamenka River section, Pechora Swell, Timan-Pechora 
Basin, Lower crenulata Zone (carinata local zone).

Paratype: Fig. 3.2, specimen 687/36, sample 122-
1-9/91, Kamenka River section, Pechora swell, Timan-
Pechora basin, Lower crenulata Zone (carinata local zone).

Diagnosis: Advanced siphonodellid species with P1 ele-

ments having lanceolate, smooth, and asymmetric platform 
with prominent rostrum that bears up to two rostral ridg-
es. Long outer rostral ridge merges with the lateral platform 
margin. The inner rostral ridge is short.

Description: P1-elements possessing lanceolate asym-
metric platform with rounded posterior tip. Prominent ros-
trum bears up to two rostral ridges. The outer rostral ridge is 
long and merges with the lateral platform margin. Short in-
ner rostral ridge is gently bent towards the lateral platform 
margin. The elements possess features characteristic of Class 
II symmetry sensu Lane (1968). Platform ornamentation 
is poor or absent. Inner part of platform is smooth or bears 
scattered nodes or unclear ribs. Outer part of platform may 
be ornamented bearing wide and low transverse ribs. Carina 
sigmoidal, strongly bowing inwards and decreasing in height 
posteriorly. Keel is thin in the anterior part and depressed in 
the posterior part of the element that is similar to other ad-

Fig. 1. Locality schematic maps. Triangles mark outcrops

Ðèñ. 1. Ñõåìàòè÷åñêèå êàðòû ðàñïîëîæåíèÿ ðàçðåçîâ. Îáíà-
æåíèÿ îòìå÷åíû òðåóãîëüíèêàìè

Fig. 2. Composite log of the Kamenka River section demonstrating 
first occurrence datums (triangles) and ranges of the siphonodel-
lids species. Legend: 1 — limestones; 2 — clayey limestones and 
thin alternation of limestone and clay; 3 — cherty concretions; 4 — 
conodont samples; 5 — conodont samples containing Siphonodella 
puchkovi sp. nov. 

Ðèñ. 2. Ñâîäíàÿ êîëîíêà ðàçðåçà íà ð. Êàìåíêå, äåìîíñòðè-
ðóþùàÿ óðîâíè ïåðâûõ íàõîäîê (òðåóãîëüíèêè) è èíòåðâàëû 
ðàñïðîñòðàíåíèÿ âèäîâ ðîäà Siphonodella. Óñëîâíûå îáîçíà-
÷åíèÿ: 1 — èçâåñòíÿêè; 2 — ãëèíèñòûå èçâåñòíÿêè è òîíêîå 
÷åðåäîâàíèå èçâåñòíÿêîâ è ãëèí; 3 — êðåìíèñòûå êîíêðå-
öèè; 4 — îáðàçöû íà êîíîäîíòû; 5 — îáðàçöû, ñîäåðæàùèå 
Siphonodella puchkovi sp. nov.
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vanced siphonodellids in the East-European lineage. Small 
basal pit is located in the mid-point of the element.

Cross-section asymmetry of denticles on the free blade 
(Fig. 4A) suggests arrangement of P1 elements in the appa-
ratus where sinistral one of them is located somewhat pos-
teriorly of the dextral element (Fig. 4B). It is supposed that 
rostral ridges, free blade, and anterior carina were closely oc-
cluded whereas posterior carina and platform were occluded 
in a lesser degree (Fig. 4B). 

Remarks: Siphonodella puchkovi sp. nov. is closely re-
lated to other species of the advanced shallow-water sipho-
nodellids, such as S. ludmilae Zhuravlev et Plotitsyn, S. kal-
vodai Kaiser, Kumpan et Cigler, and late forms of S. quasi-
nuda Gagiev, Kononova et Pazuhin. It differs from S. kalvo-
dai by smoother platform outline, longer outer rostral ridge, 
by having only two rostral ridges at the late stage of ontog-
eny, and by Class II symmetry. S. puchkovi differs from S. 
ludmilae by having smooth or poorly ornamented platform 
and smoother outer outline of platform. From the morpho-
logically close to it species, S. quasinuda, S. puchkovi differs 
by possessing longer outer rostral ridge, by general platform 
outline (lanceolate and strongly asymmetric), and by round-
ed posterior tip of platform.

Material: 9 specimens from the Middle Tournaisian (L. 
crenulata Zone or carinata local zone) of the Kamenka River 
section, Pechora Swell, Timan-Pechora Basin.

Distribution: Lower Carboniferous, Tournaisian (L. 
crenulata Zone) of the Timan-Pechora and Donets basins 
(East European Platform).

Figured specimens are deposited in the Geological 
Museum of Institute of Geology Komi SC UB RAS, 
Syktyvkar, collections #703, 704, and 687.

Concluding remarks
According to the data obtained, Siphonodella puchkovi 

probably evolved from S. quasinuda by the development of a 
longer outer rostral ridge. The first occurrence datum (FOD) 
of S. puchkovi in the Timan-Pechora Basin approximately 

Fig. 3. P1-elements of Siphonodella puchkovi sp. nov. from the 
Tournaisian Lower crenulata Zone (carinata local zone) of the 
Kamenka River section: 1 — upper view of dextral element, speci-
men703/16 (holotype), outcrop 121, sample 121-15/18; 2 — upper 
view of sinistral element, specimen 687/36, outcrop 122, sample 
122-1-9/91; 3 — lower view of sinistral element, specimen 704/1, 
outcrop 121, sample 121-13/18 (P1 element of Siphonodella aff. 
puchkovi sp. nov. comes from the same locality and stratum); 4 — 
upper view of anterior part of gerontic sinistral element, specimen 
703/14, outcrop 121, sample 121-13/18

Ðèñ. 3. P1-ýëåìåíòû Siphonodella puchkovi sp. nov. èç òóðíåé-
ñêîé çîíû íèæíåé crenulata (ìåñòíàÿ çîíà carinata) â ðàçðåçå 
íà ð. Êàìåíêà: 1 — âèä ñâåðõó ïðàâîãî ýëåìåíòà, ýêç. 703/16 
(ãîëîòèï), îáí. 121, îáð. 121-15/18; 2 âèä ñâåðõó ëåâîãî ýëå-
ìåíòà, ýêç. 687/36, îáí. 122, îáð. 122-1-9/91; 3 — âèä ñíèçó 
ëåâîãî ýëåìåíòà, ýêç. 704/1, îáí. 121, îáð. 121-13/18 (P1-ýëå-
ìåíò Siphonodella aff. puchkovi sp. nov. èç òîãî æå ìåñòîíàõî-
æäåíèÿ è ñòðàòèãðàôè÷åñêîãî èíòåðâàëà); 4 — âèä ñâåðõó 
ïåðåäíåé ÷àñòè ãåðîíòè÷åñêîãî ëåâîãî ýëåìåíòà, ýêç. 703/14, 
îáí. 121, îáð. 121-13/18

Fig. 4. Scheme of occlusion of P1-elements of Siphonodella puchkovi sp. nov. A — close-up view of free blade of the dextral P1 element 
demonstrating asymmetry of the cross sections of denticles providing occlusion along the inner surface of free blade; B — schematic draw-
ing of occluding P1-elements (dextral in green, sinistral in red)

Ðèñ. 4. Ñõåìà ñìûêàíèÿ P1-ýëåìåíòîâ Siphonodella puchkovi sp. nov. A — óâåëè÷åííîå èçîáðàæåíèå ñâîáîäíîãî ëèñòà ïðàâîãî 
P1-ýëåìåíòà, äåìîíñòðèðóþùåå àñèììåòðèþ ïîïåðå÷íîãî ñå÷åíèÿ çóáöîâ, êîòîðàÿ îáåñïå÷èâàëà ñìûêàíèå âäîëü âíóòðåííåé 
ïîâåðõíîñòè ñâîáîäíîãî ëèñòà; B — ñõåìàòè÷åñêèé ðèñóíîê ñìûêàíèÿ P1-ýëåìåíòîâ (ïðàâûé — çåëåíûé, ëåâûé — êðàñíûé)
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corresponds to lower part of the Lower crenulata Zone (cari-
nata local zone). In the Donets Basin this species was re-
ported from the middle part of the C1

tb Formation, in as-
sociation with Hindeodus crassidentatus (Branson et Mehl), 
H. penescitulus Rexroad et Collinson, Bispathodus aculea-
tus (Branson et Mehl), Patrognathus andersoni Klapper, 
Pseudopolygnathus dentilineatus Branson, Ps. multistria-
tus Mehl et Thomas, Siphonodella semichatovae Kononova 
et Lipnjagov, S. aff. sulcata (Huddle), Polygnathus parape-
tus Druce, Pol. stylensis Lipnjagov, Pol. inornatus Branson, 
Pol. longiposticus Branson et Mehl (Kozitskaya et al., 1978). 
This association suggests correlation with the Lower crenu-
lata Zone. Thus S. puchkovi ranges in the Lower crenulata 
Zone of the Tournaisian. In association with S. carinata and 
H. cristulus the new species marks this zone in the shallow-
water facies.
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Ââåäåíèå
Èç ïðèðîäíûõ óãëåðîäèñòûõ âåùåñòâ (ÓÂ) áèòóì-

íîãî ðÿäà íàèáîëüøèé èíòåðåñ â ïîñëåäíèå äåñÿòèëå-
òèÿ áûë ïðîÿâëåí ê øóíãèòîâîìó óãëåðîäó Êàðåëèè, 
ãëàâíûì îáðàçîì ê åãî âûñîêîêîíöåíòðèðîâàííûì 
æèëüíûì ôîðìàì (øóíãèòàì ïåðâîé ðàçíîâèäíîñòè 
ïî Ï. À. Áîðèñîâó [2], èëè âûñøèì àíòðàêñîëèòàì ïî 
Ì. Ì. Ôèëèïïîâó [7]), â ñâÿçè ñ ôóëëåðåíîâûì áóìîì 
â êîíöå äåâÿíîñòûõ ãîäîâ ïðîøëîãî âåêà. Íî è ñåé÷àñ 
ýòîò èíòåðåñ íå îñëàáåâàåò. Â öåíòðå âíèìàíèÿ îñòàþò-
ñÿ âîïðîñû ñòðóêòóðû, óíèêàëüíûõ ñâîéñòâ è òåõíîëî-
ãè÷åñêèé ïîòåíöèàë ýòèõ âåùåñòâ [7, 10–17], îïðåäåëÿ-
åìûé ïðåæäå âñåãî èõ ñòðóêòóðíûìè îñîáåííîñòÿìè. 
Èíòåðåñ ê íàíîñòðóêòóðèðîâàííûì óãëåðîäíûì ìàòå-
ðèàëàì, ïîäîáíûì óãëåðîäèñòîìó âåùåñòâó øóíãèòî-
âûõ ïîðîä, ñòèìóëèðóåò ïîèñêè òàêèõ âåùåñòâ â ðàç-
ëè÷íûõ ãåîëîãè÷åñêèõ îáúåêòàõ. Êëþ÷åâûìè äëÿ ýòèõ 
ïîèñêîâ ÿâëÿþòñÿ âîïðîñû èõ îíòîãåíèè è ñòðóêòóð-
íîé äèàãíîñòèêè ÓÂ, êîòîðûå, íåñìîòðÿ íà äëèòåëü-
íóþ èñòîðèþ èçó÷åíèÿ, âî ìíîãîì îñòàþòñÿ äèñêóññè-
îííûìè. Íà ñåãîäíÿøíèé äåíü íàèáîëåå êîððåêòíû-
ìè ìåòîäàìè äëÿ äèàãíîñòèêè ñëàáîóïîðÿäî÷åííûõ 
óãëåðîäèñòûõ âåùåñòâ ÿâëÿþòñÿ âûñîêîðàçðåøàþùàÿ 
ïðîñâå÷èâàþùàÿ ìèêðîñêîïèÿ â ñî÷åòàíèè ñ ýëåê-
òðîííîé äèôðàêöèåé, à òàêæå ñïåêòðîñêîïèÿ êîì-
áèíàöèîííîãî ðàññåÿíèÿ. Èõ ïðèìåíåíèå ïîçâîëèëî 
óñòàíîâèòü [11, 12], ÷òî ëèøü î÷åíü ìàëîå ÷èñëî ïðè-
ðîäíûõ ÓÂ, äàæå ñðåäè äîñòèãøèõ ñòàäèè âûñøèõ àí-
òðàêñîëèòîâ, ïî ñâîèì ñòðóêòóðíûì è ñïåêòðîñêîïè-
÷åñêèì îñîáåííîñòÿì ìîæåò áûòü ïîëíîñòüþ ñîïîñòà-

âèìî ñ êîíöåíòðèðîâàííûìè ìèãðàöèîííûìè ôîðìà-
ìè êëàññè÷åñêèõ êàðåëüñêèõ óãëåðîäèñòûõ âåùåñòâ èç 
ïðîÿâëåíèé Øóíüãà, Ìàêñîâî, ×åáîëàêøà, Çàæîãèíî. 
Äàëåå òàêèå âåùåñòâà ìû áóäåì íàçûâàòü øóíãèòîïî-
äîáíûì óãëåðîäîì (ØÓ), ïîä÷åðêèâàÿ çäåñü âûøå-
óïîìÿíóòîå ñõîäñòâî ñòðóêòóðíûõ îñîáåííîñòåé è ôè-
çè÷åñêèõ ñâîéñòâ. Íàìè ïîäîáíîå ñîîòâåòñòâèå áûëî 
óñòàíîâëåíî äëÿ ÓÂ èç íèæíåñèëóðèéñêèõ äîëîìèòîâ 
íà ð. Êîæèì (Ïðèïîëÿðíûé Óðàë) [4, 11], íàéäåííîãî 
Â. Â. Áóêàíîâûì â 1967 ã. è îïèñàííîãî èì êàê ïåðå-
õîäíîå îò àíòðàêñîëèòà ê ãðàôèòó [3]. Íà ñåãîäíÿøíèé 
äåíü ïðîÿâëåíèå ýòîãî ÓÂ, íàçâàííîå íàìè Ðó÷åéíûì, 
ÿâëÿåòñÿ ïîêà åäèíñòâåííûì íà Óðàëå îáúåêòîì ñ øóí-
ãèòîïîäîáíûì óãëåðîäîì. 

Â äàííîé ðàáîòå èçëîæåíû ïåðâûå ðåçóëüòàòû èñ-
ñëåäîâàíèé îñîáåííîñòåé ãåîëîãè÷åñêîãî ñòðîåíèÿ 
ýòîãî îáúåêòà, îïèñàíû ñîñòàâ, ôîðìû íàõîæäåíèÿ, 
ìîðôîëîãèÿ è ìèíåðàëüíûå ïàðàãåíåçèñû óãëåðîäè-
ñòîãî âåùåñòâà.

Ìåòîäû èññëåäîâàíèé
Êðîìå ïîëåâûõ íàáëþäåíèé, äëÿ èçó÷åíèÿ ÓÂ è 

âìåùàþùèõ ïîðîä Ðó÷åéíîãî ïðîÿâëåíèÿ ïðèìåíÿëñÿ 
êîìïëåêñ îïòè÷åñêèõ è ñïåêòðîìåòðè÷åñêèõ ìåòîäîâ â 
Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. Äèàãíîñòèêà 
ÓÂ è èçó÷åíèå îñîáåííîñòåé åãî ñòðóêòóðíîãî ñòðîåíèÿ 
îñóùåñòâëÿëèñü ïî ñïåêòðàì êîìáèíàöèîííîãî ðàññå-
ÿíèÿ ñâåòà, ïîëó÷åííûì íà ðàìàíîâñêîì ñïåêòðîìåòðå 
LabRam HR800 (Horiba Jobin Yvon). Óñëîâèÿ ðåãèñòðà-
öèè cïåêòðîâ: Ar+ ëàçåð (514.5 nm, 1.2 mW), ðåøåòêà 

ÓÄÊ 549.88, 552.13
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Ïðèâîäÿòñÿ ðåçóëüòàòû ãåîëîãî-ìèíåðàëîãè÷åñêîãî èçó÷åíèÿ ïðîÿâëåíèÿ âûñîêîïðåîáðàçîâàííîãî óãëåðîäèñòîãî âåùåñò-
âà â íèæíåñèëóðèéñêèõ äîëîìèòàõ íà ð. Êîæèì íà Ïðèïîëÿðíîì Óðàëå. Îïðåäåëåíû ôîðìû íàõîæäåíèÿ óãëåðîäèñòîãî âåùåñò-
âà, õèìè÷åñêèé è èçîòîïíûé ñîñòàâ è ìîðôîëîãèÿ åãî âûäåëåíèé. Óñòàíîâëåíî, ÷òî ïî ñòðóêòóðíûì è ñïåêòðîñêîïè÷åñêèì õàðàê-
òåðèñòèêàì óãëåðîäèñòîå âåùåñòâî ïðîÿâëåíèÿ ÿâëÿåòñÿ àíàëîãîì øóíãèòîâîãî óãëåðîäà øèðîêî èçâåñòíûõ ïðîÿâëåíèé Êàðåëèè 
(Øóíüãà, Ìàêñîâî, ×åáîëàêøà). Âûÿâëåíî øèðîêîå ðàçâèòèå ýòîãî øóíãèòîïîäîáíîãî âåùåñòâà â ñîñòàâå æèëüíîé ìèíåðàëèçàöèè 
è âî âìåùàþùèõ å¸ äîëîìèòàõ. Â æèëüíûõ òåëàõ ìàêðîâûäåëåíèÿ øóíãèòîïîäîáíîãî âåùåñòâà îáíàðóæèâàþò ïàðàãåíåòè÷åñêóþ 
ñâÿçü ñ êàëüöèò-äîëîìèòîâîé ìèíåðàëèçàöèåé. Âûñêàçàíî ïðåäïîëîæåíèå, ÷òî íàèáîëåå áëàãîïðèÿòíûå óñëîâèÿ äëÿ ôîðìèðî-
âàíèÿ øóíãèòîïîäîáíîãî óãëåðîäà ïðîÿâëåíèÿ Ðó÷åéíîå ñóùåñòâîâàëè â ïîçäíåïåðìñêî-ðàííåòðèàñîâîì âðåìåííîì èíòåðâàëå.
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The results of a geological and mineralogical study of the occurrence of high-grade metamorphised carbonaceous matter in the Lower 
Silurian dolomites on the Kozhim River in the Subpolar Urals were presented. The forms of finding occurrence the carbon substance, chemical 
and isotopic compositions and the morphology of its excretions were determined. We established that the carbonaceous matter was an 
analogue of shungite carbon of widely known occurrences of Karelia (Shunga, Maxovo, Chebolaksha) by the composition and structural 
characteristics. The widespread development of shungite-like carbon in the vein mineralization and enclosing dolomites was found. In the 
veins of the macroscopic shungite-like carbon, there was a paragenetic connection with the calcite-dolomite mineralization. We suggested 
that the most favorable conditions for the formation of the shungite-like carbon had existed in the Late Permian — Early Triassic.
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ñïåêòðîãðàôà — 600 ø/ìì, êîíôîêàëüíîå îòâåðñòèå — 
300 ìêì, ùåëü ñïåêòðîìåòðà — 100 ìêì, âðåìÿ ýêñïî-
çèöèè ñïåêòðà — 1 ñ, êîëè÷åñòâî öèêëîâ íàêîïëåíèÿ 
ñèãíàëà â ó÷àñòêå ñïåêòðà — 10, äèàïàçîí ðåãèñòðàöèè 
ñïåêòðîâ — 100–4000 ñì–1. Îñíîâíûìè õàðàêòåðèñòè-
êàìè ñïåêòðîâ äëÿ äèàãíîñòèêè ÿâëÿëèñü îòíîøåíèÿ 
èíòåíñèâíîñòåé D1-, D2- è D4-ïîëîñ ê èíòåíñèâíîñòè 
G-ïîëîñû, à òàêæå ïîëóøèðèíà D1-ïîëîñû è õàðàê-
òåð âòîðîãî ïîðÿäêà îòðàæåíèÿ [9]. ÑÝÌ-èçîáðàæåíèÿ 
è îïðåäåëåíèÿ õèìè÷åñêîãî ñîñòàâà â îáðàçöàõ ñ ØÂ 
ïîëó÷åíû íà ñêàíèðóþùèõ ýëåêòðîííûõ ìèêðîñêî-
ïàõ Tescan MIRA 3 LMH â Ñûêòûâêàðñêîì ãîñóäàð-
ñòâåííîì óíèâåðñèòåòå è Tescan MIRA 3 LMN â ÖÊÏ 
«Ãåîíàóêà» â Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. 
Óñêîðÿþùèé ïîòåíöèàë ñîñòàâëÿë 20 êÂ, äèàìåòð 
ýëåêòðîííîãî ïó÷êà ïðè ýëåìåíòíîì àíàëèçå — 100 íì. 
Îáðàçöû ïðåäâàðèòåëüíî íàïûëÿëèñü òîíêèì ñëîåì çî-
ëîòà. Òåêñòóðíî-ñòðóêòóðíûå õàðàêòåðèñòèêè àãðåãàòîâ 
ÓÂ è èõ âçàèìîîòíîøåíèÿ ñ äðóãèìè ìèíåðàëàìè èç-
ó÷àëèñü â ïîëèðîâàííûõ è ïðîçðà÷íûõ øëèôàõ ñ ïîìî-
ùüþ îïòè÷åñêîãî ìèêðîñêîïà Nikon Eclipse LV100ND. 
Íåîáõîäèìî îòìåòèòü, ÷òî íàáëþäàåìûå â îòðàæåííîì 
ñâåòå òåêñòóðû îáóñëîâëåíû ýôôåêòàìè, âîçíèêàþùè-

ìè ïðè ïîëèðîâêå îáðàçöîâ. Ïîäîáíûå ïî ïðèðîäå ýô-
ôåêòû íàáëþäàþòñÿ ïðè ïîëèðîâêå ïðèðîäíîãî ãðàôè-
òà. Â ïîñëåäíåì îíè âûçûâàþòñÿ ðàçëè÷íîé óñòîé÷è-
âîñòüþ ïî îòíîøåíèþ ê ïîëèðîâêå îòäåëüíûõ áëîêîâ 
ñ îäèíàêîâîé ñòðóêòóðíîé îðèåíòèðîâêîé ñóáèíäèâè-
äîâ. Ïðàâîìåðíî ïðåäïîëîæèòü, ÷òî è â ÓÂ íàáëþäàå-
ìûå ýôôåêòû â îòðàæåííîì ñâåòå êîñâåííî ÿâëÿþòñÿ 
îòðàæåíèåì åãî ñòðóêòóðíûõ îñîáåííîñòåé. Ìåòîäèêà 
îïðåäåëåíèÿ èçîòîïíîãî ñîñòàâà óãëåðîäà è êèñëîðî-
äà êàðáîíàòîâ âêëþ÷àëà ðàçëîæåíèå ïîðîäû â îðòî-
ôîñôîðíîé êèñëîòå è èçìåðåíèå 13Ñ è 18Î ìåòîäîì 
ïðîòî÷íîé ìàññ-ñïåêòðîìåòðèè â ðåæèìå ïîñòîÿííîãî 
ïîòîêà ãåëèÿ (CF-IRMS) íà àíàëèòè÷åñêîì êîìïëåêñå 
ôèðìû ThermoFisher Scientific, âêëþ÷àþùåì â ñåáÿ ñè-
ñòåìó ïîäãîòîâêè è ââîäà ïðîá GasBench II, ñîåäèíåí-
íóþ ñ ìàññ-ñïåêòðîìåòðîì DELTA V Advantage.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ðó÷åéíîå ïðîÿâëåíèå øóíãèòîïîäîáíîãî óãëåðîäà 

ðàñïîëîæåíî â âåðõíåì òå÷åíèè ð. Êîæèì, â 1.1 êì íèæå 
óñòüÿ ð. Áàëáàíúþ, ëîêàëèçîâàíî â íèæíåñèëóðèé ñêèõ 
äîëîìèòàõ ðó÷åéíîé ñâèòû, âûäåëåííîé À. È. Àíòîø-
êèíîé [1, 8] â ñîñòàâå òàáàðîòèíñêîé ñåðèè (ðèñ. 1, 2). 

Ðèñ. 1. Ãåîëîãè÷åñêàÿ ñõåìà ðàéîíà ïðîÿâëåíèÿ (ïî [5]): 1 — îëèãîöåí, ìàëäèíñêàÿ ñâèòà: àëëþâèàëüíûå âàëóííî-ãàëå÷íûå 
ñìåñè; 2 — áàëáàíúþñêèé ðèôîâûé ìàññèâ: äîëîìèòû âòîðè÷íûå, äîëîìèòîâûå êîíãëîáðåê÷èè; 3 — óñòüáàëáàíúþñêàÿ òîëùà: 
ñëàíöû óãëèñòî-ãëèíèñòî-êðåìíèñòûå, èçâåñòíÿêè ãëèíèñòûå; 4 — òàáàðîòèíñêàÿ ñåðèÿ: äîëîìèòû âòîðè÷íûå ñ æåëâàêàìè 
êðåìíåé; 5 — ðèô Áàäüÿ: äîëîìèòû ìàññèâíûå; 6 — ìàëîòàâðîòèíñêàÿ ñâèòà: äîëîìèòû, äîëîìèòîâûå áðåê÷èè; 7 — ãðóáåïåí-
äèøîðñêàÿ ñâèòà: èçâåñòíÿêè ñ ïðîñëîÿìè õëîðèò-ñåðèöèòîâûõ è óãëèñòî-ñåðèöèòîâûõ ñëàíöåâ è èçâåñòíÿêîâûõ ãðàâåëèòîâ; 
8 — êîæèìñêàÿ è óñòüçûáñêàÿ ñâèòû îáúåäèíåííûå: èçâåñòíÿêè ãëèíèñòûå, èçâåñòêîâèñòûå ïåñ÷àíèêè, äîëîìèòèçèðîâàí-
íûå èçâåñòíÿêè; 9 — ñàëåäñêàÿ ñâèòà: çåëåíîöâåòíûå ãðàâåëèòû, ïåñ÷àíèêè, àëåâðîãëèíèñòûå ñëàíöû, èçâåñòêîâèñòûå ïåñ÷à-
íèêè è ïåñ÷àíèñòûå èçâåñòíÿêè; 10 — îáåèçñêàÿ ñâèòà: êîíãëîìåðàòû êâàðöåâûå, ïåñ÷àíèêè, àëåâðîëèòû, àëåâðîãëèíèñòûå 
ñëàíöû; 11 — ìåòàðèîëèòû ïîðôèðîâûå ñàáëåãîðñêîãî ðèîëèò-áàçàëüòîâîãî êîìïëåêñà; 12 — ðàçðûâíûå íàðóøåíèÿ; 13 — 
Ðó÷åéíîå ïðîÿâëåíèå øóíãèòîâîãî óãëåðîäà

Fig. 1. Geological scheme of the occurrence area (according to [5]). 1 — Oligocene, Maldinskaya suite: alluvial boulder-pebble mix-
tures; 2 — Balbanyu reef massif: secondary dolomites, dolomite conglobreccia; 3 — Ust-Balbanuyu stratum: carbonaceous-clay-siliceous 
schists, clayey limestones; 4 — Tabarotinskaya series: secondary dolomites with flint chinks; 5 — Reef Tub: dolomites are massive; 6 — 
malotavrotinskaya suite: dolomites, dolomite breccias; 7 — Gruzhependishorskaya suite: intercalated limestone with chlorite-sericite and 
carbonaceous-sericite schist and limestone gravelites; 8 — Kozhim and Ustzyb retinues combined: clay limestone, calcareous sandstones, 
dolomitic limestone; 9 — Saladen Formation: green gravelites, sandstones, silty clay shale, calcareous sandstones and sandy limestones; 
10 — Obaiz suite: quartz conglomerates, sandstones, siltstones, silty clay shale; 11 — porphyry metarioliths of the Sablegorsk rhyolite-
basalt complex; 12 — faults; 13 — Rucheynoye occurrence of shungite-like carbon
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Â òåêòîíè÷åñêîì ïëàíå ïðîÿâëåíèå íàõîäèòñÿ íà ñå-
âåðíîì çàìûêàíèè Áàëáàíúþñêîé ñèíêëèíàëè â îá-
ëàñòè ñìûêàíèÿ Çàïàäíîãî Íàðîäèíñêîãî ðàçëîìà è 
Ìàëäèíñêîãî íàäâèãà. Ýòè äèçúþíêòèâû ÿâëÿþòñÿ ðó-
äîêîíòðîëèðóþùèìè è ðóäîíîñíûìè äëÿ ðÿäà çîëî-
òîðóäíûõ, ïîëèìåòàëëè÷åñêèõ è êâàðöåâûõ ïðîÿâëå-
íèé è ìåñòîðîæäåíèé Ìàëäèíñêîé çîëîòîðóäíîé çîíû 
è Êîæèìñêîãî ðóäíîãî ðàéîíà. Âìåùàþùàÿ îïèñûâà-
åìîå ïðîÿâëåíèå ðó÷åéíàÿ ñâèòà ïðåäñòàâëåíà òåìíî-
ñåðûìè ñëîèñòûìè ñðåäíåòîíêîïëèò÷àòûìè êðåìíè-
ñòûìè ìåëêîçåðíèñòûìè âòîðè÷íûìè äîëîìèòàìè. Â 
þæíîé ÷àñòè ïðîÿâëåíèÿ ïîðîäû ÷àñòî îêâàðöîâàíû, 
îáðàçóþò íåáîëüøèå ñêëàäêè è ôëåêñóðîîáðàçíûå èç-
ãèáû, ó÷àñòêàìè èíòåíñèâíî äèñëîöèðîâàíû.

Äîëîìèòû ñîäåðæàò ñòÿæåíèÿ ÷åðíûõ êðåìíåé 
ëèíçîâèäíîé, ðåæå ïëèò÷àòîé è íåïðàâèëüíîé ôîðìû, 
îðèåíòèðîâàííûå ñîãëàñíî ñëîèñòîñòè. Êàê â äîëîìè-
òàõ, òàê è â êðåìíèñòûõ ñòÿæåíèÿõ îòìå÷àåòñÿ ðåäêàÿ 
ðàññåÿííàÿ ìèêðîñêîïè÷åñêàÿ âêðàïëåííîñòü ïèðè-
òà, çàìåùàþùåãî îðãàíè÷åñêèå îñòàòêè èëè îáðàçóþ-
ùåãî ïàðàìîðôîçû ïî äâîéíèêàì ìàðêàçèòà. ×åðíûé 
öâåò êîíîäîíòîâ â îïèñûâàåìûõ ïîðîäàõ, îïðåäåëåí-
íûé Ï. Ìÿííèêîì (P. Mannik) [8], ïî èíäåêñó öâåòîâîé 
îêðàñêè ñîîòâåòñòâóåò 5 áàëëàì, ÷òî ñâèäåòåëüñòâóåò î 
âåëè÷èíå òåðìàëüíîãî âîçäåéñòâèÿ â 300 °Ñ. Ýòîò ôàêò 
âêóïå ñ íàáëþäàåìîé â äîëîìèòàõ ïðîæèëêîâîé ïåðå-
êðèñòàëëèçàöèåé ïîçâîëÿåò ãîâîðèòü î ïðåîáðàçîâàíèè 
ïîðîä â óñëîâèÿõ ðàííèõ ôàöèé ìåòàãåíåçà.

Ïîðîäû ñâèòû õàðàêòåðèçóþòñÿ íèçêèìè ñîäåðæà-
íèÿìè îðãàíè÷åñêîãî óãëåðîäà (0.14–0.45 ìàñ. %) è áè-
òóìîèäîâ (0.0018—0.0051 ìàñ. %), îáû÷íûì äëÿ ìîð-
ñêèõ êàðáîíàòîâ èçîòîïíûì ñîñòàâîì óãëåðîäà (13Ñ 
(PDB) –0.41...1.23 ‰) è êèñëîðîäà (18Î (SMOW) 
25.30–29.65 ‰), ïîâûøåííûìè ñîäåðæàíèÿìè Pb, Cu, 
V (0.0n–0.00n ìàñ. %) è Sc (0.n–0.0n ìàñ. %).

Õàðàêòåðíîé ÷åðòîé ïîðîä ðó÷åéíîé ñâèòû â ïðå-
äåëàõ þæíîé ÷àñòè ïðîÿâëåíèÿ ÿâëÿåòñÿ ðàçâèòèå ñè-
ñòåìû âåòâÿùèõñÿ, ïðåèìóùåñòâåííî ñóáñîãëàñíûõ 
ñëîèñòîñòè ïîðîä æèëîê è áåñïîðÿäî÷íîé ñåòêè òðå-
ùèí êëèâàæà è çîíîê êàòàêëàçà, âûïîëíåííûõ áåëûì 
äîëîìèòîì. Ðåæå âñòðå÷àþòñÿ ñåêóùèå ýïèãåíåòè÷å-
ñêèå çîíàëüíûå àëüïèéñêèå êàëüöèò-(êâàðö)-äîëîìè-
òîâûå, ìóñêîâèò-äîëîìèò-êàëüöèò-êâàðöåâûå æèëêè 
è ó÷àñòêè êàòàêëàçà è áðåê÷èé ñ êàëüöèò-äîëîìèòîâûì 

èëè äîëîìèò-êàëüöèò-êâàðöåâûì öåìåíòîì (ðèñ. 3). 
Íà ñòåíêè ìèíåðàëèçîâàííûõ è çèÿþùèõ òðåùèí íà-
ðàñòàþò äðóçîâèäíûå àãðåãàòû êðèñòàëëîâ äîëîìè-
òà, èíîãäà, â ñâîþ î÷åðåäü, îáðàñòàþùèå ïðèçìàòè÷å-
ñêèìè êðèñòàëëîìîðôíûìè âûäåëåíèÿìè ØÓ. Îñåâûå 
÷àñòè æèëîê ìîãóò áûòü âûïîëíåíû êàëüöèòîì, ðåä-
êî êâàðöåì. Â êàëüöèòîâîì öåìåíòå áðåê÷èé óñòàíîâ-
ëåíû òàêæå åäèíè÷íûå ìèíåðàëüíûå ôàçû, ñîîòâåòñò-
âóþùèå ïî ñîñòàâó ãàëåíèòó, õàëüêîçèíó, ñóëüâàíèòó è 
ìîíàöèòó. Âñå ýòè ôàêòû ÿâëÿþòñÿ ñëåäñòâèåì ïðîöåñ-
ñîâ ïîñòñêëàä÷àòîé âíóòðèðàçëîìíîé òåêòîíèêè, ñî-
ïðîâîæäàåìûõ ãèäðîòåðìàëüíûì ìèíåðàëîîáðàçîâà-
íèåì. Áëèçêèé ê âìåùàþùèì äîëîìèòàì èçîòîïíûé 
ñîñòàâ óãëåðîäà è êèñëîðîäà êàëüöèòà è äîëîìèòà èç 
æèëîê è öåìåíòà êàòàêëàçèòîâ è áðåê÷èé (13Ñ (PDB) 
–2.06...1.12 ‰; 18Î (SMOW) 24.54—27.40 ‰) ïîçâîëÿ-
åò ïðåäïîëàãàòü îòñóòñòâèå þâåíèëüíîãî èñòî÷íèêà ãè-
äðîòåðìàëüíûõ ðàñòâîðîâ.

Òàêèì îáðàçîì, â ñòàíîâëåíèè æèëüíîé ìèíåðà-
ëèçàöèè þæíîé ÷àñòè ïðîÿâëåíèÿ ìîæíî âûäåëèòü 
äâå ñòàäèè. Íà ðàííåé ñòàäèè ïðîèçîøëî îáðàçîâà-
íèå ñèñòåìû ñóáñîãëàñíûõ æèëîê, ìèíåðàëèçîâàí-
íûõ òðåùèí êëèâàæà è êàòàêëàçèòîâ äîëîìèòîâîãî ñî-
ñòàâà, îáóñëîâëåííîå ïëèêàòèâíûìè äåôîðìàöèÿìè. 

Ðèñ. 2. Îáùèé âèä Ðó÷åéíîãî ïðîÿâëåíèÿ øóíãèòîïîäîáíîãî óãëåðîäà. Ãðàíèöû ñâèò ïîêàçàíû ïî [1]

Fig. 2. General view of the Rucheynoye occurrence of shungite-like carbon. The suite boundaries are shown by [1]

Ðèñ. 3. Ó÷àñòîê áðåê÷èðîâàíèÿ â äîëîìèòàõ ðó÷åéíîé ñâèòû 
ñ êàëüöèò-äîëîìèòîâûì öåìåíòîì. Ñ — âûäåëåíèÿ øóíãèòî-
ïîäîáíîãî óãëåðîäà, dol — äîëîìèò

Fig. 3. Brecciated district in dolomites of the Rucheynaya suite 
with calcite-dolomite cement. Ñ — excretions of shungite-like car-
bon (SHLC); dol — dolomite
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Ôîðìèðîâàíèå äèñêîðäàíòíûõ ñëîèñòîñòè êâàðö-êàð-
áîíàòíûõ æèëîê, êàòàêëàçèòîâ, áðåê÷èé è ðóäíîé ìè-
íåðàëèçàöèè, ñâÿçàííîå ñ âíóòðèðàçëîìíîé äèçúþí-
êòèâíîé òåêòîíèêîé, ñîïðîâîæäàåìîé ãèäðîòåðìàëü-
íûìè ïðîöåññàìè, ëîãè÷íåå îòíåñòè ê ïîçäíåé ñòàäèè. 
Äàííûå ñîáûòèÿ, âåðîÿòíåå âñåãî, ÿâèëèñü îòðàæåíè-
åì òåêòîíè÷åñêîé àêòèâèçàöèè â õîäå ïîçäíåïàëåîçîé-
ñêîãî îðîãåíåçà.

Äèàãíîñòèêà è ñâîéñòâà óãëåðîäíîãî
âåùåñòâà ïðîÿâëåíèÿ
Ðåíòãåíîâñêàÿ äèôðàêòîãðàììà ÓÂ ïðîÿâëåíèÿ 

Ðó÷åéíîå ïðèâåäåíà íà ðèñ. 4. Îíà èìååò õàðàêòåðíûé 
äëÿ ñëàáîóïîðÿäî÷åííûõ ÓÂ âèä: ïðèñóòñòâóþò òðè 
øèðîêèõ ìàëîèíòåíñèâíûõ ïèêà, ïîëîæåíèå äèôðàê-
öèîííûõ ìàêñèìóìîâ êîòîðûõ áëèçêî ê ïîëîæåíèþ 
äèôðàêöèîííûõ îòðàæåíèé ãðàôèòà d002, d100 è d110 ñî-
îòâåòñòâåííî. Ìåæïëîñêîñòíîå ðàññòîÿíèå d002 ñîñòàâ-
ëÿåò 0.348 íì. Ïî ðåíòãåíîñòðóêòóðíûì õàðàêòåðèñòè-
êàì ÓÂ ïðîÿâëåíèÿ Ðó÷åéíîå èäåíòè÷íî, êàê ïîêàçàíî 
íà âñòàâêå ðèñ. 4, è âûñøèì àíòðàêñîëèòàì, è øóíãèòî-
âîìó óãëåðîäó Êàðåëèè.

Äèàãíîñòèêà îáðàçöîâ óãëåðîäèñòîãî âåùåñòâà ìå-
òîäîì ðàìàíîâñêîé ñïåêòðîñêîïèè èç ìóçåéíîé êîë-
ëåêöèè Â. Â. Áóêàíîâà [11] è îòîáðàííûõ â õîäå ïîëå-
âûõ èññëåäîâàíèé â 2017 ã. ïîêàçàëà, ÷òî èõ ñïåêòðû ïî 
ñâîèì îñíîâíûì ïàðàìåòðàì — îòíîøåíèþ èíòåíñèâ-
íîñòåé îñíîâíûõ ïîëîñ D1 (> 1), 2D (> 1.5) è D4 (< 0.1) 
ê ïîëîñå G, ïîëóøèðèíå D1-ïîëîñû (50—65 ñì-1), ïî-
ëîæåíèþ G-ïîëîñû (1588—1595 ñì–1) è âèäó îòðàæåíèÿ 
âòîðîãî ïîðÿäêà — ñîîòâåòñòâóþò ñïåêòðàì îáðàçöîâ 
æèëüíîãî ÓÂ îñíîâíûõ ïðîÿâëåíèé êàðåëüñêèõ øóíãè-
òîâ — Øóíüãñêîãî, Ìàêñîâñêîãî, ×åáîëàêøñêîãî è äð. 
(ðèñ. 5). Íåñêîëüêî íåîæèäàííûì îêàçàëîñü, ÷òî çíà-
÷èòåëüíàÿ ÷àñòü äèñïåðñíîãî ÓÂ, îêðàøèâàþùåãî äî-
ëîìèòîâûå ïîðîäû è êðåìíèñòûå ñòÿæåíèÿ â ÷åðíûé 

öâåò, òàêæå ïî ñïåêòðîñêîïè÷åñêèì õàðàêòåðèñòèêàì 
ñîîòâåòñòâóåò ØÓ (ðèñ. 5). 

Â îòðàæåííîì ñâåòå îò÷åòëèâî âèäíî àãðåãàòíîå 
ñòðîåíèå âûäåëåíèé ØÓ, õàðàêòåðèçóþùèõñÿ ñåðîé, 
êîðè÷íåâî-ñåðîé äî ñâåòëî-ñåðîâàòî-æåëòîé ãàììîé 
öâåòîâ. Îòðàæàòåëüíàÿ ñïîñîáíîñòü ñîñòàâëÿåò îêî-
ëî 15 %. Äâóîòðàæåíèå î÷åíü âûñîêîå, àíèçîòðîïèÿ â 
âîçäóõå ïðè ñêðåùåííûõ íèêîëÿõ òàêæå î÷åíü ñèëü-
íà, öâåòîâûå ýôôåêòû ïðè ýòîì âåñüìà óìåðåííûå. 
Âíóòðåííèå ðåôëåêñû íå íàáëþäàëèñü. Ïî ïåðå÷è-
ñëåííûì ïàðàìåòðàì èçó÷åííûå âûäåëåíèÿ ØÓ ñõîæè 
ñ ãðàôèòîì [6]. Îäíàêî â îòëè÷èå îò ïîñëåäíåãî îíè äî-
ñòàòî÷íî õîðîøî ïîëèðóþòñÿ.

Ïî äàííûì Â. Â. Áóêàíîâà [3], èññëåäîâàâøåãî âå-
ùåñòâî îòíîñèòåëüíî êðóïíûõ (äî 2 ñì) êàïëåâèäíûõ 
âûäåëåíèé, òâåðäîñòü ìèêðîâäàâëèâàíèÿ èõ íåïîëèðî-
âàííîé ïîâåðõíîñòè ñîñòàâèëà 2.5—2.7 êãñ/ìì2, óäåëü-
íûé âåñ — 1.85—1.93 ã/ñì3, îáùåå ñîäåðæàíèå âëàãè — 
4.35 ìàñ. %, çîëüíîñòü — 0.99 ìàñ. %. Õèìè÷åñêèì àíà-
ëèçîì óñòàíîâëåí ñëåäóþùèé ýëåìåíòíûé ñîñòàâ ýòèõ 
îáðàçîâàíèé (â ìàñ. %): Ñ — 95.15, Í — 0.86, N — 0.37, 
S — 3.57, O — 0.05. Èçîòîïíûé ñîñòàâ 13Ñ (PDB) âàðüè-
ðîâàë îò –23.98 äî –23.75 ‰. Èçó÷åííûå íàìè îáðàç-
öû èç êîëëåêöèè ýòîãî èññëåäîâàòåëÿ ïî ýëåìåíòíîìó 
è èçîòîïíîìó ñîñòàâó ïðèíöèïèàëüíî íå îòëè÷àþòñÿ 
îò âûøåïðèâåäåííûõ (â ìàñ. %) Ñ — 91.0; Î — 4.0; S — 
4.5 [9]; 13Ñ (PDB) — îò –25.31 äî –24.85 ‰ (ñðåäíåå 
ïî 4 àíàëèçàì –25.15 ‰). Ìèêðîçîíäîâûå èññëåäîâà-
íèÿ ñîáñòâåííûõ îáðàçöîâ ØÓ íå âûÿâèëè çíà÷èìûõ 
êîíöåíòðàöèé ïðèìåñåé, êðîìå Mg, Ca è Cl, íå ïðåâû-
øàþùèõ ïåðâûõ äåñÿòûõ äîëåé ïðîöåíòà è ñâÿçàííûõ 
ñ âëèÿíèåì êàðáîíàòíîé ìàòðèöû (Mg, Ca) è, âåðîÿò-
íî, ýïîêñèäíîé ñìîëû ïðåïàðàòà (Cl). Ñîäåðæàíèÿ îñ-
íîâíûõ êîìïîíåíòîâ áëèçêè ê âûøåïðèâåäåííûì ðå-
çóëüòàòàì õèìè÷åñêèõ àíàëèçîâ (ñðåäíåå ïî 19 çàìåðàì 
â ÷åòûðåõ îáðàçöàõ, â ìàñ. %): Ñ — 93.1; Î — 2.1; S — 4.6. 

Ðèñ. 4. Òèïè÷íàÿ ðåíòãåíîâñêàÿ äèôðàêòîãðàììà ìàêðîâûäåëåíèé ÓÂ ïðîÿâëåíèÿ Ðó÷åéíîå. Íà âñòàâêå — ñðàâíåíèå íîð-
ìàëèçîâàííûõ ïî èíòåíñèâíîñòè ïèêîâ, ñîîòâåòñòâóþùèõ îòðàæåíèþ d002 ãðàôèòà, äëÿ æèëüíîãî øóíãèòîâîãî óãëåðîäà 
(Øóíüãà), âûñøåãî àíòðàêñîëèòà çîëîòîðóäíîãî ìåñòîðîæäåíèÿ Áàêûð÷èê (Êàçàõñòàí) è ÓÂ ïðîÿâëåíèÿ Ðó÷åéíîå

Fig. 4. X-ray diffractogram of the macroscopic excretions of the CS of Rucheynoe occurrence. The inset shows a comparison of the peaks 
normalized in intensity, corresponding to the d002 reflection of graphite, for veined shungite carbon (Shunga), the higher anthraxolite of 
the Bakyrchik gold deposit (Kazakhstan) and the CS of the Rucheynoe occurrence
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Ôîðìû íàõîæäåíèÿ è ìîðôîëîãèÿ
óãëåðîäèñòîãî âåùåñòâà
Â èçó÷åííûõ îáíàæåíèÿõ âèçóàëüíî îïðåäåëÿåìûå 

âûäåëåíèÿ ØÓ îáíàðóæåíû â þæíîé ÷àñòè ïðîÿâëå-
íèÿ â öåìåíòå êàòàêëàçèòîâ è áðåê÷èé äîëîìèòîâîãî, 
êàëüöèò-äîëîìèòîâîãî ñîñòàâà â âèäå åäèíè÷íûõ îáðà-
çîâàíèé èëè íåáîëüøèõ ñêîïëåíèé ÷¸ðíîãî öâåòà êà-
ïëåâèäíîé (ðèñ. 6, A), ïðîâîëîêîâèäíîé, ïðèçìàòè÷å-
ñêîé, ÷åðâåîáðàçíîé (ðèñ. 6, Â) èëè íåïðàâèëüíîé óãëî-
âàòîé (ðèñ. 3) ôîðìû ðàçìåðîì äî 2 ñì â ïîïåðå÷íèêå, 
à òàêæå â âèäå òîíêèõ ïðåðûâèñòûõ öåïî÷åê ïðèçìàòè-
÷åñêèõ îáðàçîâàíèé â îñåâûõ ÷àñòÿõ äîëîìèòîâûõ ïðî-
æèëîê. ×àñòîòà èõ âñòðå÷àåìîñòè ñîñòàâëÿåò â ñðåäíåì 
îäíî îòíîñèòåëüíî êðóïíîå âûäåëåíèå èëè ñêîïëåíèå 
íà 10 ì2 îáíàæåíèÿ. Íà ñòàðûõ ñêîëàõ, êîððîäèðîâàí-
íûõ ïîâåðõíîñòÿõ äîëîìèòîâ è íà ñòåíêàõ êàâåðí âûäå-
ëåíèÿ ØÓ õàðàêòåðèçóþòñÿ ÿðêèì èëè òóñêëûì ñìîëÿ-

íûì áëåñêîì, íà ñâåæèõ ñêîëàõ îí ìàòîâûé è îòëè÷èì 
îò îáëîìêîâ âìåùàþùèõ äîëîìèòîâ â æèëüíîì ìàò-
ðèêñå òîëüêî áîëåå íèçêîé òâåðäîñòüþ è îòñóòñòâèåì 
ðåàêöèè ñ ñîëÿíîé êèñëîòîé.

Îñíîâíîå êîëè÷åñòâî ÓÂ íà âñåé ïëîùàäè ïðîÿâ-
ëåíèÿ íàõîäèòñÿ â âèäå ñóáìèêðîííîé èìïðåãíàöèè 
â çåðíàõ ïîðîäîîáðàçóþùèõ ìèíåðàëîâ è â êîíòàêòî-
âîì öåìåíòå äîëîìèòîâ (ðèñ. 7, A) è êðåìíèñòûõ ñòÿæå-
íèé, îêðàøèâàÿ èõ â ÷åðíûé öâåò. Ðåæå êîíöåíòðèðó-
åòñÿ â ëèíçîâèäíûõ è óãëîâàòûõ àãðåãàöèÿõ, íà êîíòàê-
òàõ ñ îêðåìíåííûìè è îêâàðöîâàííûìè ó÷àñòêàìè â äî-
ëîìèòàõ, îáðàçóåò òîíêèå ïë¸íêè íà ãðàíèöàõ ó÷àñòêîâ 
ïåðåêðèñòàëëèçàöèè è âûïîëíÿåò ñòèëîëèòîâûå øâû 
(ðèñ. 7, B).

Èçó÷åíèå ìàêðîâûäåëåíèé ØÓ â øëèôàõ óñòàíî-
âèëî çíà÷èìûå îòëè÷èÿ â ìîðôîëîãèè ýòèõ îáðàçîâà-
íèé, ðàçâèòûõ â ñîñòàâå ïðîæèëêîâîé ìèíåðàëèçàöèè 

Ðèñ. 5. Òèïè÷íûå ðàìàíîâñêèå ñïåêòðû øóíãèòîâîãî óãëåðîäà Êàðåëèè (1), ìàêðîâûäåëåíèé óãëåðîäíîãî âåùåñòâà â ñîñòàâå 
æèëüíîé ìèíåðàëèçàöèè (2) è äèñïåðñíîãî óãëåðîäíîãî âåùåñòâà âî âìåùàþùèõ äîëîìèòàõ è êðåìíèñòûõ ñòÿæåíèÿõ (3) ïðî-
ÿâëåíèÿ Ðó÷åéíîå

Fig. 5. Typical Raman spectra of shungite carbon of Karelia (1), macroexcretions of carbon substance from the vein mineralization (2) and 
dispersed carbon substance in the host dolomite and siliceous concretions (3) of the Rucheynoye occurrence

Ðèñ. 6. Ôîðìû âèçóàëüíî îïðåäåëÿåìûõ âûäåëåíèé ØÓ: À — ðàçäðîáëåííîå êàïëåâèäíîå âûäåëåíèå ØÓ â êàëüöèòîâîì 
öåìåíòå; Â — ñêîïëåíèå âûäåëåíèé ØÓ â êàëüöèò-äîëîìèòîâîì öåìåíòå

Fig. 6. Forms of visually observed SHLC excretions: A — crushed drop-shaped SHLC excretion in calcite cement; B — accumulation of 
SHLC excretions in calcite-dolomite cement
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Ðèñ. 8. Âûäåëåíèÿ ØÓ â ñîñòàâå êàëüöèò-äîëîìèòîâûõ ïðîæèëîê: À — ïðåðûâèñòàÿ æèëêà ØÓ â êâàðöåâîé ïðîæèëêå êðåì-
íèñòîé êîíêðåöèè (îòðàæåííûé ñâåò, íèêîëè ïàðàëëåëüíû); Â — îáðàñòàíèå êðèñòàëëîâ äîëîìèòà ïðèçìàòè÷åñêèìè âûäåëå-
íèÿìè ØÓ â àëüïèéñêîé êàëüöèò-äîëîìèòîâîé ïðîæèëêå

Fig. 8. SHLC structures in the composition of the calcite-dolomitic streak: A — a discontinuous SHLC veinlet in the quartz streak of a 
siliceous concretion (reflected light, nicols are parallel); B — fouling of dolomite crystals with prismatic excretions of SHLC in the Alpine 
calcite-dolomite streak

Ðèñ. 7. Ôîðìû íàõîæäåíèÿ äèñïåðñíîãî ØÓ (÷¸ðíîå) â äîëîìèòàõ (ïðîõîäÿùèé ñâåò, íèêîëè ïàðàëëåëüíû): À — â êðèñòàëëàõ 
äîëîìèòà è êîíòàêòîâîì öåìåíòå; Â — â ñòèëîëèòîâûõ øâàõ

Fig. 7. Forms of dispersed SHLC (black) in dolomites (transmitted light, nicols are parallel): A — in dolomite crystals and contact cement; 
B — in styllolitic juncture

è öåìåíòå êàòàêëàçèòîâ è áðåê÷èé. Â ïåðâîì ñëó÷àå 
ØÓ ÷àùå âñåãî îáðàçóåò òîíêèå ïðåðûâèñòûå æèëêè è 
öåïî÷êè òîëùèíîé îò ñîòûõ äî ïåðâûõ äåñÿòûõ äîëåé 
ìèëëèìåòðà â îñåâûõ ÷àñòÿõ ïðîæèëîê (ðèñ. 8, A) èëè 
â âèäå ïðèçìàòè÷åñêèõ îáðàçîâàíèé è èõ àãðåãàòîâ îá-
ðàñòàåò ãðàíè êðèñòàëëîâ äîëîìèòà â êàëüöèò-äîëîìè-
òîâûõ àëüïèéñêèõ æèëêàõ (ðèñ. 8, B). Ïðè ýòîì êàëü-
öèò, êàê ïðàâèëî, âûïîëíÿåò îñåâûå çîíêè, çàâåðøàÿ 
ïðîöåññ ôîðìèðîâàíèÿ æèëîê. Êðîìå òîãî, ïî äàííûì 
ðàìàíîâñêîé ñïåêòðîñêîïèè, ñàìè êðèñòàëëû äîëîìè-
òà, â îòëè÷èå îò êàëüöèòà, ïðàêòè÷åñêè âñåãäà ñîäåðæàò 
äèñïåðñíóþ ïðèìåñü ØÓ, ÷òî îáúÿñíÿåò èõ ñåðûé öâåò 
â ðåæèìå ïðîõîäÿùåãî ñâåòà.

Â öåìåíòå êàòàêëàçèòîâ è áðåê÷èé îáðàçîâàíèÿ 
ØÓ èìåþò áîëüøèå ðàçìåðû. Îáû÷íî ýòî îáëîìêè àã-
ðåãàòîâ è îòíîñèòåëüíî êðóïíûõ æèëîê â êàëüöèò-äî-
ëîìèòîâîì èëè êàëüöèòîâîì ìàòðèêñå ñ îò÷åòëèâî çî-
íàëüíûì ñòðîåíèåì, îáóñëîâëåííûì ñîïðÿæåíèåì 
ñóáëèíåéíûõ çîí ñ ìèêðîçåðíèñòîé, ïàðàëëåëüíî-øå-
ñòîâàòîé, ðåæå ïåðèñòîé òåêñòóðàìè ñ îáû÷íî ðîâíû-
ìè êîíòðàñòíûìè ãðàíèöàìè (ðèñ. 9, A). Ðåæå âñòðå-
÷àþòñÿ öåëûå âûäåëåíèÿ, èìåþùèå ñàìóþ ðàçíî-
îáðàçíóþ ôîðìó — îò ñóáèçîìåòðè÷íîé è ïðèçìàòè÷å-
ñêîé äî ÷åðâåîáðàçíîé (ðèñ. 9, B) è ôóòëÿðîîáðàçíîé 
(ðèñ. 9, C). Îíè îáëàäàþò áîëåå îäíîðîäíûì ôðàãìåí-
òàðíî-çîíàëüíûì ñî÷åòàíèåì ó÷àñòêîâ ïåðèñòûõ, ïÿò-
íèñòûõ ñôåðîëèòîïîäîáíûõ òåêñòóð. Ðåäêî íàáëþäàå-

ìûå âíóòðåííèå ïîëîñòè âûïîëíåíû èñêëþ÷èòåëüíî 
êàëüöèòîì (ðèñ. 9, D).

Íåîáõîäèìî îòìåòèòü, ÷òî ïî÷òè íè â îäíîì èç èç-
ó÷åííûõ ìàêðîâûäåëåíèé ØÓ íå âûÿâëåíî ìèíåðàëü-
íûõ âêëþ÷åíèé. Èñêëþ÷åíèå ñîñòàâëÿåò õàëöåäîíî-
âèäíîå êðåìíèñòîå âåùåñòâî, èçðåäêà äèàãíîñòèðóåìîå 
â âèäå ìèêðî÷åøóé÷àòûõ îáîñîáëåíèé â êðàåâûõ ÷à-
ñòÿõ íåêîòîðûõ îòíîñèòåëüíî êðóïíûõ çåðåí (ðèñ. 10) 
èëè â ôîðìå òîíêèõ ïðåðûâèñòûõ ïëåíîê íà èõ ïîâåð-
õíîñòè. Âàæíî òàêæå, ÷òî âûäåëåíèÿ ØÓ â ñðàñòàíè-
ÿõ ñ êâàðöåì îòìå÷åíû òîëüêî â êðåìíèñòûõ ñòÿæåíè-
ÿõ (ðèñ. 8, A).

Îáñóæäåíèå ðåçóëüòàòîâ
Ïðèâåäåííûå íàáëþäåíèÿ ñâèäåòåëüñòâóþò, ÷òî 

îáðàçîâàíèå ìàêðîâûäåëåíèé ØÓ â äîëîìèòàõ ðó-
÷åéíîé ñâèòû ïàðàãåíåòè÷åñêè ñâÿçàíî ñ ôîðìèðîâà-
íèåì êàëüöèò-äîëîìèòîâîé ìèíåðàëèçàöèè. Ñ êâàð-
öåì òàêàÿ ñâÿçü óñòàíîâëåíà òîëüêî â åãî ïðîæèëêàõ â 
êðåìíèñòûõ êîíêðåöèÿõ. Èñõîäÿ èç àíàëèçà òåêñòóð-
íî-ñòðóêòóðíûõ õàðàêòåðèñòèê ØÓ, ìîæíî ïðåäïî-
ëîæèòü, ÷òî åãî ýâîëþöèÿ øëà â íàïðàâëåíèè îò àãðå-
ãàöèè ðàññåÿííîãî âåùåñòâà â ìèêðîçåðíèñòûå ïîðè-
ñòûå àãðåãàòû â ñòîðîíó èõ ïîñòåïåííîãî óïëîòíåíèÿ 
è «ðàñêðèñòàëëèçàöèè», ïðîÿâëåííîé â ðàçâèòèè ïå-
ðå÷èñëåííûõ âûøå çîíàëüíûõ ñòðóêòóð. Óñëîâèÿ ñòà-
íîâëåíèÿ è ýâîëþöèè ìàêðîâûäåëåíèé ØÓ äî ñèõ ïîð 
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Ðèñ. 10. Ðàñïðåäåëåíèå ýëåìåíòîâ â îáëàñòè êîíòàêòà êðóïíîãî âûäåëåíèÿ ØÓ ñ äîëîìèòîì öåìåíòà êàëüöèò-äîëîìèòîâîé 
áðåê÷èè (Tescan VEGA 3LMN, õàðàêòåðèñòè÷åñêîå ðåíòãåíîâñêîå èçëó÷åíèå)

Fig. 10. The distribution of elements in the area of contact of large SHLC structures with dolomite of calcite-dolomite cement breccia 
(Tescan VEGA 3LMN, characteristic X-rays)

Ðèñ. 9. Ôîðìà âûäåëåíèé ØÓ â ñîñòàâå êàëüöèòîâîãî öåìåíòà êàòàêëàçèòîâ è áðåê÷èé (îòðàæåííûé ñâåò, íèêîëè ïàðàë-
ëåëüíû): À — îáëîìîê çîíàëüíîé æèëêè; Â — ÷åðâåîáðàçíîå âûäåëåíèå; Ñ — ôóòëÿðîîáðàçíûé îáëîìîê æèëêè; D — êàòàêëà-
çèðîâàííûå âûäåëåíèÿ; êðóãëàÿ ïîëîñòü â öåíòðàëüíîì çåðíå âûïîëíåíà êàëüöèòîì

Fig. 9. The shape of SHLC structures in the calcite cement of cataclasites and breccias (reflected light, nicols are parallel): A — is a frag-
ment of the zonal vein; B — worm-like excretions; C — case-shaped fragment of the vein; D — cataclassed excretions with calcite-filled 
round cavity in the central grain
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îñòàþòñÿ äèñêóññèîííûìè è òðåáóþò äîïîëíèòåëü íûõ 
èññëåäîâàíèé.

Îäíèì èç íàèáîëåå ïðèìå÷àòåëüíûõ ðåçóëüòà-
òîâ ïðîâåäåííûõ èññëåäîâàíèé, íà íàø âçãëÿä, ÿâëÿ-
åòñÿ âûÿâëåíèå øèðîêîãî ðàçâèòèÿ ØÓ âî âìåùàþ-
ùèõ æèëüíóþ ìèíåðàëèçàöèþ äîëîìèòàõ è êðåìíè-
ñòûõ ñòÿæåíèÿõ ðó÷åéíîé ñâèòû. Ïðèñóòñòâèå ØÓ íå 
òîëüêî â ìåæçåðíîâîì ïðîñòðàíñòâå, íî è âíóòðè ïî-
ðîäîîáðàçóþùèõ çåðåí äîëîìèòà ïîçâîëÿåò ïðåäïî-
ëàãàòü, ÷òî ïåðâè÷íîé ôîðìîé íàõîæäåíèÿ óãëåðîä-
íîãî âåùåñòâà â ïîðîäå áûëè æèäêèå óãëåâîäîðîäû. 
Ìèíèìàëüíûå òåìïåðàòóðà è äàâëåíèå ìåòàìîðôèç-
ìà îñàäî÷íûõ ïîðîä, ïðè êîòîðûõ â íèõ çàôèêñèðîâà-
íî ïîÿâëåíèå óãëåðîäíûõ âåùåñòâ, ïî ñâîèì ôèçèêî-
õèìè÷åñêèì ñâîéñòâàì ñîîòâåòñòâóþùèì âûñøåìó àí-
òðàêñîëèòó, îöåíèâàåòñÿ â 300 °Ñ è 300 ÌÏà [7, 9], ÷òî 
îòâå÷àåò ÐÒ-ïàðàìåòðàì íà÷àëüíûõ ôàöèé ìåòàãåíåçà. 
Ïîäîáíûå óñëîâèÿ â ðàññìàòðèâàåìîé ÷àñòè Óðàëà ìî-
ãëè ðåàëèçîâàòüñÿ íå ðàíåå ïîçäíåé ïåðìè, êîãäà ìîù-
íîñòü âûøåëåæàùèõ ïîðîä äîñòèãàëà 8 êì, ÷òî îáåñïå-
÷èâàëî ëèòîñòàòè÷åñêîå äàâëåíèå ïðèìåðíî â 240 ÌÏà, 
à òåìïåðàòóðà, ñóäÿ ïî îêðàñêå êîíîäîíòîâ, ñîñòàâëÿëà 
îêîëî 300 °Ñ. Ñâî¸ âëèÿíèå ìîã îêàçàòü è ïîçäíåïàëåî-
çîéñêèé îðîãåíåç, ïðèâåäøèé â êîíöå ïåðìè — íà÷àëå 
òðèàñà ê ñòðåññîâîìó ìåòàìîðôèçìó ïîðîä ïðè ñêëàä-
êîîáðàçîâàíèè.

Òàêèì îáðàçîì, ôîðìèðîâàíèå ØÂ Ðó÷åéíîãî 
ïðîÿ âëåíèÿ ïðîèñõîäèëî, âåðîÿòíåå âñåãî, â ïîçäíå-
ïåðìñêî-ðàííåòðèàñîâîì âðåìåííîì èíòåðâàëå.

Çàêëþ÷åíèå
Âûÿâëåíî øèðîêîå ðàçâèòèå ÓÂ íà ïðîÿâëåíèè 

Ðó÷åéíîå â íèæíåñèëóðèéñêèõ äîëîìèòàõ íà ð. Êîæèì 
íà Ïðèïîëÿðíîì Óðàëå — íå òîëüêî â âèäå ìàêðîâûäå-
ëåíèé â ñîñòàâå æèëüíîé ìèíåðàëèçàöèè, íî è âî âìå-
ùàþùèõ äîëîìèòàõ. Óñòàíîâëåíî ñîîòâåòñòâèå ÓÂ ïðî-
ÿâëåíèÿ Ðó÷åéíîå øóíãèòîâîìó óãëåðîäó Êàðåëèè ïî 
ñòðóêòóðíî-ñïåêòðàëüíûì õàðàêòåðèñòèêàì è ñîñòàâó. 
Ýòî ïåðâûé è ïîêà åäèíñòâåííûé íà Óðàëå ïîäîáíûé 
îáúåêò. Îñíîâíûå ôîðìû íàõîæäåíèÿ óãëåðîäíîãî âå-
ùåñòâà ïðåäñòàâëåíû ìàêðîâûäåëåíèÿìè ðàçìåðîì äî 
íåñêîëüêèõ ñàíòèìåòðîâ, à òàêæå ñóáìèêðîííîé èì-
ïðåãíàöèåé â çåðíàõ ïîðîäîîáðàçóþùèõ ìèíåðàëîâ, â 
ëèíçîâèäíûõ è óãëîâàòûõ àãðåãàöèÿõ, íà êîíòàêòàõ ñ 
îêâàðöîâàííûìè ó÷àñòêàìè â äîëîìèòàõ. Â æèëüíûõ 
òåëàõ ìàêðîâûäåëåíèÿ øóíãèòîïîäîáíîãî óãëåðîäà îá-
íàðóæèâàþò ïàðàãåíåòè÷åñêóþ ñâÿçü ñ êàëüöèò-äîëî-
ìèòîâîé ìèíåðàëèçàöèåé. 

Î÷åâèäíî, ÷òî óñëîâèÿ îáðàçîâàíèÿ ïðîÿâëå-
íèÿ Ðó÷åéíîå íå ÿâëÿþòñÿ óíèêàëüíûìè. Ðàñïðî-
ñòðàíåííîñòü ïîäîáíûõ îáúåêòîâ äîëæíà áûòü çíà-
÷èòåëüíî øèðå. Äëÿ ñîçäàíèÿ ïðîãíîçíî-ïîèñêîâîé 
ìîäåëè ýòîãî íîâîãî äëÿ ðåãèîíà âèäà ìèíåðàëüíîãî 
ñûðüÿ íåîáõîäèìû äàëüíåéøèå èññëåäîâàíèÿ ïî îïðå-
äåëåíèþ òåðìîäèíàìè÷åñêèõ è ãåîõèìè÷åñêèõ óñëîâèé 
ôîðìèðîâàíèÿ ØÓ.
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Ââåäåíèå
Ïðèäàâàÿ áîëüøîå çíà÷åíèå àñèììåòðèè æèâîãî 

âåùåñòâà, Ë. Ïàñòåð ñ÷èòàë åå èìåííî òîé åäèíñòâåí-
íîé ðàçãðàíè÷èâàþùåé ëèíèåé, êîòîðóþ ìîæíî ïðîâå-
ñòè ìåæäó æèâîé è íåæèâîé ïðèðîäîé, òî åñòü òåì, ÷òî 
îòëè÷àåò æèâîå âåùåñòâî îò íåæèâîãî. Âûñêàçàííîå 
ïðåäïîëîæåíèå ÿâëÿåòñÿ àêòóàëüíûì â íàñòîÿùåå âðå-
ìÿ ïðè ðåøåíèè ïðîáëåì áèîìèíåðàëüíûõ âçàèìîäåé-
ñòâèé, ïðîèñõîæäåíèÿ ïðåäáèîëîãè÷åñêèõ ìîëåêóë è 
äëÿ ïîíèìàíèÿ ïðîöåññîâ ñòàðåíèÿ íà ìîëåêóëÿðíîì 
óðîâíå. Áèîìàêðîìîëåêóëû (àìèíîêèñëîòû, ñàõàðà, 
íóêëåèíîâûå êèñëîòû è ôîñôîëèïèäû) îáëàäàþò õè-
ðàëüíîñòüþ, òî åñòü çåðêàëüíî-àíòèïîäîáíûì ñâîéñò-
âîì. 

Ñ÷èòàëîñü, ÷òî âñå æèâûå îðãàíèçìû ñîäåð-
æàò è èñïîëüçóþò â ñâîåé æèçíåäåÿòåëüíîñòè òîëüêî 
L-àìèíîêèñëîòû, à íàëè÷èå è ôóíêöèè D-àìèíîêèñëîò 
äîëãîå âðåìÿ îñòàâàëèñü íåóñòàíîâëåííûìè. Ïîñëåäíèå 
èññëåäîâàíèÿ ïîêàçàëè, ÷òî D-àìèíîêèñëîòû øèðîêî 
ðàñïðîñòðàíåíû â òêàíÿõ æèâûõ îðãàíèçìîâ, â òîì ÷è-

ñëå è ÷åëîâåêà. Áûëî óñòàíîâëåíî, ÷òî D-àñïàðàãèíîâàÿ 
êèñëîòà, â ÷àñòíîñòè, îáíàðóæåíà â õðóñòàëèêå, ãîëîâ-
íîì ìîçãå, êîñòÿõ, ýðèòðîöèòàõ, çóáàõ è â äðóãèõ îðãà-
íàõ è ñèñòåìàõ. Îïðåäåëåíû ñïåöèôè÷åñêèå ôóíêöèè 
D-ôîðì îòäåëüíûõ àìèíîêèñëîò â çäîðîâîì îðãàíèç-
ìå [4, 5].

Èçâåñòíî, ÷òî êîëè÷åñòâåííîå ñîîòíîøåíèå L- è 
D-ýíàíòèîìåðîâ èçìåíÿåòñÿ â ïðîöåññå æèçíåäåÿòåëü-
íîñòè îðãàíèçìà. D-àìèíîêèñëîòû ïîñòóïàþò â îðãà-
íèçì ìëåêîïèòàþùèõ ñ ïèùåé, îáðàçóþòñÿ ïðè ìåòà-
áîëèçìå êèøå÷íîé ôëîðû, à òàêæå â ðåçóëüòàòå ñïîí-
òàííîé ðàöåìèçàöèè àìèíîêèñëîò ïðè áèîñèíòå-
çå è ñòàðåíèè. Ïðè ñòàðåíèè ïðîèñõîäèò ðàöåìèçàöèÿ 
L-àìèíîêèñëîò ñ ïåðåõîäîì èõ â D-ôîðìó â áåëêàõ, ïðè-
÷åì â íàèáîëüøåé ñòåïåíè ïîäâåðæåíà ýòîìó ïðîöåññó 
àñïàðàãèíîâàÿ êèñëîòà. Ñ÷èòàåòñÿ, ÷òî ñêîðîñòü ðàöåìè-
çàöèè àìèíîêèñëîò â ïåïòèäàõ çíà÷èòåëüíî âûøå, ÷åì 
ñâîáîäíûõ àìèíîêèñëîò. Ñîãëàñíî Â. À. Òâåðäèñëîâó è 
åãî ñîàâòîðàì (2007), ïðîöåññû ðàöåìèçàöèè, â ÷àñòíî-
ñòè àñïàðàãèíîâîé êèñëîòû, ïðîõîäÿò áåç ó÷àñòèÿ ôåð-
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Èññëåäîâàíèÿ ïîñëåäíèõ ëåò ïîêàçàëè óâåëè÷åíèå ñîäåðæàíèÿ D-àìèíîêèñëîò â áåëêàõ ðàçëè÷íûõ òêàíåé îðãàíèçìà ÷åëîâå-
êà â ïðîöåññå ñòàðåíèÿ. Èçâåñòíî, ÷òî çíà÷èòåëüíûå èçìåíåíèÿ áàëàíñà L- è D-àìèíîêèñëîò íàáëþäàþòñÿ ïðè ðàçëè÷íûõ ïàòîëî-
ãè÷åñêèõ ïðîöåññàõ. Îäíîé èç ÷àñòî âñòðå÷àåìûõ ïàòîëîãèé ó ÷åëîâåêà ÿâëÿåòñÿ óðîëèòèàç, ãåíåçèñ êîòîðîãî äî ñèõ ïîð âûçûâà-
åò ìíîãî âîïðîñîâ. 

Öåëü äàííîé ðàáîòû — âûÿâëåíèå D-ôîðì àìèíîêèñëîò â óðîëèòàõ è ñðàâíèòåëüíûé àíàëèç èõ ñîäåðæàíèé â çàâèñèìîñòè îò 
ìèíåðàëüíîãî ñîñòàâà ìî÷åâûõ êàìíåé è âîçðàñòà ÷åëîâåêà. Èçó÷åíî 19 ïðîá óðîëèòîâ ìîíî- è ïîëèìèíåðàëüíîãî ñîñòàâà, â êî-
òîðûõ èäåíòèôèöèðîâàíû óýâåëëèò, óýääåëëèò, ñòðóâèò, íüþáåðèèò, ìî÷åâàÿ êèñëîòà, êàðáîíàòãèäðîêñèëàïàòèò. Âîçðàñò ëþäåé, 
ïðåäîñòàâèâøèõ ïàòîãåííûå îáðàçîâàíèÿ, ñîñòàâëÿë 22–75 ëåò.

Äëÿ âûäåëåíèÿ èíäèâèäóàëüíûõ àìèíîêèñëîò èç óðîëèòîâ ïðèìåíÿëñÿ êèñëîòíûé ãèäðîëèç â 6Ì HCl ïðè 105 °Ñ â òå÷åíèå 
12 ÷àñîâ. Èäåíòèôèêàöèÿ è êîëè÷åñòâåííîå îïðåäåëåíèå ýíàíòèîìåðîâ àìèíîêèñëîò âûïîëíÿëèñü ìåòîäîì ãàçîæèäêîñòíîé õðî-
ìàòîãðàôèè (õðîìàòîãðàô GC-17A, Shimadzu, êîëîíêà Chirasil-L-Val). 

Â èçó÷åííûõ óðîëèòàõ D-ôîðìû óñòàíîâëåíû äëÿ òðåõ àìèíîêèñëîò: àëàíèíà, àñïàðàãèíîâîé êèñëîòû è ãëóòàìèíîâîé êèñëî-
òû. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî ñóùåñòâóåò ñâÿçü ìåæäó îòíîøåíèåì D- è L-àìèíîêèñëîò è ìèíåðàëüíîé ñîñòàâëÿþ-
ùåé óðîëèòîâ. Îòìå÷àåòñÿ, ÷òî ìàêñèìàëüíûå ñîäåðæàíèÿ D-àñïàðàãèíîâîé êèñëîòû õàðàêòåðíû äëÿ îêñàëàòñîäåðæàùèõ êàìíåé. 
Âûñêàçûâàåòñÿ ïðåäïîëîæåíèå î âëèÿíèè îêñàëàò-èîíîâ íà ñòåïåíü ðàöåìèçàöèè àñïàðàãèíîâîé êèñëîòû â ïàòîãåííûõ áèîìèíå-
ðàëüíûõ îáðàçîâàíèÿõ. 

Êëþ÷åâûå ñëîâà: óðîëèòû, L- è D-àìèíîêèñëîòû, àñïàðàãèíîâàÿ êèñëîòà, áèîìèíåðàë.

CHIRAL CONNECTIONS IN UROLITES
V. I. Katkova, S. N. Shanina

Institute of Geology SC UB RAS, Syktyvkar

Recent studies have shown increasing in the content of D-amino acids in the proteins of various tissues of the human body in the 
process of aging. It is known that significant changes in the balance of L- and D-amino acids are observed in various pathological processes. 
One of the most common pathologies in the human is urolithiasis, in the genesis of which there are still many questions.

The purpose of this work is to identify D-forms of amino acids in uroliths and a comparative analysis of their contents depending on 
the mineral composition of urinary stones and human age. 19 samples of uroliths of mono- and polymineral composition were studied, in 
which whewellite, weddellite, struvite, newberiite, uric acid, carbonate-hydroxylapatite were identified. The chronological age of people who 
provided pathogenic biominerals was 22–75 years.

Acid hydrolysis in 6 M HCl at 105 °C for 12 hours was used to isolate individual amino acids from uroliths. Identification and quantification 
of the enantiomers of amino acids was carried out by gas chromatography (chromatograph GC-17A, Shimadzu, column Chirasil-L-Val).

In the studied uroliths, D-forms are established for three amino acids: alanine, aspartic acid, and glutamic acid. Research results 
have shown that there is a relationship between the ratio of D and L amino acids and the mineral component of uroliths. It is noted that the 
maximum content of D-aspartic acid is characteristic of oxalic stones. In the presence of impurities of calcium oxalate crystals (wevellite and 
or weddellite) in phosphate and urate uroliths, elevated values of D-Asp are observed. In this connection, an assumption was made about an 
increase in the degree of racemization of the aspartic acid in the presence of oxalic acid ions in pathogenic biomineral formations.

Keywords: uroliths, L- and D-enantiomers, amino acids, aspartic acid, biomineral.
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ìåíòîâ. Åäèíè÷íàÿ çàìåíà àìèíîêèñëîòíûõ îñòàòêîâ 
íà èõ D-èçîìåðû ìîæåò ïðèâîäèòü êàê ê ïîëíîé ïîòå-
ðå ôóíêöèîíàëüíîñòè áåëêîâ, òàê è ê ñíèæåíèþ àêòèâ-
íîñòè ôåðìåíòîâ. Â îáçîðíîé ðàáîòå [5] ïîêàçàíî, ÷òî 
ïðè íåêîòîðûõ ïñèõîñîìàòè÷åñêèõ çàáîëåâàíèÿõ (øè-
çîôðåíèÿ, áîëåçíü Àëüöãåéìåðà è Ïàðêèíñîíà), íà-
áëþäàþòñÿ çíà÷èòåëüíûå èçìåíåíèÿ óðîâíÿ íåêîòîðûõ 
D-àìèíîêèñëîò — D-Ser, D-Ala, D-Asp — â ïëàçìå êðî-
âè, ñåðîì è áåëîì âåùåñòâå ãîëîâíîãî ìîçãà è ñïèííî-
ìîçãîâîé æèäêîñòè. Íàéäåíà ïîëîæèòåëüíàÿ êîððåëÿ-
öèÿ ìåæäó êîíöåíòðàöèåé D-àìèíîêèñëîò è ìàðêåðà-
ìè ïî÷å÷íûõ çàáîëåâàíèé.

Âëèÿíèå ïðîöåññîâ ðàöåìèçàöèè àìèíîêèñëîò â 
îðãàíèçìå ÷åëîâåêà ïðè óðîëèòèàçå íà óðîâåíü êîíöåí-
òðàöèè D-ôîðì â óðîëèòàõ îñòàåòñÿ íåèçó÷åííûì. 

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ïðîâåäåíèå ñðàâíè-
òåëüíîãî àíàëèçà êîíöåíòðàöèé D-àìèíîêèñëîò â óðî-
ëèòàõ, ôîðìèðóþùèõñÿ â îðãàíèçìå ÷åëîâåêà, è âûÿâ-
ëåíèå çàâèñèìîñòè ñîîòíîøåíèÿ D- è L-ýíàíòèîìåðîâ 
îò âîçðàñòà ÷åëîâåêà è ìèíåðàëüíûõ ôàç â ñîñòàâå ïàòî-
ãåííûõ áèîìèíåðàëüíûõ îáðàçîâàíèé. 

Ôàêòè÷åñêèé ìàòåðèàë
è ìåòîäû èññëåäîâàíèé
Èçó÷åíî 19 ïðîá óðîëèòîâ (ñì. òàáëèöó), ìèíå-

ðàëüíûé ñîñòàâ êîòîðûõ îïðåäåëåí ìåòîäàìè ðåí-
òãåíîâñêîé äèôðàêòîìåòðèè è ÈÊ-ñïåêòðîñêîïèè. 
Èäåíòèôèöèðîâàíû ñëåäóþùèå ìèíåðàëüíûå ôàçû: óý-
âåëëèò (ÑàÑ2Î4 ∙ Í2Î), óýääåëëèò (ÑàÑ2Î4 ∙ 2Í2Î), ñòðó-
âèò (MgNH4PO4 ∙ 6H2O), íüþáåðèèò (MgHPO4 ∙ 3H2O), 
ìî÷åâàÿ êèñëîòà (Ñ5Í4N4O3), êàðáîíàòñîäåðæàùèé 
àïàòèò-(ÑàÎÍ) [1]. Âîçðàñò ëþäåé ñ óðîëèòèàçîì ñî-
ñòàâëÿë 22–75 ëåò.

Àíàëèçèðîâàëèñü L- è D-èçîìåðû 13 àìèíîêèñëîò: 
àëàíèíà (Ala), âàëèíà (Val), èçîëåéöèíà (Ile), ëåéöèíà 
(Leu), àñïàðàãèíîâîé êèñëîòû (Asp), ãëóòàìèíîâîé êè-
ñëîòû (Glu), òðåîíèíà (Thr), ñåðèíà (Ser), ôåíèëàëàíè-
íà (Phe), òèðîçèíà (Tyr), ïðîëèíà (Pro), ëèçèíà (Lys) è 
ìåòèîíèíà (Met). 

Äëÿ èçâëå÷åíèÿ àìèíîêèñëîò èç áåëêîâîé ñîñòàâ-
ëÿþùåé ïðèìåíÿëè êèñëîòíûé ãèäðîëèç â 6Ì HCl ïðè 
105 °Ñ â òå÷åíèå 12 ÷àñîâ. Âûäåëåííûå èç ãèäðîëèçà-
òà àìèíîêèñëîòû î÷èùàëè îò ïðèìåñåé è ïåðåâîäèëè â 
N-ïåíòàôòîðïðîïèîíîâûå èçîïðîïèëîâûå ýôèðû ñî-
îòâåòñòâóþùèõ àìèíîêèñëîò. Èäåíòèôèêàöèÿ è îïðå-
äåëåíèå ñîäåðæàíèÿ àìèíîêèñëîò â îáðàçöàõ âûïîë-
íåíû íà ãàçîâîì õðîìàòîãðàôå GC-17A (Shimadzu, êà-
ïèëëÿðíàÿ êîëîíêà Chirasil-L-Val). Ïîäðîáíî ìåòîäèêà 
îïèñàíà â ñòàòüå [3].

Ðåçóëüòàòû è îáñóæäåíèå èññëåäîâàíèé 
Ñîäåðæàíèå è ðàñïðåäåëåíèå àìèíîêèñëîò â èç-

ó÷åííûõ óðîëèòàõ ïîäðîáíî îïèñàíû â ðàáîòå [1]. 
Àíàëèç áåëêîâîé ñîñòàâëÿþùåé óðîëèòîâ ïîçâîëèë âû-
äåëèòü îòäåëüíûå àìèíîêèñëîòû, äîìèíèðîâàíèå êî-
òîðûõ ñïåöèôè÷íî äëÿ êîíêðåòíîãî òèïà óðîëèòîâ: â 
îêñàëàòíûõ íàáëþäàþòñÿ îòíîñèòåëüíî âûñîêèå êîí-
öåíòðàöèè àëàíèíà è ïðîëèíà, â ôîñôàòíûõ — ëèçèíà, 
à â óðàòíûõ — ãëèöèíà è òèðîçèíà. 

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé D-ôîðìû 
áûëè âûÿâëåíû òîëüêî äëÿ òðåõ àìèíîêèñëîò: àëàíèíà, 
àñïàðàãèíîâîé êèñëîòû è ãëóòàìèíîâîé êèñëîòû. 

Óñòàíîâëåíî, ÷òî äëÿ îêñàëàòñîäåðæàùèõ îáðàç-
öîâ (óýâåëëèòà è óýääåëëèòà) õàðàêòåðåí âûñîêèé ïî-

êàçàòåëü D/L äëÿ Asp, òîãäà êàê D-Glu è D-Ala, ÷àñòî 
ÿâëÿþùèåñÿ ìàðêåðàìè æèçíåäåÿòåëüíîñòè ìèêðîîð-
ãàíèçìîâ, óñòàíîâëåíû òîëüêî â íåêîòîðûõ îáðàçöàõ è 
èìåþò íèçêèå ñîäåðæàíèÿ (ñì. òàáëèöó). Â ëèòåðàòó-
ðå èìåþòñÿ äàííûå ïîêàçàòåëåé ñîîòíîøåíèé D/L-Asp 
â ýìàëè â çàâèñèìîñòè îò âîçðàñòà êîðåííûõ çóáîâ [9], 
à òàêæå â äåíòèíå ñ ó÷åòîì ôàêòè÷åñêîãî âîçðàñòà ÷å-
ëîâåêà [8, 11]. Ïîñêîëüêó óðîëèòû íå îòíîñÿòñÿ ê äîë-
ãîæèâóùèì îáðàçîâàíèÿì in vivo, â îòëè÷èå îò çóáîâ è 
êîñòåé, ýòî íàâîäèò íà ìûñëü î âëèÿíèè îêñàëàò-èîíîâ 
(ùàâåëåâîé êèñëîòû) íà óñêîðåíèå ïðîöåññà ðàöåìè-
çàöèè àñïàðàãèíîâîé êèñëîòû â ïàòîãåííûõ áèîìèíå-
ðàëüíûõ îáðàçîâàíèÿõ. 

Â ôîñôàòíûõ óðîëèòàõ çíà÷åíèå D/L-Asp ìåíÿåòñÿ 
îò 0.010 äî 0.099. Âûÿâëåíî, ÷òî ïîâûøåííûå êîíöåí-
òðàöèè D-Asp õàðàêòåðíû äëÿ ôîñôàòíûõ óðîëèòîâ, â 
ñîñòàâå êîòîðûõ íàðÿäó ñ àïàòèòîì ñîäåðæèòñÿ óýâåë-
ëèò. Áèîìèíåðàëüíûå îáðàçîâàíèÿ, ñîñòîÿùèå òîëüêî 
èç àïàòèòà èëè ñòðóâèòà, èìåþò ïîíèæåííûé óðîâåíü 
D-Asp. 

Êðîìå òîãî, â ñòðóâèòñîäåðæàùèõ îáðàçöàõ çàôèê-
ñèðîâàíû âûñîêèå ïîêàçàòåëè îòíîøåíèé D/L-Glu 
(0.095–0.106). Ôîðìèðîâàíèå ôîñôàòíûõ óðîëèòîâ èç-
äàâíà ñâÿçûâàëè ñ ïðîíèêíîâåíèåì áàêòåðèàëüíîé èí-
ôåêöèè â ìî÷åâûâîäÿùèå îðãàíû. Ïåïòèäîãëèêàíû, 
âõîäÿùèå â ñîñòàâ êëåòî÷íîé ñòåíêè áàêòåðèé, ìîæ-
íî ðàññìàòðèâàòü êàê îäèí èç èñòî÷íèêîâ ñâÿçàííûõ 
D-Glu è D-Ala [6]. Â ñâÿçè ñ ýòèì ïðèñóòñòâèå èõ â áåë-
êîâîé ñîñòàâëÿþùåé ìîæåò ñâèäåòåëüñòâîâàòü îá ó÷à-
ñòèè ìèêðîîðãàíèçìîâ â ãåíåçèñå ôîñôàòíûõ áèîìè-
íåðàëîâ (ñòðóâèòà, àïàòèòà). 

Â ìî÷åêèñëûõ óðîëèòàõ îòíîøåíèÿ D/L-Asp ìåíÿ-
þòñÿ îò 0 äî 0.089 (ñì. òàáëèöó). Ïðè ýòîì â óðîëèòàõ, 
ñîäåðæàùèõ òîëüêî ìî÷åâóþ êèñëîòó, êîíöåíòðàöèÿ 
D-Asp çíà÷èòåëüíî íèæå, ÷åì â îáðàçöàõ, ñîäåðæàùèõ 
ïðèìåñè ñîëåé ùàâåëåâîé êèñëîòû (óýâåëëèòà è óýä-
äåëëèòà). Íà îñíîâå ïîëó÷åííûõ äàííûõ ìîæíî ïðåä-
ïîëîæèòü, ÷òî íà ñîäåðæàíèå L-Asp â áåëêîâîé ñîñòàâ-
ëÿþùåé îêàçûâàåò âëèÿíèå ïðèñóòñòâèå îêñàëàò-èî-
íîâ â ïàòîãåííûõ òâåðäûõ îáðàçîâàíèÿõ. Â äàííîì òè-
ïå óðîëèòîâ íå îáíàðóæåíû D-Glu è D-Ala. Ðåçóëüòàòû 
èññëåäîâàíèé íàâîäÿò íà ìûñëü î ãåíåòè÷åñêîé ñïåöè-
ôèêå êðèñòàëëè÷åñêèõ îáðàçîâàíèé îðãàíè÷åñêîãî ñî-
ñòàâà èçó÷åííûõ óðîëèòîâ, ôîðìèðîâàíèå êîòîðûõ ÷à-
ñòî ñâÿçàíî ñ ìåòàáîëè÷åñêèìè íàðóøåíèÿìè â îðãà-
íèçìå ÷åëîâåêà. 

Èñòî÷íèêîì D-àìèíîêèñëîò â óðîëèòàõ, íà íàø 
âçãëÿä, ìîãóò áûòü óðèíà, êîìïîíåíòû ìèêðîáèàëü-
íîé êëåòî÷íîé ñòåíêè ñ öèòîïëàçìîé è ïðîòåîì óðî-
ëèòîâ, ïðåäñòàâëÿþùèé ìíîãîîáðàçíûé ñïåêòð áåë-
êîâ. Êàê ñâÿçàííûå ñ ïåïòèäàìè, òàê è ñâîáîäíûå 
D-àìèíîêèñëîòû, â ÷àñòíîñòè D-Asp, D-Ser è D-Ala, â 
èçáûòêå ñîäåðæàòñÿ â ìî÷å è ñûâîðîòêå êðîâè [6]. D-Asp 
íàéäåí âî ôðàãìåíòàõ êîëëàãåíà òèïà I â ìî÷å ïîæèëûõ 
ëþäåé. Ó òðåõ çäîðîâûõ äîáðîâîëüöåâ â 24-÷àñîâûõ ïðî-
áàõ óðèíû íàèáîëüøèå êîëè÷åñòâà áûëè îïðåäåëåíû äëÿ 
D-Ser (64–199 ìîëü/äåíü) è D-Ala (24–138 ìîëü/äåíü). 
Â ñðåäíåì îò 0.4 äî 1.1 ã ñâîáîäíûõ àìèíîêèñëîò åæåä-
íåâíî âûäåëÿåòñÿ ñ ìî÷îé çäîðîâîãî âçðîñëîãî ÷åëîâå-
êà [6]. Íà ýêñêðåöèþ D-ñòåðåîèçîìåðîâ â ôèçèîëîãè÷å-
ñêèõ æèäêîñòÿõ âëèÿåò âîçðàñò, ðàöèîí ïèòàíèÿ, ôèçèî-
ëîãè÷åñêîå ñîñòîÿíèå è àíòèáèîòèêîòåðàïèÿ [10]. 

Ðàíåå ïðè èññëåäîâàíèè êîëè÷åñòâåííîãî ñîäåð-
æàíèÿ L- è D-ôîðì àñïàðàãèíîâîé êèñëîòû â ýìà-
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ëè áûëà óñòàíîâëåíà ïîëîæèòåëüíàÿ êîððåëÿöèÿ ìåæ-
äó êîýôôèöèåíòîì ðàöåìèçàöèè è âîçðàñòîì ÷åëîâåêà 
[8, 9, 10]. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî D-àñïàðàãèíîâàÿ 
êèñëîòà â ýìàëè ïîñëå 60 ëåò ìîæåò ñîñòàâëÿòü äî 8 % 
âñåé àñïàðàãèíîâîé êèñëîòû. Â íàñòîÿùåå âðåìÿ àíà-
ëèç ñîäåðæàíèÿ D-àñïàðàãèíîâîé êèñëîòû â äîëãîæè-
âóùèõ òêàíÿõ (çóáû, êîñòè) ñ÷èòàåòñÿ íàäåæíûì ìåòî-
äîì îöåíêè âîçðàñòà ÷åëîâåêà â ðàçâèòûõ ñòðàíàõ [7, 
8, 11].

Â íàøåì ñëó÷àå îòñóòñòâèå ïðåäñòàâèòåëüíîé âû-
áîðêè êàìíåîáðàçîâàòåëåé íå ïîçâîëÿåò äîñòîâåðíî ãî-
âîðèòü î âëèÿíèè âîçðàñòà íà ñòåïåíü ðàöåìèçàöèè àñ-
ïàðàãèíîâîé êèñëîòû â ìî÷åâûõ êàìíÿõ. Îäíàêî ñëå-
äóåò îòìåòèòü, ÷òî â èçó÷åííûõ óðîëèòàõ ñàìûå íèçêèå 
îòíîøåíèÿ D/L-àñïàðàãèíîâîé êèñëîòû òàêæå óñòà-
íîâëåíû ó ëþäåé, ÷åé âîçðàñò ñîñòàâëÿåò 22 è 24 ãîäà. 

Âûâîäû
Òàêèì îáðàçîì, ïîêàçàíî, ÷òî êîíöåíòðàöèÿ 

D-ýíàíòèîìåðîâ â ñîñòàâå îðãàíè÷åñêîé ñîñòàâëÿþ-
ùåé â ïàòîãåííûõ áèîìèíåðàëàõ çàâèñèò îò ñîñòàâà ìè-
íåðàëüíîé ôàçû. Â îêñàëàòñîäåðæàùèõ óðîëèòàõ îòìå-
÷åíû çíà÷èòåëüíûå èçìåíåíèÿ áàëàíñà L- è D-ôîðìû 
Asp. Óðîâåíü àñïàðàãèíîâîé êèñëîòû ïîâûøåí â ôîñ-
ôàòíûõ è ìî÷åêèñëûõ óðîëèòàõ â ïðèñóòñòâèè îêñàëàò-
èîíîâ, è íàïðîòèâ, ïîíèæåííûå êîíöåíòðàöèè D-Asp 

íàáëþäàþòñÿ â òåõ ñëó÷àÿõ, êîãäà îíè èìåþò ìîíîìè-
íåðàëüíûé ñîñòàâ. Ïîëàãàåì, ÷òî èîíû ùàâåëåâîé êè-
ñëîòû îêàçûâàþò âëèÿíèå íà ñòåïåíü ðàöåìèçàöèè àñ-
ïàðàãèíîâîé êèñëîòû â ïàòîãåííûõ áèîìèíåðàëüíûõ 
îáðàçîâàíèÿõ. Ñîäåðæàíèå D-èçîìåðîâ â óðîëèòàõ îá-
óñëîâëåíî ÷àñòè÷íîé ðàöåìèçàöèåé L-àìèíîêèñëîò íà 
îäíîèìåííûå D-àìèíîêèñëîòû äåÿòåëüíîñòüþ ìèêðî-
îðãàíèçìîâ è ñîñòàâîì îðãàíè÷åñêîé ñîñòàâëÿþùåé 
óðèíû. 

Èññëåäîâàíèÿ âûïîëíåíû ïðè ÷àñòè÷íîé ôèíàíñîâîé 
ïîääåðæêå ïðîåêòà ÓðÎ ÐÀÍ ¹ 18-5-5-44 «Ïðîöåññû è 
ìåõàíèçìû ìèíåðàëîîáðàçîâàíèÿ, íàäìîëåêóëÿðíîé îðãà-
íèçàöèè ìèíåðàëüíîãî âåùåñòâà, êîìïëåêñíîé ïåðåðàáîò-
êè ìèíåðàëüíîãî ñûðüÿ è ôîðìèðîâàíèÿ íàíîñòðóêòóðè-
ðîâàííûõ ìàòåðèàëîâ».

Àíàëèòè÷åñêèå èññëåäîâàíèÿ âûïîëíÿëèñü â ÖÊÏ 
«Ãåîíàóêà».
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Óðîëèòû
Uroliths

¹ îáðàçöà
Sample No.

Áèîìèíåðàëû
Biominerals

Âîçðàñò èíäèâèäà, ã
Age of individual

D/L Asp D/L Glu D/L Ala

Îêñàëàòíûå
Oxalate
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Ôîñôàòíûå
Phosphate 46

àïàòèò, óýâåëëèò
apatite, whewellite

45 0.099 0.059 0.025

48 –//– 50 0.074 0.034 0.01

51
àïàòèò, óýâåëëèò, ñòðóâèò
apatite, whewellite, struvite

56 0.082 0.095 0.032

52 àïàòèò, 53 0.039 0.024 0.031

53
ñòðóâèò

apatite, struvite
42 0.051 0.106 0.002

69 –//– 24 0.01 0 0.012

35
ñòðóâèò, óýâåëëèò
struvite, whewellite

35 0.061 0.124 0

47 íüþáåðèèò \ newberyite ? 0.042 0.022 0.002
Ìî÷åêèñëûå
Urate

29 ê  ìî÷åâàÿ êèñëîòà \ uric acid ? 0.056 0 0
45 –//– 75 0 –//– –//–
54 –//– 56 0.039 –//– –//–

61
ìî÷åâàÿ êèñëîòà, óýâåëëèò 

uric acid, whewellite
53 0.089 –//– –//–

72
ìî÷åâàÿ êèñëîòà

uric acid
55 0.046 –//– –//–

77 –//– 64 0 –//– –//–
Примечание: ? — нет данных возраста
Note: ? — no data on age
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Ââåäåíèå
Ïðîèçâîäñòâî ðåäêèõ ìåòàëëîâ ñîñòàâëÿåò îñíîâó 

ïåðåäîâûõ âûñîêîòåõíîëîãè÷íûõ ïðîèçâîäñòâ êàê ãðà-
æäàíñêîãî, òàê è îáîðîííîãî çíà÷åíèÿ. Â ìèðå ïðîãíî-
çèðóåòñÿ êðàòíîå óâåëè÷åíèå ïîòðåáëåíèÿ ðåäêèõ ìå-
òàëëîâ â ñâÿçè ñ ðàçâèòèåì öèôðîâîé ýêîíîìèêè, ïðî-
èçâîäñòâà àëüòåðíàòèâíûõ èñòî÷íèêîâ ýíåðãèè, íîâûõ 
êîíñòðóêöèîííûõ ìàòåðèàëîâ, ïåðñïåêòèâíûõ ñèñòåì 
âîîðóæåíèÿ.

Ïî çàïàñàì áîëüøèíñòâà ðåäêèõ ìåòàëëîâ Ðîññèÿ 
çàíèìàåò îäíî èç âåäóùèõ ìåñò â ìèðå, îäíàêî ðàçðà-
áàòûâàþòñÿ âñåãî 4 ìåñòîðîæäåíèÿ: Ëîâîçåðñêîå (Ta, 
Nb, TR), Ïàâëîâñêîå (óãëè, Ge), Êîâäîðñêîå (P, Fe, ïî-
ïóòíûé Zr), Äàëìàòîâñêîå (U, ïîïóòíûé Sc). Áîëüøàÿ 
÷àñòü ðåäêèõ ìåòàëëîâ èìïîðòèðóåòñÿ: ëèòèåâîå ñûðüå 
è öèðêîí, ôåððîíèîáèé, áåðèëëèåâûå è ðåíèåâûå òî-
âàðíûå ïðîäóêòû, òàíòàëîâûå ïîðîøêè, áîëüøàÿ ÷àñòü 
ðåäêîçåìåëüíîé ïðîäóêöèè è äð. [1]. Ñôîðìèðîâàííûé 
â ñòðàíå ìàñøòàáíûé ìèíåðàëüíî-ñûðüåâîé ïîòåíöèàë 
ðåäêèõ ìåòàëëîâ íå ðåàëèçóåòñÿ. Çàâèñèìîñòü ïðîìûø-
ëåííîñòè îò èìïîðòà ðåäêèõ ìåòàëëîâ ÿâëÿåòñÿ ôàêòî-
ðîì ðèñêà íàöèîíàëüíîé áåçîïàñíîñòè è ðàçâèòèÿ îòå-
÷åñòâåííîé ïðîìûøëåííîñòè.

Ðàçâèòèå ðåäêîìåòàëëüíîé îòðàñëè â Ðîññèè ñâÿ-
çàíî ïðåæäå âñåãî ñ ñîçäàíèåì ýôôåêòèâíûõ êîìïëåê-
ñíûõ òåõíîëîãèé ïåðåðàáîòêè ðóä ðåäêèõ ìåòàëëîâ, áà-
çèðóþùèõñÿ íà äîñòîâåðíîé èíôîðìàöèè î èõ âåùåñò-
âåííîì ñîñòàâå. Ïîýòîìó öåëüþ ñòàòüè ÿâëÿåòñÿ âûÿâ-
ëåíèå ìèíåðàëîãè÷åñêèõ êðèòåðèåâ ðóä Òîìòîðñêîãî, 
×óêòóêîíñêîãî ìåñòîðîæäåíèé è Àëãàìèíñêîãî ðóäî-
ïðîÿâëåíèÿ êîìïëåêñîì ôèçè÷åñêèõ ìåòîäîâ, ïîçâî-
ëÿþùèõ ïðîãíîçèðîâàòü îïòèìàëüíûå ãèäðîìåòàëëóð-
ãè÷åñêèå òåõíîëîãèè èõ ïåðåðàáîòêè.

Îáúåêòû è ìåòîäû èññëåäîâàíèé
Â êà÷åñòâå ïîòåíöèàëüíûõ èñòî÷íèêîâ öèðêîíè-

åâîé, íèîáèåâîé, ðåäêîçåìåëüíîé ïðîäóêöèè ðàññìà-

òðèâàþòñÿ ðóäû Òîìòîðñêîãî è ×óêòóêîíñêîãî ìåñòî-
ðîæäåíèé, à òàêæå Àëãàìèíñêîãî ðóäîïðîÿâëåíèÿ.

Ðåäêîìåòàëëüíûå ðóäû, â òîì ÷èñëå è ðóäû ðàñ-
ñìàòðèâàåìûõ îáúåêòîâ, â áîëüøèíñòâå ñâîåì èìå-
þò ïåðåìåííûé ãðàíóëÿðíûé ñîñòàâ, ðàçìåð ðóäíûõ 
ìèíåðàëîâ è àãðåãàòîâ â íèõ ïðåèìóùåñòâåííî ìåíåå 
0.0074 ìì, íåðåäêî ïðèñóòñòâóþò òîíêîäèñïåðñíûå ïî-
ëèìèíåðàëüíûå îáðàçîâàíèÿ, ñôîðìèðîâàííûå çåð-
íàìè ðóäíûõ ìèíåðàëîâ ìèêðîíàíîìåòðè÷åñêîãî ðàç-
ìåðà. Ñëîæíûé ìèíåðàëüíûé ñîñòàâ ðóä îïðåäåëÿåò-
ñÿ îäíîâðåìåííûì ïðèñóòñòâèåì ïîëåçíûõ ìèíåðàëîâ 
ðàçíûõ ïàðàãåíåçèñîâ, íåðåäêî âñòðå÷àþùèõñÿ â àññî-
öèàöèè äðóã ñ äðóãîì è ïîðîäîîáðàçóþùèìè ôàçàìè. 
Íå ìåíåå âàæíûì ÿâëÿåòñÿ ïðèñóòñòâèå â ðóäàõ ìèíå-
ðàëîâ èçîìîðôíûõ ðÿäîâ, íàïðèìåð ìèíåðàëîâ ãðóïïû 
êðàíäàëëèòà èëè ïèðîõëîðà è ò. ä.

Òîìòîðñêèé ìàññèâ óëüòðàîñíîâíûõ ùåëî÷íûõ ïî-
ðîä è êàðáîíàòèòîâ ðàñïîëîæåí íà ñåâåðî-âîñòî÷íîì 
ñêëîíå Àíàáàðñêîãî êðèñòàëëè÷åñêîãî ùèòà íà ñåâåðå 
Ñèáèðñêîé ïëàòôîðìû. Â ïðåäåëàõ ìàññèâà îòìå÷àþò-
ñÿ ëèíåéíûå êîðû âûâåòðèâàíèÿ, ðàçâèòûå â îñíîâíîì 
ïî ïåðèôåðèè ìàññèâà, è ïëîùàäíûå äâóõ ìîðôîëîãè-
÷åñêèõ òèïîâ: ïëàùåâèäíàÿ è âåðèòèêàëüíàÿ, ðàçëè÷à-
þùèåñÿ ïî ãåîëîãè÷åñêîìó ñòðîåíèþ, âåùåñòâåííîìó 
ñîñòàâó è ðóäîíîñíîñòè.

×óêòóêîíñêîå ìåñòîðîæäåíèå ðàñïîëîæåíî â ïðå-
äåëàõ þãî-çàïàäíîé ÷àñòè Ñèáèðñêîé ïëàòôîðìû è 
ïðèóðî÷åíî ê ×àäîáåöêîìó êóïîëîâèäíîìó ïîäíÿòèþ. 
Ìåñòîðîæäåíèå îõâàòûâàåò äâà êàðáîíàòèòîâûõ ìàñ-
ñèâà (ñåâåðíûé è þæíûé), èìåþùèõ øòîêîîáðàçíóþ 
ôîðìó è âìåùàþùèõ ðåäêîçåìåëüíî-íèîáèåâîå îðóäå-
íåíèå, ñâÿçàííîå ñ îñòàòî÷íûìè ëàòåðèòíûìè êîðàìè 
âûâåòðèâàíèÿ [11].

Ðóäîïðîÿâëåíèå Àëãàìà ðàñïîëîæåíî íà ïåðèôå-
ðèè êðóïíîãî Èíãèëèéñêîãî ìàññèâà, íàõîäÿùåãîñÿ â 
ðàéîíå Âîñòî÷íîãî Àëäàíà, è ñëîæåíî ïîðîäàìè óëü-
òðàùåëî÷íîé êàðáîíàòèòîâîé ôîðìàöèè.
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Èçó÷åíèå âåùåñòâåííîãî ñîñòàâà ðóä ðåäêèõ ìå-
òàëëîâ è ïðîäóêòîâ èõ ïåðåäåëà îñóùåñòâëÿëîñü êîì-
ïëåêñîì ìåòîäîâ ìèíåðàëîãè÷åñêîãî è õèìè÷åñêîãî 
àíàëèçîâ. Âåäóùèìè ìèíåðàëîãè÷åñêèìè ìåòîäàìè ÿâ-
ëÿþòñÿ îïòè÷åñêàÿ ìèêðîñêîïèÿ, ðåíãåíîãðàôè÷åñêèé 
è ðåíòãåíîòîìîãðàôè÷åñêèé àíàëèçû. Ìèíåðàëîãî-
àíàëèòè÷åñêèå ðàáîòû âûïîëíåíû â ñîîòâåòñòâèè ñ ìå-
òîäè÷åñêèìè äîêóìåíòàìè íàó÷íûõ ñîâåòîâ ïî ìåòî-
äàì ìèíåðàëîãè÷åñêèõ è àíàëèòè÷åñêèõ èññëåäîâàíèé 
(ÍÑÎÌÌÈ, ÍÑÀÌ).

Ðåçóëüòàòû è îáñóæäåíèÿ
Äëÿ ïîëíîãî êîìïëåêñíîãî èñïîëüçîâàíèÿ ñûðüÿ 

ïðè ðàçðàáîòêå òåõíîëîãè÷åñêèõ ãèäðî- è ïèðîìåòàë-
ëóðãè÷åñêèõ ñõåì ïðåæäå âñåãî íåîáõîäèìà äîñòîâåð-
íàÿ èíôîðìàöèÿ î ìèíåðàëüíîì ñîñòàâå èñõîäíîãî ñû-
ðüÿ è ïðîäóêòîâ åãî õèìèêî-ìåòàëëóðãè÷åñêîé ïåðå-
ðàáîòêè ñ äèàãíîñòèêîé âñåõ ìèíåðàëüíûõ ôàç, â òîì 
÷èñëå ôîðìû íàõîæäåíèÿ â èññëåäóåìîì ïðîäóêòå ïî-
ëåçíîãî êîìïîíåíòà (ñîáñòâåííàÿ ìèíåðàëüíàÿ ôàçà, 
èçîìîðôíîå âõîæäåíèå â ñòðóêòóðó ìèíåðàëà), êîëè÷å-
ñòâåííîé îöåíêîé èõ ñîäåðæàíèÿ [14, 15].

Çíà÷èòåëüíóþ ðîëü ïðè õèìè÷åñêîé ïåðåðàáîòêå 
ðóä èãðàþò ìèíåðàëû ïîðîäîîáðàçóþùåãî êîìïëåêñà 
— èõ ñîñòàâ, êîëè÷åñòâåííûå ñîîòíîøåíèÿ — ïîýòî-
ìó íåîáõîäèìî èìåòü ÷åòêîå ïðåäñòàâëåíèå î õàðàêòå-
ðå ôàçîâûõ ïðåîáðàçîâàíèé, ïðåòåðïåâàåìûõ ìèíåðà-
ëàìè, ÷òîáû îöåíèòü âëèÿíèå ýòèõ ïðåîáðàçîâàíèé íà 
òåõíîëîãè÷åñêèå ïîêàçàòåëè [2, 10, 13].

Ìàêñèìàëüíî ïîëíàÿ ìèíåðàëîãè÷åñêàÿ èíôîð-
ìàöèÿ î ðåäêîìåòàëëüíûõ ðóäàõ, ó÷èòûâàþùàÿ èíäè-

âèäóàëüíûå îñîáåííîñòè ðóä êîíêðåòíûõ îáúåêòîâ, ïî-
çâîëÿåò ïðîãíîçèðîâàòü èõ ïîâåäåíèå â òåõíîëîãè÷å-
ñêèõ ïðîöåññàõ è, ñëåäîâàòåëüíî, âûáðàòü îïòèìàëü-
íûå òåõíîëîãèè èõ ïåðåðàáîòêè [8, 9].

Îñîáåííîñòüþ ðóäû Òîìòîðñêîãî ìåñòîðîæäåíèÿ 
ÿâëÿåòñÿ âûñîêàÿ äèñïåðñíîñòü, òåñíîå âçàèìíîå ñðà-
ñòàíèå ìèíåðàëüíûõ ôàç è ñâÿçü îäíîãî è òîãî æå ïî-
ëåçíîãî êîìïîíåíòà ñ íåñêîëüêèìè ðóäíûìè è ïîðîäî-
îáðàçóþùèìè ìèíåðàëàìè. Ïèðîõëîð — ãëàâíûé ìè-
íåðàë íèîáèÿ — îáðàçóåò îòäåëüíûå êðèñòàëëû, îáëîì-
êè, à òàêæå àãðåãàòû çåðåí ðàçìåðîì îò 1 ìêì äî 0.5 ìì. 
Â ðóäå ìèíåðàë ðàñïðåäåëåí íåðàâíîìåðíî â âèäå ñûïè 
è ãíåçäîâèäíîé âêðàïëåííîñòè â öåìåíòèðóþùåé ìàñ-
ñå àëþìîôîñôàòîâ. Ãëàâíîé îñîáåííîñòüþ ïèðîõëîðà 
ïðè ãèïåðãåííîì ïðåîáðàçîâàíèè ÿâëÿåòñÿ èçîìîðô-
íîå çàìåùåíèå êàëüöèÿ è íàòðèÿ íà ñòðîíöèé, áàðèé è 
ñâèíåö (ðèñ. 1) [4].

Ìîíàöèò ïðåäñòàâëåí öåðèåâîé ðàçíîâèäíîñòüþ,
îáðàçóåò àãðåãàòû â âèäå ïÿòåí, ìèêðîïðîæèëêîâ, 
ëèíçîâèäíûõ âûäåëåíèé â àëþìîôîñôàòíîé ìàññå. 
Âñòðå÷àþòñÿ ãèäðàòèðîâàííûå ðàçíîâèäíîñòè.

Ìèíåðàëû ãðóïïû êðàíäàëëèòà ïðåäñòàâëåíû ìè-
íåðàëàìè ñ ïåðåìåííûì ñîäåðæàíèåì ðåäêèõ çåìåëü 
(ãîÿöèò, ãîðñåéêñèò, ôëîðåíñèò, êðàíäàëëèò). ßâëÿÿñü 
ãëàâíûìè ìèíåðàëàìè ðóäû, ïî ñóùåñòâó, îíè âûïîë-
íÿþò ðîëü öåìåíòà è ïðåäñòàâëåíû ìîíî- è ÷àùå ïîëè-
ìèíåðàëüíûìè àãðåãàòàìè.

Ìèíåðàëîãè÷åñêèå îñîáåííîñòè ðóä: ãðàíóëÿðíûé 
ñîñòàâ, îäíîâðåìåííîå ïðèñóòñòâèå íåñêîëüêèõ ïîëåç-
íûõ ìèíåðàëîâ, íåðåäêî èìåþùèõ ðàçíûå ôîðìû âû-
äåëåíèÿ, òåñíûå ñðàñòàíèÿ ïîëåçíûõ ìèíåðàëîâ ìåæäó 

Ðèñ. 1. Âíóòðåííåå ñòðîåíèå ïèðîõëîðà: à — äåçèíòåãðàöèÿ êðóïíûõ êðèñòàëëîâ íà ìåëêèå áëîêè; b — íà÷àëüíàÿ ñòàäèÿ ïðåî-
áðàçîâàíèÿ ïèðîõëîðà I, âûðàæàþùàÿñÿ â ïîÿâëåíèè òîíêîé îòîðî÷êè ïèðîõëîðà II-III; c, d — çîíàëüíîå ñòðîåíèå çåðåí; e — 
ïèðîõëîðîâûé ïåñîê, ñöåìåíòèðîâàííûé ìèíåðàëàìè ãðóïïû êðàíäàëëèòà; f — ñêîðëóïîâàòî-êîíöåíòðè÷åñêàÿ îòäåëüíîñòü. 
a, c — îòðàæåííûé ñâåò, íèêîëè ïàðàëëåëüíû; b, d, e, f — èçîáðàæåíèÿ â îáðàòíîðàññåÿííûõ ýëåêòðîíàõ

Fig. 1.The internal structure of pyrochlore: a — disintegration of large crystals into small blocks; b — the initial stage of the conversion 
of pyrochlore I, expressed in the appearance of a thin rim of pyrochlore II–III; c, d — zonal structure of grains; e — pyrochloric sand, 
cemented by minerals gr. crandallite; f — shell-concentric separation; a, c — reflected light, nicols are parallel; b, d, e, f — images in back-
scattered electrons
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ñîáîé è ñ ïîðîäîîáðàçóþùèìè ôàçàìè, ñêëîííîñòü ê 
èñêóññòâåííîé ñåãðåãàöèè — ïîçâîëÿþò ñ÷èòàòü ýòè ðó-
äû ïðàêòè÷åñêè íåîáîãàòèìûìè.

Äëÿ ðàçðàáîòêè ýôôåêòèâíîé òåõíîëîãèè ïîëó÷å-
íèÿ êîìïëåêñà âñåõ öåííûõ êîìïîíåíòîâ òðåáóåìîãî 
ïðîìûøëåííîñòüþ êà÷åñòâà âûïîëíåí êîìïëåêñ èñ-
ñëåäîâàíèé ïîâåäåíèÿ îñíîâíûõ ðóäíûõ ìèíåðàëîâ 
ïðè âçàèìîäåéñòâèè èõ (ñ ó÷åòîì îïûòà ïðîìûøëåí-
íîé ïåðåðàáîòêè íèîáèåâûõ è ìîíàöèòîâûõ êîíöåí-
òðàòîâ) ñ ðàñòâîðàìè ãèäðîêñèäà íàòðèÿ.

Óñòàíîâëåíî, ÷òî â ïðèñóòñòâèè ôîñôàò-èîíîâ, 
îñíîâíûìè íîñèòåëÿìè êîòîðûõ â ðóäàõ ÿâëÿþòñÿ ìî-
íàöèò è ìèíåðàëû ãðóïïû êðàíäàëëèòà, âûùåëà÷èâà-
íèå èõ ðàñòâîðîì ãèäðîêñèäà íàòðèÿ ñîïðîâîæäàåòñÿ 
ïðàêòè÷åñêè ïîëíûì ðàñòâîðåíèåì ôîñôîðñîäåðæà-
ùèõ ìèíåðàëîâ è êîíâåðñèåé ôîñôàòîâ ÐÇÝ â èõ ãè-
äðîêñèäû ñ ïåðåõîäîì ôîñôîðà â ùåëî÷íîé ðàñòâîð â 
âèäå Na3PO4, ïîñêîëüêó óìåíüøàåòñÿ êîíöåíòðàöèÿ 
ñâîáîäíîé ùåëî÷è â ðàñòâîðå è çàòðóäíÿåòñÿ ðàçëîæå-
íèå ïèðîõëîðà, êîòîðûé íå ïðåòåðïåâàåò èçìåíåíèé 
äàæå â óñëîâèÿõ ïîâûøåííûõ òåìïåðàòóð è êîíöåíòðà-
öèé ãèäðîêñèäà íàòðèÿ [7].

Ïîñëåäóþùàÿ êèñëîòíàÿ îáðàáîòêà ùåëî÷íîãî êå-
êà îáåñïå÷èâàåò ïîëó÷åíèå ïðîäóêòèâíîãî ðàñòâîðà äëÿ 
èçâëå÷åíèÿ ÐÇÝ. Ïðè ýòîì íèîáèé êîíöåíòðèðóåòñÿ â 
íåðàñòâîðèìîì îñòàòêå â âèäå ïèðîõëîðîâîãî êîíöåí-

òðàòà, ïåðåðàáîòêà êîòîðîãî ìîæåò áûòü îñóùåñòâëåíà 
ñóëüôàòèçàöèåé èëè âûùåëà÷èâàíèåì ñìåñüþ ðàñòâîðà 
ôòîðèñòî-âîäîðîäíîé è ñåðíîé êèñëîò ïðè ïîâûøåí-
íûõ òåìïåðàòóðàõ, ÷òî ñîïðîâîæäàåòñÿ ïðàêòè÷åñêè 
ïîëíûì ðàçðóøåíèåì ñòðóêòóðû ïèðîõëîðîâîãî êîí-
öåíòðàòà è ïåðåõîäîì íèîáèÿ â çàâèñèìîñòè îò èñïîëü-
çîâàííîãî ðåàãåíòà â ðàñòâîðèìûå ñåðíîêèñëûå, ëèáî 
êîìïëåêñíûå ôòîðèñòûå ñîåäèíåíèÿ (ðèñ. 2).

Ãëàâíûìè ðóäíûìè ìèíåðàëàìè ðóäû ×óêòóêîí-
ñêîãî ìåñòîðîæäåíèÿ ÿâëÿþòñÿ îêñèäû è ãèäðîêñèäû 
æåëåçà (ã¸òèò, ãåìàòèò) è ìàðãàíöà (ïèðîëþçèò, ïñèëî-
ìåëàí). Ìèíåðàëû ðåäêèõ çåìåëü ïðåäñòàâëåíû ìèíå-
ðàëàìè ãðóïïû êðàíäàëëèòà, â ÷àñòíîñòè ôëîðåíñèòîì 
è ìîíàöèòîì. Íèîáèåâóþ ìèíåðàëèçàöèþ íåñóò ìè-
íåðàëû ãðóïïû ïèðîõëîðà, ïðåäñòàâëåííûå ñòðîíöèå-
âîé, áàðèåâîé è öåðèåâîé ðàçíîâèäíîñòÿìè, ÷òî ñâÿçà-
íî ñ èçîìîðôíûìè çàìåùåíèÿìè â ñòðóêòóðå ìèíåðà-
ëà. Æåëåçèñòûå ìèíåðàëû ïî ñîäåðæàíèþ çíà÷èòåëü-
íî ïðåâàëèðóþò íàä ïèðîõëîðîì è ìîíàöèòîì (ðèñ. 3) 
[12].

Ðóäû ïðàêòè÷åñêè íå îáîãàòèìû ãðàâèòàöèîí-
íûìè è ôëîòàöèîííûìè ìåòîäàìè âñëåäñòâèå ïåðå-
ìåííîãî ãðàíóëÿðíîãî ñîñòàâà è íåðåäêî âûñîêîé äè-
ñïåðñíîñòè âñåõ ñëàãàþùèõ ìèíåðàëîâ, îáðàçîâàíèÿ 
ñëîæíûõ òèïîâ ñðàñòàíèé ãèäðîêñèäîâ æåëåçà ñ ïèðî-
õëîðîì, ìîíàöèòîì, òîíêèõ ñðàñòàíèé ñ ìèíåðàëàìè 

Ðèñ. 2. Òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè ïèðîõëîð-ìîíàöèò-êðàíäàëëèòîâûõ ðóä Òîìòîðñêîãî ìåñòîðîæäåíèÿ

Fig. 2. Technological scheme of processing of pyrochlore-monazite-crandallite ores of the Tomtorskoe deposit
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ãðóïïû êðàíäàëëèòà, ïîâûøåííîé õðóïêîñòè ïèðîõëî-
ðà è ñêëîííîñòè åãî ê ïåðåèçìåëü÷åíèþ.

Îäíîé èç íàèáîëåå âàæíûõ çàäà÷, êîòîðàÿ ðåøà-
åòñÿ íà ñòàäèè ãèäðîìåòàëëóðãè÷åñêîé ïåðåðàáîò-
êè ïèðîõëîð-ìîíàöèò-ã¸òèòîâûõ ðóä, ÿâëÿåòñÿ îòäå-
ëåíèå ðåäêîçåìåëüíûõ ìåòàëëîâ îò ôîñôîðà è æåëå-
çà. Óäàëåíèå ôîñôîðà è æåëåçà èç ðàñòâîðà äîñòèãàåòñÿ 
ïðîâåäåíèåì ïðîöåññà â àâòîêëàâíûõ (ãèäðîòåðìàëü-
íûõ) óñëîâèÿõ ïðè 200–230 °Ñ, ÷òî ñïîñîáñòâóåò áîëåå 

ñåëåêòèâíîìó êîíöåíòðèðîâàíèþ ôîñôîðà è æåëåçà â 
íåðàñòâîðèìîì îñòàòêå â ðåçóëüòàòå òåðìîãèäðîëèçà è 
ïîçâîëÿåò óæå íà ñëåäóþùåé ñòàäèè èñïîëüçîâàòü ýô-
ôåêòèâíîå èçâëå÷åíèå è î÷èñòêó ÐÇÝ èç îáåñôîñôî-
ðåííûõ àçîòíîêèñëûõ ðàñòâîðîâ ýêñòðàêöèåé òðèáó-
òèëôîñôàòîì (ðèñ. 4) [6].

Öèðêîíèåâûå ðóäû Àëãàìèíñêîãî ðóäîïðîÿâëå-
íèÿ õàðàêòåðèçóþòñÿ îäíîâðåìåííûì ïðèñóòñòâèåì 
äâóõ ãëàâíûõ öèðêîíèåâûõ ìèíåðàëîâ, âñòðå÷àþùèõñÿ 

Ðèñ. 3. À — òîíêèå ñðàñòàíèÿ ïñèëîìåëàíà (pm) ñ ã¸òèòîì (gt) è êàîëèíèòîì (kl) â ëåâîé ÷àñòè ñíèìêà; çàìåùåíèå ã¸òèòà ïèðî-
ëþçèòîì (ps) â öåíòðàëüíîé è ïðàâîé ÷àñòÿõ ñíèìêà; B — òåñíûå ñðàñòàíèÿ ïèðîëþçèòà ñ ïñèëîìåëàíîì, ã¸òèòîì è êàîëèíè-
òîì. Îòðàæåííûé ñâåò, íèêîëè ïàðàëëåëüíû

Fig. 3. A — thin healing of psilomelane (pm) with goethite (gt) and kaolinite (kl) in the left part of the image replacement of goethite with 
pyrolusite (ps) in the central and right part of the images; B — close intergrowth of pyrolusite with psilomelane, goethite and kaolinite. 
Reflected light, nicols are parallel

Ðèñ. 4. Òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè ïèðîõëîð-ìîíàöèò-ã¸òèòîâûõ ðóä ×óêòóêîíñêîãî ìåñòîðîæäåíèÿ
Fig. 4. Technological scheme of processing of pyrochlore-monazite-goethite ores of Chuktukon deposit
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Ðèñ. 5. Òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè áàääåëåèò-öèðêîíîâûõ êîíöåíòðàòîâ Àëãàìèíñêîãî ðóäîïðîÿâëåíèÿ

Fig. 5. Technological scheme of processing baddeleyite-zircon concentrates of Algama ore occurrence

â òåñíîé àññîöèàöèè äðóã ñ äðóãîì, â ìàòåðèàëå êðóï-
íîñòüþ ìåíåå 0.074 ìì. Áàääåëåèò ïðèñóòñòâóåò â ðó-
äå â âèäå ïîëèìèíåðàëüíûõ àãðåãàòîâ, â êîòîðûõ îí òå-
ñíî àññîöèèðóåò ñ ïîðîäîîáðàçóþùèìè ìèíåðàëàìè è 
èíîãäà ñ öèðêîíîì, à òàêæå îáðàçóåò êîëëîìîðôíûå 
àãðåãàòû. Öèðêîí îòìå÷àåòñÿ â âèäå èíäèâèäóàëèçèðî-
âàííûõ çåðåí è êîëëîìîðôíûõ îáðàçîâàíèé, ïðåäñòàâ-
ëåí äâóìÿ ðàçíîâèäíîñòÿìè: íåèçìåíåííûì öèðêî-
íîì, ñîäåðæàíèå êîòîðîãî â ðóäå íåçíà÷èòåëüíî, è èç-
ìåíåííûì â ðàçëè÷íîé ñòåïåíè, êîëè÷åñòâî êîòîðîãî 
âàðüèðóåò îò 5 äî 30 % [3].

Äëÿ áàääåëåèò-öèðêîíîâûõ êîíöåíòðàòîâ Àëãà-
ìèí ñêîãî ðóäîïðîÿâëåíèÿ áûëà ðàçðàáîòàíà òåðìîõè-
ìè÷åñêàÿ òåõíîëîãèÿ, îñíîâàííàÿ íà ñïåêàíèè êîí-
öåíòðàòîâ ñ êàðáîíàòîì êàëüöèÿ. Ðàçëè÷èå â ðàñòâîðè-
ìîñòè ñîåäèíåíèé, ïîëó÷àåìûõ ïðè òåðìîõèìè÷åñêîì 

âñêðûòèè êîíöåíòðàòîâ, îáåñïå÷èâàåò ïðè ïîñëåäóþ-
ùåì êèñëîòíîì âûùåëà÷èâàíèè ñïåêà îòäåëåíèå öèð-
êîíèÿ îò îñíîâíîé ìàññû ïðîäóêòîâ ðàçëîæåíèÿ ïîðî-
äîîáðàçóþùèõ ìèíåðàëîâ, êîíöåíòðèðóþùèõñÿ â êåêå 
îò âñêðûòèÿ, è ïåðåõîä â ðàñòâîð öèðêîíèÿ (ðèñ. 5), ïî-
ñëåäóþùàÿ ïåðåðàáîòêà êîòîðîãî îáåñïå÷èâàåò ïîëó÷å-
íèå ZrO2 ñîîòâåòñòâóþùåãî êà÷åñòâà [5].

Âûâîäû
Ïðîãíîçíûìè ìèíåðàëîãè÷åñêèìè êðèòåðèÿìè 

âûáîðà òåõíîëîãèé ïåðåðàáîòêè ðåäêîìåòàëëüíûõ ðóä 
ÿâëÿþòñÿ:

— ïåðåìåííûé ãðàíóëÿðíûé ñîñòàâ ñ âûñîêîé äî-
ëåé òîíêîäèñïåðñíîãî ìàòåðèàëà, ñôîðìèðîâàííî-
ãî èíäèâèäàìè è àãðåãàòàìè, òåñíî àññîöèèðóþùèìè 
ìåæäó ñîáîé;
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— ïîëèìèíåðàëüíûé ñîñòàâ, îáóñëîâëåííûé îä-
íîâðåìåííûì ïðèñóòñòâèåì íåñêîëüêèõ ïîëåçíûõ ìè-
íåðàëîâ ðàçíûõ ïàðàãåíåçèñîâ;

— íåïîñòîÿííûé õèìè÷åñêèé ñîñòàâ êàê ðóäíûõ, 
òàê è ïîðîäîîáðàçóþùèõ ìèíåðàëîâ, âûçâàííûé øèðî-
êèìè èçîìîðôíûìè çàìåùåíèÿìè àòîìîâ õèìè÷åñêèõ 
ýëåìåíòîâ â êðèñòàëëè÷åñêîé ñòðóêòóðå ìèíåðàëîâ.

Ýòè ìèíåðàëîãè÷åñêèå êðèòåðèè ïðèìåíèìû ê ðó-
äàì âûøåóêàçàííûõ îáúåêòîâ, è â ñîâîêóïíîñòè îíè 
îïðåäåëÿþò êà÷åñòâî èñõîäíûõ ðóä è ïðîäóêòîâ îáîãà-
ùåíèÿ, ÷òî ïîçâîëÿåò â äàëüíåéøåì îáîñíîâàòü îïòè-
ìàëüíûå ïóòè èçâëå÷åíèÿ ïîëåçíîãî êîìïîíåíòà, âû-
áðàòü òåõíîëîãè÷åñêóþ ñõåìó, îáåñïå÷èâàþùóþ êîì-
ïëåêñíóþ ïåðåðàáîòêó ðóä.
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Êîëëåêöèîííûå ìèíåðàëû — ýòî íåîáû÷íûå, ðåä-
êèå ìèíåðàëüíûå èíäèâèäû è êðèñòàëëè÷åñêèå àãðåãà-
òû, îêàçàâøèåñÿ â ñâîáîäíûõ óñëîâèÿõ, ïîçâîëèâøèõ 
ïðèíÿòü ñïåöèôè÷åñêóþ äëÿ êàæäîãî ìèíåðàëüíîãî âè-
äà âíåøíþþ îãðàíêó — êðèñòàëë. Â ýêñïîçèöèè ìóçåÿ 
ÄÂÃÈ íàñ÷èòûâàåòñÿ áîëåå ïÿòèñîò òàêèõ ýêñïîíàòîâ, 
è îíà ïîïîëíÿåòñÿ êðèñòàëëàìè, ñðîñòêàìè è äðóçàìè 
èç ìåñòîðîæäåíèé Ïðèìîðüÿ. Íàèáîëüøàÿ ÷àñòü ïî-
ñòóïëåíèé òðàäèöèîííî ïðèõîäèòñÿ íà Äàëüíåãîðñêèé 
ðàéîí, êîòîðûé è ñåãîäíÿ ïðåäñòàâëÿåò îãðîìíûé èí-
òåðåñ êàê èñòî÷íèê êîëëåêöèîííîãî ìèíåðàëüíîãî ñû-
ðüÿ. Ýòî îáóñëîâëåíî íàëè÷èåì áîëüøîãî êîëè÷åñò-
âà îòêðûòûõ ïîëîñòåé äëÿ êðèñòàëëèçàöèè ìèíåðàëîâ, 
ìíîãîýòàïíûì è ìíîãîñòàäèéíûì ãåíåçèñîì îðóäå-
íåíèÿ, ñîâìåùåíèåì â ïðîñòðàíñòâå ðàçíîâîçðàñòíûõ 
ìèíåðàëüíûõ àãðåãàòîâ. Â ýòèõ ïîëîñòÿõ åñòü ôîðìû, 
êîòîðûå óêàçûâàþò êàê íà áûñòðûé (ñôåðîëèòîâûé, 
äåíäðèòîâûé è ñêåëåòíûé), òàê è íà ìåäëåííûé ðîñò 
(òàê íàçûâàåìûå äðóçû ïåðåêðèñòàëëèçàöèè) [2]. 

Áîëüøèíñòâî êîëåêöèîííûõ îáðàçöîâ êâàðöà è 
êàëüöèòà â ýêñïîçèöèè ìóçåÿ — èç ïîëèìåòàëëè÷åñêèõ 
ìåñòîðîæäåíèé Íèêîëàåâñêîå, Âåðõíåå, Ñîâåòñêîå-2 è 

áîðîñèëèêàòíîãî ìåñòîðîæäåíèÿ Áîð. Êîëëåêöèîííûå 
îáðàçöû èç ìóçåéíîé ýêñïîçèöèè, ïðåäñòàâëåííûå íà 
ôîòîãðàôèÿõ, èëëþñòðèðóþò áîëüøîå ðàçíîîáðàçèå 
ôîðì îãðàíêè êðèñòàëëîâ, ïðèçíàêè îäíîâðåìåííîãî è 
ïîñëåäîâàòåëüíîãî ðîñòà ìèíåðàëîâ, ìíîãî÷èñëåííûå 
ìèíåðàëüíûå àññîöèàöèè, îáðàçóþùèå äðóçîâûå ñðà-
ñòàíèÿ ñ êâàðöåì è êàëüöèòîì. 

Â ñêàðíàõ ïîëèìåòàëëè÷åñêèõ äàëüíåãîðñêèõ ìå-
ñòîðîæäåíèé íàáëþäàþòñÿ òðè ìîðôîëîãè÷åñêèå ðàç-
íîâèäíîñòè êâàðöà: äëèííîïðèçìàòè÷åñêèå, êîðîò-
êîïðèçìàòè÷åñêèå «äèïèðàìèäàëüíîãî» ãàáèòóñà (ôî-
òî 1) è ìåëêîêðèñòàëëè÷åñêèå êîðêè, îáðàçîâàííûå íà 
âîñõîäÿùèõ ãðàíÿõ êâàðöà ïåðâîé ãåíåðàöèè èëè äðó-
ãèõ ìèíåðàëîâ. Êâàðö, ÷àñòî àññîöèèðóþùèé ñ êàëü-
öèòîì, èíòåðåñåí íå òîëüêî ðàçíîîáðàçèåì êðèñòàë-
ëè÷åñêèõ ôîðì. Êâàðö ðàçíîãî ãàáèòóñà â ìåñòîðîæäå-
íèÿõ Äàëüíåãîðñêà âñòðå÷àåòñÿ â àññîöèàöèè ñî ìíî-
ãèìè ìèíåðàëàìè, â òîì ÷èñëå ñ ðóäíûìè (ôîòî 2), 
÷àñòî íàðàñòàÿ íà íèõ â âèäå êîðîíû èëè äðóçîâîé êîð-
êè. Ñðîñòêè äëèííîïðèçìàòè÷åñêèõ (èãîëü÷àòûõ) êðè-
ñòàëëîâ êâàðöà è ïàïèðøïàòà ÷àñòî îáðàñòàþò äðóçû 
ñóëüôèäîâ (ôîòî 3). 

ÊÎËËÅÊÖÈÎÍÍÛÅ ÎÁÐÀÇÖÛ ÊÂÀÐÖÀ È ÊÀËÜÖÈÒÀ ÈÇ ÌÅÑÒÎÐÎÆÄÅÍÈÉ 

ÄÀËÜÍÅÃÎÐÑÊÀ Â ÌÓÇÅÅ ÄÀËÜÍÅÂÎÑÒÎ×ÍÎÃÎ ÃÅÎËÎÃÈ×ÅÑÊÎÃÎ ÈÍÑÒÈÒÓÒÀ 

COLLECTION QUARTZ AND CALCITE SAMPLES FROM DALNEGORSK

DEPOSITS IN THE FEGI MUSEUM 
Dalnegorsk quartz and associated calcite are the brightest examples of diverse processes of mineral formation of individ-

uals and aggregates of the same minerals within one deposit or within a group of similar deposits. Collection samples from the 
museum exposition illustrate a wide variety of rare forms of quartz and calcite crystals faceting, the presence of several gen-
erations in one sample, evidences of simultaneous and sequential crystas growth, different stages of splitting, and numerous 
mineral associations forming druse intergrowths. 

Áóäóùåå êàìíåé íå â èõ öåííîñòè, íå âî âëîæåííîì â íèõ áîãàòñòâå,
à â èõ êðàñîòå, â ãàðìîíèè êðàñîê, öâåòîâ è ôîðì, â èõ âå÷íîñòè. 

À. Å. Ôåðñìàí

Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

Ôîòî 1. Äðóçà «äèïèðàìèäàëüíûõ» êðèñòàëëîâ êâàðöà 
(10×7×4 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå Ñîâåòñêîå-2. Ôîòî 
Ò. Êíÿçåâîé 

Photo 1. Druse of «dipyramidal» quartz crystals (10×7×4 cm). 
Sovetskoye-2 deposit, Dalnegorsk. Photo by T. Knyazeva

Ôîòî 2. Äðóçîâîå ñðàñòàíèå ïðèçìàòè÷åñêèõ êðèñòàëëîâ 
êâàðöà, ãàëåíèòà è ïèððîòèíà ñ ïîñëåäóþùèì ðîñòîì ìåëêî-
êðèñòàëëè÷åñêîãî êóáè÷åñêîãî ïèðèòà è áåñöâåòíîãî ðîìáî-
ýäðè÷åñêîãî êàëüöèòà (10×5×5 ñì). Äàëüíåãîðñê, ìåñòîðîæäå-
íèå Íèêîëàåâñêîå. Ôîòî Ò. Êíÿçåâîé 

Photo 2. Druse intergrowth of prismatic quartz crystals, galena and 
pyrrhotite with subsequent growth of fine-crystalline cubic pyrite 
and colorless rhombohedral calcite (10×5×5 cm). Nikolaevskoye 
deposit, Dalnegorsk. Photo by T. Knyazeva
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Îñîáåííî ýôôåêòíû ïðèçìàòè÷åñêèå êðèñòàëëû 
êâàðöà, îáðîñøèå ïèðèòîì (ôîòî 4). Óãîëüíî-÷åðíûå 
ñ ãëÿíöåâûìè ãðàíÿìè êðèñòàëëû èëüâàèòà, ïðîñëà-
âèâøåãî ìåñòîðîæäåíèÿ Äàëüíåãîðñêà (îí ïî÷òè íå 
âñòðå÷àåòñÿ â âèäå êðèñòàëëîâ â äðóãèõ ìåñòîðîæäå-
íèÿõ), ïðåêðàñíî êîíòðàñòèðóþò ñ àññîöèèðóþùèìè 
êâàðöåì è êàëüöèòîì (ôîòî 5). Êðîìå òîãî, êâàðö ÷àñòî 
èìååò ìíîãî÷èñëåííûå âêëþ÷åíèÿ. Íà ìåñòîðîæäåíè-
ÿõ Íèêîëàåâñêîå è Ñîâåòñêîå-2 âñòðå÷àåòñÿ ðîçîâàòî-
êðàñíûé êâàðö, îêðàøåííûé âêëþ÷åíèÿìè è ÷åøóé-
÷àòûìè âûäåëåíèÿìè ãåìàòèòà (ôîòî 6), è ïðîçðà÷íûå 
ïèðàìèäàëüíî-ïðèçìàòè÷åñêèå êðèñòàëëû, íàñûùåí-
íûå ÷åðíûìè âêëþ÷åíèÿìè ãåìàòèòà (ôîòî 7).

Ìèíåðàëèçîâàííûå ïîëîñòè â ìåñòîðîæäåíèè Áîð 
ðàçâèòû òàê æå øèðîêî, êàê â ïîëèìåòàëëè÷åñêèõ ìå-
ñòîðîæäåíèÿõ, è ïðèíàäëåæàò òîìó æå ñàìîìó ãåíåòè-
÷åñêîìó òèïó, íî îòëè÷àþòñÿ ïî ìèíåðàëüíîìó ñîñòàâó. 
Ïîýòîìó êâàðö çäåñü íàáëþäàåòñÿ â àññîöèàöèè ñ äðóãè-
ìè ìèíåðàëàìè (êðîìå êàëüöèòà ýòî äàòîëèò, äàíáóðèò è 
àïîôèëëèò) è îáðàçóåò èíûå ìîðôîëîãè÷åñêèå ôîðìû. 
Â ïîëîñòÿõ ñ äðóçîâûìè àãðåãàòàìè êâàðöà è êàëüöè-
òà íà ãëóáîêèõ ãîðèçîíòàõ ìåñòîðîæäåíèÿ Áîð â âîëëà-
ñòîíèòîâûõ ñêàðíàõ âñòðå÷àåòñÿ àìåòèñòîâèäíûé êâàðö. 
Èçâåñòíû ñêèïåòðîâèäíûå (ôîòî 8) è ìíîãîãëàâûå êðè-
ñòàëëû êâàðöà. Òàê íàçûâàåìûé ïèëåíûé êâàðö, îáíà-

ðóæåííûé â ïîëîñòÿõ âûùåëà÷èâàíèÿ â êâàðöåâûõ êàð-
ìàíàõ è â òåêòîíè÷åñêèõ ïîëîñòÿõ, ïðåäñòàâëÿåò ñîáîé 
ñðîñòêè ïðèçìàòè÷åñêèõ ïðîçðà÷íûõ êðèñòàëëîâ êâàðöà 
è ïàïèðøïàòà, êîòîðûå ðîñëè îäíîâðåìåííî (ôîòî 9). 

Ìåñòîðîæäåíèå Áîð èçâåñòíî êâàðöåâûìè ïñåâäî-
ìîðôîçàìè ïî êàëüöèòó. Íàèáîëåå èíòåðåñíû ïîëíûå 

Ôîòî 4. Äðóçà äëèííîïðèçìàòè÷åñêèõ êðèñòàëëîâ êâàðöà 
ñ ïðèñûïêîé ïèðèòà. Àâòîýïèòàêñèÿ ïàïèðøïàòà ïî ðîì-
áîýäðè÷åñêîìó êàëüöèòó (êðèñòàëëèçîâàëàñü äî êâàðöà) 
(21×18×13 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå Íèêîëàåâñêîå. 
Ôîòî Þ. Ò. Âàñüêîâñêîãî

Photo 4. Druse of long-prismatic quartz, overgrown by cubic crys-
tals and films of pyrite. The colorless calcite-«papierspath» autoepi-
taxially overgrow the rhombohedral calcite crystal. Nikolaevskoe 
deposit, Dalnegorsk. (21×18×13 cm). Photo by Y. Vas’kovskyi.

Ôîòî 5. Ìåëêîêðèñòàëëè÷åñêèé  èëüâàèò íà âîñõîäÿùèõ  ãðà-
íÿõ  äëèííîïðèçìàòè÷åñêèõ êðèñòàëëîâ  êâàðöà (14×11×6 ñì). 
Äàëüíåãîðñê, ìåñòîðîæäåíèå Âåðõíåå. Ôîòî Þ. Ò. Âàñü-
êîâñêîãî 

Photo 5. Fine-crystalline ilvaite aggregate accumulated on the 
upward facets of long-prismatic quartz crystals (14×11×6 cm). 
Verkhneye deposit, Dalnegorsk. Photo by Y. Vas’kovskyi.

Ôîòî 6. Ðàñùåïëåííûé êðèñòàëë êâàðöà â «ðóáàøêå» äèê-
êèò-àíòèãîðèòà (ðåíòãåíîâñêèé äèôðàêòîìåòð MiniFlex2). 
Îêðàøåí âêëþ÷åíèÿìè è ÷åøóé÷àòûìè âûäåëåíèÿìè ãåìà-
òèòà (MiniFlex2) (14×5×5 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå 
Ñîâåòñêîå-2. Ôîòî Ò. Êíÿçåâîé 

Photo 6. Split quartz crystal in a «jacket» of dikkit-antigorite 
(X-ray diffractometer MiniFlex2). Painted with inclusions and 
scaly hematite secretions (MiniFlex2) (14×5×5 ñì). Sovetskoye-2 
deposit, Dalnegorsk. Photo by T. Knyazeva

Ôîòî 7. Äðóçà ïèðàìèäàëüíî-ïðèçìàòè÷åñêîãî êâàðöà ñ 
âêëþ÷åíèÿìè êðèñòàëëîâ ãåìàòèòà (ÈÊÑ) (13×10×6 ñì). 
Äàëüíåãîðñê, ìåñòîðîæäåíèå Ñîâåòñêîå-2. Ôîòî Ã. Ãðèøèíà 

Photo 7. Druse of pyramidal-prismatic quartz with inclusions 
of hematite crystals (Infra red spectroscopy) (13×10×6 cm). 
Sovetskoye-2 deposit, Dalnegorsk. Photo by G. Grishin

Ôîòî 3. Àãðåãàò ãàëåíèòà, ñôàëåðèòà è ïèðèòà, îáðîñøèé òîí-
êîèãîëü÷àòûì êâàðöåì è ïàïèðøïàòîì (28×20×18 ñì). Äàëüíå-
ãîðñê, ìåñòîðîæäåíèå Íèêîëàåâñêîå. Ôîòî Ò. Êíÿçåâîé 

Photo 3. Aggregate of galena, sphalerite and pyrite, overgrown with 
fine-acicular quartz and calcite-«papierspath» (28×20×18 cm). 
Nikolaevskoye deposit, Dalnegorsk. Photo by T. Knyazeva
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â êîìáèíàöèè ñ ïðèçìîé äî ðàñùåïëåííûõ äåíäðèòîâ. 
Íåêîòîðûå îáðàçöû áåñöâåòíîãî ïðîçðà÷íîãî, áåëîãî, 
ðîçîâîãî è áóðîâàòî-êîðè÷íåâîãî êàëüöèòà, îáðàçóþ-
ùåãî äðóçû è ñëîæíûå ñðîñòêè, ïî áîãàòñòâó ôîðì è êà-
÷åñòâó îòíîñÿòñÿ ê ëó÷øèì â ìèðå. Ìîðôîëîãè÷åñêîå 
ðàçíîîáðàçèå êàëüöèòà îáúÿñíÿåòñÿ ìíîæåñòâîì êîì-
áèíàöèé ïðîñòûõ ôîðì, îáðàçóþùèõ êðèñòàëëû è àãðå-
ãàòû, ïðîöåññàìè âûùåëà÷èâàíèÿ è ðàñùåïëåíèÿ, íà-
ëè÷èåì íåñêîëüêèõ ãåíåðàöèé â îäíîé ïîëîñòè, à òàê-
æå ÷àñòîé ñìåíîé ãàáèòóñíûõ ôîðì ïðè îáðàçîâàíèè 
ïîñëåäóþùèõ ãåíåðàöèé ìèíåðàëà. Íàïðèìåð, â îäíîì 
îáðàçöå äåìîíñòðèðóþòñÿ òðè ãåíåðàöèè êàëüöèòà (ôî-
òî 11): íà ìàññèâíîì ñïàéíîðîìáîýäðè÷åñêîì êàëüöè-
òîâîì îñíîâàíèè (ïåðâàÿ ãåíåðàöèÿ) ðîçîâàòûé ðàñùå-
ïëåííûé ðîìáîýäðè÷åñêèé êàëüöèò — áîëåå ïîçäíèé 
(òðåòüÿ ãåíåðàöèÿ), ÷åì ðàíåå îáðàçîâàííûå òðóá÷àòûå 
ñðàñòàíèÿ êðèñòàëëîâ, ñëîæåííûå òîí÷àéøèì ïàïèð-
øïàòîì (âòîðàÿ ãåíåðàöèÿ). Ïîäîáíûå ïîëûå îáðàçî-
âàíèÿ îòìå÷àëèñü â çîíàõ ÷àñòè÷íîãî âûùåëà÷èâàíèÿ è 
ïåðåêðèñòàëëèçàöèè [3].

Íà ñòåíêàõ êàëüöèòîâîé ïîëîñòè ìåñòîðîæäåíèÿ 
Âåðõíåå, èçâåñòíîãî áîëüøèì ðàçíîîáðàçèåì êàëüöè-
òà, áûëè îáíàðóæåíû: ñðîñòêè êëàññè÷åñêèõ ñêàëåíî-
ýäðîâ êàëüöèòà ñ ôîðìàìè ìíîãîãëàâîãî ðîñòà; äåí-
äðèòû ðàñùåïëåííûõ ñêàëåíîýäðîâ ðîçîâîãî êàëüöè-
òà (ôîòî 12); ðåäêèå óíèêàëüíûå êðèñòàëëû êàëüöèòà ñ 
ðîñòîâûì ðàñùåïëåíèåì ïî òèïó ñôåðîêðèñòàëëà; ñôå-
ðîêðèñòàëëè÷åñêèå ôîðìû, íàïîìèíàþùèå öâåòíóþ 
êàïóñòó, îáðàçîâàííûå áëàãîäàðÿ áîëåå ïëîòíîìó ïðî-
ðàñòàíèþ ãðåáåí÷àòûõ äåíäðèòîâ. Ôîðìèðîâàíèå òà-
êèõ ñëîæíûõ êðèñòàëëîâ, êîòîðûå ïðåîáðàçîâûâàþòñÿ 
â àãðåãàòû â ïðîöåññå ðàñùåïëåíèÿ, ìîãëî ïðîèñõîäèòü 
èç-çà áûñòðîé êðèñòàëëèçàöèè â òå÷åíèå ðàííèõ ñòàäèé 
èç ïåðåñûùåííîãî ìàòåðèíñêîãî ðàñòâîðà, ñîäåðæàùå-
ãî âçâåøåííûå ÷àñòèöû, êîòîðûå ìîãóò ñîçäàâàòü öåí-
òðû ðàñùåïëåíèÿ [1]. 

Íåñìîòðÿ íà ìíîæåñòâî íàáëþäåíèé, íå âûÿâëåíî 
çàêîíîìåðíîñòåé â ðàñïðåäåëåíèè ìîðôîëîãè÷åñêèõ 
ðàçíîâèäíîñòåé â ïðåäåëàõ ìåñòîðîæäåíèé, åñòü òîëüêî 
ðàçëè÷èÿ â ïðåîáëàäàíèè ôîðì ìèíåðàëà â êàæäîì ìå-
ñòîðîæäåíèè [4]. Ñêàëåíîýäðè÷åñêèå è ðàñùåïëåííûå 

êâàðöåâûå ïñåâäîìîðôîçû ïî êðóïíûì (35–40 ñì), ñî-
õðàíèâøèì ôîðìó êðèñòàëëàì äàíáóðèòà. Îñîáåííî 
öåíÿòñÿ êàê êîëëåêöèîííûé ìàòåðèàë òðóáîîáðàçíûå 
ïñåâäîìîðôîçû ãîðíîãî õðóñòàëÿ è ïàïèðøïàòà ïî äàí-
áóðèòó, óêàçûâàþùèå íà òî, ÷òî çàìåùåíèå è âûùåëà÷è-
âàíèå äàíáóðèòà ïðîèñõîäèëè îäíîâðåìåííî (ôîòî 10).

Âûäàþùàÿñÿ îñîáåííîñòü äàëüíåãîðñêîãî êàëü-
öèòà — íå èìåþùèå àíàëîãîâ ðåäêèå ôîðìû îãðàí-
êè êðèñòàëëîâ. Íàèáîëåå èçâåñòíî áîëüøèì ðàçíî-
îáðàçèåì êàëüöèòà ìåñòîðîæäåíèå Âåðõíåå: îò èãîëü-
÷àòûõ, ñôîðìèðîâàííûõ ãðàíÿìè îñòðîãî ñêàëåíîýäðà 

Ôîòî 8. Äðóçà êðèñòàëëîâ ñêèïåòðîâèäíîãî  êâàðöà (8×7×6 ñì). 
Äàëüíåãîðñê, ìåñòîðîæäåíèå Áîð. Ôîòî Â. Ã. Ñàçîíîâà 

Photo 8. Druse of sceptre quartz crystals (8×7×6 cm). Bor deposit, 
Dalnegorsk. Photo by V. Sazonov

Ôîòî 9. «Ïèëåíûé» êâàðö è äàòîëèò ñ ïàïèðøïàòîì (7×5×4 ñì). 
Äàëüíåãîðñê, ìåñòîðîæäåíèå Áîð. Ôîòî Þ. Ò. Âàñü êîâ ñêîãî

Photo 9. «Cut» quartz crystals and datoli te with calcite-«papierspath»  
(7×5×4 cm).  Bor  deposit,  Dalnegorsk. Photo by Y. Vas’kovskyi

Ôîòî 10. Ïñåâäîìîðôîçà ãîðíîãî õðóñòàëÿ è ïàïèðøïàòà ïî 
äàíáóðèòó (10×7×5 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå Áîð. 
Ôîòî Â. Ã. Ñàçîíîâà 

Photo 10. Rock crystal and calcite-«papierspath»  pseudomorph 
after danburite (10×7×5 cm). Bor deposit, Dalnegorsk, Photo by 
V. Sazonov

Ôîòî 11. «Áóòîí» ðîçîâàòîãî ðàñùåïëåííîãî ðîìáîýäðè-
÷åñêîãî êðèñòàëëà êàëüöèòà íà àãðåãàòå ðàíåå îáðàçîâàí-
íûõ òðóáîîáðàçíûõ ïîëûõ âûäåëåíèé êàëüöèòà (ïî óäëè-
íåíèþ 0.5–1 ñì), ñëîæåííûõ òîí÷àéøèì ïàïèðøïàòîì 
(20×17×12 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå Ñîâåòñêîå-2. 
Ôîòî Þ. Ò. Âàñüêîâñêîãî 

Photo 11. A pinkish «bud» of split calcite rhombohedral crystal on 
the earlier formed aggregate of hollow-tubular calcite (0.5–1 cm), 
composed by superfine calcite-«papierspath» (specimen  size 
is 20×17×12 cm). Sovetskoye-2 deposit, Dalnegorsk. Photo by 
Y. Vaskovskyi.
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ôîðìû êàëüöèòà ïî÷òè íå âñòðå÷àþòñÿ â «ïðîäóøèíàõ» 
ìåñòîðîæäåíèé Íèêîëàåâñêîå è Áîð, äëÿ êîòîðûõ õà-
ðàêòåðíû ðîìáîýäðè÷åñêèå êðèñòàëëû. Ýòè êðèñòàëëû 
îáðàçóþò äðóçîâûå ñðàñòàíèÿ ñ êâàðöåì, ôëþîðèòîì è 
äðóãèìè ìèíåðàëàìè èëè ó÷àñòâóþò â ïåðåêðèñòàëëè-
çàöèè ðàííèõ òàáëèò÷àòûõ êàëüöèòîâ. Ïàïèðøïàò òè-
ïè÷åí äëÿ ìåñòîðîæäåíèé Ñîâåòñêîå-2 è Áîð, íî ðåäîê 
â Íèêîëàåâñêîì è ïî÷òè íå âñòðå÷àåòñÿ â Âåðõíåì. Äëÿ 
ìåñòîðîæäåíèé Ñîâåòñêîå-2 è Íèêîëàåâñêîå õàðàêòåð-
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íû êîìáèíàöèÿ ïðèçìû ñ òóïûì ðîìáîýäðîì è àâòî-
ýïèòàêñèÿ êàëüöèòà ñî ñìåíîé ãàáèòóñíûõ ôîðì, êîã-
äà ïðîèñõîäèò îðèåíòèðîâàííîå îáðàñòàíèå îñòðîðîì-
áîýäðè÷åñêèì êàëüöèòîì ïîçäíåé ãåíåðàöèè ñêàëåíî-
ýäðîâ áîëåå ðàííåé ãåíåðàöèè (ôîòî 13). Âàæíóþ ðîëü 
äëÿ ñìåíû ãàáèòóñà êðèñòàëëà ÷àñòî èãðàåò ýêðàíèðó-
þùàÿ ïëåíêà íà ïîâåðõíîñòè åãî ãðàíåé, çàìåäëÿþ-
ùàÿ èõ ðîñò ïî ñðàâíåíèþ ñ äðóãèìè ãðàíÿìè. Êàëüöèò 
îñòðîðîìáîýäðè÷åñêîé îãðàíêè åñòü âî âñåõ ìåñòîðî-
æäåíèÿõ. Îí êðèñòàëëèçîâàëñÿ â ïîñëåäíþþ ïîñòðóä-
íóþ ñòàäèþ ìèíåðàëèçàöèè. 

Èíîãäà äðóçîâûå ñðàñòàíèÿ êðèñòàëëîâ êàëüöè-
òà ñîçäàþò ýôôåêòíûå ôîðìû, íàïîìèíàþùèå öâåòû. 
Â êîëëåêöèè ìóçåÿ ýòî «öâåòóùàÿ âåòêà», îáðàçîâàí-
íàÿ êàëüöèòîì ïàïèðøïàòîì (ôîòî 14), ðîçîâûé ðàñ-
ùåïëåííûé îñòðîðîìáîýäðè÷åñêèé êàëüöèò, îáðàçóþ-
ùèé «ðîçó» (ôîòî íà îáëîæêå), è äð. 

Ìóçåéíàÿ ýêñïîçèöèÿ êîëëåêöèîííûõ ìèíåðà-
ëîâ ïðåäñòàâëÿåò ñîáîé áîëüøóþ öåííîñòü êàê â íàó÷-
íî-ïîçíàâàòåëüíîì, òàê è â ýñòåòè÷åñêîì îòíîøåíèè. 
Ðàáîòà ïî êëàññèôèêàöèè è îïèñàíèþ ðàçëè÷íûõ ôîðì 
âûäåëåíèÿ ìèíåðàëîâ è èõ äðóçîâûõ ñðàñòàíèé ñ öåëüþ 
âûÿñíåíèÿ èñòîðèè èõ ðîñòà è ïîñëåäîâàòåëüíîñòè âû-
äåëåíèÿ ìèíåðàëîâ ïðîäîëæàåòñÿ.
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Â.  Ñîëÿíèê

Ôîòî 13. Êàëüöèò. Àâòîýïèòàêñèÿ ïðè ñìåíå ãàáèòóñíûõ 
ôîðì – îðèåíòèðîâàííîå îáðàñòàíèå îñòðîðîìáîýäðè÷å-
ñêèì êàëüöèòîì ïîçäíåé ãåíåðàöèè ðàñùåïëåííûõ ñêàëåíî-
ýäðîâ ðàííåé ãåíåðàöèè. Ýêðàíèðóþùàÿ ïëåíêà ãèäðîîêè-
ñëîâ æåëåçà (ÈÊÑ) (15×15×10 ñì). Äàëüíåãîðñê, ìåñòîðîæäå-
íèå Íèêîëàåâñêîå. Ôîòî Â. À. Ñîëÿíèê 

Photo 13. Calcite. Autoepitaxia with changing of habit forms — 
oriented overgrowth of early generation  split  scalenohedrons by 
late generation sharp-rhombohedral calcite. Iron hydroxide shield-
ing film (Infra red spectroscopy) (15×15×10 cm). Nikolaevskoye 
deposit, Dalnegorsk. Photo by V. Solyanik

Ôîòî 14. Äðóçà êðèñòàëëîâ ïàïèðøïàòà («öâåòóùàÿ âåòêà») 
íà êâàðö-ñóëüôèäíîé ïîäëîæêå. (23×12×10 ñì). Äàëüíåãîðñê, 
ìåñòîðîæäåíèå Ñîâåòñêîå-2. Ôîòî Þ. Ò. Âàñüêîâñêîãî 

Photo 14. Druse of calcite-«papierspath» crystals («flowering 
branch») on a quartz-sulphide substrate. Dalnegorsk, Sovetskoye-2 
deposit. Photo by Y. Vas’kovskyi

Ôîòî 12. Äåíäðèòû ðàñùåïëåííûõ ñêàëåíîýäðîâ ðîçî-
âîãî êàëüöèòà (15×15×13 ñì). Äàëüíåãîðñê, ìåñòîðîæäåíèå 
Âåðõíåå. Ôîòî Þ. Ò. Âàñüêîâñêîãî 

Photo 12. Dendrites of split scalenohedrons of pink calcite
(15×15×13 cm). Verkhneye deposit, Dalnegorsk. Photo by Y. Vaskov skyi
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