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Ââåäåíèå
Â ïðåäåëàõ Ñîëèêàìñêîé âïàäèíû â âåðõíåé ÷àñòè 

ðàçðåçà òåððèãåííî-êàðáîíàòíîé òîëùè ãðóïïîé ñêâà-
æèí áûëè âñêðûòû òåëà ïåñ÷àíèêîâ, çàêëþ÷åííûå â 
ñëîè èçâåñòíÿêîâ ìîðñêîãî ïðîèñõîæäåíèÿ. Â ñâÿçè ñ 
òåì ÷òî äàííûé ðàéîí ðàñïîëîæåí ó çàïàäíîé ãðàíèöû 
Ïðåäóðàëüñêîãî ïðîãèáà è â çíà÷èòåëüíîé ìåðå óäàëåí 
îò Óðàëüñêîé ñêëàä÷àòîé îáëàñòè, âîçíèêàåò âîïðîñ: 
ÿâëÿþòñÿ ëè ýòè ïåñ÷àíûå ñëîè ïðîäóêòîì ðàçìûâà 
Óðàëüñêîãî îðîãåíà èëè îíè ñôîðìèðîâàëèñü çà ñ÷åò 
ïåðåîòëîæåíèÿ ïëàòôîðìåííûõ òåððèãåííûõ òîëù?

Öåëü ðàáîòû çàêëþ÷àëàñü â óñòàíîâëåíèè ôàöè-
àëüíûõ óñëîâèé ôîðìèðîâàíèÿ ïåñ÷àíèêîâ, à òàêæå 
èäåíòèôèêàöèè ãåîäèíàìè÷åñêîãî òèïà ïèòàþùåé èõ 
ïðîâèíöèè.

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿëàñü òåððèòîðèÿ 
Ñîëèêàìñêîé âïàäèíû (ðèñ. 1), õîðîøî èçó÷åííàÿ ñî-
ëåðàçâåäî÷íûìè ðàáîòàìè â ïðåäåëàõ Âåðõíåêàìñêîãî 
ìåñòîðîæäåíèÿ ñîëåé (ÂÊÌÑ). 

Ìåòîäèêà èññëåäîâàíèÿ âêëþ÷àëà èçó÷åíèå àðõèâ-
íûõ îïèñàíèé ñêâàæèí, îòáîð îáðàçöîâ êåðíîâîãî ìàòå-
ðèàëà èç ñêâàæèí, ïðîáóðåííûõ â ïåðèîä 2014–2017 ãã., à 
òàêæå îïòèêî-ìèêðîñêîïè÷åñêîå èçó÷åíèå øëèôîâ ïåñ-
÷àíûõ ïîðîä. Â îáùåé ñëîæíîñòè áûëè ïðîàíàëèçèðîâà-
íû ìàòåðèàëû 516 ñêâàæèí è îïèñàíû 19 øëèôîâ. 

ÓÄÊ 552.513, 551.83

ÓÑËÎÂÈß ÔÎÐÌÈÐÎÂÀÍÈß ÏÅÑ×ÀÍÈÊÎÂ ÑÎËÈÊÀÌÑÊÎÃÎ ÃÎÐÈÇÎÍÒÀ

Â ÏÐÅÄÅËÀÕ ÑÎËÈÊÀÌÑÊÎÉ ÂÏÀÄÈÍÛ
Ä. Å. Òðàïåçíèêîâ1, 2

1Ïåðìñêèé ôåäåðàëüíûé èññëåäîâàòåëüñêèé öåíòð ÓðÎ ÐÀÍ, Ãîðíûé èíñòèòóò ÓðÎ ÐÀÍ, Ïåðìü
2Ïåðìcêèé ãîñóäàðñòâåííûé íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò, Ïåðìü 

daniltrapeznikov@gmail.com

Ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà ðàçðåçîâ áîëåå 500 ñêâàæèí, ðàñïîëîæåííûõ íà òåððèòîðèè Âåðõíåêàìñêîãî ìåñòîðî-
æäåíèÿ ñîëåé, êîððåëÿöèÿ êîòîðûõ îïðåäåëÿåò íàëè÷èå íåñêîëüêèõ êëèíîîáðàçíûõ ñëîåâ ïåñ÷àíèêîâ. Íà îñíîâå ñâåäåíèé î ìîù-
íîñòè îáëîìî÷íûõ îòëîæåíèé â òåððèãåííî-êàðáîíàòíîé òîëùå ïîñòðîåíû êàðòû ïðîöåíòíîãî ñîäåðæàíèÿ ïåñ÷àíîãî ìàòåðèà-
ëà. Áëàãîäàðÿ ýòîìó áûëè âûÿâëåíû äðåâíèå êîíóñû âûíîñà òåððèãåííîãî ìàòåðèàëà, à òàêæå ïðîñëåæåíà ýâîëþöèÿ èõ ðàçâèòèÿ. 
Èçó÷åí ìèíåðàëîãî-ïåòðîêëàñòè÷åñêèé ñîñòàâ ïåñ÷àíûõ ïîðîä, ïîçâîëèâøèé êëàññèôèöèðîâàòü èõ. Íà îñíîâå ñîîòíîøåíèÿ îñ-
íîâíûõ îáëîìî÷íûõ êîìïîíåíòîâ óñòàíîâëåíû ãåîäèíàìè÷åñêèå òèïû ïèòàþùèõ ïðîâèíöèé. Êîìïëåêñ ïîëó÷åííûõ ðåçóëüòàòîâ ïî-
çâîëèë ðåêîíñòðóèðîâàòü ïàëåîãåîãðàôè÷åñêèå è òåêòîíè÷åñêèå óñëîâèÿ íàêîïëåíèÿ ïåñ÷àíûõ îòëîæåíèé ñîëèêàìñêîãî ãîðèçîí-
òà íèæíåé ïåðìè.

Êëþ÷åâûå ñëîâà: Ïðåäóðàëüñêèé êðàåâîé ïðîãèá, Ñîëèêàìñêàÿ âïàäèíà, óôèìñêèå îòëîæåíèÿ, îñàäêîíàêîïëåíèå, ïåñ÷à-
íèêè, èçâåñòíÿêè, ïàëåîòåêòîíèêà.

CONDITIONS FOR THE FORMATION OF SANDSTONES OF THE SOLIKAMSK STRATUM

WITHIN THE SOLIKAMSK DEPRESSION
D. E. Trapeznikov

Perm Federal Research Center UB RAS, Perm 

The results of section analysis of more than 500 wells located in the Verkhnekamskoye salt deposits area have been presented. The 
presence of several wedge-shaped layers of sandstones was revealed on the basis of the correlation of these sections. The maps of the per-
centage content of sand materials were constructed on the basis of the information on the thickness of clastic sediments in the terrigenous-
carbonate stratum. The ancient removal cones of the terrigenous material were identified, the evolution of their development was traced.

The mineralogical and petroclastic composition of sandy rocks was classified. The relationship between the sedimentary basin and the 
geodynamic conditions of feeding provinces was established on the basis of the clastic component ratio. The complex of the results allowed 
us to reconstruct paleogeographic and tectonic conditions for the accumulation of sandy deposits of the Solikamsk Horizon of the Lower 
Permian.

Keywords: Pre-Urals Foredeep, the Solikamsk basin, ufimian deposits, sedimentation, sandstones, limestones, paleotectonics.

Ïîëó÷åííûé ìàòåðèàë ïîçâîëèë âûÿâèòü èñòî÷-
íèê ñíîñà îáëîìî÷íîãî ìàòåðèàëà è îïðåäåëèòü ôàöè-
àëüíûå óñëîâèÿ íàêîïëåíèÿ ïåñ÷àíûõ ïîðîä ñîëèêàì-
ñêîãî ãîðèçîíòà.

Ñòðàòèãðàôèÿ
Îòëîæåíèÿ óôèìñêîãî ÿðóñà â ñîñòàâå ñîëèêàìñêî-

ãî è øåøìèíñêîãî ãîðèçîíòîâ â íàñòîÿùåå âðåìÿ îò-
íîñÿòñÿ ê íèæíåé ïåðìè [7]. Â ïðåäåëàõ Ñîëèêàìñêîé 
âïàäèíû ñîëèêàìñêèé ãîðèçîíò âêëþ÷àåò â ñåáÿ ñîëÿ-
íî-ìåðãåëüíóþ è òåððèãåííî-êàðáîíàòíóþ òîëùè, à 
øåøìèíñêèé ãîðèçîíò — ïåñòðîöâåòíóþ [2]. 

Òåððèãåííî-êàðáîíàòíàÿ òîëùà (ÒÊÒ) â ïðåäåëàõ 
êîíòóðà ÂÊÌÑ èìååò ïðàêòè÷åñêè ïîâñåìåñòíîå ðàñ-
ïðîñòðàíåíèå, çà èñêëþ÷åíèåì íåêîòîðûõ ëîêàëüíûõ 
ïîëîæèòåëüíûõ ñòðóêòóð, íà êîòîðûõ îíà ÷àñòè÷íî èëè 
ïîëíîñòüþ ýðîäèðîâàíà. Ìîùíîñòü òîëùè èçìåíÿ-
åòñÿ îò 80 äî 134 ì è çàâèñèò îò âåùåñòâåííîãî ñîñòà-
âà ïîðîä, ñëàãàþùèõ åå. Ëèòîëîãèÿ ïðåäñòàâëåíà äâó-
ìÿ îñíîâíûìè òèïàìè ïîðîä: êàðáîíàòíî-ãëèíèñòûìè 
(ðÿä «èçâåñòíÿêè — ìåðãåëè — ãëèíû») è òåððèãåííû-
ìè (ðÿä «àëåâðîëèòû — ïåñ÷àíèêè»), íàõîäÿùèìèñÿ â 
òîì èëè èíîì ñîîòíîøåíèè, íî òåððèãåííûå îòëîæå-
íèÿ âñåãäà èìåþò ïîä÷èíåííûé õàðàêòåð. Â ñåâåðíîé 
÷àñòè ÂÊÌÑ øèðîêî ðàçâèòû ìîùíûå ñëîè èçâåñòêî-

DOI:  10.19110/2221-1381-2018-4-3-9
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âûõ ãëèí è àðãèëëèòîâ, à ïåñ÷àíèêè âñòðå÷àþòñÿ î÷åíü 
ðåäêî. Öåíòðàëüíàÿ ÷àñòü â îñíîâíîì êàðáîíàòíàÿ. Íà 
þãå ïðîèñõîäèò çíà÷èòåëüíîå óâåëè÷åíèå òåððèãåííîé 
ñîñòàâëÿþùåé (ïåñ÷àíèêè, ðåæå àëåâðîëèòû), ýòà æå 
òåíäåíöèÿ íàáëþäàåòñÿ ñ çàïàäà íà âîñòîê.

Â îòëîæåíèÿõ ÒÊÒ íå ïðèíÿòî âûäåëÿòü áîëåå 
ìåëêèå ïîäðàçäåëåíèÿ [2, 5], íî ñóùåñòâóþò àëüòåðíà-
òèâíûå òî÷êè çðåíèÿ. Â ÷àñòíîñòè, Â. È. Êîïíèíûì [3] 
áûëî ïðåäëîæåíî âìåñòî îäíîé òîëùè âûäåëÿòü äâå: 
ìåðãåëüíî-äîëîìèòîâî-èçâåñòíÿêîâóþ è èçâåñòíÿêî-
âî-òåððèãåííóþ, ïåðâàÿ èç êîòîðûõ ïîäðàçäåëÿåòñÿ íà 
òðè, à âòîðàÿ íà äâå ïà÷êè (ðèñ. 1). 

Ìåðãåëüíî-äîëîìèòîâî-èçâåñòíÿêîâàÿ òîëùà ñëà-
ãàåòñÿ ïðåèìóùåñòâåííî èçâåñòíÿêàìè, äîëîìèòàìè è 
ìåðãåëÿìè, à ïåñ÷àíèêè, àëåâðîëèòû, àðãèëëèòû è ãèï-
ñû èìåþò çäåñü ÿâíî ïîä÷èíåííûé õàðàêòåð. Ïðè ýòîì 
òåððèãåííûå ïîðîäû øèðå ðàñïðîñòðàíåíû â þæíîé 

÷àñòè ìåñòîðîæäåíèÿ, à â öåíòðàëüíîé ðàçâèòû èçâåñò-
êîâèñòûå àðãèëëèòû. Ìîùíîñòü òîëùè èçìåíÿåòñÿ îò 
59 äî 71 ì.

Èçâåñòíÿêîâî-òåððèãåííàÿ òîëùà ïðåäñòàâëÿ-
åò ñîáîé ïåðåñëàèâàíèå ïåñ÷àíèêîâûõ è èçâåñòíÿêî-
âûõ ñëîåâ, ïðè÷åì ââåðõ ïî ðàçðåçó ïåñ÷àíîãî ìàòåðè-
àëà ñòàíîâèòñÿ âñå áîëüøå. Ìîùíîñòü òîëùè óâåëè÷è-
âàåòñÿ îò 52 äî 64 ì.

Âåðõíåñîëèêàìñêàÿ ïîäñâèòà äîâîëüíî áåäíà ïàëå-
îíòîëîãè÷åñêèìè îñòàòêàìè [4], íî â äåòàëüíî îïèñàí-
íûõ ðàçðåçàõ (ðàéîí ä. Òþëüêèíî) ñîäåðæèò äîâîëüíî 
ðàçíîîáðàçíûé êîìïëåêñ îðãàíè÷åñêèõ îñòàòêîâ, âêëþ-
÷àþùèé íåìîðñêèå äâóñòâîðêè, îñòðàêîäû, ôîðàìèíè-
ôåðû, áðàõèîïîäû, ÷åøóþ ðûá, åäèíè÷íûå îòïå÷àòêè 
íàñåêîìûõ. Ïðåîáëàäàþò äâóñòâîðêè è îñòðàêîäû, îáðà-
çóþùèå ìàññîâûå ñêîïëåíèÿ; ÷àñòî âñòðå÷àþòñÿ ÷åøóé-
êè ðûá [9]. Òàêæå âûäåëåíû ñïîðîâî-ïûëüöåâûå êîì-

Ðèñ. 1. Ïîëîæåíèå Âåðõíåêàìñêîãî ìåñòîðîæäåíèÿ ñîëåé è Ñîëèêàìñêîé âïàäèíû â ïðåäåëàõ Ïðåäóðàëüñêîãî êðàåâîãî ïðî-
ãèáà [5, 6, 10] è ñòðàòèãðàôèÿ óôèìñêèõ îòëîæåíèé Ñîëèêàìñêîé âïàäèíû, ïî [4] ñ èçìåíåíèÿìè

Fig. 1. The position of the Verkhnekamskoye salt deposit and the Solikamsk basin within the Uralian foredeep [5, 6, 10] and stratigraphy 
of the Ufimian deposits in the Solikamsk depression, according to [4] with changes
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ïëåêñû, â êîòîðûõ äîìèíèðóåò ïûëüöà Striatiti (äî 53 %) 
è Vittatina (äî 54.5 %), ñïîðû Zonotriletes (äî 37 %) [1].

Ãðàíèöû òåððèãåííî-êàðáîíàòíîé òîëùè ïðîâî-
äÿòñÿ ñíèçó ïî ãðàíèöå ãèïñîíîñíûõ ìåðãåëåé ñ ñåðî-
öâåòíûìè èçâåñòíÿêàìè, à ñâåðõó — ïî êîíòàêòó ïî-
ñëåäíåãî ñëîÿ èçâåñòíÿêîâ ñ ïåñòðîöâåòíûìè àëåâðî-
ïåñ÷àíûìè îòëîæåíèÿìè [2].

Ëèòîëîãèÿ ïåñ÷àíèêîâ
Ìàêðîñêîïè÷åñêîå èçó÷åíèå êåðíà âûÿâèëî øè-

ðîêîå ðàçâèòèå ãðóáîé è êðóïíîé ñëîèñòîñòè ñ îäíî-
ðîäíîé âíóòðåííåé òåêñòóðîé. Áîëåå äåòàëüíîå èçó÷å-
íèå ñëîåâûõ ïîñëåäîâàòåëüíîñòåé ïîêàçàëî íàëè÷èå 
íåÿñíîñëîèñòûõ êðóïíîêîñîâîëíèñòûõ òåêñòóð (ðèñ. 
2, a–c). Â íåêîòîðûõ ñëîÿõ îòìå÷àþòñÿ íåîêàòàííûå 
ôðàãìåíòû ïîäñòèëàþùèõ èçâåñòíÿêîâ, ÷òî óêàçûâàåò 
íà àêòèâíóþ äîííóþ ýðîçèþ è ïåðåîòëîæåíèå ìàòåðè-
àëà. Â íåêîòîðûõ îáðàçöàõ íàáëþäàåòñÿ àñèììåòðè÷íàÿ 
ðÿáü, ëîêàëüíûå ïåðåìûâû è ïåðåñûïè ïåñ÷àíîãî ìà-
òåðèàëà, ÷òî ãîâîðèò î íàëè÷èè äîííûõ òå÷åíèé. Â êàð-
áîíàòíûõ ñëîÿõ, ñðåäè êîòîðûõ çàëåãàþò ïåñ÷àíûå ïî-

ðîäû, íà ðàçíûõ óðîâíÿõ ïðèñóòñòâóþò ðåäêèå îñòàòêè 
êàê íåìîðñêèõ, òàê è ìîðñêèõ äâóñòâîðîê. Âñå ýòî ñâè-
äåòåëüñòâóåò î íàêîïëåíèè îñàäêà â ìîðñêèõ óñëîâèÿõ 
íà îòíîñèòåëüíî íåáîëüøîé ãëóáèíå â çîíå äèñòàëüíîé 
÷àñòè äåëüòû ðåêè, ïîñòàâëÿþùåé â áàññåéí îáëîìî÷-
íûé ìàòåðèàë è ïðåñíóþ âîäó. 

Ìèíåðàëîãî-ïåòðîêëàñòè÷åñêèé àíàëèç îáðàç-
öîâ ïåñ÷àíûõ ïîðîä äåìîíñòðèðóåò ïðåîáëàäàíèå îá-
ëîìêîâ ìèíåðàëîâ è ïîðîä ìåòàìîðôè÷åñêîãî è âóë-
êàíîãåííîãî ïðîèñõîæäåíèÿ (äî 60 %), çàòåì ñëåäóþò 
îáëîìêè ñèëèöèòîâ (äî 22 %), â îòíîñèòåëüíî ðàâíûõ 
ïðîïîðöèÿõ ïðèñóòñòâóþò îáëîìêè ìèêðîêâàðöèòîâ 
(äî 6 %), êâàðöà (äî 7 %) è ïîëåâûõ øïàòîâ (äî 5 %), 
à òàêæå åäèíè÷íûå çåðíà ãåìàòèòà è ëèìîíèòà (ðèñ. 2 
d, e). Ðåäêèå çåðíà ïèðîêñåíîâ è àìôèáîëîâ ïîäâåðæå-
íû ÷àñòè÷íîìó ðàçëîæåíèþ è çàìåùåíû ëèìîíèòîì è 
ãåìàòèòîì. Ïî ïëàãèîêëàçàì è ïîëåâûì øïàòàì èíîã-
äà ðàçâèâàþòñÿ ìåëêèå àãðåãàòû õëîðèòà, ñåðèöèòà, à 
òàêæå äîëîìèòà. Ñðåäè îáëîìêîâ îñàäî÷íûõ ïîðîä âû-
äåëÿþòñÿ çåðíà ìåðãåëåé è èçâåñòíÿêîâ, ÿâëÿþùèõñÿ 
ïðîäóêòîì ðàçìûâà ïîäñòèëàþùèõ ïîðîä.

Ðèñ. 2. Ôîòîãðàôèè îáðàçöîâ êåðíà ïåñ÷àíèêîâ (a–c) è ìèêðîôîòîãðàôèè øëèôîâ ïåñ÷àíèêà (d, e) ñðåäíå-, êðóïíîçåðíè-
ñòîãî ïðè ïàðàëëåëüíûõ (PPL) è ñêðåùåííûõ (XPL) íèêîëÿõ

Fig. 2. Photo of sandstone core samples (a–c) and photomicrographs of sandstone (d, e) medium-, coarse-grained with plane light (PPL) 
and crossed polars (XPL)
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Ðèñ. 3. Ïîëîæåíèå ïðîá ïåñ÷àíûõ ïîðîä íà äèàãðàììàõ Â. Í. Øâàíîâà (a) [12] è Ó. Äèêèíñîíà è Ð. Âàëëîíè (b) [13], îòîáðàæà-
þùèõ ãåîäèíàìè÷åñêèå îáñòàíîâêè îáëàñòåé ñíîñà ïåñ÷àíûõ ïîðîä: Qm — êâàðö ìîíîêðèñòàëëè÷åñêèé; F — ïîëåâûå øïàòû, 
êàê ïëàãèîêëàçû, òàê è êàëèåâûå ïîëåâûå øïàòû; Lt — âñå ëèòèòîâûå îáëîìêè, â òîì ÷èñëå êðåìíè è ìèêðîêâàðöèòû

Fig. 3. Position of sand samples on the diagrams V. N. Shvanov (a) [12]. and W. Dickinson and R. Valloni (b) [13], depicting the geodynamic 
conditions of the sand-rock demolition areas: Qm — single-crystal quartz; F — plagioclase and potassium feldspars; Lt — all (t — total) 
lithitic debris, including flint and microquartzites

Ðèñ. 4. Êëèíîîáðàçíûå òåëà ïåñ÷àíèêîâ â ðàçðåçàõ òåððèãåííî-êàðáîíàòíîé òîëùè íà òåððèòîðèè Âåðõíåêàìñêîãî ìåñòîðî-
æäåíèÿ ñîëåé

Fig. 4. Wedge-shaped bodies of sandstones in the cross-sections of the terrigenous-carbonate sequence in the Verkhnekamsk salts deposit
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Ãðàíóëîìåòðè÷åñêèé àíàëèç ïîðîä â øëèôàõ ïîêà-
çàë, ÷òî ðàçìåð îáëîìêîâ êîëåáëåòñÿ îò 0.1 äî 1 ìì, ïðè 
ýòîì êðóïíûå çåðíà ÷àùå óãëîâàòûå, à ìåëêî-, ñðåäíå-
ðàçìåðíûå — ïîëóîêàòàííûå è îêðóãëûå. Ìåæçåðíîâûå 
êîíòàêòû ÷àùå òî÷å÷íûå, ðåæå âîãíóòî-âûïóêëûå, ÷òî 
óêàçûâàåò íà íåçíà÷èòåëüíîå ïðåîáðàçîâàíèå ïîðîä. 

Öåìåíò ïåñ÷àíèêîâ — îò áàçàëüíîãî äî ïîðîâîãî. 
Áàçàëüíûé ÷àùå ïðåäñòàâëåí ìèêðèòîì, èäåíòè÷íûì 
ñîñåäíèì ñëîÿì èçâåñòíÿêîâ è ìåðãåëåé. Ïîðîâûé öå-
ìåíò ïðåäñòàâëåí ëèáî àíàëîãè÷íûì ìèêðèòîì, ëèáî 
ðàñêðèñòàëëèçîâàâøèìñÿ ìåëêî-, ñðåäíåêðèñòàëëè÷å-
ñêèì êàëüöèòîì, ëèáî êðóñòèôèêàöèîííûì äîëîìè-
òîì. Äîëîìèò â òàêèõ ñëó÷àÿõ ôîðìèðóåò ñíîïîâèäíûå 
âîëîêíèñòûå àãðåãàòû âîêðóã çåðåí, çàïîëíÿÿ ïðàêòè-
÷åñêè âñå ïîðîâîå ïðîñòðàíñòâî.

Ïîëó÷åííûå äàííûå î âåùåñòâåííîì ñîñòàâå àëëî-
òèãåííîé îáðàçóþùåé ïåñ÷àíèêîâ â 19 øëèôàõ ïîçâî-
ëÿþò êëàññèôèöèðîâàòü ýòè ïîðîäû ñ ïîìîùüþ òðå-
óãîëüíîé QmFLt-äèàãðàììû Â. Í. Øâàíîâà [12] êàê 
êâàðöåâûå ãðàóâàêêè è ñîáñòâåííî ãðàóâàêêè (ðèñ. 3, 
a). Ýòî óêàçûâàåò íà íåçðåëîñòü îáëîìî÷íîãî ìàòåðè-
àëà, à â ñî÷åòàíèè ñî ñðåäíåé ñîðòèðîâêîé è ñòåïåíüþ 
îêàòàííîñòè îò ïëîõîé äî õîðîøåé ãîâîðèò î íåçíà÷è-
òåëüíîé äàëüíîñòè ïåðåíîñà ìàòåðèàëà.

Èäåíòèôèêàöèÿ ãåîäèíàìè÷åñêèõ îáñòàíîâîê ïè-
òàþùèõ ïðîâèíöèé ñ ïîìîùüþ QmFLt-äèàãðàììû 
Ó. Äèêèíñîíà [13] ïîêàçûâàåò, ÷òî èçó÷àåìûå ïîðîäû 
ñîîòâåòñòâóþò îáëàñòÿì ðàçìûâà êîëëèçèîííûõ îðî-
ãåíîâ (ðèñ. 3, b), ñëåäîâàòåëüíî, èñòî÷íèê ýòèõ ïîðîä 
ðàñïîëîæåí â ïðåäåëàõ Óðàëüñêîé ñêëàä÷àòîé îáëàñòè.

Îñòàåòñÿ îòêðûòûì âîïðîñ î ôàöèàëüíîé îáñòà-
íîâêå ôîðìèðîâàíèÿ ïåñ÷àíûõ îòëîæåíèé. Äëÿ âû-
ÿñíåíèÿ îñîáåííîñòåé íàêîïëåíèÿ ïåñ÷àíûõ îòëîæå-
íèé òåððèãåííî-êàðáîíàòíîé òîëùè áûëè èçó÷åíû àð-
õèâíûå îïèñàíèÿ ðàçðåçîâ 516 ñêâàæèí, â íåêîòîðûõ 
èç íèõ óäàëîñü èçó÷èòü íåïîñðåäñòâåííî êåðí. Â èòîãå 
áûëè ñîñòàâëåíû êîððåëÿöèîííûå ñõåìû-ðàçðåçû äëÿ 
þæíîé ÷àñòè ÂÊÌÑ. Ýòî ïîçâîëèëî âûÿâèòü â ÒÊÒ 
íåñêîëüêî õîðîøî ïðîñëåæèâàþùèõñÿ òåððèãåííûõ 
êëèíüåâ (ðèñ. 4). Íà øèðîòíîì ðàçðåçå â þæíîé ÷àñòè 
Ñîëèêàìñêîé âïàäèíû õîðîøî âèäíà òåíäåíöèÿ óâåëè-
÷åíèÿ ìîùíîñòè âñåé òîëùè è êîëè÷åñòâà ïåñ÷àíèêî-
âûõ ñëîåâ â íåé ñ çàïàäà íà âîñòîê. Íà ìåðèäèîíàëüíîì 
ðàçðåçå, ïîñòðîåííîì â öåíòðàëüíîé ÷àñòè âïàäèíû, 
÷åòêî ïðîñëåæèâàþòñÿ 4 ñëîÿ ïåñ÷àíèêîâ, à êàæäûé 
âûøåëåæàùèé ðàçâèò øèðå. Ýòî óêàçûâàåò íà ïóëüñà-
öèîííîå ïîñòóïëåíèå è ïîñòîÿííî óâåëè÷èâàþùèéñÿ 
îáúåì ïåñ÷àíîãî ìàòåðèàëà â áàññåéíå Ñîëèêàìñêîé 
âïàäèíû. 

Ïðè ñîïîñòàâëåíèè ñóììàðíîé ìîùíîñòè ïåñ-
÷àíûõ ñëîåâ ñ êàðáîíàòíûìè áûëà ïîëó÷åíà ïðîöåí-
òíàÿ äîëÿ òåððèãåííîãî ìàòåðèàëà â òðåõ òîëùàõ ÒÊÒ. 
Ïåðâàÿ âêëþ÷àåò â ñåáÿ ìåðãåëüíî-äîëîìèòîâî-èçâåñò-
íÿêîâóþ òîëùó, âòîðàÿ — íèæíþþ, à òðåòüÿ — âåðõíþþ 
çîíó èçâåñòíÿêîâî-òåððèãåííîé òîëùè (ðèñ. 1). Â çàâè-
ñèìîñòè îò ðàéîíà â êàæäîì èç âûáðàííûõ èíòåðâàëîâ 
òîëùè ïðèñóòñòâóåò îäèí-äâà ïëàñòà ïåñ÷àíèêà.

Äàííûå î ïåñ÷àíèñòîñòè, ïîëó÷åííûå â íåñêîëü-
êèõ ñîòíÿõ ñêâàæèí, ïîñëóæèëè îñíîâîé äëÿ ïîñòðî-
åíèÿ êàðò èçîêîíöåíòðàò äëÿ êàæäîé òîëùè (ðèñ. 5). 
Îáùèé ïëàí èçîëèíèé ïåñ÷àíîãî ìàòåðèàëà íà êàð-
òàõ âûÿâèë íàëè÷èå âåòâÿùèõñÿ êîíóñîâ ñ ïîñòåïåííî 
óìåíüøàþùåéñÿ ìîùíîñòüþ ñ þãî-âîñòîêà íà çàïàä. 
Ââåðõ ïî ðàçðåçó îòìå÷àåòñÿ êàê ðàçðàñòàíèå òåððèãåí-

Ðèñ. 5. Êàðòû ïðîöåíòíîãî ñîäåðæàíèÿ ïåñ÷àíîãî ìàòåðèàëà 
â íèæíåé (a), ñðåäíåé (b) è âåðõíåé (c) ÷àñòÿõ òåððèãåííî-
êàðáîíàòíîé òîëùè [11]

Fig. 5. Maps of percentage of sand material in the lower (a), middle 
(b) and upper (c) parts of the terrigenous-carbonate sequence [11]
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íûõ êîíóñîâ ïî ïëîùàäè, òàê è óâåëè÷åíèå èõ äîëè â 
îáúåìå òîëù. Òàêèì îáðàçîì, â ðàçðåçå íàáëþäàåòñÿ 
òåíäåíöèÿ çàìåùåíèÿ êàðáîíàòíîãî îñàäêîíàêîïëå-
íèÿ òåððèãåííûì. 

Ìîäåëü îñàäî÷íîãî áàññåéíà
Ïðèíÿâ âî âíèìàíèå ôàöèàëüíûå è ìèíåðàëîãî-

ïåòðîêëàñòè÷åñêèå îñîáåííîñòè ïåñ÷àíûõ ïîðîä, íà-
ïðàâëåíèå ñíîñà îáëîìî÷íîãî ìàòåðèàëà è ãåîäèíàìè-
÷åñêóþ îáñòàíîâêó ðåãèîíà â ðàííåïåðìñêîå âðåìÿ [8], 
ìîæíî ïðåäñòàâèòü ìîäåëü íàêîïëåíèÿ òåððèãåííî-
êàðáîíàòíîé òîëùè â ïðåäåëàõ Ñîëèêàìñêîé âïàäèíû 
ñëåäóþùèì îáðàçîì (ðèñ. 6). 

Íà âîñòîêå â ñîâðåìåííûõ êîîðäèíàòàõ ðàñòåò 
Óðàëüñêèé êîëëèçèîííûé îðîãåí, â ïåðåäîâîé ÷àñòè êî-
òîðîãî ôîðìèðóåòñÿ Ïðåäóðàëüñêèé ïðîãèá, ÷àñòüþ êî-
òîðîãî ÿâëÿåòñÿ Ñîëèêàìñêàÿ âïàäèíà. Â õîäå ïîñòåïåí-
íîé ýðîçèè îðîãåíà ðå÷íûìè ïîòîêàìè âî âïàäèíó âûíî-
ñèòñÿ áîëüøîå êîëè÷åñòâî îáëîìî÷íîãî ìàòåðèàëà, êî-
òîðûé çäåñü îñàæäàåòñÿ è ïåðåñëàèâàåòñÿ ñ êàðáîíàòíûì 
îñàäêîì. Ïîñòåïåííî êîëè÷åñòâî îáëîìî÷íîãî ìàòåðèà-
ëà âîçðàñòàåò, ÷òî ïðèâîäèò ê çàïîëíåíèþ áàññåéíà è âû-
òåñíÿåò êàðáîíàòíîå îñàäêîíàêîïëåíèå. Òåððèãåííàÿ ñå-
äèìåíòàöèÿ ïîñòîÿííî ïðîãðåññèðóåò, à ïëîùàäü ïîä-
âîäíûõ äåëüò ïîñòåïåííî óâåëè÷èâàåòñÿ è íàñòóïàåò âñå 
äàëüøå íà çàïàä. Ê ìîìåíòó íàêîïëåíèÿ ïåðåêðûâàþùåé 
øåøìèíñêîé ñâèòû ìîðñêîé áàññåéí ïåðåñòàåò ñóùåñò-
âîâàòü, ÷òî ïðèâîäèò ê íàêîïëåíèþ ïåñòðîöâåòíûõ îòëî-
æåíèé â îçåðíûõ è àëëþâèàëüíûõ óñëîâèÿõ.

Âûâîäû
Èçó÷åíèå âåðõíåñîëèêàìñêîé ñâèòû ïîçâîëèëî 

âûÿâèòü íàëè÷èå íåñêîëüêèõ ýòàïîâ ïðèâíîñà òåððè-
ãåííîãî ìàòåðèàëà íà ôîíå àóòèãåííîãî îñàæäåíèÿ êàð-
áîíàòíîãî ìàòåðèàëà. Ìèíåðàëîãî-ïåòðîêëàñòè÷åñêèé 
àíàëèç â êîìïëåêñå ñ êàðòàìè ïðîöåíòíîãî ñîäåðæàíèÿ 
ïåñ÷àíîãî ìàòåðèàëà òåððèãåííî-êàðáîíàòíîé òîëùè 
â ïðåäåëàõ Ñîëèêàìñêîé âïàäèíû ïîçâîëèëè óñòàíî-
âèòü þãî-âîñòî÷íûé èñòî÷íèê ñíîñà, ÷òî óêàçûâàåò íà 
áëèçîñòü îðîãåíà íà ýòîì ó÷àñòêå ïî ñðàâíåíèþ ñ ñå-
âåðî-âîñòî÷íûì áîðòîì âïàäèíû. Ôàöèàëüíûé àíà-
ëèç ïîêàçàë, ÷òî íàêîïëåíèå ïåñ÷àíîãî ìàòåðèàëà ïðî-
èñõîäèëî â ïîäâîäíûõ ÷àñòÿõ âåòâÿùèõñÿ äåëüò, ôðîíò 
êîòîðûõ ðàñïðîñòðàíÿëñÿ âñå äàëüøå íà çàïàä. Òàêèì 

îáðàçîì, ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ãîâîðèòü î 
Ñîëèêàìñêîé âïàäèíå êàê î ìåëêîâîäíî-ìîðñêîì áàñ-
ñåéíå ñ ïåðåêîìïåíñèðîâàííûì òèïîì îñàäêîíàêîïëå-
íèÿ, çàâåðøèâøåì ñâîå ñóùåñòâîâàíèå â ïîçäíåñîëè-
êàìñêîå âðåìÿ, ÷òî ïðèâåëî ê êîíòèíåíòàëüíûì îáñòà-
íîâêàì ôîðìèðîâàíèÿ âûøåëåæàùèõ òîëù. 

Àâòîð ïðèçíàòåëåí È. È. ×àéêîâñêîìó, Î. È. Ãàëèíî-
âîé, Ò. Â. Ôàäååâîé, Ë. Â. Àíäðåéêî çà öåííûå çàìå÷àíèÿ è 
ðåäàêöèþ ðóêîïèñè.

Ðàáîòà âûïîëíåíà â ðàìêàõ ïðîåêòà ÐÔÔÈ 18-05-
00046.
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Ââåäåíèå
Ëåäíèêîâûå îòëîæåíèÿ è ñâÿçàííûå ñ íèìè ôîð-

ìû ðåëüåôà â Êîëüñêîì ðåãèîíå èçó÷àþòñÿ óæå áîëü-
øå ñòà ëåò îòå÷åñòâåííûìè è çàðóáåæíûìè ãåîëîãàìè. 
Áîëüøîå âíèìàíèå óäåëÿåòñÿ ñèñòåìàì êîíå÷íî-ìî-
ðåííîãî ðåëüåôà, èññëåäîâàíèå êîòîðûõ ÿâëÿåòñÿ êëþ-
÷åâûì ïðè âûÿñíåíèè îñîáåííîñòåé ðàçâèòèÿ ïîñëåä-
íåãî îëåäåíåíèÿ è ëåäíèêîâîãî ìîðôîãåíåçà. Îäíîé èç 
òàêèõ ñèñòåì ÿâëÿåòñÿ ïîëîñà õîëìèñòî-ãðÿäîâîãî ðå-
ëüåôà, ðàñïîëîæåííàÿ ñóáøèðîòíî âäîëü þæíîãî áå-
ðåãà Êîëüñêîãî ïîëóîñòðîâà, íàçûâàåìàÿ Òåðñêèìè 
Êåéâàìè [9, 11, 14]. Â çàïàäíîé ÷àñòè ýòîé ñèñòåìû ê 
íåé ïðèìûêàåò ñóáìåðèäèîíàëüíàÿ ïîëîñà êðàåâûõ 
ëåäíèêîâûõ îáðàçîâàíèé, ÷òî îáóñëîâëèâàåò ñïåöè-
ôè÷íîñòü äàííîãî ó÷àñòêà. 

Ïåðâîå êîìïëåêñíîå èññëåäîâàíèå ëåäíèêîâîãî ðå-
ëüåôà Òåðñêèõ Êåéâ áûëî ïðîâåäåíî â 1960–70-õ ãîäàõ 
Ñ. À. Ñòðåëêîâûì, Á. Í. Êîøå÷êèíûì, Â. ß. Åâçåðîâûì 
è äð. [11]. Ïðîâåäåííàÿ ðàáîòà îïèðàëàñü íà áîëü-
øîé ôàêòè÷åñêèé ìàòåðèàë, ïîëó÷åííûé Â. Ðàìçàåì, 

À. À. Ïîëêàíîâûì, Ì. À. Ëàâðîâîé, À. À. Íèêîíîâûì, 
À. Ä. Àðìàíäîì, Í. Í. Àðìàíä, Ì. Ê. Ãðàâå è äðóãè-
ìè [9, 11]. Â ðåçóëüòàòå áûëî óñòàíîâëåíî, ÷òî çàïàäíàÿ 
÷àñòü Òåðñêèõ Êåéâ îòíîñèòñÿ ê ìåæëîïàñòíûì ìîðåí-
íûì ãðÿäàì, îñëîæíåííûì âîäíî-ëåäíèêîâûìè îáðàçî-
âàíèÿìè. Ïîçæå Â. ß. Åâçåðîâ ýòó êðàåâóþ çîíó âêëþ-
÷èë â ñîñòàâ îäíîãî èç âûäåëåííûõ èì ïîÿñîâ êðàåâûõ 
îáðàçîâàíèé, êîòîðûé áûë ñîïîñòàâëåí ñ êëèìàòè÷å-
ñêèì ðèòìîì á¸ëëèíã — ñðåäíèé äðèàñ (Ïîÿñ II â èíòåð-
ïðåòàöèè àâòîðà). Ëåäíèêîâûé ðåëüåô ðàéîíà áûë îòíå-
ñåí ê òàê íàçûâàåìîé âíóòðåííåé ïîëîñå ïîÿñà, êîòîðàÿ 
çäåñü ìàðêèðóåò ïîëîæåíèå êðàÿ ëåäíèêà â òåïëóþ ÷àñòü 
ðèòìà. Ñîãëàñíî àâòîðñêîé ìîäåëè, ëåäíèêîâûé ðåëüåô 
ðàéîíà äîëæåí áûòü ïðåäñòàâëåí ìàðãèíàëüíûì îçîì 
[4, 6]. Â óêàçàííûõ è áîëåå ïîçäíèõ ðàáîòàõ óñòàíîâëå-
íî, ÷òî ôîðìèðîâàíèå êðàåâûõ îáðàçîâàíèé çàïàäíîé 
÷àñòè Òåðñêèõ Êåéâ ñâÿçàíî ñ Áåëîìîðñêîé ëîïàñòüþ 
Ñêàíäèíàâñêîãî ëåäíèêà [4, 11–14]. 

Â íàñòîÿùèé ìîìåíò îñòà¸òñÿ äèñêóññèîííûì âîç-
ðàñò è êîððåëÿöèÿ êðàåâûõ îáðàçîâàíèé çàïàäíîé ÷à-
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Àêòóàëüíîé ïðîáëåìîé èçó÷åíèÿ ÷åòâåðòè÷íîãî ïîêðîâà Êîëüñêîãî ðåãèîíà íà ñåãîäíÿøíèé ìîìåíò ÿâëÿåòñÿ óñòàíîâëåíèå 
ñòðóêòóðû, ãåíåçèñà, ìåõàíèçìà ôîðìèðîâàíèÿ è âîçðàñòà êîíå÷íî-ìîðåííûõ îáðàçîâàíèé. Â õîäå ïîëåâûõ ðàáîò, ïðîâåäåííûõ 
ëåòîì 2017 ãîäà, áûëà èçó÷åíà ãðÿäà, âõîäÿùàÿ âî âíóòðåííþþ çîíó öåïè êîíå÷íî-ìîðåííûõ îáðàçîâàíèé çàïàäíîé ÷àñòè Òåðñêèõ 
Êåéâ. Óñòàíîâëåíû ìîðôîëîãè÷åñêèå îñîáåííîñòè ãðÿäû: àñèììåòðè÷íûå ñêëîíû, ïëîñêàÿ âåðøèíà, íàëè÷èå âàëîîáðàçíûõ ôîðì 
íà âîñòî÷íîì ñêëîíå. Åå ñòðîåíèå èññëåäîâàíî â òðåõ åñòåñòâåííûõ îáíàæåíèÿõ è òðåõ øóðôàõ. Ïðè ýòîì èñïîëüçîâàëèñü ãåîëî-
ãè÷åñêèå, ñòðóêòóðíûå è ãåîìîðôîëîãè÷åñêèå ìåòîäû. Èçó÷åííàÿ ãðÿäà ñëîæåíà ëåäíèêîâûìè (àáëÿöèîííûì è áàçàëüíûì òèë-
ëîì) è âîäíî-ëåäíèêîâûìè îòëîæåíèÿìè, â ÿäðå ãðÿäû âûÿâëåí ñêëàä÷àòûé òèëë. Àíàëèç òåêñòóð ëåäíèêîâûõ îòëîæåíèé ïîêàçàë, 
÷òî ëåäíèê ïðè èõ ôîðìèðîâàíèè äâèãàëñÿ ñ þãî-çàïàäà íà ñåâåðî-âîñòîê. Îñîáåííîñòè ãåîëîãè÷åñêîãî ñòðîåíèÿ ãðÿäû è ìîðôî-
ëîãèè ïîâåðõíîñòè ïîçâîëèëè óñòàíîâèòü ýòàïû å¸ ôîðìèðîâàíèÿ, ïðèóðî÷åííîñòü ãðÿäû ê êðàåâîé çîíå è îñîáåííîñòè äèíàìèêè 
Áåëîìîðñêîãî ïîòîêà ïîñëåäíåãî îëåäåíåíèÿ.

Êëþ÷åâûå ñëîâà: êîíå÷íî-ìîðåííûå îáðàçîâàíèÿ, ãðÿäà ñ íàïîðíûì ìîðåííûì îñíîâàíèåì, òèëë, ôëþâèîãëÿöèàëüíûå îò-
ëîæåíèÿ, ñòðóêòóðíûé ìåòîä, ëåäíèêîâûé ìîðôîãåíåç.

COMPOSITION AND MORPHOLOGY OF THE RIDGE WITH PUSH MORAINE BASEMENT AT THE MOSEEVO 

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

Geological Institute of Kola Scientific Centre of RAS

Composition, genesis, morphology and age of the end moraine formations are topical problems in Quaternary geology of the Kola re-
gion. During the field works in summer 2017, the ridge, included in internal part of the end moraine belt of Western Terskie Keivy, was in-
vestigated. Morphological features of the ridge were identified. There are asymmetrical slopes, flat summit, roll-shaped topography on the 
eastern slope. Composition of the ridge was studied in 3 natural outcrops and 3 open test pits. Geological, structural and geomorphological 
methods were used. The studied ridge is composed of glacial (ablation and lodgement tills) and fluvioglacial deposits, with folded till in its 
core. Structural features of the glacial units testified to that the glacier moved from south-west to north-east. Forming stages of the ridge, its 
coinciding with marginal zone and dynamic peculiarity of the Belomorskii Lobe of the Last Glaciation was recognized according to the geo-
logical structure and surface morphology of the studied ridge.

Keywords: end moraine, ridge with push moraine basement, till, fluvioglacial deposits, structural method, glacial morphogenesis.
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ñòè Òåðñêèõ Êåéâ ñ ñîñåäíèìè ðåãèîíàìè. Îäíè èññëå-
äîâàòåëè ñîïîñòàâëÿþò ýòè ôîðìû ñ íåâñêîé ôàçîé ïî-
ñëåäíåãî îëåäåíåíèÿ [4, 11], äðóãèå — ñ ïðîìåæóòî÷íîé 
ôàçîé ìåæäó íåâñêîé è Ñàëïàóñcåëüêÿ I [12, 13, 16]. Íà 
êàðòå ÷åòâåðòè÷íûõ îáðàçîâàíèé ìàñøòàáà 1: 1 000 000, 
ñîñòàâëåííîé Ë. Ð. Ñåìåíîâîé è À. Å. Ðûáàëêî, ðàé-
îí èññëåäîâàíèÿ ñîïîñòàâëåí ñ êðàåâîé çîíîé ñòàäèè 
Ñàëïàóññåëüêÿ I è îäíîé èç îñöèëëÿöèé ëåäíèêà ýòîé 
ñòàäèè [2]. Ïðè ýòîì â ðàçíûõ èíòåðïðåòàöèÿõ êîíôè-
ãóðàöèÿ êðàåâîé çîíû ðàçëè÷íà. 

Õàðàêòåðèñòèêà ðàéîíà èññëåäîâàíèÿ
Ðàéîí èññëåäîâàíèÿ, èçó÷åííûé â õîäå ïîëåâûõ ðà-

áîò 2017 ãîäà, ðàñïîëîæåí â ïðåäåëàõ Êàíäàëàêøñêîãî 
áåðåãà Áåëîãî ìîðÿ ê âîñòîêó îò ïîëóîñòðîâà Òóðèé. 
Ïîëåâûå ðàáîòû ïðîâîäèëèñü â ìåæäóðå÷üÿõ ðåê 
×¸ðíàÿ, Êóçðåêà, Õëåáíàÿ, Îëåíèöà (ðèñ. 1). 

Ïîâåðõíîñòü êðèñòàëëè÷åñêîãî ôóíäàìåíòà äàí-
íîãî ðàéîíà çàëåãàåò íà ãëóáèíàõ 0–50 ì è íàõîäèò-
ñÿ íà àáñîëþòíûõ îòìåòêàõ îò –50 ì íèæå óðîâíÿ ìî-
ðÿ â ïðåäåëàõ äíà Êàíäàëàêøñêîãî çàëèâà Áåëîãî ìîðÿ 
äî 85 ì íàä óðîâíåì ìîðÿ (í.ó.ì.) ê ñåâåðó îò èññëåäó-
åìîé ãðÿäû. Â ñòðîåíèè êðèñòàëëè÷åñêîãî ôóíäàìåíòà 
â êîòëîâèíå Áåëîãî ìîðÿ è âäîëü ïîáåðåæüÿ âîñòî÷íåå 

ð. Õëåáíîé ó÷àñòâóþò ïîëèìèêòîâûå, êðàñíîöâåòíûå 
ïåñ÷àíèêè, êîíãëîìåðàòû, àëåâðîëèòû è àðãèëëèòû 
òåðñêîé è òóðüèíñêîé ñâèò. Ñåâåðíåå ðàçâèòû èíòðó-
çèâíûå ïîðîäû (êâàðöåâûå äèîðèòû, ïëàãèîãðàíèòû, 
ýíäåðáèòû, ÷àðíîêèòû) óìáèíñêîãî êîìïëåêñà íèæíå-
ãî ïðîòåðîçîÿ [2]. 

×åòâåðòè÷íûå îáðàçîâàíèÿ ðàéîíà ðàáîò ïðåäñòàâ-
ëåíû ìàëîìîùíûì ïðåðûâèñòûì ÷åõëîì ëåäíèêîâûõ, 
âîäíî-ëåäíèêîâûõ, ìîðñêèõ, àëëþâèàëüíûõ è áîëîò-
íûõ îòëîæåíèé. Ëåäíèêîâûå îòëîæåíèÿ ïëàùåîáðàç-
íî ïåðåêðûâàþò êðóïíûå õîëìû-ìàññèâû, ñâÿçàííûå ñ 
âûñòóïàìè êðèñòàëëè÷åñêîãî ôóíäàìåíòà, è ôîðìèðó-
þò ñïåöèôè÷íûé ãðÿäîâî-õîëìèñòûé, ãðÿäîâûé è ãðÿ-
äîâî-óâàëèñòûé ðåëüåô. Ìîùíîñòü ÷åòâåðòè÷íûõ îò-
ëîæåíèé â ñðåäíåì ñîñòàâëÿåò 2–5 ì, â ïðåäåëàõ ðàçâè-
òèÿ êîíå÷íî-ìîðåííîãî ãðÿäîâî-õîëìèñòîãî ðåëüåôà 
äîñòèãàåò 10–30 ì. Âäîëü áåðåãà Áåëîãî ìîðÿ ðàçâèòû 
ìîðñêèå ãîëîöåíîâûå òåððàñû, ñëîæåííûå ìîðñêèìè 
ïåñêàìè, àëåâðèòàìè è ãëèíàìè [3]. Ìîðñêèå àêêóìó-
ëÿöèè íå ðàñïðîñòðàíÿþòñÿ âûøå àáñîëþòíûõ îòìåòîê 
35–38 ì í.ó.ì.

Ê êðàåâûì îáðàçîâàíèÿì íåïîñðåäñòâåííî â ðàéî-
íå èññëåäîâàíèé îòíîñèòñÿ ãðÿäà, ðàñïîëîæåííàÿ ê ñå-
âåðî-çàïàäó îò ä. Ìîñååâî. Ïåðâîå óïîìèíàíèå î íåé 

Ðèñ. 1. Ðàéîí èññëåäîâàíèÿ: 1 — ó÷àñòîê ðàáîò; 2 — ãðÿäà ñ íàïîðíûì ìîðåííûì îñíîâàíèåì; 3 — ïîÿñà êðàåâûõ îáðàçîâà-
íèé ïî [4, 6]; 4 — êðàåâûå îáðàçîâàíèÿ, âûäåëåííûå äîñòîâåðíî ïî [2]; 5 — êðàåâûå îáðàçîâàíèÿ, âûäåëåííûå íåäîñòîâåðíî 
ïî [2]; 6 — îñöèëëÿöèÿ ïî [2]; 7 — êðàåâûå îáðàçîâàíèÿ ïî [13]; 8 — ãðÿäû ëåäíèêîâîãî ãåíåçèñà; 9 — Ìóíîçåðñêàÿ âîçâûøåí-
íîñòü ïî [8]; 10 — îçåðà

Fig. 1. Study area and the field work location: 1 — field work area; 2 — a ridge with push moraine basement; 3 — belts of glacial marginal 
formations, after [4, 6]; 4 — reliably identified marginal formations, after [2]; 5 — uncertainly provided marginal formations, after [2];
6 — glacial oscillation, after [2]; 7 — marginal formations according to [13]; 8 — glacial ridges; 9 –Munozero Upland, after [8]; 10 — lakes
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ïðèâîäèòñÿ â îáçîðå Â. Â. Êîëüêè è Î. Ï. Êîðñàêîâîé 
[15], êîòîðûå îïèñàëè ìîðôîëîãèþ ãðÿäû è çàôèêñèðî-
âàëè â å¸ ñòðîåíèè ãðóáîîáëîìî÷íûå îòëîæåíèÿ àáëÿ-
öèîííîãî òèëëà, çàëåãàþùèå íà ïåñ÷àíûõ è ãðàâèéíî-
ãàëå÷íûõ ôëþâèîãëÿöèàëüíûõ îñàäêàõ. Íà îñíîâàíèè 
ýòèõ íàáëþäåíèé áûë ñäåëàí âûâîä î ãåòåðîãåííîì, íà-
ïîðíî-íàñûïíîì ãåíåçèñå ôîðìû [8]. 

Ìåòîäû èññëåäîâàíèÿ
Â õîäå ïîëåâûõ ðàáîò ãåîëîãè÷åñêèìè ìåòîäàìè 

áûëî èçó÷åíî 6 èñêóññòâåííûõ îáíàæåíèé (êàðüåðû è 
ïðèäîðîæíûå âûåìêè). Ïðîâîäèëîñü ïîäðîáíîå èçó÷å-
íèå ñòðóêòóðíî-òåêñòóðíûõ îñîáåííîñòåé ëåäíèêîâûõ 
è âîäíî-ëåäíèêîâûõ îñàäêîâ. Îòìå÷àëèñü èõ öâåò, ãðà-
íóëîìåòðè÷åñêèé ñîñòàâ, òåêñòóðû è íàëè÷èå îòäåëü-
íûõ ñëî¸â, ëèíç, âêðàïëåíèé. Ïðîèçâîäèëèñü çàìåðû 
ìîùíîñòè îòäåëüíûõ ñëîéêîâ è ëèíç, à òàêæå àçèìóò è 
óãîë ïàäåíèÿ ãðàíèö ñëîèñòîñòè. 

Äëÿ ïîäòâåðæäåíèÿ ãåíåçèñà è îïðåäåëåíèÿ íà-
ïðàâëåíèé íàãíåòàíèÿ ëåäíèêîì îáëîìî÷íîãî ìàòå-
ðèàëà ïðèìåíÿëñÿ ñòðóêòóðíûé ìåòîä ìàññîâûõ çà-
ìåðîâ ïëîñêîñòíûõ (ïëîñêîñòè ïëèòîê, ãðàíèöû ñëî-
èñòîñòè) è ëèíåéíûõ (äëèííûå îñè ãàëåê è âàëóíîâ) 
ýëåìåíòîâ òèëëà. Çàìåðû ïðîèçâîäèëèñü ïðè ïîìîùè 
ãåîëîãè÷åñêîãî êîìïàñà èç êâàäðàòà 11 ì, ïî 100 çà-
ìåðîâ àçèìóòîâ è óãëîâ ïàäåíèÿ ïîëþñîâ ïëèò÷àòî-
ñòè è ëèíåéíûõ ýëåìåíòîâ ñëîÿ. Ïî ðåçóëüòàòàì çà-
ìåðîâ ñ ïîìîùüþ ïðîãðàììû OpenStereo 0.1.2 ñòðî-
èëèñü ñòðóêòóðíûå äèàãðàììû (èñïîëüçîâàëàñü íè-
æíÿÿ ïîëóñôåðà è ðàâíîóãîëüíàÿ ïðîåêöèÿ Âóëüôà). 
Àíàëèç äèàãðàìì íà÷èíàëñÿ ñ âûÿâëåíèÿ ïëîñêîñòè 
ñêîëüæåíèÿ S1, ñîîòâåòñòâóþùåé ìàêñèìóìó ïîëþ-
ñîâ ïëèò÷àòîñòè, êîòîðàÿ óêàçûâàåò ãëàâíîå íàïðàâ-
ëåíèå äâèæåíèÿ ëåäíèêà [1, 7]. Ýòà ïëîñêîñòü óñëîâ-
íî ïåðåíîñèëàñü íà äèà ãðàììû îðèåíòèðîâêè ëèíåé-
íûõ ýëåìåíòîâ. Â ñëó÷àÿõ, êîãäà ïëîñêîñòè S1 ñîîòâåò-
ñòâîâàë îäèí èëè ïàðà ïðîòèâîïîëîæíûõ ìàêñèìóìîâ 
ëèíåéíûõ ýëåìåíòîâ, óñòàíàâëèâàëîñü íàïðàâëåíèå 
a-ëèíåéíîñòè, êîòîðàÿ óêàçûâàåò íà ïåðåìåùåíèå ãà-
ëåê è âàëóíîâ ñîãëàñíî íàïðàâëåíèþ äâèæåíèÿ ëüäà. 
Åñëè ïîëîæåíèÿ ìàêñèìóìà èëè ïàðû ïðîòèâîïîëîæ-
íûõ ìàêñèìóìîâ íà äèàãðàììå ëèíåéíûõ ýëåìåíòîâ 
îòëè÷àëèñü íà 55–90°, óñòàíàâëèâàëàñü b-ëèíåéíîñòü. 
Îíà ñîîòâåòñòâóåò îñè ãëàâíîãî íîðìàëüíîãî íàïðÿ-
æåíèÿ â òåëå ïåðåìåùàþùåãî îáëîìêè ëåäíèêà è óêà-
çûâàåò íà íàëè÷èå ïåðïåíäèêóëÿðíûõ íàïðàâëåíèþ 
äâèæåíèÿ ëüäà ñèñòåì ðàñòÿæåíèÿ èëè ñæàòèÿ. Åñëè 
íà äèàãðàììàõ îðèåíòèðîâêè ëèíåéíûõ ýëåìåíòîâ 
îáíàðóæèâàþòñÿ ìàêñèìóìû, íå ñîâïàäàþùèå ñ a- è 
b-ëèíåéíîñòüþ, òî ðå÷ü ìîæåò èäòè î äîïîëíèòåëü-
íîé ñèñòåìå íàïðÿæåíèé â òåëå ëåäíèêà, êîòîðàÿ âû-
ðàæàåòñÿ íà ñòðóêòóðíûõ äèàãðàììàõ â âèäå äèñïåð-
ñèè îáúåìíîé ëèíåéíîñòè [1]. 

Ãåîìîðôîëîãè÷åñêèå ìåòîäû çàêëþ÷àëèñü â ñîïî-
ñòàâëåíèè ãåîëîãè÷åñêèõ äàííûõ ñ ôîðìàìè ðåëüåôà. 
Ïðîñëåæèâàíèå ôîðì ðåëüåôà íà ìåñòíîñòè ïðîâîäè-
ëîñü â õîäå ìàðøðóòíîé ñúåìêè ñ ïðèìåíåíèåì GPS-
íàâèãàòîðà. Ïðè ïîìîùè ãåîëîãè÷åñêîãî êîìïàñà è 
ðóëåòêè äëèíîé 10 ì ôèêñèðîâàëèñü õàðàêòåðèñòèêè 
ìîðôîëîãè÷åñêèõ ýëåìåíòîâ ôîðì ðåëüåôà (êðóòèçíà 
è âûñîòà ñêëîíîâ, àçèìóò ïðîñòèðàíèÿ ãðåáíåé ãðÿä). 
×åðåç ãðÿäó ó ä. Ìîñååâî áûë ïðîéäåí íèâåëèðíûé õîä 
ñ 38 îïîðíûìè òî÷êàìè, èñïîëüçîâàííûé ïðè ïîñòðîå-
íèè ãåîëîãè÷åñêîãî ðàçðåçà (ðèñ. 2, A). 

Ðåçóëüòàòû
Ãðÿäà ó ä. Ìîñååâî îò÷åòëèâî âûðàæåíà ñðåäè ëåä-

íèêîâîãî ðåëüåôà ðàéîíà èññëåäîâàíèÿ. Å¸ äëèííà 
îêîëî 1.2 êì, øèðèíà 0.4–0.5 êì, îòíîñèòåëüíàÿ âûñî-
òà 12–20 ì. Ãðÿäà âûòÿíóòà ñ ñåâåðà íà þã, èìååò âèä 
âûïóêëîé ê çàïàäó äóãè. Âåðøèííàÿ ÷àñòü óïëîùåí-
íàÿ, ñ ïîëîãèì è øèðîêèì ãðåáíåì, íàõîäÿùèìñÿ íà 
îòìåòêàõ îò 45 äî 52 ì í.ó.ì. è ïëàâíî ïîâûøàþùèìñÿ 
ñ þãà íà ñåâåð. Íà ïîâåðõíîñòè ãðÿäû îòìå÷àþòñÿ òåð-
ìîêàðñòîâûå çàïàäèíû ãëóáèíîé äî 2 ì. Ñêëîíû ãðÿ-
äû àñèììåòðè÷íûå. Çàïàäíûé ñêëîí êðóòîé (35–40°) è 
ïðåäñòàâëÿåò ñîáîé ïîâåðõíîñòü ëåäíèêîâîãî êîíòàêòà. 
Âîñòî÷íûé ñêëîí áîëåå ïîëîãèé (6–8°, ðåæå äî 12–14°), 
îñëîæíÿåòñÿ âàëîîáðàçíûìè ìåëêèìè ôîðìàìè âûñî-
òîé 2–5 ì. Ñåâåðíàÿ îêîíå÷íîñòü ãðÿäû íà îòìåòêàõ 
55–62 ì í.ó.ì. óïèðàåòñÿ â õîëìèñòóþ ìîðåííóþ ðàâ-
íèíó, â ïðåäåëàõ êîòîðîé îòìå÷åíû âûõîäû êðèñòàë-
ëè÷åñêèõ ïîðîä, íåáîëüøèå ãðÿäû ñ àáñîëþòíûìè îò-
ìåòêàìè 68–75 ì í.ó.ì., ñëîæåííûå àáëÿöèîííûì òèë-
ëîì è îðèåíòèðîâàííûå ñ þãî-çàïàäà íà ñåâåðî-âîñòîê. 
Ê çàïàäó è þãó îò ãðÿäû ðàñïîëîæåíû ìîðñêèå òåððà-
ñû, àáñîëþòíûå îòìåòêè êîòîðûõ íå ïðåâûøàþò 35–
38 ì í.ó.ì. Ïîëîãèé âîñòî÷íûé ñêëîí ãðÿäû ïðîäîëæà-
åòñÿ íàêëîíåííîé ê þãî-âîñòîêó ïëîùàäêîé ñ ôëþâè-
îãëÿöèàëüíûìè îñàäêàìè, êîòîðûå íèæå îòìåòêè 35 ì 
í.ó.ì. ñìåíÿþòñÿ ìîðñêèìè îòëîæåíèÿìè (ðèñ. 2, B). 

Ñòðîåíèå ãðÿäû èçó÷åíî â òðåõ îáíàæåíèÿõ 
(Ìîñååâî-1, -2, -3), ðàñïîëîæåííûõ ó àâòîìîáèëüíîé 
äîðîãè Óìáà — Âàðçóãà è â êàðüåðå. Îñíîâàíèå ãðÿ-
äû ïîñòðîåíî ëåäíèêîâûìè îòëîæåíèÿìè, ïðåäñòàâ-
ëåííûìè ôàöèÿìè ñêëàä÷àòîãî è áàçàëüíîãî òèëëîâ. 
Îíè èçó÷åíû â îáíàæåíèè Ìîñååâî-3 (66°35'20'' ñ.ø., 
34°57'31'' â.ä.). Ñêëàä÷àòûé òèëë ïðåäñòàâëåí äèñëîöè-
ðîâàííûìè îñàäêàìè, ñìÿòûìè â ëåæà÷óþ ñêëàäêó âî-
ëî÷åíèÿ (ðèñ. 3, ñëîé 5). Â ÿäðå ñêëàäêè â âèäå ëèí-
çû ìîùíîñòüþ äî 0.20–0.25 ì çàëåãàþò ïåñêè çåëåíî-
âàòî-ñåðûå, ãëèíèñòûå, ïëîòíûå, ñ ãðàâèåì è ãàëüêîé. 
Êðîâëÿ è ïîäîøâà ëèíçû èìåþò ïàäåíèå ñîãëàñíî îñå-
âîé ïëîñêîñòè ñêëàäêè. Âíèç ïî ðàçðåçó ëèíçà ðàñïà-
äàåòñÿ íà íåáîëüøèå ôðàãìåíòû. ßäðî ñêëàäêè îáðàì-
ëÿþò: 1) ïåñîê êîðè÷íåâî-êðàñíûé, ìåëêîçåðíèñòûé, ñ 
òîíêèìè ïðîñëîÿìè (äî 5 ìì) ïåñêà ãëèíèñòîãî, ñåðî-
êîðè÷íåâîãî, ìîùíîñòüþ 1–2 ñì íà âèñÿ÷åì êðûëå è 
äî 15 ñì íà ëåæà÷åì êðûëå; 2) ïåñîê ðàçíîçåðíèñòûé, 
ïðåèìóùåñòâåííî êðóïíîçåðíèñòûé, áëåäíî-êðàñíûé, 
ñ ãðàâèåì è ãàëüêîé (äèàìåòð çåðåí 0.7–1.0 ñì), ìîùíî-
ñòüþ îò 5–7 ñì íà êðûëüÿõ äî 15–20 ñì â çàìêå ñêëàäêè; 
3) ãðàâèéíî-ãàëå÷íàÿ ñìåñü (ïðåîáëàäàþò ãàëüêè  äè-
àìåòðîì 3–7 ñì, õîðîøåé ñòåïåíè îêàòàííîñòè) áëåä-
íî-êðàñíàÿ, ñ ïåñêîì êðóïíîçåðíèñòûì, àëåâðèòîì è 
ãëèíèñòûìè ÷àñòèöàìè, ìîùíîñòüþ îò 1–2 ñì íà êðû-
ëüÿõ äî 20–43 ñì â çàìêîâîé ÷àñòè ñêëàäêè. Ïàäåíèå 
îñåâîé ïëîñêîñòè ñêëàäêè íàïðàâëåíî ïî àçèìóòó 218° 
ïîä óãëîì 40° (ðèñ. 4, D), âåðõíåå ëåæà÷åå êðûëî ñêëàä-
êè ïàäàåò ïî àçèìóòàì 212–236° ïîä óãëàìè 32–49°, íè-
æíåå êðûëî íàêëîíåíî ïî àçèìóòàì 202–212° è óãëà-
ìè 38–46°. Âèäèìàÿ ìîùíîñòü îòëîæåíèé, ñëàãàþùèõ 
ñêëàäêó — 1.7 ì.

Áàçàëüíûé òèëë (ðèñ. 3, ñëîé 4) ïðåäñòàâëåí ïå-
ñêîì àëåâðèòîãëèíèñòûì, ïðåèìóùåñòâåííî ìåëêîçåð-
íèñòûì, ñ ãðàâèåì, ãàëüêîé è âàëóíàìè, èìåþùèì òè-
ïè÷íóþ äëÿ Êîëüñêîãî ðåãèîíà çåëåíîâàòî-ñåðóþ îêðà-
ñêó [5, 10]. Õàðàêòåðíîé åãî ÷åðòîé ÿâëÿåòñÿ ïëèò÷àòàÿ 
òåêñòóðà (ìîùíîñòü îòäåëüíûõ ïëàñòèíîê-ïëèòîê 1–3 
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ìì). Ìåæäó ïëàñòèíêàìè, à òàêæå ïîä ãàëüêàìè è âà-
ëóíàìè îòìå÷åíû ïðèñûïêè ïåñêà ñâåòëî-ñåðîãî, òîí-
êî- è ìåëêîçåðíèñòîãî. Ïîäîøâà ñëîÿ áàçàëüíîãî òèëëà 
íåðîâíàÿ, èçâèëèñòàÿ, ñ êëèíüÿìè îñàäêîâ, ñëàãàþùèõ 
ñêëàäêó, îïèñàííóþ âûøå. Ìîùíîñòü áàçàëüíîãî òèë-
ëà â ÿäðå ãðÿäû äîñòèãàåò 1.5–2.0 ì. 

Àíàëèç ïàäåíèÿ ïîëþñîâ ïëèò÷àòîñòè áàçàëüíîãî 
òèëëà îáíàðóæèâàåò îò÷åòëèâóþ a-ëèíåéíîñòü ïî ïëî-
ñêîñòè ñêîëüæåíèÿ S1, íàïðàâëåííóþ ïî àçèìóòó 234°. 
Ýòî ïðàêòè÷åñêè ñîâïàäàåò ñ àçèìóòîì ïàäåíèÿ îñåâîé 
ïëîñêîñòè ñêëàäêè, óñòàíîâëåííûì â çàëåãàþùåì íèæå 
ñêëàä÷àòîì òèëëå (ðèñ. 4, B, D). Îáðàùàþò íà ñåáÿ âíè-
ìàíèå áîëüøèå çíà÷åíèÿ óãëîâ ïàäåíèÿ ïëîñêîñòíûõ 
ýëåìåíòîâ (â ñðåäíåì 35°). Ðåçóëüòàòû çàìåðîâ ïàäå-
íèÿ äëèííûõ îñåé ãàëåê è âàëóíîâ ïîêàçàëè îäèí ìàê-
ñèìóì b-ëèíåéíîñòè (7.7 %), ñìåùåííûé îòíîñèòåëü-

íî îñè S1 íà 57° (ðèñ. 4, C). Ìàêñèìóì a-ëèíåéíîñòè 
ïî ïëîñêîñòè ñêîëüæåíèÿ S1 âûðàæåí íå÷åòêî (äî 3.2 
%). Ýòî ñâîéñòâî çàëåãàíèÿ êðóïíîîáëîìî÷íîãî ìàòå-
ðèàëà ñâèäåòåëüñòâóåò î íàëè÷èè ôðîíòàëüíîé ñèñòå-
ìû íàïðÿæåíèé ñæèìàþùåãî õàðàêòåðà, îðèåíòèðî-
âàííîé ïî àçèìóòó 280–100°, êîòîðàÿ ïðèâîäèëà ê âðà-
ùåíèþ ãàëåê è âàëóíîâ â íàïðàâëåíèè ïîïåðåê äâèæå-
íèÿ ëåäíèêà.

Áàçàëüíûé è àáëÿöèîííûé òèëëû âî âíóòðåí-
íåì ñòðîåíèè ãðÿäû ðàçäåëåíû îñàäêàìè âîäíî-ëåä-
íèêîâîãî ðÿäà. Îíè âñêðûòû è èçó÷åíû â îáíàæåíèè 
Ìîñååâî-3 íà ãëóáèíå 2–3 ì (ðèñ. 3, ñëîè 2–3), ãäå 
ïðåäñòàâëåíû ïåñ÷àíî-ãðàâèéíîé ñìåñüþ ñ ãàëüêîé 
æåëòî-ñåðîé ñëîèñòîé è ïåñêîì ãëèíèñòûì, ìåëêîçåð-
íèñòûì, êîðè÷íåâî-ñåðûì, ñëîèñòûì. Ñëîèñòîñòü ñóá-
ïàðàëëåëüíàÿ, íàêëîíåíà ïîä óãëîì 4° ïî àçèìóòó 281°, 

Ðèñ. 2. Ãåîëîãè÷åñêèé ðàçðåç ãðÿäû ñ íàïîðíûì ìîðåííûì îñíîâàíèåì (À) è ãëÿöèîìîðôîëîãè÷åñêàÿ ñõåìà ó÷àñòêà ðàáîò (B). 
Óñëîâíûå îáîçíà÷åíèÿ: 1 — õîëìèñòàÿ ìîðåííàÿ ðàâíèíà; 2 — âîäíî-ëåäíèêîâûé ðåëüåô; 3 — ìîðñêèå òåððàñû; 4 — ðå÷íûå 
äîëèíû; 5 — ýîëîâûå ãðÿäû; 6 — áîëîòíûå ìàññèâû; 7 — âûñòóïû êîðåííûõ ïîðîä ñ ðåëüåôîì áàðàíüèõ ëáîâ è ôëèãáåðãîâ; 
8 — ãðÿäà ñ íàïîðíûì ìîðåííûì îñíîâàíèåì; 9 — ãðÿäû, ñëîæåííûå àáëÿöèîííûì òèëëîì; 10 — íàïðàâëåíèå ïàäåíèÿ ïëî-
ñêîñòíûõ ýëåìåíòîâ îñíîâíûõ ìîðåí è íàïðàâëåíèå ïàäåíèÿ ñëîèñòîñòè âîäíî-ëåäíèêîâûõ îòëîæåíèé; 11 — ïîëîæåíèå ãåî-
ëîãè÷åñêîãî ðàçðåçà; 12 — èçó÷åííûå îáíàæåíèÿ â ïðåäåëàõ èññëåäóåìîé ôîðìû (Ìîñååâî-1, -2, -3) (êâàäðàòû) è íà ïðèëåãà-
þùåé òåððèòîðèè (êðóæêè). Óñëîâíûå îáîçíà÷åíèÿ íà ðàçðåçå: 13 — àáëÿöèîííûé òèëë; 14 — âîäíî-ëåäíèêîâûå îòëîæåíèÿ; 
15 — áàçàëüíûé òèëë; 16 — ñêëàä÷àòûé òèëë; 17 — ìîðñêèå è ýîëîâûå îòëîæåíèÿ; 18 — ïîâåðõíîñòü êîðåííûõ ïîðîä 

Fig. 2. Geological section of the ridge with push moraine basement (A) and a glaciomorphological scheme of the field work area (B). 
Legend for the Scheme (B): 1 — hummocky moraine plain; 2 — fluvioglacial landforms; 3 — marine terraces; 4 — river valleys; 5 — eolian 
ridges; 6 — swamplands; 7 — bed rocks with roche moutonnee and flyggberg landforms; 8 — the ridge with push moraine basement;
9 — ridges, composed of ablation till; 10 — line of dip of planar elements in the lodgement till and in the laminated fluvioglacial deposits;
11 — geological section; 12 — studied outcrops within the ridge under consideration (Moseevo–1, 2, 3) (squares) and on the adjacent area 
(circles). Legend for the Section (A): 13 — ablation till; 14 — fluvioglacial deposits; 15 — lodgement till; 16 — folded till; 17 — marine and 
eolian deposits; 18 — bed rocks surface
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âûðàæåíà çà ñ÷åò èçìåíåíèÿ ãðàíóëîìåòðè÷åñêîãî ñî-
ñòàâà îñàäêà. Ìîùíîñòü âîäíî-ëåäíèêîâûõ îòëîæåíèé 
ñîñòàâëÿåò îêîëî 1.3 ì.

Àáëÿöèîííûé òèëë â ïðåäåëàõ èññëåäóåìîé ãðÿ-
äû áûë èçó÷åí â îáíàæåíèÿõ Ìîñååâî-1 (66°34'58'' ñ.ø., 
34°57'17'' â.ä.) è Ìîñååâî-3, à òàêæå â øóðôàõ. Îí çàëå-
ãàåò ñ ïîâåðõíîñòè ãðÿäû â âèäå ïîêðîâà è ñîñòîèò èç 
ïåñêîâ ðàçíîçåðíèñòûõ, êîðè÷íåâî-ñåðûõ ñ êðàñíîâà-
òûì îòòåíêîì, ñ âêëþ÷åíèåì áîëüøîãî ÷èñëà ãðàâèÿ, 
ãàëüêè è âàëóíîâ, à òàêæå àëåâðèòî-ãëèíèñòûìè ÷àñòè-
öàìè (îòìå÷àåòñÿ èõ íàëèïàíèå íà êðóïíûå îáëîìêè). 
Êîëè÷åñòâî ïåëèòîâûõ ÷àñòèö ðàñòåò âíèç ïî ðàçðåçó. 
Íà ãëóáèíå ñâûøå 5 ì íàáëþäàþòñÿ ïðèçíàêè ñëîèñòî-
ñòè çà ñ÷åò ïðîñëîåâ ìàòåðèàëà áîëåå âûñîêîé êðóïíî-
ñòè. Ñëîèñòîñòü èìååò íàêëîí ïîä óãëîì 14° ïî àçèìó-
òó 224° , ÷òî áëèçêî ê àçèìóòó ïàäåíèÿ ïîëþñîâ ïëèò-
÷àòîñòè áàçàëüíîãî òèëëà. Ìàêñèìàëüíàÿ ìîùíîñòü 
àáëÿöèîííîãî òèëëà (ñâûøå 6 ì) îòìå÷àåòñÿ íà ñêëîíàõ 
ãðÿäû, â öåíòðå ãðÿäû îíà  óìåíüøàåòñÿ äî 1.5–2.0 ì.

Çàìåðû ëèíåéíûõ ýëåìåíòîâ (äëèííûõ îñåé ãàëåê) 
â ýòèõ îñàäêàõ îáíàðóæèâàþò ðàññåèâàíèå èõ îðèåíòè-
ðîâêè â âèäå ïîëåé è ïîëîñ ñ îòäåëüíûìè ñëàáîâûðà-

æåííûìè ìàêñèìóìàìè ïëîòíîñòè â 4.0–5.2 % (ðèñ. 4, 
A). Äèñïåðñèÿ ëèíåéíîñòè ñâÿçàíà ñ èçìåíåíèåì ïåð-
âîíà÷àëüíîãî çàëåãàíèÿ îáëîìêîâ â ðåçóëüòàòå îïîëçà-
íèÿ è ïåðåìåùåíèÿ ïî ëåäíèêîâîìó ñêëîíó. Âìåñòå ñ 
ýòèì, íà äèàãðàììå çàìåòíà ïàðà ìàêñèìóìîâ, ñîâïà-
äàþùàÿ ñ àçèìóòîì ïàäåíèÿ ïîëþñîâ ïëèò÷àòîñòè áà-
çàëüíîãî òèëëà (a-ëèíåéíîñòü), ÷òî ìîæåò ñâèäåòåëü-
ñòâîâàòü î ÷àñòè÷íîì ñîõðàíåíèè ïåðâè÷íîé ïðåî-
áëàäàþùåé îðèåíòèðîâêè îáëîìêîâ. Â ïîëüçó ýòîãî 
ãîâîðèò è ïðèñóòñòâèå ñëàáîâûðàæåííîãî íàïðàâëå-
íèÿ b-ëèíåéíîñòè, íà 95° îòëè÷àþùåãîñÿ îò íàïðàâ-
ëåíèÿ a-ëèíåéíîñòè. Ïðîñòðàíñòâåííàÿ îðèåíòèðîâêà 
b-ëèíåéíîñòè ìîæåò óêàçûâàòü íà ïîëîæåíèå ëåäíèêî-
âîãî êðàÿ ñîãëàñíî íàïðàâëåíèþ ïðîñòèðàíèÿ ãðÿäû âî 
âðåìÿ ôîðìèðîâàíèÿ àáëÿöèîííîãî òèëëà. 

Äèñòàëüíûé (âîñòî÷íûé) ñêëîí ãðÿäû íàäñòðàè-
âàåòñÿ ïëàùåîáðàçíûì ïîêðîâîì ôëþâèîãëÿöèàëü-
íûõ îòëîæåíèé. Îíè èçó÷åíû â îáíàæåíèè Ìîñååâî-2 
(66°34'47'' ñ. ø., 34°57'55'' â. ä.) è ïðåäñòàâëåíû ñëîÿìè 
ïåñ÷àíî-ãðàâèéíûõ ñìåñåé è ðàçíîçåðíèñòûõ ïåñêîâ, â 
îñíîâíîì õîðîøî ñîðòèðîâàííûõ. Â ðàçðåçå óñòàíîâëå-
íà êîñàÿ ñëîèñòîñòü, õàðàêòåðíàÿ äëÿ ôàöèè âîäíî-ëåä-

Ðèñ. 3. Ñòðîåíèå ãðÿäû ñ íàïîðíûì ìîðåííûì îñíîâàíèåì â îáíàæåíèè Ìîñååâî-3: À — ôîòîãðàôèÿ, B — çàðèñîâêà ðàçðåçà; 
C — âàëóíû íà çàïàäíîì ñêëîíå ãðÿäû; D — ïëèò÷àòàÿ òåêñòóðà áàçàëüíîãî òèëëà; E — ñêëàä÷àòûé òèëë â áîêîâîé ñòåíêå ðàç-
ðåçà; 1 — ãðàâèéíî-ãàëå÷íàÿ ñìåñü ñ âàëóíàìè; 2 — ïåñîê ðàçíîçåðíèñòûé; 3 — ïåñ÷àíî-ãðàâèéíàÿ ñìåñü; 4 — ïåñîê ãëèíè-
ñòûé; 5 — ïåñîê ãëèíèñòûé ñ ãàëüêîé è âàëóíàìè; 6 — îñûïü; 7 — ñëîèñòîñòü; 8 — íîìåðà ñëîåâ ðàçðåçà; öâåò íà çàðèñîâêå ðàç-
ðåçà ñîîòâåòñòâóåò ôàêòè÷åñêîìó öâåòó îòëîæåíèé

Fig. 3. Composition of the ridge with push moraine basement in the outcrop Moseevo-3: A — photo; B — section sketch; C — boulders 
on the west slope of the ridge; D — flaggy structure of lodgement till; E — folded till in the section sidewall; 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; color in the section sketch corresponds to real color of deposits
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íèêîâûõ äåëüò, ïåðåêðåñòíàÿ êîñàÿ ñëîèñòîñòü, õàðàê-
òåðíàÿ äëÿ ôàöèè êîíóñîâ âûíîñà, à òàêæå ëèíçîâèä-
íàÿ ñëîèñòîñòü çàíäðîâîé ôàöèè (ðèñ. 5). Èçìåðåíèÿ 
îðèåíòèðîâêè ïàäåíèÿ êîñûõ ñåðèé ñëîèñòîñòè è ëèíç 
îáíàðóæèâàþò ñìåíó íàïðàâëåíèÿ ñ ñåâåðî-âîñòî÷íîãî 
(ïî àçèìóòó 36°) â íèæíåé ÷àñòè ðàçðåçà íà þãî-âîñòî÷-
íîå è þæíîå (ïî àçèìóòàì 152–175°) â ñðåäíåé è âåð-
õíåé åãî ÷àñòÿõ.

Îáñóæäåíèå è âûâîäû
Ñïåöèôèêà ãåîëîãè÷åñêîãî ñòðîåíèÿ è ìîðôîëî-

ãè÷åñêîãî îáëèêà ãðÿäû ïîçâîëèëà ñäåëàòü âûâîäû î 
ìåõàíèçìå è ýòàïàõ åå ôîðìèðîâàíèÿ.

Çàëîæåíèå ýòîé ôîðìû íà÷àëîñü â ïîäëåäíûõ óñëî-
âèÿõ ïðè íàñòóïàíèè è àêòèâíîì âîçäåéñòâèè ëåäíèêî-
âîãî ïîêðîâà íà ïîðîäû ëîæà. Òåêñòóðíûé àíàëèç ïëèò-
÷àòîãî è ñêëàä÷àòîãî òèëëîâ â ÿäðå ãðÿäû óêàçûâàåò íà 
ïåðåìåùåíèå ëüäà, íàñûùåííîãî äåáðèñîì è âîâëå÷åí-
íûìè â äâèæåíèå ðûõëûìè îñàäêàìè, ñ þãî-çàïàäà íà 
ñåâåðî-âîñòîê, ò. å. ê ïåðèôåðèè Áåëîìîðñêîé ëåäíè-
êîâîé ëîïàñòè Ñêàíäèíàâñêîãî ëåäíèêà. Îñîáåííîñòè 
ñòðóêòóðû, öâåò, õîðîøàÿ îêàòàííîñòü è âûñîêàÿ íàñû-
ùåííîñòü ìàòåðèàëà ìåñòíûìè ïîðîäàìè (ïåñ÷àíèêè 
òåðñêîé ñâèòû) ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî ñêëàä÷à-
òûé òèëë ñîñòîèò â îñíîâíîì èç ìîðñêèõ îòëîæåíèé, 
êîòîðûå ñëàãàëè ëèòîðàëü Áåëîãî ìîðÿ âîñòî÷íåå ïî-
ëóîñòðîâà Òóðèé. Ïåðåíàñûùåííîñòü íèæíåé ÷àñòè 
ëåäíèêà äåáðèñîì è óêëîí ïîâåðõíîñòè ëåäíèêîâî-
ãî ëîæà ïðîòèâ íàïðàâëåíèÿ äâèæåíèÿ ïðèâåëè ê òî-
ìó, ÷òî ìàòåðèàë ñìèíàëñÿ â ñêëàäêè âîëî÷åíèÿ, êà÷å-
íèÿ, èëè îáðàçîâûâàëèñü ãëÿöèîíàäâèãè ìàëîé àìïëè-
òóäû (ðèñ. 6, ýòàï 1).

Îáðàçîâàâøàÿñÿ ñêëàäêà, ñëàãàþùàÿ ñåé÷àñ ÿäðî 
ãðÿäû, íåñêîëüêî óâåëè÷èëà ëîêàëüíûé óêëîí ëåäíèêî-
âîãî ëîæà, ÷òî ïðèâåëî ê àêêóìóëÿöèè òîëùè áàçàëüíî-
ãî òèëëà ñ õàðàêòåðíîé ïëèò÷àòîé òåêñòóðîé, óêàçûâà-
þùåé íà óñëîâèÿ âÿçêî-ïëàñòè÷íîãî òå÷åíèÿ ìîðåíî-
íàñûùåííîãî ëüäà [1]. Ôîðìèðîâàíèå è ñêëàä÷àòîãî, è 
áàçàëüíîãî òèëëîâ ïðîèñõîäèëî â õîäå åäèíîé è îäíîíà-
ïðàâëåííîé ïîäâèæêè ëåäíèêà, î ÷åì ñâèäåòåëüñòâóåò 
õàðàêòåð êîíòàêòà òèëëîâ ñ âêëþ÷åíèåì è çàòàñêèâàíè-
åì ìàòåðèàëà îäíîãî ñëîÿ â äðóãîé, à òàêæå îäèíàêîâîå 
íàïðàâëåíèå ïàäåíèÿ ïëèò÷àòîñòè è îñåâîé ïîâåðõíî-
ñòè ñêëàäêè. Óñòàíîâëåííîå ïðè ïîìîùè ñòðóêòóðíîãî 
àíàëèçà ñìåùåíèå ïëîñêîñòè b-ëèíåéíîñòè îòíîñèòåëü-
íî íàïðàâëåíèÿ íàãíåòàíèÿ ìîðåííîãî ìàòåðèàëà (ïëî-
ñêîñòè S1) íà 57°, à íå íà 90° ìîæåò îáúÿñíÿòüñÿ ðàçíîé 
ñêîðîñòüþ ïåðåìåùåíèÿ ëüäà. Îñåâàÿ ÷àñòü ëåäíèêîâîãî 

Ðèñ. 4. Ñòðóêòóðíûå äèàãðàììû: A — àçèìóòû ëèíåéíûõ ýëå-
ìåíòîâ àáëÿöèîííîãî òèëëà â ðàçðåçå Ìîñååâî-1; B — àçè-
ìóòû ïàäåíèÿ ïîëþñîâ ïëèò÷àòîñòè áàçàëüíîãî òèëëà â ðàç-
ðåçå Ìîñååâî-3; C — àçèìóòû ëèíåéíûõ ýëåìåíòîâ, òàì æå; 
D — îðèåíòèðîâêà îñåâîé ïëîñêîñòè ñêëàäêè â ñêëàä÷àòîì 
òèëëå ðàçðåçà Ìîñååâî-3; 1 — îñåâàÿ ïëîñêîñòü ñêëàäêè; 2 — 
ïîëþñà ïëîñêîñòåé ñëîèñòîñòè; 3 — íàïðàâëåíèå íàãíåòàíèÿ 
ìàòåðèàëà â ñêëàäêó

Fig. 4. Structural diagrams: A — azimuths of linear elements in 
ablation till, outcrop Moseevo-1; B — dip azimuths of flaggyness 
poles in lodgement till, outcrop Moseevo-3; C — azimuths of linear 
elements, in the same place; D — orientation of axial plane of the 
fold in folded till, outcrop Moseevo-3; 1 — axial plane of the fold; 
2 — poles of lamination planes; 3 — direction of material injection 
into the fold
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ðàâíèíû, ðàñïîëîæåííîé ê ñåâåðó îò ãðÿäû, ïðîèñõî-
äèëî ôîðìèðîâàíèå ìàëîìîùíîãî ïîêðîâà àáëÿöèîí-
íîãî òèëëà ïåðëþâèàëüíîé ôàöèè. Èìåâøèåñÿ â ëåä-
íèêå òðåùèíû ïî ïåðèôåðèè íàèáîëåå âûñîêèõ ïîä-
íÿòèé äî÷åòâåðòè÷íîãî ëîæà (ñ îòìåòêàìè ñâûøå 50 ì 
í.ó.ì.) çàïîëíÿëèñü àáëÿöèîííûì òèëëîì ñïëûâàíèÿ, 
÷òî ïðèâåëî ê ôîðìèðîâàíèþ öåïî÷åê íåáîëüøèõ ãðÿä. 

Áîëåå ðàííåå ÷àñòè÷íîå èñ÷åçíîâåíèå ìåðòâî-
ãî ëüäà íà âîñòîêå è ñåâåðî-âîñòîêå ðàéîíà èññëåäîâà-
íèÿ ïðèâåëî ê ôîðìèðîâàíèþ êîìïëåêñà ôëþâèîãëÿ-
öèàëüíûõ îòëîæåíèé íà äèñòàëüíîì ñêëîíå èçó÷àåìîé 
ãðÿäû. Ïîñòåïåííîå èçìåíåíèå àçèìóòîâ ïàäåíèÿ ñëî-
èñòîñòè âîäíî-ëåäíèêîâûõ îòëîæåíèé äåëüò è êîíó-
ñîâ âûíîñà ñ ñåâåðî-âîñòî÷íîãî íà þæíîå íàïðàâëåíèå 
(ðèñ. 5) îòðàæàåò ïðîöåññ ñòàèâàíèÿ ëüäîâ â êîòëîâèíå 
Áåëîãî ìîðÿ ñ ïîÿâëåíèåì íîâûõ óðîâíåé ñòîêà äëÿ òà-
ëûõ âîä (ðèñ. 6, ýòàï 5). 

Òàêèì îáðàçîì, èçó÷åíèå ãðÿäû ñ íàïîðíûì ìîðåí-
íûì îñíîâàíèåì ó ä. Ìîñååâî ïîçâîëèëî óòî÷íèòü îñî-
áåííîñòè ëåäíèêîâîãî ìîðôîãåíåçà íà þãå Êîëüñêîãî 
ïîëóîñòðîâà è âûÿñíèòü ìåõàíèçì ôîðìèðîâàíèÿ ëåä-
íèêîâîé òîëùè ýòîé òåððèòîðèè. Âûðàæåíèå â ñîâðå-
ìåííîì ðåëüåôå, íàëè÷èå â îñíîâàíèè ãëÿöèîñòðóêòóð 
ñêëàä÷àòîãî è áàçàëüíîãî òèëëîâ è øèðîêîå ðàçâèòèå 
îòëîæåíèé ñóïðàãëÿöèàëüíîãî êîìïëåêñà ñâèäåòåëüñò-
âóþò î ôîðìèðîâàíèè ãðÿäû â êðàåâîé çîíå ïîñëåäíåãî 
îëåäåíåíèÿ. Ýòà êðàåâàÿ çîíà ñâÿçàíà ñ äåÿòåëüíîñòüþ 
àêòèâíîãî Áåëîìîðñêîãî ïîòîêà ïîñëåäíåãî îëåäåíå-
íèÿ. Íàñûùåííûé äåáðèñîì ë¸ä ïðîäâèãàëñÿ ñ þãî-çà-
ïàäà íà ñåâåðî-âîñòîê. Íà äèíàìèêó ïîòîêà îêàçûâàëè 
âëèÿíèå íåðîâíîñòè åãî ëîæà â ïðåäåëàõ ïîëóîñòðîâà 
Òóðèé (äî 100–170 ì í.ó.ì.), ÷òî, â ñâîþ î÷åðåäü, ìî-
æåò ñâèäåòåëüñòâîâàòü â ïîëüçó îòíîñèòåëüíî íåáîëü-
øîé ìîùíîñòè àêòèâíîãî ëåäíèêà. Â êðàåâîé çîíå àê-
òèâíûé ëåäíèê ïîäâåðãàëñÿ ìíîãî÷èñëåííûì ðàçíî-
íàïðàâëåííûì íàïðÿæåíèÿì, ÷òî íàøëî îòðàæåíèå â 
ðàññåèâàíèè îðèåíòèðîâêè ëèíåéíûõ ýëåìåíòîâ áà-
çàëüíîãî òèëëà. Êðàé àêòèâíîãî ëåäíèêà èìåë ñëîæ-
íóþ êîíôèãóðàöèþ è ðàñïîëàãàëñÿ ñóáìåðèäèîíàëü-

ïîòîêà â íàèáîëåå ãëóáîêîé ÷àñòè Áåëîãî ìîðÿ äâèãàëàñü 
áûñòðåå, ÷òî ìîãëî ïðèâîäèòü ê âðàùåíèþ è ïåðåìåùå-
íèþ ãàëåê è âàëóíîâ îòíîñèòåëüíî ãëàâíîãî íàïðàâëå-
íèÿ ñêîëüæåíèÿ ìàòåðèàëà â çîíå àêêóìóëÿöèè. Â ýòî æå 
âðåìÿ ïðîèñõîäèëî ôîðìèðîâàíèå áàçàëüíîãî òèëëà, â 
ïîíèæåíèÿõ èëè íà îòíîñèòåëüíî ðîâíûõ ó÷àñòêàõ ëåä-
íèêîâîãî ëîæà ñëàãàþùåãî ìîðåííóþ ðàâíèíó, êîòîðàÿ 
ñ ñåâåðà ïðèëåãàåò ê ãðÿäå (ðèñ. 6, ýòàï 2). 

Âî âðåìÿ äåãëÿöèàöèè ïðè îìåðòâëåíèè è äåãðà-
äàöèè ëåäíèêîâîãî ïîêðîâà íåîäíîðîäíîñòè ëåäíè-
êîâîãî ëîæà ñïîñîáñòâîâàëè ôîðìèðîâàíèþ â ëåäíè-
êå òðåùèíîâàòûõ çîí. Îíè íàñëåäîâàëèñü ïîòîêàìè è 
íåáîëüøèìè îçåðàìè òàëûõ ëåäíèêîâûõ âîä íàä ëåäíè-
êîì è âíóòðè åãî. Çäåñü ïðîèñõîäèëî íàêîïëåíèå âîä-
íî-ëåäíèêîâûõ îòëîæåíèé, áëèçêèõ ê ôàöèè êàìîâ. 
Íàëè÷èå â ýòèõ àêêóìóëÿöèÿõ ãëèíèñòîãî ïåñêà ñ òîí-
êèìè ïðîñëîéêàìè àëåâðèòà óêàçûâàåò íà èõ ôîðìè-
ðîâàíèå â óñëîâèÿõ ïåðåìåííî-ïðîòî÷íîãî âîäî¸ìà. 
Ïàðàëëåëüíàÿ ñëîèñòîñòü â ðàçíîçåðíèñòûõ ïåñêàõ, çà-
ëåãàþùèõ âûøå, óêàçûâàåò íà ïîñëåäóþùåå íåçíà÷è-
òåëüíîå óñèëåíèå îòòîêà òàëûõ âîä (ðèñ. 6, ýòàï 3). 

Äàëüíåéøàÿ äåãðàäàöèÿ Áåëîìîðñêîé ëîïàñòè 
ëåäíèêà ïðèâåëà ê ôîðìèðîâàíèþ çíà÷èòåëüíûõ ìàññ 
àáëÿöèîííîãî òèëëà ïåðëþâèàëüíîé ôàöèè íà ïîâåð-
õíîñòè ìåðòâîãî ëüäà. Ýòîò ìàòåðèàë áûë â çíà÷èòåëü-
íîé ñòåïåíè îáâîäíåí è ìîã áûòü ïåðåìåùåí â çîíû 
òðåùèí â òåëå ëåäíèêà. Òàêèì îáðàçîì, áûëà ñôîðìè-
ðîâàíà ïîêðûøêà ãðÿäû èç àáëÿöèîííîãî òèëëà, êîòî-
ðûé ìîæíî îòíåñòè ê ôàöèè òèëëîâ ñïëûâàíèÿ (ðèñ. 
6, ýòàï 4). Ýòè ãðóáîîáëîìî÷íûå îòëîæåíèÿ áåç ñëåäîâ 
ñîðòèðîâêè â âîäíîé ñðåäå ôîðìèðîâàëèñü â ïîíèæå-
íèè ëåäíèêîâîãî ùèòà â ïåðèîä àêòèâíîãî åãî òàÿíèÿ è 
â óñëîâèÿõ îòòîêà òàëûõ ëåäíèêîâûõ âîä èç çîíû àêêó-
ìóëÿöèè. Â ïîëüçó ïðèíàäëåæíîñòè àáëÿöèîííûõ òèë-
ëîâ, ñëàãàþùèõ ãðÿäó ñ ïîâåðõíîñòè, ê ôàöèè ñïëû-
âàíèÿ ìîãóò ñâèäåòåëüñòâîâàòü ïðèçíàêè ñëîèñòîñòè 
â íèæíåé ÷àñòè ðàçðåçà Ìîñååâî-1, à òàêæå çàëåãàíèå 
òèëëà íà âîäíî-ëåäíèêîâûõ îñàäêàõ ôàöèè êàìîâ [7]. 

Â ýòî æå âðåìÿ â ïðåäåëàõ ñîâðåìåííîé ìîðåííîé 

Ðèñ. 5. Ôëþâèîãëÿöèàëüíûå îòëîæåíèÿ â îáíàæåíèè Ìîñååâî-2: 1 — ïåñîê ìåëêîçåðíèñòûé ñ ãðàâèåì; 2 — ïåðåñëàèâàíèå 
ïåñêà ðàçíîçåðíèñòîãî ñ ãðàâèåì, ãàëüêîé è ãðàâèéíî-ãàëå÷íîé ñìåñè ñ âàëóíàìè; 3 — ïåñ÷àíî-ãðàâèéíàÿ ñìåñü ñ âàëóíàìè; 
4 — ïåñîê ìåëêîçåðíèñòûé ãëèíèñòûé; 5 — ïåñ÷àíî-ãðàâèéíàÿ ñìåñü ïëîõî ñîðòèðîâàííàÿ; 6 — âàëóííî-ãàëå÷íûé ìàòåðèàë; 
7 — ïåñîê ìåëêîçåðíèñòûé ñ êîñîé ñëîèñòîñòüþ; 8 — âàëóíû; 9 — íåâñêðûòàÿ ÷àñòü êàðüåðà; 10 — àçèìóò è óãîë ïàäåíèÿ ñëî-
èñòîñòè

Fig. 5. Fluvioglacial deposits in the open-pit Moseevo-2: 1 — fine-grained sand with gravel; 2 — alternation of fine-grained sand with 
gravel, pebbles and gravel-pebble mix with boulders; 3 — sand-gravel mix with boulders; 4 — clayey fine-grained sand; 5 — poorly sorted 
sand-gravel mix; 6 — boulder-pebble material; 7 — cross-laminated fine-grained sand; 8 — boulders; 9 — colluvium; 10 — azimuth and 
dip angle of lamination
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íî ñåâåðî-âîñòî÷íåå ðàéîíà èññëåäîâàíèÿ. Â ïðåäåëàõ 
êîòëîâèíû Áåëîãî ìîðÿ ïîëîæåíèå êðàåâîé çîíû ìî-
æåò áûòü óñòàíîâëåíî â 50–60 êì ê þãî-âîñòîêó îò ðàé-
îíà èññëåäîâàíèÿ. Çäåñü ê êðàåâûì îáðàçîâàíèÿì ìî-
ãóò áûòü îòíåñåíû ïîäâîäíûå ãðÿäû, âûÿâëåííûå ñ ïî-
ìîùüþ ñåéñìîàêóñòè÷åñêîãî ïðîôèëèðîâàíèÿ, ïðîâå-
äåííîãî â ñâÿçè ñ ãåîëîãè÷åñêîé ñúåìêîé [2]. Â òî æå 
âðåìÿ íàëè÷èå ïîëîæèòåëüíûõ ôîðì ðåëüåôà, ïîñòðî-
åííûõ ëåäíèêîâûìè îáðàçîâàíèÿìè, îòìå÷àåòñÿ íà äíå 
êîòëîâèíû Áåëîãî ìîðÿ è ê þãó îò ãðÿäû, ðàñïîëîæåí-
íîé ó ä. Ìîñååâî [2]. Øèðîêîå ðàçâèòèå ñóïðàãëÿöè-
àëüíûõ îòëîæåíèé è ôîðì ðåëüåôà ñâèäåòåëüñòâóåò îá 
àðåàëüíîé äåãëÿöèàöèè ðàéîíà èññëåäîâàíèÿ. 

Ïîëó÷åííûå ðåçóëüòàòû äåòàëèçèðóþò îñîáåí-
íîñòè ñòðîåíèÿ êðàåâûõ îáðàçîâàíèé çàïàäíîé ÷àñòè 
Òåðñêèõ Êåéâ íà èõ ñòûêå ñ ñóáìåðèäèîíàëüíûì êîì-
ïëåêñîì êðàåâûõ îáðàçîâàíèé. Îíè áóäóò èñïîëüçîâà-
íû â äàëüíåéøèõ ðàáîòàõ ïî óñòàíîâëåíèþ îñîáåííî-
ñòåé ëåäíèêîâîãî ìîðôîãåíåçà è îñîáåííîñòåé äèíà-
ìèêè Áåëîìîðñêîé ëîïàñòè ïîñëåäíåãî ëåäíèêîâîãî 
ïîêðîâà íà þæíîì áåðåãó Êîëüñêîãî ïîëóîñòðîâà. 

Àâòîðû âûðàæàþò áëàãîäàðíîñòü Î. Ï. Êîðñàê îâîé, 

Ðèñ. 6. Ýòàïû ôîðìèðîâàíèÿ ãðÿäû ñ íàïîðíûì ìîðåííûì îñíîâàíèåì ó ä. Ìîñååâî: 1 — ïîäâèæíûé ë¸ä; 2 — ìîðåíîíàñû-
ùåííûé ë¸ä; 3 — ì¸ðòâûé ë¸ä; 4 — ïîäëåäíèêîâûé ñóáñòðàò; 5 — áàçàëüíûé òèëë; 6 — àáëÿöèîííûé òèëë; 7 — ïîòîêè òèëëîâ 
ñïîëçàíèÿ (ôëîó-òèëëû); 8 — ôëþâèîãëÿöèàëüíûå îòëîæåíèÿ; 9 — ñêëàä÷àòûé òèëë; 10 — òðåùèíû âî ëüäó; 11 — íàïðàâëå-
íèå äâèæåíèÿ ëüäà; 12 — íàïðàâëåíèå ñòîêà òàëûõ ëåäíèêîâûõ âîä; 13 — çîíà ýêçàðàöèè ëåäíèêîâîãî ëîæà; 14 –ïåðåìåùåíèå 
ìàòåðèàëà íà ãðàíèöå «ë¸ä—ëîæå» (à) è ïî òðåùèíàì â òåëå ëåäíèêà (á); 15 — ïåðëþâèàëüíûé àáëÿöèîííûé òèëë íà ïîâåðõíî-
ñòè ëåäíèêà; 16 — íàäëåäíèêîâûé âîäî¸ì

Fig. 6. Forming stages of the ridge with push moraine basement at the Moseevo Village: 1 — active ice; 2 — debris-saturated ice; 3 — dead 
ice; 4 — subglacial substratum; 5 — lodgement till; 6 — ablation till; 7 — flow-till; 8 — fluvioglacial deposits; 9 — folded till; 10 — ice 
cracks; 11 — ice flow directions; 12 — direction of melted-glacial water flow; 13 — areas of glacial erosion; 14 — displacement of the debris 
at the «ice — bed» boundary (a) and up the cracks in glacier (b); 15 — supergacial ablation till; 16 — superglacial lake

Â. Â. Êîëüêà è Ñ. Â. Ìóäðóêó çà ïîìîùü ïðè ïîäãîòîâêå 
ñòàòüè, à òàêæå Ä. Ñ. Òîëñòîáðîâó è Â. Ë. Èëü÷åíêî çà 
àêòèâíîå ó÷àñòèå â ïîëåâûõ ðàáîòàõ.
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Ìåñòîðîæäåíèÿ àãàòîâ ðàñïðîñòðàíåíû íà âñåõ 
êîíòèíåíòàõ, íî ïðîöåññû, ñâÿçàííûå ñ ôîðìèðîâàíè-
åì ýòèõ îáðàçîâàíèé, äî êîíöà íå ÿñíû. Â Ðîññèè èìå-
åòñÿ áîëåå ñîòíè àãàòîïðîÿâëåíèé è êðóïíûõ ìåñòî-
ðîæäåíèé îò Êàëèíèíãðàäñêîé îáëàñòè äî Êàì÷àòêè. 
Òåððèòîðèÿ Êåìåðîâñêîé îáëàñòè òàêæå íå îáäåëå-
íà ïðîÿâëåíèÿìè ýòîãî âèäà ñûðüÿ. Íåñìîòðÿ íà õîðî-
øóþ ãåîëîãè÷åñêóþ èçó÷åííîñòü Êóçíåöêîãî óãîëüíîãî 
áàññåéíà (Êóçáàññà), èññëåäîâàíèå äàííûõ ïðîÿâëåíèé 
âñåãäà ñòîÿëî íà âòîðîì ìåñòå. Âñ¸ âíèìàíèå ãåîëîãîâ 
íà ïðîòÿæåíèè âñåãî äëèòåëüíîãî èçó÷åíèÿ Êóçáàññà 
áûëî ïðèêîâàíî â îñíîâíîì ê êàìåííîìó óãëþ, à íà 
ïðîÿâëåíèÿ êâàðö-õàëöåäîíîâîãî ñûðüÿ îáðàùàëè 
âíèìàíèå ðåäêî è  íåöåëåíàïðàâëåííî. Ê ñîæàëåíèþ, 
ïðîÿâëåíèÿ íà òåððèòîðèè îáëàñòè ñëóæàò èñòî÷íèêîì 
ñòèõèéíîãî èçâëå÷åíèÿ ïîäåëî÷íûõ êàìíåé â ÷àñòíîì 
ïîðÿäêå. Ñëåäîâàòåëüíî, èìåþòñÿ ëèøü ïîâåðõíîñò-
íûå ñâåäåíèÿ îá èõ ìèíåðàëîãèè, ïåòðîãðàôèè, ãåîõè-
ìèè è äàæå ðàñïðîñòðàíåíèè. Ìû ñ÷èòàåì, ÷òî äàííûé 
âèä ñûðüÿ íóæíî áðàòü âî âíèìàíèå íå òîëüêî ñ öåëüþ 
ïðàêòè÷åñêîãî èñïîëüçîâàíèÿ. Ïðîöåññ àãàòîîáðàçîâà-
íèÿ äî êîíöà íå èçó÷åí, íå èìååòñÿ è åäèíîé êëàññè-
ôèêàöèè äëÿ àãàòîâ è îíèêñîâ. Ïðîáëåìà îáðàçîâàíèÿ 
â ïðèðîäå ýòèõ ïîäåëî÷íûõ êàìíåé çàíèìàåò óìû ìíî-

ãèõ ó÷åíûõ âñåãî ìèðà, íî äî ñèõ ïîð íèêòî åùå â ïîë-
íîé ìåðå íå ðàñêðûë äàííûå ïðîöåññû.

Öåëüþ ðàáîòû ÿâëÿåòñÿ âûÿâëåíèå ãåîõèìè÷åñêèõ 
õàðàêòåðèñòèê çîíàëüíîñòè àãàòîâûõ ìèíäàëèí ïðîÿâ-
ëåíèé Êóçáàññà. Âàæíî ïðîñëåäèòü, êàê ìåíÿåòñÿ ñî-
äåðæàíèå ýëåìåíòîâ-ïðèìåñåé ïî çîíàì â êàæäîì èç 
èññëåäóåìûõ îáðàçöîâ, îòìåòèòü ñóùåñòâåííûå âàðèà-
öèè êîíöåíòðàöèé îòäåëüíûõ ýëåìåíòîâ; ñ ó÷¸òîì âû-
ÿâëåííûõ îñîáåííîñòåé ñðàâíèòü îáðàçöû ðàçíûõ ïðî-
ÿâëåíèé Êóçáàññà. Ïîïûòêè îñìûñëåíèÿ è àíàëèçà 
ïîëó÷åííûõ äàííûõ ìîãóò äàòü âàæíóþ èíôîðìàöèþ 
îòíîñèòåëüíî ãåíåòè÷åñêèõ àñïåêòîâ ïðîöåññà ôîðìè-
ðîâàíèÿ àãàòîâ.  

Îáúåêò èññëåäîâàíèÿ
Âóëêàíèòû Êóçáàññà, âìåùàþùèå àãàòîâóþ ìè-

íåðàëèçàöèþ, âõîäÿò â ïðåäåëû Àëòàå-Ñàÿíñêîé êàì-
íåñàìîöâåòíîé îáëàñòè (ÀÑÊÎ). Êóçíåöêàÿ çîíà, âõî-
äÿùàÿ â ÀÑÊÎ, ðàññìàòðèâàåòñÿ â ãåììîëîãè÷åñêîì 
ïëàíå êàê ïëîùàäü ñ íåîïðåäåëåííûìè ïåðñïåêòèâà-
ìè ïî îãðàíî÷íîìó ñûðüþ, õîòÿ îáëàäàåò ðåñóðñàìè òà-
êèõ þâåëèðíî-ïîäåëî÷íûõ êàìíåé, êàê àãàòû è îíèêñû 
(ðèñ. 1). Êàìåííûé ìàòåðèàë áûë îòîáðàí íàìè ñî ñëå-
äóþùèõ ïðîÿâëåíèé:

ÓÄÊ 550. 423
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ÊÓÇÁÀÑÑÊÎÃÎ ÌÀÃÌÀÒÈ×ÅÑÊÎÃÎ ÀÐÅÀËÀ
Å. Â. Çâÿãèíöåâà

ÌÀÓÊ «Íîâîêóçíåöêèé êðàåâåä÷åñêèé ìóçåé», Íîâîêóçíåöê
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Àãàòû – óíèêàëüíûå ãèäðîòåðìàëüíûå îáðàçîâàíèÿ, ãåíåçèñ êîòîðûõ äî êîíöà íå èçó÷åí. Ñ öåëüþ óòî÷íåíèÿ óñëîâèé îáðàçî-
âàíèÿ ðàññìîòðåíû ãåîõèìè÷åñêèå îñîáåííîñòè àãàòîâûõ ïðîÿâëåíèé Êóçáàññà (ó÷àñòêè Ñàëòûìàêîâñêîãî õðåáòà, ä. Êëþ÷è è ó÷à-
ñòîê «Òåðñþê») ñ èñïîëüçîâàíèåì ìåòîäà ISP-MS. Ïðèâîäÿòñÿ íîâûå äàííûå î ñîäåðæàíèè ðåäêèõ è ðåäêîçåìåëüíûõ ýëåìåíòîâ. 
Ïî ãåîõèìè÷åñêèì îñîáåííîñòÿì ñðåäè èññëåäóåìûõ îáðàçöîâ âûäåëåíî äâà òèïà: òåðñþêñêèé è ñàëòûìàêîâñêèé (âêëþ÷àÿ ïðî-
ÿâëåíèå ó ä. Êëþ÷è). Âòîðîé òèï îòëè÷àåòñÿ áîëåå âûñîêèìè êîíöåíòðàöèÿìè Cr, Ni, Cu, V, Co. Çíà÷åíèÿ Eu-àíîìàëèé ìåíÿþòñÿ îò 
0.3 (ä. Êëþ÷è) äî 9.3 (Òåðñþê). Âñòðå÷àþùååñÿ èíîãäà ïîñëîéíîå ÷åðåäîâàíèå Eu-ìàêñèìóìà è Eu-ìèíèìóìà ãîâîðèò îá èçìåí÷è-
âîñòè îêèñëèòåëüíî-âîññòàíîâèòåëüíîãî ïîòåíöèàëà è î ñòàäèéíîñòè ïðîöåññà. Äëÿ îáðàçöîâ ó÷àñòêà «Òåðñþê» îòìå÷åíî âûñîêîå 
ñîäåðæàíèå U îòíîñèòåëüíî Th, ÷òî óêàçûâàåò íà íàêîïëåíèå U âî ôëþèäíûõ âêëþ÷åíèÿõ è íà ïîâåðõíîñòè ìèíåðàëîâ. Âî âòîðîì 
òèïå ïðåîáëàäàåò Th. Íàëè÷èå äâóõ ãåîõèìè÷åñêèõ òèïîâ ìîæåò áûòü ñâÿçàíî ñ ðàçíûìè ýòàïàìè, ãåíåðàöèÿìè, ñ ðàçëè÷íîé íàñû-
ùåííîñòüþ ôëþèäîâ, ôîðìèðóþùèõ ìèêðîïðèìåñíûé ñîñòàâ àãàòîâ.

Êëþ÷åâûå ñëîâà: àãàò, õàëöåäîí, ÐÇÝ, Êóçáàññ, ICP-MS, ðåíòãåíîñòðóêòóðíûé àíàëèç.

GEOCHEMICAL CHARACTERISTICS OF QUARTZ-CHALCEDONY FORMATIONS

OF KUZBASS MAGMATIC AREA
E. V. Zvyaginceva

Novokuznetsk Local History Museum

Agates are unique hydrothermal formations, their genesis is not clear. To clarify the formation conditions we studied geochemical 
features of agate occurrences of Kuzbass (Saltykovsky ridge, v. Kliuchi and Tersiuk area) using ISP-MS. We present new data on the content 
of rare earth elements. Two types are geochemically distinguished 1) Tersyukskij and 2) Saltykovskij (including deposits in v. Kliuchi ). The 
second type is notable for higher concentrations of Cr, Ni, Cu, V, Co. The values of Eu anomalies vary from 0.3 (v. Kliuchi) to 9.3 (area 
Tersiuk). Occurring sometimes layer-by-layer alternation of Eu maxima minima testifies to the variability of the redox potential and the stages 
of the process. In the samples from Tersiuk area we observed high content of U relative to Th, which indicates U transport and accumulation 
by fluids. The second type is dominated by Th. The presence of two geochemical types can be associated different stages, generations, with 
different saturation fluids forming micro-trace the content of the agate.

Keywords: agate, chalcedony, REE, Kuzbass, ICP-MS, laser ablation, x-ray analysis.
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— ó ä. Êëþ÷è (Êðàïèâèíñêèé ðàéîí). Ïðîÿâëåíèå 
ðîññûïíîãî òèïà, ïðèóðî÷åíî ê ëåâîáåðåæüþ ð. Ìóíãàò, 
ëîêàëèçîâàíî â ÷åòâåðòè÷íûõ îòëîæåíèÿõ ïîãðåá¸ííîé 
òåððàñû (îáðàçåö 7); 

— ó÷àñòêà «Òåðñþê» (Íîâîêóçíåöêèé ðàéîí), ãäå 
ìèíäàëåêàìåííûå áàçàëüòû ñ àãàòîâîé ìèíåðàëèçà-
öèåé âñêðûòû â ïðàâîì áîðòó ðåêè Òåðñþê (îáðàçöû 22 
è 25); 

— Ñàëòûìàêîâñêîãî õðåáòà (Êðàïèâèíñêèé ðàé-
îí), ãäå ìèíäàëåêàìåííûå áàçàëüòû ñ àãàòîâîé ìèíå-
ðàëèçàöèåé âñêðûòû â ïðàâîì áîðòó ðåêè Òîìü (îáðà-
çåö 49).

Ðàíåå êâàðö-õàëöåäîíîâûå îáðàçîâàíèÿ Êóçáàññà 
áûëè ðàçäåëåíû íàìè ïî ñòðóêòóðíî-òåêñòóðíîìó ïðè-
çíàêó [2] íà òðè òèïà (òàáë. 1):

1) ñ êîíöåíòðè÷åñêè-çîíàëüíûì ñòðîåíèåì ìèí-
äàëèíû (àãàòîâûé òèï); 

2) ñ ïëîñêîïàðàëëåëüíîé ñëîèñòîé çîíàëüíîñòüþ 
(îíèêñîâûé òèï);

3) ñ êîìáèíèðîâàííîé «àãàò-îíèêñîâîé» çîíàëü-
íîñòüþ.

Â êàæäîì èç ðàññìîòðåííûõ ïðîÿâëåíèé êâàðö-
õàëöåäîíîâûå îáðàçîâàíèÿ èìåþò âñå òèïû çîíàëü-
íîñòè. Îäíàêî àãàòàì Ñàëòûìàêîâñêîãî õðåáòà íàè-
áîëåå ïðèñóù îíèêñîâûé òèï ðèñóíêà, äëÿ îñòàëüíûõ 
äâóõ ïðîÿâëåíèé õàðàêòåðíî êîìáèíèðîâàííîå è êîí-

öåíòðè÷åñêè-çîíàëüíîå ñòðîåíèå ìèíäàëèí íàðÿäó ñ 
îíèêñîâûì òèïîì. Íî â îáùåé ìàññå äîëÿ îáðàçöîâ ñ 
ïëîñêîïàðàëëåëüíûì ðèñóíêîì ïðåîáëàäàåò. Ïî íàøå-
ìó ìíåíèþ, ýòî ÿâëÿåòñÿ îñîáåííîñòüþ êâàðö-õàëöåäî-
íîâûõ îáðàçîâàíèé Êóçáàññêîãî ìàãìàòè÷åñêîãî àðåà-
ëà. Âîïðîñ î òèïàõ çîíàëüíîñòè î÷åíü ñëîæåí. Íà ýòîò 
ñ÷¸ò ó èññëåäîâàòåëåé íåò åäèíîãî ìíåíèÿ. Â ëþáîì 
ñëó÷àå ïðè÷èíàìè ðàçëè÷íûõ òåêñòóð çîíàëüíîñòè ìî-
ãóò âûñòóïàòü òàêèå ïàðàìåòðû, êàê õèìè÷åñêèé ïîòåí-
öèàë ñðåäû êðèñòàëëèçàöèè, ñêîðîñòü êðèñòàëëèçàöèè, 
õîä èçìåíåíèÿ òåìïåðàòóðû è äàâëåíèÿ, êîíöåíòðàöèÿ 
ìèíåðàëîîáðàçóþùèõ âåùåñòâ [4].

Ìåòîäèêà èññëåäîâàíèÿ,
àïïàðàòóðà, ïðîáîïîäãîòîâêà
Èñïîëüçóåìûå â ðàáîòå ìåòîäû: ICP-MS è ðåí-

òãåíîñòðóêòóðíûé. Äëÿ ïîëó÷åíèÿ ðåíòãåíîãðàìì èç-
ìåðåíèÿ ïðîâîäèëèñü íà äèôðàêòîìåòðå Õ*Pert PRO. 
Ýêñïåðèìåíò âûïîëíÿëñÿ ïðè íîðìàëüíûõ óñëîâè-
ÿõ ïî ãåîìåòðèè Áðýããà — Áðåíòàíî ñ èñïîëüçîâàíè-
åì CuK-èçëó÷åíèÿ. Íàïðÿæåíèå íà òðóáêå 40 êV, òîê 
30 mÀ (àíàëèòèê – Ò. Ñ. Íåáåðà). Îïðåäåëåíèå ìè-
êðîýëåìåíòíîãî ñîñòàâà ïðîâîäèëîñü íà êâàäðóïîëü-
íîì ICP-MS-ñïåêòðîìåòðå Agilent 7500 cx, ïîçâîëÿþ-
ùåì îïðåäåëÿòü êîíöåíòðàöèè ðàññåÿííûõ ýëåìåíòîâ 
îò Li äî U âêëþ÷èòåëüíî (àíàëèòèê — Å. Ñ. Ðàáöåâè÷). 

Ðèñ. 1. Ëîêàëèçàöèÿ êâàðö-õàëöå-
äîíîâûõ ïðîÿâëåíèé Êóçáàññà
Fig. 1. Localization of quartz-
chalcedony formations of Kuzbass
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Äëÿ äåòàëüíîãî èññëåäîâàíèÿ äàííûìè ïðåöèçèîííû-
ìè ìåòîäàìè áûëî îòîáðàíî ñ êàæäîãî ïðîÿâëåíèÿ ïî 
1–2 îáðàçöà, êîòîðûå áûëè ðàñïèëåíû ïî ñëîÿì (âñåãî 
25 ïðîá (ðèñ. 1). Ðàñïèëîâêà ïðîèçâîäèëàñü ñ ïîìîùüþ 
âûñîêîêà÷åñòâåííûõ àëìàçíûõ äèñêîâ ñ èñïîëüçîâà-
íèåì íåïðåðûâíîé ïîäà÷è íà äèñê âîäû. Äëÿ âñåõ àíà-
ëèçîâ èñïîëüçîâàëèñü ïîðîøêîâûå ïðîáû, èñò¸ðòûå äî 
ñîñòîÿíèÿ ïóäðû â êîðóíäîâîé ñòóïêå. 

Íà ðèñóíêå 2 ïîêàçàíû îïðîáîâàííûå ñëîè, êàæ-
äûé èç êîòîðûõ îáîçíà÷åí ñîîòâåòñòâóþùåé öèôðîé. 
Äàëåå ïî òåêñòó îáîçíà÷åíèå ñëîÿ áóäåò ñîñòîÿòü èç íî-
ìåðà îáðàçöà è íîìåðà ñëîÿ (íàïðèìåð: 7-1, 7-2, 25-1, 
25-2 è ò. ä.)

Ïîëó÷åííûå ðåçóëüòàòû
è îáñóæäåíèå
Ïî äàííûì ðåíòãåíîâñêîé äèôðàêöèè â îòîðî÷-

êàõ àãàòîâûõ ìèíäàëèí íàðÿäó ñ êâàðöåì ïðèñóòñòâóåò 
êðèñòîáàëèò (25-1) èëè êðèñòîáàëèò ñ öåîëèòîì (22-1). 
Âíóòðåííèå ñëîè âñåõ îáðàçöîâ àãàòà è îíèêñà ñëîæå-
íû êðèñòàëëîçåðíèñòûì êâàðöåì è õàëöåäîíîì. ×åòêî 
ðàçäåëèòü ðàçíîâèäíîñòè êðåìíåçåìà êàæäîãî èçó÷åí-

íîãî ñëîÿ (çîíû) ïîêà çàòðóäíèòåëüíî, çäåñü ìû ìî-
æåì ãîâîðèòü î ïðåèìóùåñòâåííîì íàõîæäåíèè òîãî 
èëè èíîãî ìèíåðàëà. Ïîñêîëüêó öåëüþ ðàáîòû ÿâëÿåò-
ñÿ ïîñëîéíîå ãåîõèìè÷åñêîå èññëåäîâàíèå êâàðö-õàë-
öåäîíîâûõ îáðàçîâàíèé, ìû â äàííîé ðàáîòå íå îñòà-
íàâëèâàåìñÿ áîëåå ïîäðîáíî íà ìèíåðàëüíîì ñîñòàâå. 
Îòìåòèì òîëüêî, ÷òî äëÿ äèàãíîñòèêè êðåìíåç¸ìà áû-
ëà ïðèìåíåíà ìåòîäèêà [1], èñïîëüçóþùàÿ ðàçëè÷èÿ â 
ñîîòíîøåíèÿõ èíòåíñèâíîñòåé ðåôëåêñîâ 110 (2.45 Å), 
102 (2.27 Å) è 111 (2.22 Å) íà äèôðàêòîãðàììàõ êâàðöà 
è õàëöåäîíà. 

Â äàííîé ðàáîòå ïðèâîäÿòñÿ íîâûå äàííûå î ñî-
äåðæàíèè ðåäêèõ è ðåäêîçåìåëüíûõ ýëåìåíòîâ â êâàðö-
õàëöåäîíîâûõ îáðàçîâàíèÿõ ïðîÿâëåíèé Êóçáàññêîãî 
ìàãìàòè÷åñêîãî àðåàëà (ðèñ. 3). Â ãåîëîãè÷åñêîì îò÷å-
òå À. È. Þðüåâà çà 1992 ãîä [3] ïðèâåäåíû ðåçóëüòàòû 
ñïåêòðàëüíîãî àíàëèçà äëÿ îáðàçöîâ ó÷àñòêà «Òåðñþê». 
Ýòè äàííûå îòíîñèòåëüíî íàøèõ çíà÷åíèé çàâûøåíû â 
íåñêîëüêî ðàç (òàáë. 2), çà èñêëþ÷åíèåì êîíöåíòðàöèè 
Ga. Áëèçêèå ê íàøèì äàííûì çíà÷åíèÿ íàáëþäàþòñÿ 
ëèøü äëÿ Zn. Ïðèâåäåííûå çíà÷åíèÿ â îò÷åòå òðèäöà-
òèëåòíåé äàâíîñòè, âåðîÿòíî, íå êîððåêòíî ñîïîñòàâ-

Ðèñ. 2. Èññëåäóåìûå îáðàçöû, ðàñïèëåííûå ïî çîíàì (ñëîÿì)
Fig. 2. Test samples, cut by zones (layers)

1 òèï
Àãàòîâîå

(êîíöåíòðè÷åñêè-çîíàëüíîå) 
ñòðîåíèå ìèíäàëèíû

3 òèï
Îíèêñîâîå

(ïëîñêî-ïàðàëëåëüíîå)
ñòðîåíèå ìèíäàëèíû 

2 òèï
Êîìáèíèðîâàííûé òèï

(â îäíîé ìèíäàëèíå îíèêñîâàÿ
è àãàòîâàÿ çîíàëüíîñòè) 

Òàáëèöà 1. Ñòðóêòóðíî-òåêñòóðíûå òèïû êâàðö-õàëöåäîíîâûõ îáðàçîâàíèé Êóçáàññà
Table 1. Structural-textural types of quartz-chalcedony formations of Kuzbass
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ëÿòü ñ ñîâðåìåííûìè äàííûìè. Òåì áîëåå ÷òî â îò÷å-
òå À. È. Þðüåâà íå îïèñàíà ïðîáîïîäãîòîâêà, à èìåííî 
íå ÿñåí ãëàâíûé ìîìåíò – èç êàêèõ ó÷àñòêîâ áûë âçÿò 
ìàòåðèàë äëÿ àíàëèçîâ. Ïîýòîìó íåïîíÿòíî, ïî êàêèì 
ïðè÷èíàì ñîäåðæàíèå ìíîãèõ ýëåìåíòîâ èìååò òàêèå 
âûñîêèå ïîêàçàòåëè îòíîñèòåëüíî ïðèâåäåííûõ íàìè. 

Ïðîÿâëåíèå ó÷àñòêà «Òåðñþê»
(îáðàçöû 22 è 25).
Â ìèíäàëèíå 22 ñ ïëîñêîïàðàëëåëüíîé çîíàëüíî-

ñòüþ îòìå÷åíî ïîâûøåííîå ñîäåðæàíèå (10–100 ppm) 
Ti, Mn, Zn, Sr è Ba; â êîíöåíòðàöèè 1–10 ppm ïðèñóò-

ñòâóþò Be, Cr, Ni, Cu, Ga è Rb; ñîäåðæàíèÿ Sc, V, Co, 
Y, Zr, Nb, Cs, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Er, Yb, Hf, Pb, 
U è Sn îïðåäåëåíû â ïðåäåëàõ 0.01–1 ppm; Ge, Tb, Ho, 
Tm, Lu, La, Ta, W, Th — ìåíüøå 0.01 ppm. 

Â ìèíäàëèíå 25 ñ çîíàëüíîñòüþ àãàòîâîãî òèïà 
îïðåäåëåíû ñëåäóþùèå êîíöåíòðàöèè ýëåìåíòîâ: Ti, 
Mn, Zn, Sr è Ba — 10–100 ppm; Cr, Ni, Cu, Ga; Zr, Rb, 
Pb — 1–10 ppm; Be, Sc, V, Co, Y, Nb, Sn, Ge, U, La, Ce, 
Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf è Cs — 0.01–1 ppm; Eu, 
Tb, Ho, Tm, Lu, Ta, W, Th — ìåíüøå 0.01 ppm. 

Âèäíî, ÷òî êâàðö-õàëöåäîíîâûå îáðàçîâàíèÿ ó÷àñò-
êà «Òåðñþê» ñ àãàòîâîé è îíèêñîâîé çîíàëüíîñòüþ ìèí-

Ðèñ. 3. Äèàãðàììû ðàñïðåäåëåíèÿ ýëåìåíòîâ-ïðèìåñåé (ppm) â êâàðö-õàëöåäîíîâûõ ïðîÿâëåíèÿõ ó÷àñòêà «Òåðñþê» (Êóçáàññ)
Fig. 3. Diagrams of distribution of trace elements (ppm) in the quartz-chalcedony formations of Tersiuk (Kuzbass)

*Äàííûå äëÿ îáðàçöîâ Ñàëòûìàêîâñêîãî õðåáòà íàìè íå áûëè îáíàðóæåíû.
*Data for samples from Saltymakovsky ridge are not determined.

Äàííûå À. È. 
Þðüåâà [3]

Äàííûå àâòîðà (íà ïðèìåðå îáðàçöà ¹22)

 Ýëåìåíò Â ððm 22 22–1 22–2 22–3 22–6 22–7 22–9 22–10 22–11 22–12
Sc 30 0.81 0.36 0.16 0.19 0.12 0.04 0.03 0.14 0.44 0.18
Pb 20 1.09 2.39 0.9 0.95 0.72 0.28 0.51 0.86 0.55 2.89
Cu 50 2.25 2.86 1.15 1.97 0.91 0.6 0.38 0.62 3.77 1.04
Zn 300 7.78 83.1 44.5 12.8 18.8 58 5.5 9.04 6.66 25.8
Mo 7 – – – – – – – – – –
Be 40 0.81 0.96 0.78 1.1 1.5 1.23 2.11 2.2 1.8 2
Zr 500 19 0.84 0.33 0.53 1.04 0.55 0.87 0.7 1.38 1.5
Ga 7 0.56 2.63 1.74 1.45 1.87 1.13 2.41 2.31 1.9 2.01
Y 20 0.32 0.42 0.2 0.2 0.5 0.46 0.65 0.57 0.47 0.48

Yb 3 0.07 0.06 0.03 0.04 0.1 0.04 0.11 0.13 0.09 0.12
Sr 400 135 11.6 7.5 11.5 11.9 9.5 9.6 16 20 15.5
Ba 2000 462 55.5 21.5 31.3 52.5 42 43.2 74.3 59.6 69.7
As 70 – – – – – – – – – –
Ð 3000 – – – – – – – – – –
Li 50 – – – – – – – – – –

Cd, Ar, 
Hg, W, Sn, 

Ta, Nb, 
Ge, Bi, Sb

Äàííûå 
îòñóòñòâóþò

Òàáëèöà 2. Çíà÷åíèÿ êîíöåíòðàöèé ýëåìåíòîâ-ïðèìåñåé â îáðàçöàõ ó÷àñòêà «Òåðñþê»*
Table 2. Concentration of trace elements in samples from «Tersiuk» area*
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äàëèí â öåëîì ãåîõèìè÷åñêè ñõîäíû. Íî åñëè äëÿ îíèê-
ñîâ õàðàêòåðíî ïîñòîÿííîå ïîñëîéíîå ÷åðåäîâàíèå áî-
ëåå íèçêèõ êîíöåíòðàöèé ñ áîëåå âûñîêèìè, òî äëÿ àãà-
òîâ õàðàêòåðíî çàêîíîìåðíîå ñíèæåíèå êîíöåíòðàöèé 
ïðèìåñåé ê öåíòðó (íî íå äëÿ âñåõ ýëåìåíòîâ).

Îñîáåííî ÷åòêî ýòà òåíäåíöèÿ ïðîñëåæèâàåòñÿ â 
ïîâåäåíèè ðåäêîçåìåëüíûõ ýëåìåíòîâ (çà èñêëþ÷åíè-
åì Eu). Ðîñò êîíöåíòðàöèé Eu áëèæå ê öåíòðó ÿâëÿ-
åòñÿ ñëåäñòâèåì ñìåíû îêèñëèòåëüíîé îáñòàíîâêè íà 
âîññòàíîâèòåëüíóþ, êîòîðàÿ ñïîñîáñòâîâàëà ïîâûøå-
íèþ ìîáèëüíîñòè Eu2+. Ðàñïðåäåëåíèå ÐÇÝ, íîðìè-
ðîâàííîå íà õîíäðèò, õàðàêòåðèçóåòñÿ íåêîòîðîé îáî-
ãàùåííîñòüþ ëåãêèìè ýëåìåíòàìè, ÷åòêî âûðàæåííîé 
òîëüêî äëÿ Ce è La (ðèñ. 4). Äëÿ îáðàçöà 22 (îíèêñ) õà-
ðàêòåðíà ïîëîæèòåëüíàÿ åâðîïèåâàÿ àíîìàëèÿ äëÿ âñåõ 
ñëîåâ (Eu/Eu* = 1–2.4).

Äëÿ îáðàçöà 25 (àãàò) â ïåðâîì è öåíòðàëüíîì ñëîå 
îáíàðóæèâàåòñÿ ïîëîæèòåëüíàÿ åâðîïèåâàÿ àíîìàëèÿ 
(Eu/Eu* = 3–9.8), òîãäà êàê 2-é è 3-é ñëîè ïîêàçûâà-
þò îáðàòíóþ êàðòèíó (Eu/Eu* = 0.5–0.9). Âñå ýòî ìî-
æåò áûòü ñâÿçàíî ñ êîëåáàíèÿìè îêèñëèòåëüíî-âîññòà-
íîâèòåëüíîãî ïîòåíöèàëà.

Ïðîÿâëåíèå Ñàëòûìàêîâñêîãî õðåáòà
(îáðàçåö 49)
Â ýòîì îáðàçöå îòìå÷åíî ïîâûøåííîå ñîäåðæàíèå 

(10–100 ppm) Ti, Cr, Mn, Ni, Cu, Zn, Sr è Ba; â êîíöåí-
òðàöèè 1–10 ppm ïðèñóòñòâóþò Rb, V, Co, Zr, Zn è Ga; 
êîíöåíòðàöèè Sc, Be, Y, Nb, Sn, La, Ce, Pr, Nd, Sm, W, 
Pb, Dy, Ge, Er, Yb, Hf, Cs, Ta, Th, U íàõîäÿòñÿ â äèàïà-
çîíå 0.01–1 ppm; ñîäåðæàíèÿ Eu, Tb, Ho, Tm è Lu ìåíü-
øå 0.01 ppm (ðèñ. 5).

Ðàñïðåäåëåíèå ÐÇÝ, íîðìèðîâàííîå íà õîíäðèò, 
äëÿ îíèêñà Ñàëòûìàêîâñêîãî ïðîÿâëåíèÿ õàðàêòåðè-
çóåòñÿ îáîãàùåííîñòüþ ëåãêèìè ýëåìåíòàìè (ðèñ. 6), 
ïðè÷¸ì áîëåå çíà÷èìîé, ÷åì â ñëó÷àå ñ ïðîÿâëåíèåì 
ó÷àñòêà «Òåðñþê».

Ðèñ. 4.  Íîðìèðîâàííûå íà õîíäðèò [6] ãðàôèêè ðàñïðåäåëå-
íèÿ ðåäêîçåìåëüíûõ ýëåìåíòîâ â êâàðö-õàëöåäîíîâûõ ïðîÿâ-
ëåíèÿõ ó÷àñòêà «Òåðñþê» (Êóçáàññ)

Fig. 4. Chondrite-normalized [6] graphs of the distribution of REE 
in the quartz-chalcedony formations of Tersiuk (Kuzbass)

Ðèñ. 5. Äèàãðàììû ðàñïðåäåëåíèÿ ýëåìåíòîâ-ïðèìåñåé (ppm) â êâàðö-õàëöåäîíîâûõ ïðîÿâëåíèÿõ Ñàëòûìàêîâñêîãî õðåáòà 
(Êóçáàññ) è ä. Êëþ÷è (Êóçáàññ)

Fig. 5. Diagrams of distribution of impurity elements (ppm) in the quartz-chalcedony formations of the Saltymakovsky ridge (Kuzbass) 
and v. Kliuchi (Kuzbass)

Âñå ñëîè õàðàêòåðèçóþòñÿ ïîëîæèòåëüíîé åâðîïè-
åâîé àíîìàëèåé (Eu/Eu* = 1.03–2.6), íî â òðåòüåì, ÷åò-
âåðòîì è ïÿòîì ñëîÿõ îíà ñîâñåì ñëàáàÿ (íà óðîâíå 1), 
÷òî ìîæåò îòðàæàòü âëèÿíèå îêèñëèòåëüíîé ñðåäû íà 
ñòåïåíü ïðîíèêíîâåíèÿ Eu â ãëóáü ìèíäàëèíû.

Ïðîÿâëåíèå ó äåðåâíè Êëþ÷è
(îáðàçåö 7)
Äëÿ äàííîãî ïðîÿâëåíèÿ îòìå÷åíî ïîâûøåííîå 

ñîäåðæàíèå (10–100 ppm) Mn, Ni, Cu, Ti, Ga, Cr, Zn, 
Ba; 1–10 ppm äëÿ Rb, V, Co, Sr, La, Ce; 0.01–1 ppm äëÿ 
Sc, Be, Y, Nb, Sn, Pr, Nd, Sm, W, Pb, Ge, Zr, Cs, Eu, Gd, 
Tb, Dy, Er, Yb, Hf, Ta, Th, U è ìåíüøå 0.01 äëÿ Tm, Lu 
(ðèñ. 5). Ðàñïðåäåëåíèå ÐÇÝ, íîðìèðîâàííîå íà õîí-
äðèò, õàðàêòåðèçóåòñÿ çàìåòíîé îáîãàùåííîñòüþ ëåã-
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âåííàÿ îáðàçöó 7, ëèáî ïîëîæèòåëüíàÿ â ïðèêîíòàêòî-
âûõ ñëîÿõ ñ ðåçêî ïàäàþùèì çíà÷åíèåì Eu/Eu* (ïðà-
êòè÷åñêè äî 1) âî âñåõ ïîñëåäóþùèõ ñëîÿõ, ÷òî õàðàê-
òåðíî äëÿ îíèêñà Ñàëòûìàêîâñêîãî õðåáòà (ðèñ. 6, 
îáðàçåö 49). Òåì íå ìåíåå âèäíî, ÷òî â îäíîì îòäåëüíîì 
îáðàçöå ðàçíûå ñëîè ìîãóò ïîêàçûâàòü êàê îòðèöàòåëü-
íóþ, òàê è ïîëîæèòåëüíóþ Eu-àíîìàëèþ, íàïðèìåð â 
îáðàçöå 25. Òàêàÿ êàðòèíà íàáëþäàåòñÿ è äëÿ îáðàçöîâ 
èç Ëàóòåðáàõà Ãåðìàíèè [5]. Îòëè÷èòåëüíîé ãåîõèìè-
÷åñêîé îñîáåííîñòüþ êâàðö-õàëöåäîíîâûõ ïðîÿâëåíèé 
ó ä. Êëþ÷è è Ñàëòûìàêîâñêîãî õðåáòà ÿâëÿþòñÿ çíà÷è-
òåëüíî áîëåå âûñîêèå êîíöåíòðàöèè Cr, Ni, Cu, V, Co 
ïî îòíîøåíèþ ê àãàòàì ó÷àñòêà «Òåðñþê», êîòîðûå ÿâ-
ëÿþòñÿ áîëåå ñòåðèëüíûìè. Ýòî ìîæåò áûòü ñâÿçàíî ñ 
ðàçíûìè ýòàïàìè, ðàçëè÷íûìè ãåíåðàöèÿìè êâàðö-
õàëöåäîíîâûõ îáðàçîâàíèé. Êîñâåííûì ïîäòâåðæäå-
íèåì ýòîãî ñëóæàò íàõîäêè íà ó÷àñòêå «Òåðñþê» êñåíî-
ëèòîâ áîëåå «ðàííèõ» àãàòîâ â áîëåå «ïîçäíèõ».

Î ðàñïðåäåëåíèè U è Th
Â ðàáîòàõ ðÿäà èññëåäîâàòåëåé ðàíåå îòìå÷åí ôàêò 

áîëüøåãî ñîäåðæàíèÿ U îòíîñèòåëüíî Th â àãàòàõ, ÷òî 
ìîæåò óêàçûâàòü íà òðàíñïîðò è íàêîïëåíèå ìîáèëüíî-
ãî U ôëþèäàìè [5] (ðèñ. 8). Äëÿ îáðàçöîâ 22 è 25 (ó÷àñòîê 
«Òåðñþê») òàêæå îòìå÷àåòñÿ âûñîêîå ñîäåðæàíèå ìî-
áèëüíîãî U ïî ñðàâíåíèþ ñ Th. Òîðèé â îòëè÷èå îò óðàíà 
îòíîñèòåëüíî ëåãêî âñòðàèâàåòñÿ â êðèñòàëëè÷åñêèå ðå-
øåòêè ìèíåðàëîâ. Ïðåäïîëàãàåòñÿ, ÷òî òîðèé ïðè ïðîõî-
æäåíèè ôëþèäîâ ÷åðåç ïîðîäû çàõâàòûâàåòñÿ â ñòðóêòóðó 
ìèíåðàëîâ, à óðàí îñòàåòñÿ â ðàñòâîðå, òàê êàê íå ìîæåò 
âîéòè â êðèñòàëëè÷åñêóþ ñòðóêòóðó ìèíåðàëîâ. Ïîýòîìó 
åãî ïîâûøåííîå ñîäåðæàíèå óêàçûâàåò íà íàëè÷èå â àãà-
òàõ áîëüøîãî ÷èñëà ôëþèäíûõ âêëþ÷åíèé, â êîòîðûõ íà-
õîäèòñÿ U, èëè â ôîðìå óðàíèëà áûë âûñàæåí èç ôëþèäîâ 
íà ïîâåðõíîñòü êðèñòàëëèòîâ õàëöåäîíà [5].

Äëÿ îáðàçöà 7 (îíèêñ èç ðîññûïíîãî ïðîÿâëåíèÿ 
ó ä. Êëþ÷è) õàðàêòåðíà ïðîòèâîïîëîæíàÿ êàðòèíà: ñî-
äåðæàíèå Th ïðåîáëàäàåò íàä ñîäåðæàíèåì U (ðèñ. 7). 
Âîçìîæíî, ÷òî ïîäîáíîå èñêëþ÷åíèå âïîëíå çàêîíî-
ìåðíî äëÿ ðîññûïíîãî ïðîÿâëåíèÿ, ôîðìèðîâàíèå êî-
òîðîãî ïðîõîäèëî ïðè ðàçðóøåíèè âìåùàþùèõ ïîðîä â 
óñëîâèÿõ ñâîáîäíîãî äîñòóïà êèñëîðîäà, ÷òî ñïîñîáñò-
âîâàëî êîíñåðâàöèè Th è âûíîñó ìîáèëüíîãî U. Íî îá-
ðàùàåò íà ñåáÿ âíèìàíèå òîò ôàêò, ÷òî äëÿ îáðàçöà 49 èç 

êèìè ýëåìåíòàìè (ðèñ. 6) â îòëè÷èå îò ïðîÿâëåíèÿ 
ó÷àñòêà «Òåðñþê».

Öåíòðàëüíûé ñëîé ýòîãî îáðàçöà ñîäåðæèò ïîâû-
øåííîå çíà÷åíèå Gd. Âî âñåõ ñëîÿõ îòìå÷åíà îòðèöà-
òåëüíàÿ Eu-àíîìàëèÿ (Eu/Eu* = 0.3–0.8). Äàííûé ôàêò 
ìîæåò áûòü ñëåäñòâèåì ïîâûøåííîãî îêèñëèòåëüíî-
ãî ïîòåíöèàëà â óñëîâèÿõ îòêðûòîãî äîñòóïà êèñëîðî-
äà.  Äåëî â òîì, ÷òî ñêâîçü ïîðîâûå ïðîñòðàíñòâà ñâî-
áîäíåå ïðîíèêàåò Eu2+ [6], ÷åìó ñïîñîáñòâóåò âîññòà-
íîâèòåëüíàÿ îáñòàíîâêà (â ýòîì ñëó÷àå ìîæíî îæèäàòü 
ïîëîæèòåëüíóþ àíîìàëèþ (èíîãäà âî âñåõ ñëîÿõ), ÷òî 
õàðàêòåðíî äëÿ ïðîÿâëåíèÿ ó÷àñòêà «Òåðñþê»). Â îêè-
ñëèòåëüíîé ñðåäå ôîðìèðóåòñÿ Eu3+, ïðîíèöàåìîñòü 
êîòîðîãî ñêâîçü ïîðîâûå ïðîñòðàíñòâà çàòðóäíåíà [6], 
è â ýòîì ñëó÷àå ÷àñòü Eu îêàçûâàåòñÿ çà ïðåäåëàìè ìèí-
äàëèí ëèáî â ïåðâûõ ïðèêîíòàêòîâûõ ñëîÿõ. Âñëåäñòâèå 
ýòîãî è íàáëþäàåòñÿ îòðèöàòåëüíàÿ àíîìàëèÿ, ñâîéñò-

Ðèñ. 6. Íîðìèðîâàííûå íà õîíäðèò [7] ãðàôèêè ðàñïðåäåëå-
íèÿ ðåäêîçåìåëüíûõ ýëåìåíòîâ â êâàðö-õàëöåäîíîâûõ ïðîÿâ-
ëåíèÿõ ó ä. Êëþ÷è è Ñàëòûìàêîâñêîãî õðåáòà (Êóçáàññ)

Fig. 6. Chondrite-normalized [7] graphs of the distribution of 
REE in the quartz-chalcedony formations of v. Kliuchi and Salty-
makovsky ridge (Kuzbass)

Ðèñ. 7. Ðàñïðåäåëåíèå U è Th (ppm) â êâàðö-õàëöåäîíîâûõ ïðîÿâëåíèÿõ Êóçáàññà (íîìåðà ó÷àñòêîâ ñîîòâåòñòâóþò óêàçàííûì â òåêñòå)

Fig. 7. Distribution of U and Th (ppm) in the quartz-chalcedony formations of Kuzbass (the numbers of the plots correspond to those 
indicated in the text)
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Ñàëòûìàêîâñêîãî êîðåííîãî ïðîÿâëåíèÿ ïî êîíöåíòðà-
öèÿì U è Th íàáëþäàåòñÿ ñõîäíàÿ êàðòèíà, õîòÿ ó îáðàç-
öà 7 â ñèëó óêàçàííûõ âûøå ïðè÷èí áîëåå ÷åòêîå ïðå-
îáëàäàíèå ñîäåðæàíèÿ Th íàä ñîäåðæàíèåì U (ðèñ. 7). 

Çàêëþ÷åíèå
Âîïðîñîâ, ñâÿçàííûõ ñ ãåíåçèñîì ýòèõ óäèâèòåëü-

íûõ îáðàçîâàíèé, îñòàåòñÿ åùå ìíîãî, íî òåì íå ìåíåå 
ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû.

Â èññëåäóåìîé àãàòîíîñíîé ïðîâèíöèè Êóçáàññà 
âûäåëÿþòñÿ ïðîÿâëåíèÿ, îáðàçöû êîòîðûõ çàìåòíî îò-
ëè÷àþòñÿ ïî òèïó çîíàëüíîñòè. Íî îòëè÷èòåëüíîé ÷åð-
òîé ïðàêòè÷åñêè âñåõ êóçáàññêèõ îáðàçöîâ ÿâëÿåòñÿ 
áîëüøîå ñîäåðæàíèå îíèêñîâ.

Õàðàêòåðíîé ãåîõèìè÷åñêîé îñîáåííîñòüþ êâàðö-
õàëöåäîíîâûõ ïðîÿâëåíèé ó ä. Êëþ÷è è Ñàëòûìàêîâñêîãî 
õðåáòà ÿâëÿþòñÿ çíà÷èòåëüíî áîëåå âûñîêèå êîíöåíòðàöèè 
Cr, Ni, Cu, V, Co îòíîñèòåëüíî àãàòîâ ó÷àñòêà «Òåðñþê». 

Â îáùåé ìàññå ëåãêèå ÐÇÝ ÷èñëåííî ïðåâàëèðó-
þò íàä òÿæåëûìè; îñîáåííî ýòî õàðàêòåðíî äëÿ îíèê-
ñîâ Ñàëòûìàêîâñêîãî õðåáòà è äëÿ ðàññûïíîãî ïðîÿâ-
ëåíèÿ ó ä. Êëþ÷è.

Â öåëîì ìîæíî ñäåëàòü âûâîä î ïðåîáëàäàíèè â 
ìèíäàëèíàõ ó÷àñòêà «Òåðñþê» âîññòàíîâèòåëüíîé ñðå-
äû, à â ìèíäàëèíàõ ïðîÿâëåíèé Ñàëòûìàêîâñêîãî õðåá-
òà è ó ä. Êëþ÷è — îêèñëèòåëüíîé. Ïðèñóòñòâèå â îäíîì 
îáðàçöå êàê åâðîïèåâîãî ìàêñèìóìà, òàê è ìèíèìóìà ñ 
ïîñëîéíûì ÷åðåäîâàíèåì ñðåä ãîâîðèò î âîçìîæíîñòè 
ñìåíû îêèñëèòåëüíî-âîññòàíîâèòåëüíîé ñðåäû è ñòà-
äèéíîñòè ïðîöåññà.

Â ðÿäå îáðàçöîâ íàáëþäàåòñÿ âûñîêîå ñîäåðæàíèå 
U îòíîñèòåëüíî Th, ÷òî îñîáåííî õàðàêòåðíî äëÿ ïðîÿâ-
ëåíèÿ ó÷àñòêà «Òåðñþê». Âåðîÿòíî, U íàêàïëèâàåòñÿ âî 
ôëþèäíûõ âêëþ÷åíèÿõ, îñàæäàåòñÿ â ôîðìå óðàíèëà íà 
êðèñòàëëèòàõ õàëöåäîíà. Äëÿ îíèêñîâ Ñàëòûìàêîâñêîãî 
ïðîÿâëåíèÿ è ó ä. Êëþ÷è ñîîòíîøåíèå U/Th çíà÷èòåëüíî 
óìåíüøàåòñÿ. Ïðè÷åì ñîäåðæàíèå Th ÷àñòî ïðåîáëàäàåò.

Òàêèì îáðàçîì, ïî äàííûì ýëåìåíòíîãî àíàëèçà 
ìåòîäîì ICP-MS, ñðåäè êâàðö-õàëöåäîíîâûõ îáðàçî-
âàíèé Êóçáàññêîãî ìàãìàòè÷åñêîãî àðåàëà ìîæíî âû-
äåëèòü äâà òèïà:

— òåðñþêñêèé, êîòîðûé õàðàêòåðèçóåòñÿ ïðåîáëà-
äàíèåì âîññòàíîâèòåëüíîé îáñòàíîâêè;

— ñàëòûìàêîâñêèé è ðîññûïíîå ïðîÿâëåíèå ó ä. Êëþ ÷è.
Íàëè÷èå äâóõ òèïîâ, îòëè÷àþùèõñÿ ïî ãåîõèìè-

÷åñêèì îñîáåííîñòÿì, ìîæåò áûòü ñâÿçàíî ñ ðàçíûìè 
ýòàïàìè, ðàçëè÷íûìè ãåíåðàöèÿìè êâàðö-õàëöåäîíî-
âûõ îáðàçîâàíèé, ñ ðàçëè÷íîé íàñûùåííîñòüþ ôëþè-
äîâ, ôîðìèðóþùèõ ìèêðîïðèìåñíûé ñîñòàâ àãàòîâ.

Âåðîÿòíî, ôîðìèðîâàíèå àãàòîâ ïðîèñõîäèëî ñòà-
äèéíî è/èëè ïóëüñàöèîííî. Ìàòåðèàëîì ìîãëè ñëó-
æèòü ôëþèäû, âûñâîáîæäàâøèåñÿ ïîñëå âûõîäà áà-
çàëüòîâîé ëàâû íà ïîâåðõíîñòü. Îáðàçîâàíèå àãàòîâûõ 
ìèíäàëèí ìîãëî áûòü ðàñòÿíóòî âî âðåìåíè, è, âîç-
ìîæíî, èìåëè ìåñòî äàæå äëèòåëüíûå ïåðåðûâû. Òàêæå 
â ýòîì ïðîöåññå íåëüçÿ ïðåíåáðåãàòü ó÷àñòèåì ìåòåîð-
íûõ âîä. È âñå æå ïðåäïîëîæåíèå î òàêîì ñïîñîáå àãà-
òîîáðàçîâàíèÿ íå äàåò îòâåòà íà âîïðîñ: ÷åðåç ÷òî è êà-
êèì îáðàçîì ôëþèä ïîïàäàë â àãàòîâóþ êàìåðó, åñëè 
ïåðâûå ñëîè ìîãëè áûòü óæå òâåðäûìè.

Èññëåäîâàíèÿ áûëè ïðîâåäåíû ñ èñïîëüçîâàíèåì îáîðó-
äîâàíèÿ öåíòðà êîëëåêòèâíîãî ïîëüçîâàíèÿ «Àíàëè òè ÷åñêèé 
öåíòð ãåîõèìèè ïðèðîäíûõ ñèñòåì» Íàöèîíàëüíîãî èññëåäî-
âàòåëüñêîãî Òîìñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.

 Àâòîð âûðàæàåò áëàãîäàðíîñòü Âàëåíòèíó Ìèõàé-
ëîâè÷ó ßêîâëåâó çà ïîäãîòîâêó òîíêèõ ñïèëîâ îáðàçöîâ, 
Íèíå Íèêîëàåâíå Áîðîçíîâñêîé è Ïëàòîíó Àëåêñååâè÷ó 
Òèøèíó çà ó÷àñòèå â îáñóæäåíèè ïîëó÷åííûõ ðåçóëüòàòîâ, 
ðåöåíçåíòàì çà êîíñòðóêòèâíûå çàìå÷àíèÿ, ïîçâîëèâøèå 
óëó÷øèòü êà÷åñòâî ðóêîïèñè.
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Ââåäåíèå
Ïðîèñõîæäåíèå íåôòè è ôîðìèðîâàíèå åå çàëå-

æåé — ñëîæíåéøàÿ íàó÷íàÿ ïðîáëåìà ñîâðåìåííî-
ãî åñòåñòâîçíàíèÿ, ãäå âåäóùàÿ ðîëü ïðèíàäëåæèò ëè-
òîëîãè÷åñêèì èññëåäîâàíèÿì. Çà ìèãðàöèåé óãëåâî-
äîðîäîâ èç íåôòåìàòåðèíñêèõ ïîðîä ñëåäóåò èõ àêêó-
ìóëÿöèÿ â ïîðèñòûõ ïîðîäàõ êîëëåêòîðà. Äàëüíåéøàÿ 
ñóäüáà íåôòè ñâÿçàíà ñ òåìè ìèíåðàëàìè, êîòîðûå 
ó÷àñòâóþò â ôîðìèðîâàíèè ïîðîâîãî ïðîñòðàíñòâà 
êîëëåêòîðà.

Âîïðîñ î ôîðìèðîâàíèè ïîðîâîãî ïðîñòðàíñòâà 
ïðåäñòàâëÿåò áîëüøîé íàó÷íûé è ïðàêòè÷åñêèé èíòå-
ðåñ. Ïðàâèëüíîå ðåøåíèå åãî âåñüìà âàæíî äëÿ îïðåäå-
ëåíèÿ ñòðóêòóðíûõ ïàðàìåòðîâ êîëëåêòîðîâ, ÷òî â èòî-
ãå âëèÿåò íà ïîäñ÷åò çàïàñîâ íåôòè, îöåíêó ïåðñïåêòèâ 
è ïðàâèëüíûé âûáîð ìåðîïðèÿòèé ïî óâåëè÷åíèþ íå-
ôòåîòäà÷è ïëàñòà. Äàííûå î ñòðóêòóðå ïîðîâîãî ïðî-
ñòðàíñòâà ïðåäñòàâëÿþò òåîðåòè÷åñêèé èíòåðåñ, ïîçâî-
ëÿÿ îöåíèòü ìàñøòàáû ìèãðàöèè óãëåâîäîðîäîâ ÷åðåç 
ðàçëè÷íûå òèïû ïîðîä ïðè ôîðìèðîâàíèè çàëåæåé íå-
ôòè è ãàçà.

Ñðåäè ãëèíèñòûõ ìèíåðàëîâ â íåôòåãàçîâîé ãåî-
ëîãèè áîëüøîé èíòåðåñ âûçûâàåò êàîëèíèò. Èçâåñòíî, 
÷òî îí èìååò ñàìóþ íèçêóþ åìêîñòü ïîãëîùåíèÿ ñðå-
äè ãëèíèñòûõ ìèíåðàëîâ, ÿâëÿåòñÿ ãèäðîôîáíûì, íå 
ñîðáèðóåò íåôòü, ñïîñîáñòâóåò ïîâûøåíèþ èçâëå÷å-
íèÿ íåôòè èç ïðîäóêòèâíûõ ïëàñòîâ. Ïðèñóòñòâèå ïå-

ðåêðèñòàëëèçîâàííîãî êàîëèíèòà óâåëè÷èâàåò ïîðè-
ñòîñòü ïîðîä âñëåäñòâèå ïîÿâëåíèÿ äîïîëíèòåëüíî-
ãî ïóñòîòíîãî ïðîñòðàíñòâà â àãðåãàòàõ áîëåå êðóïíûõ 
êðèñòàëëîâ êàîëèíèòà.

Èçó÷åíèå ãëèíèñòîãî âåùåñòâà íèæíåòðèàñîâûõ 
îòëîæåíèé ïîêàçàëî åãî ïîëèìèíåðàëüíûé ñîñòàâ. 
Îñíîâíûìè ãëèíèñòûìè ìèíåðàëàìè ÿâëÿþòñÿ ñìå-
øàíîñëîéíûå ìèíåðàëû òèïà èëëèò-ñìåêòèòà, êàîëè-
íèòà, õëîðèòà, ãèäðîñëþäû.

Ñîñòàâ, ðàñïðîñòðàíåíèå, ãåíåçèñ è èíäèêàòîðíûå 
âîçìîæíîñòè ãëèíèñòûõ ìèíåðàëîâ, â òîì ÷èñëå è ìè-
íåðàëîâ ãðóïïû êàîëèíèòà, ðàññìîòðåíû â ðàáîòàõ È. Ä. 
Çõóñà, Â. À. Äðèöà, À. Ã. Êîññîâñêîé, Ì. È. Òó÷êîâîé, 
Ò. Ò. Êëóáîâîé, Î. Ã. Çàðèïîâà, Ë. Ã. Âàêóëåíêî, Ì. Þ.
Çóáêîâà, Á. À. Ëåáåäåâà, Í. Ì. Íåäîëèâêî, Ð. Ñ. Ñàõè á -
ãà ðååâà, Ý. Ï. Ñîëîò÷èíîé, Â. À. Øìûðèíîé è äðóãèõ 
[2, 3, 5, 6, 9, 13, 17, 18, 20].

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ
Èçó÷åíèå ìèíåðàëüíîãî ñîñòàâà è ïåòðîãðàôè÷å-

ñêèõ îñîáåííîñòåé ÷àðêàáîæñêîé ñâèòû íèæíåãî òðèà-
ñà ïðîâåäåíî íàìè â õîäå èññëåäîâàíèÿ êåðíà ãëóáîêèõ 
ñêâàæèí, âñêðûâøèõ ýòè îòëîæåíèÿ íà ðàçëè÷íûõ òåê-
òîíè÷åñêèõ ñòðóêòóðàõ (Øàïêèíà-Þðüÿõèíñêèé âàë, 
Êîëâèíñêèé ìåãàâàë, âàë Ñîðîêèíà).

Ôàçîâûé ñîñòàâ ãëèíèñòîé ôðàêöèè îïðåäåëÿëñÿ 
ïî äèôðàêòîãðàììàì îðèåíòèðîâàííûõ îáðàçöîâ, ïîä-
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Ñòàòüÿ ïîñâÿùåíà âàæíîé ïðîáëåìå — óñëîâèÿì ôîðìèðîâàíèÿ ïóñòîòíîãî ïðîñòðàíñòâà òåððèãåííûõ êîëëåêòîðîâ. 
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âåðãíóòûõ ñòàíäàðòíûì äèàãíîñòè÷åñêèì îáðàáîòêàì. 
Èññëåäîâàëèñü äèôðàêöèîííûå êðèâûå ïðåïàðàòîâ: 
à — âîçäóøíî-ñóõèõ, á — íàñûùåííûõ ãëèöåðèíîì, 
â — îáðàáîòàííûõ 1Í ÍCL íà âîäÿíîé áàíå, ã — ïðî-
êàëåííûõ ïðè 500 °Ñ. Ñúåìêà ïðîâîäèëàñü íà ðåíòãå-
íîâñêîì äèôðàêòîìåòðå Shimadzu XRD-6000, èçëó÷å-
íèå CuK, Ni-ôèëüòð, 30 kV, 20 mA.

Ðåíòãåíîãðàôè÷åñêèì ìåòîäîì êàîëèíèò íà äèô-
ðàêòîãðàììàõ îïðåäåëÿëñÿ ïî ñåðèè áàçàëüíûõ ðåôëåê-
ñîâ ïåðâîãî, âòîðîãî è òðåòüåãî ïîðÿäêîâ, êîòîðûì ñî-
îòâåòñòâóþò ìåæïëîñêîñòíûå ðàññòîÿíèÿ (d001), ðàâíûå 
7.16 Å, 3.56 Å è 2.37 Å. Ïðè íàñûùåíèè îáðàçöà ãëèöå-
ðèíîì ïîëîæåíèå ðåôëåêñîâ íå ìåíÿåòñÿ, ÷òî îáúÿñíÿ-
åòñÿ îòñóòñòâèåì íàáóõàþùèõ ñëîåâ â êðèñòàëëè÷åñêîé 
ðåøåòêå êàîëèíèòà [5].

Ñ ïîìîùüþ ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî àíà-
ëèçà áûëè îïðåäåëåíû ìîðôîëîãè÷åñêèå îñîáåííîñòè 
êàîëèíèòà.

Äëÿ ðàííåòðèàñîâîãî âðåìåíè õàðàêòåðíî ðàçâè-
òèå ïðåèìóùåñòâåííî òåððèãåííûõ ïîðîä, âíóòðè êî-
òîðûõ ïî ðàçìåðó çåðåí âûäåëÿþòñÿ ãðàâåëèòû, ïåñ÷à-
íèêè, àëåâðîëèòû è ãëèíû.

Ëèòîëîãè÷åñêàÿ õàðàêòåðèñòèêà
Òðèàñîâûå îòëîæåíèÿ ðàñïðîñòðàíåíû ïðàêòè÷å-

ñêè íà âñåé òåððèòîðèè Òèìàíî-Ïå÷îðñêîé íåôòåãàçî-
íîñíîé ïðîâèíöèè, çà èñêëþ÷åíèåì îñåâûõ çîí êðóï-
íûõ ïîëîæèòåëüíûõ ñòðóêòóð, òàêèõ êàê Ñåäóÿõèíñêèé 
è Òàëîòèíñêèé âàëû, âàë Ãàìáóðöåâà, âîñòî÷íûé áîðò 
ãðÿäû ×åðíûøåâà [19]. Îòëîæåíèÿ ñ ðàçìûâîì çàëå-
ãàþò íà ðàçëè÷íûõ ãîðèçîíòàõ ïåðìè è áîëåå äðåâíèõ 
îáðàçîâàíèé, ìàêñèìàëüíàÿ ìîùíîñòü íèæíåòðèàñî-
âûõ îáðàçîâàíèé çàôèêñèðîâàíà â Êîðîòàèõèíñêîé 
è Áîëüøåñûíèíñêîé âïàäèíàõ (2.8–3.6 êì), â ñåâå-
ðî-çàïàäíîì íàïðàâëåíèè îòìå÷àåòñÿ èõ ñîêðàùåíèå 
(ðèñ. 1). Â öåíòðàëüíûõ ÷àñòÿõ Êîëâèíñêîãî ìåãàâàëà 
è Õîðåéâåðñêîé âïàäèíû ìîùíîñòü ñîñòàâëÿåò 700–
900 ì [12,16].

Òðèàñîâûå îòëîæåíèÿ ïðåäñòàâëåíû âñåìè òðåìÿ 
îòäåëàìè [4]. Ê íèæíåìó òðèàñó îòíîñÿòñÿ ÷àðêàáîæ-
ñêèå îòëîæåíèÿ, ìîùíîñòü êîòîðûõ âàðüèðóåò îò ïåð-
âûõ ìåòðîâ íà þãî-çàïàäå (â ðàéîíå Ñåäóÿõèíñêîãî âà-
ëà) äî 380 ì â öåíòðàëüíîé ÷àñòè Êîëâèíñêîãî ìåãàâà-
ëà, Õîðåéâåðñêîé âïàäèíå; â ñðåäíåì ìîùíîñòü ñâèòû 
ñîñòàâëÿåò 150–250 ì [7, 8]. Îòëîæåíèÿ ïðåäñòàâëåíû 

Ðèñ. 1. Ñõåìà òåêòîíè÷åñêîãî è íåôòåãàçîãåîëîãè÷åñêîãî ðàéîíèðîâàíèÿ Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèí-
öèè. Ãðàíèöû ñòðóêòóð: 1 — êðóïíåéøèõ, íàäïîðÿäêîâûõ; 2 — êðóïíûõ, ïåðâîãî ïîðÿäêà, 3 — ñðåäíèõ, âòîðîãî ïîðÿäêà; 
4 — ãðàíèöû íåôòåãàçîíîñíûõ ðàéîíîâ; 5 — àäìèíèñòðàòèâíàÿ ãðàíèöà; 6 — æåëåçíàÿ äîðîãà; 7–10 — ìåñòîðîæäåíèÿ, 7 — 
íåôòÿíûå, 8 — ãàçîâûå, 9 — ãàçîêîíäåíñàòíûå, 10 — ñìåøàííîãî ñîñòàâà; 11 — ðàéîí èññëåäîâàíèÿ. Ýëåìåíòû íåôòåãà-
çîãåîëîãè÷åñêîãî ðàéîíèðîâàíèÿ: 1 — Òèìàíñêàÿ ÍÃÎ, 2 — Èæìà-Ïå÷îðñêàÿ ÍÃÎ, 3 — Ïå÷îðî-Êîëâèíñêàÿ ÍÃÎ, 3-3 — 
Øàïêèíà-Þðüÿõèíñêèé ÍÃÐ, 4 — Õîðåéâåðñêàÿ ÍÃÎ, 5 — Âàðàíäåé-Àäçüâèíñêàÿ ÍÃÎ, 6 — Ñåâåðî-Ïðåäóðàëüñêàÿ ÍÃÎ, 
7 — Ìàëîçåìåëüñêî-Êîëãóåâñêàÿ ÍÃÎ

Fig.1. Structure map of Timan-Pechora oil and gas-bearing province. Boundaries of structures: 1 — major, super-order; 2 — large, the 
first order, 3 — average, the second order, 4 — borders of oil and gas bearing areas; 5-administrative border; 6 — railway. Elements of oil 
zoning: 1 — Timan oil and gas-bearing area, 2 — Izhma-Pechora oil and gas-bearing area, 3 — Pechora-Kolvinskoe oil and gas-bearing 
area, 3-3 — Shapkina-Yuryakhinskoye oil and gas-bearing region, 4 — Khoreyver oil and gas-bearing area, 5 — Varandey-Adzva oil and 
gas-bearing area, 6 — North-Ural oil and gas-bearing area, 7 — Malozemelsk-Kolguev oil and gas-bearing area
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ðèòìè÷íûì ïåðåñëàèâàíèåì êðàñíî-êîðè÷íåâûõ ãëèí, 
çåëåíîâàòî-ñåðûõ àëåâðîëèòîâ è ñåðûõ ïåñ÷àíèêîâ ñ 
ïðîñëîÿìè êîíãëîìåðàòîâ è ãðàâåëèòîâ. Ñóäÿ ïî êåð-
íó è êàðîòàæíûì äèàãðàììàì, ìîùíîñòè ïà÷åê ïåñ÷à-
íèêîâ ïî ñêâàæèíàì â ïðåäåëàõ âàëîâ âàðüèðóþò îò 5 
äî 40 ì (â ñðåäíåì 15–20 ì). Ìîùíîñòè ïðîñëîåâ ãëèí, 
êîòîðûå ìîãóò ñëóæèòü ïîêðûøêàìè, ñîñòàâëÿþò 10–
50 ì (÷àùå 25 ì). 

Êîíãëîìåðàòû è ãðàâåëèòû, çàëåãàþùèå â îñíî-
âàíèè ÷àðêàáîæñêîé ñâèòû, îáðàçóþò ïðîñëîè ìîù-
íîñòüþ 0.2–0.5 ì. Êîíãëîìåðàòû ìåëêî-, ñðåäíåãàëå÷-
íûå, ñëàáîñîðòèðîâàííûå, ñ ïðèìåñüþ ãðàâèéíîãî ìà-
òåðèàëà. Ãàëüêà îêàòàíà, îêðóãëîé ôîðìû, õàðàêòåðíîé 
äëÿ ìàãìàòè÷åñêèõ, ìåòàìîðôè÷åñêèõ ïîðîä, èçâåñòíÿ-
êîâ. Ãàëüêè ãëèí è àðãèëëèòîâ èìåþò ïëîñêóþ ôîðìó. 
Îíè ïîäðàçäåëÿþòñÿ íà âíåôîðìàöèîííûå (ñëîæåí-
íûå ãàëüêîé ìàãìàòè÷åñêèõ, ìåòàìîðôè÷åñêèõ è îñà-
äî÷íûõ ïîðîä) è âíóòðèôîðìàöèîííûå (ñëîæåííûå 
îáëîìêàìè êîðè÷íåâûõ è ñåðûõ àðãèëëèòîâ). Öåìåíò 
ïðåäñòàâëåí ïåñ÷àíî-ãðàâèéíî-êàðáîíàòíûì ìàòåðè-
àëîì, çàïîëíÿþùèì ïîðîâîå ïðîñòðàíñòâî. Â ñîñòà-
âå ãàëå÷íîãî ìàòåðèàëà âûäåëÿþòñÿ êâàðö, êâàðöèòû, 
êâàðöèòîïåñ÷àíèêè, àðêîçîâûå ïåñ÷àíèêè è àëåâðî-
ëèòû, êðåìíèñòûå ïîðîäû, êèñëûå ýôôóçèâû, àðãèë-
ëèòû, èçâåñòíÿêè. Ãðàâåëèòû ïîëèìèêòîâûå, îò ìåëêî- 
äî ãðóáîçåðíèñòûõ, ñðåäè ìåëêîãàëå÷íûõ êîíãëîìåðà-
òîâ ñîñòàâëÿþò 10–30 %, â ïåñ÷àíî-ãðàâèéíûõ ïðîñëî-
ÿõ ñîäåðæàíèå ãðàâèÿ äîñòèãàåò 40 %. Ãðàâèéíûå çåðíà 
îòñîðòèðîâàíû, ïîëóîêàòàíû, ðàçìåð èõ 1–3 ìì, âñòðå-
÷àþòñÿ è áîëåå êðóïíûå çåðíà (5–10 ìì). Â ñîñòàâå ãðà-
âèéíîãî ìàòåðèàëà ïðåîáëàäàþò îñàäî÷íûå ïîðîäû: 
èçâåñòíÿêè, ïåñ÷àíèêè, àëåâðîëèòû, ãëèíû, ïðèñóòñò-
âóåò ãðàâèé êðåìíèñòûõ ïîðîä è êâàðöà.

Àëåâðîëèòû îêðàøåíû â ðàçíûå îòòåíêè ñåðîãî 
öâåòà, îò çåëåíîâàòî- äî ãîëóáîâàòî-ñåðîãî. Âñòðå÷àþòñÿ 
òàêæå ïðîñëîè êðàñíîâàòî-êîðè÷íåâûõ ðàçíîñòåé àëåâ-
ðîëèòîâ. Â îòëè÷èå îò ïåñ÷àíèêîâ â àëåâðîëèòàõ øèðî-
êî ðàñïðîñòðàíåíû òîíêîñëîèñòûå òåêñòóðû è ìèêðî-
òåêñòóðû, ïðåîáëàäàþò ãîðèçîíòàëüíî-ñëîèñòûå è ëèí-
çîâèäíî-ñëîèñòûå, øèðîêî âñòðå÷àþòñÿ ïîðîäû ñ íàðó-
øåííîé ñëîèñòîñòüþ è òåêñòóðàìè âçìó÷èâàíèÿ.

Ãëèíû è àðãèëëèòû, øèðîêî ïðåäñòàâëåííûå â 
îïèñûâàåìîé ÷àñòè ðàçðåçà, îêðàøåíû â ðàçëè÷íûå 
îòòåíêè êîðè÷íåâîãî öâåòà, îò êðàñíîâàòûõ äî òåìíî-
øîêîëàäíûõ. Îñíîâíûìè ïîðîäîîáðàçóþùèìè ìèíå-
ðàëàìè ÿâëÿþòñÿ ìèíåðàëû ãðóïïû ñìåêòèòà, èëëè-
òà. Òåêñòóðû àðãèëëèòîâ ïðåäñòàâëåíû ãîðèçîíòàëüíîé 
ïðåðûâèñòîé ñëîèñòîñòüþ, øèðîêî âñòðå÷àþòñÿ íàðó-
øåííûå, êîìêîâàòûå òåêñòóðû. Äëÿ îïèñûâàåìûõ îòëî-
æåíèé õàðàêòåðíî íàëè÷èå êàðáîíàòíûõ ëèíç è âêëþ-
÷åíèé, âûïîëíåííûõ êðóïíîêðèñòàëëè÷åñêèì êàëüöè-
òîì. Âñòðå÷àþòñÿ òàêæå îñòàòêè êîðíåâîé ñèñòåìû ðà-
ñòåíèé, çàïîëíåííûå áåëûì êàëüöèòîì.

Ïåñ÷àíèêè ðàññìàòðèâàåìîé ÷àñòè ðàçðåçà îêðà-
øåíû ãëàâíûì îáðàçîì â ðàçëè÷íûå îòòåíêè ñåðî-
ãî öâåòà: îò ñâåòëî-ñåðûõ äî çåëåíîâàòî-ñåðûõ, âñòðå-
÷àþòñÿ òàêæå îòäåëüíûå ëèíçû è ïðîñëîè ïåñ÷àíèêîâ 
ðîçîâàòî-ñåðîãî öâåòà. Ñâåòëî-ñåðûé öâåò îáóñëîâëåí, 
êàê ïðàâèëî, ïðèñóòñòâèåì êàîëèíèòà â ñîñòàâå öåìåí-
òà, çåëåíûé — áîëüøèì ñîäåðæàíèåì õëîðèòà, êðàñíî-
âàòàÿ îêðàñêà ñâîéñòâåííà ïåñ÷àíèêàì, ïðîïèòàííûì 
ãèäðîîêèñëàìè æåëåçà. Øèðîêîå ðàñïðîñòðàíåíèå ïî-
ëó÷èëè ïåñ÷àíèêè ðàçíîîáðàçíîãî ãðàíóëîìåòðè÷åñêîãî 
ñîñòàâà, îò ìåëêî- äî êðóïíî- è ãðóáîçåðíèñòîãî. Îíè 

õàðàêòåðèçóþòñÿ øèðîêèì ñïåêòðîì òåêñòóð: âñòðå-
÷àþòñÿ ìàññèâíàÿ, êðóïíàÿ îäíîíàïðàâëåííàÿ êîñî-
ñëîèñòàÿ, ñëîèñòîñòü ðÿáè, ãîðèçîíòàëüíî ñëîèñòàÿ. 
Ñëîèñòîñòü îáóñëîâëåíà ÷åðåäîâàíèåì ñëîéêîâ ðàçíî-
ãî ãðàíóëîìåòðè÷åñêîãî ñîñòàâà, ñëîèñòîñòü ÷àñòî ïîä-
÷åðêèâàåòñÿ ñêîïëåíèÿìè ðóäíûõ ìèíåðàëîâ, ÷åøóé-
êàìè áèîòèòà è ò. ä.

Ïî ïåòðîõèìè÷åñêîé êëàññèôèêàöèè À. Ã. Êîñ-
ñîâñêîé è Ì. È. Òó÷êîâîé [10] íèæíåòðèàñîâûå ïåñ÷à-
íèêè ïîïàäàþò â ïîëå ïîëèìèêòîâûõ (ñîäåðæàíèå SiO2 
62–78 %) è âóëêàíîìèêòîâûõ (ñîäåðæàíèå SiO2 54–
64 %) (ðèñ. 2). Ê ïåðâûì îòíîñÿòñÿ ñðåäíå- è êðóïíî-
çåðíèñòûå ïåñ÷àíèêè, êî âòîðûì — èõ ïðåèìóùåñòâåí-
íî ìåëêîçåðíèñòûå ðàçíîñòè. Êðóïíîçåðíèñòûå îòëî-
æåíèÿ õàðàêòåðèçóþòñÿ ñìåùåíèåì â ñòîðîíó âåðõíåé 
ãðàíèöû ïîëÿ ïîëèìèêòîâûõ ïåñ÷àíèêîâ âñëåäñòâèå 
ïîâûøåííîãî ñîäåðæàíèÿ SiO2. Ýòî îáóñëîâëåíî áîëü-
øèì êîëè÷åñòâîì îáëîìêîâ êðåìíèñòûõ ïîðîä, ôåëü-
çèòîâ, óñòîé÷èâûõ ê õèìè÷åñêîìó ðàçðóøåíèþ. Áîëåå 
ìåëêîçåðíèñòûå îòëîæåíèÿ ñìåùåíû âíèç âñëåäñò-
âèå îáîãàùåíèÿ ïîëåâûìè øïàòàìè. Èíòåðåñíî, ÷òî 
ïî ðàçðåçó ïåñ÷àíèêîâ ñíèçó ââåðõ îòìå÷àåòñÿ ñîêðà-
ùåíèå ñîäåðæàíèÿ SiO2, ñâÿçàííîå ñ óìåíüøåíèåì êî-
ëè÷åñòâà îáëîìêîâ êðåìíèñòûõ ïîðîä è ôåëüçèòîâ. Íà 
êëàññèôèêàöèîííîé äèàãðàììå Ô. Äæ. Ïåòòèäæîíà 
[14] ôèãóðàòèâíûå òî÷êè ñîñòàâà ïåñ÷àíèêîâ ëîêàëèçó-
þòñÿ â ïîëÿõ ãðàóâàêê (ðèñ. 3).

Îñîáåííîñòè ñòðîåíèÿ êàîëèíèòà
Â. Â. Õëûáîâ [20] â òðèàñîâûõ îòëîæåíèÿõ âûäå-

ëÿåò òðè ðàçíîâèäíîñòè êàîëèíèòà: ïëîõî óïîðÿäî÷åí-
íûé, íåóïîðÿäî÷åííûé è õîðîøî óïîðÿäî÷åííûé, â çà-
âèñèìîñòè îò êîëåáàíèé ìåæïëîñêîñòíîãî ðàññòîÿíèÿ 
d001. 

È. Ä. Çõóñ [5] âûäåëÿåò òðè ðàçíîâèäíîñòè êàîëè-
íèòà, ðàçëè÷àþùèåñÿ ïî ìîðôîëîãè÷åñêèì ïðèçíà-
êàì. Ê ïåðâîé ðàçíîâèäíîñòè îòíåñåíû èäèîìîðôíûå 

Ðèñ. 2. Êëàññèôèêàöèîííàÿ äèàãðàììà Êîññîâñêîé è Òó÷êî-
âîé: 1 — ïåñ÷àíèêè ñåâåðà Øàïêèíà-Þðüÿõèíñêîãî âàëà, 2 — 
ïåñ÷àíèêè ñåâåðà âàëà Ñîðîêèíà

Fig. 2. Classification diagram of Kossovskaya and Tuchkova, 
1 — sandstones of the north of Shapkina-Yuryakha swell, 2 — 
sandstones of the north of Sorokin swell
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÷àñòèöû êàîëèíèòà (ïëàñòèíêè ãåêñàãîíàëüíîé ôîð-
ìû) ñ ÷åòêèìè, ðåçêî î÷åð÷åííûìè ëèíèÿìè îãðàíè-
÷åíèÿ. Íà äèôðàêòîìåòðè÷åñêèõ êðèâûõ ðåôëåêñû, 
ñîîòâåòñòâóþùèå êàîëèíèòó ýòîé ðàçíîâèäíîñòè, õà-
ðàêòåðèçóþòñÿ âûñîêîé èíòåíñèâíîñòüþ, ìàëîé ïîëó-
øèðèíîé è ñèììåòðè÷íîé ôîðìîé. ×àñòèöû âòîðîé 
ðàçíîâèäíîñòè êàîëèíèòà îòëè÷àþòñÿ îò ïåðâîé ìåíåå 
ñîâåðøåííîé ôîðìîé, íåðîâíûìè êðàÿìè. Â íåêîòî-
ðûõ îáðàçöàõ îòìå÷àåòñÿ íåáîëüøîå óâåëè÷åíèå äèô-
ôóçíîñòè êàîëèíèòîâûõ ðåôëåêñîâ íà äèôðàêòîãðàì-
ìàõ. ×àñòèöû òðåòüåé ðàçíîâèäíîñòè êàîëèíèòà õàðàê-
òåðèçóþòñÿ êàê ïñåâäîãåêñàãîíàëüíûìè ïëàñòèíêàìè, 
òàê è èõ îáëîìêàìè ñ íå÷åòêèìè ëèíèÿìè îãðàíè÷å-
íèÿ. Äèôðàêöèîííûå êàðòèíû òðåòüåé ðàçíîâèäíîñòè 
íåñêîëüêî îòëè÷àþòñÿ îò äâóõ ïåðâûõ. Êàîëèíèòîâûå 
ðåôëåêñû áîëåå äèôôóçíû: ó íèõ äîâîëüíî øèðîêîå 
îñíîâàíèå, à âåðøèíû èìåþò ïèëîîáðàçíóþ ôîðìó.

Îáðàçîâàíèå êàîëèíèòà ïåðâîé ðàçíîâèäíîñòè, 
âåðîÿòíî, ñâÿçàíî ñ àóòèãåííûì ìèíåðàëîîáðàçîâàíè-
åì, ÷àñòèöû âòîðîé ðàçíîâèäíîñòè âîçíèêëè â ðåçóëü-
òàòå ìåõàíè÷åñêîãî ðàçðóøåíèÿ êðèñòàëëîâ â ïðîöåñ-
ñå ïåðåíîñà è ïåðåîòëîæåíèÿ â ôèçèêî-õèìè÷åñêîé 
îáñòàíîâêå, áëèçêîé ê òîé, â êîòîðîé îáðàçîâàëñÿ ïåð-
âè÷íûé êàîëèíèò. Êàîëèíèò òðåòüåãî òèïà ñâÿçàí, ïî-
âèäèìîìó, ñ èçìåíåíèÿìè âíåøíåé ñðåäû, ãäå ìèíåðàë 
îêàçûâàëñÿ â íåñâîéñòâåííîé åìó îáñòàíîâêå. 

Íà îñíîâå äåòàëüíûõ ðåíòãåíîñòðóêòóðíûõ èñ-
ñëåäîâàíèé âåðõíåïåðìñêèõ îòëîæåíèé Òèìàíî-
Ïå÷îðñêîé ïðîâèíöèè Å. Î. Ìàëûøåâîé [15] áûëè 
âûäåëåíû ÷åòûðå ñòðóêòóðíî-ìîðôîëîãè÷åñêèõ òè-
ïà êàîëèíèòîâ. Ê ïåðâîìó òèïó îòíåñåí àóòèãåííûé 
êàîëèíèò, ïðåäñòàâëåííûé êðóïíûìè, õîðîøî îêðè-
ñòàëëèçîâàííûìè àãðåãàòàìè, ÷àñòî èìåþùèìè ñòîëá-
÷àòóþ èëè âåðìèêóëèòîïîäîáíóþ ôîðìû. Ýòîò òèï êà-
îëèíèòà ïðèóðî÷åí ê áîëåå êðóïíîçåðíèñòûì ïåñ÷à-
íèêàì. Êàîëèíèòû âòîðîãî òèïà ïðåäñòàâëåíû ìåë-
êîêðèñòàëëè÷åñêèìè àãðåãàòàìè, êîòîðûå ïîëíîñòüþ 
çàïîëíÿþò ïîðû ïåñ÷àíèêîâ, ðàçâèâàþòñÿ ïî îáëîìî÷-

íûì êîìïîíåíòàì èëè âûäåëÿþòñÿ â âèäå ãíåçä â ãëè-
íèñòûõ ïîðîäàõ. Êàîëèíèòû ýòîãî òèïà ðàññìàòðèâà-
þòñÿ êàê òðàíñôîðìàöèîííî-àóòèãåííûå. Èõ îáðàçîâà-
íèå, âåðîÿòíî, ïðîèñõîäèëî â ïåðèôåðè÷åñêèõ ÷àñòÿõ 
îòêðûòûõ ñèñòåì â ñâîáîäíûõ ïîðàõ èëè íà ñóáñòðà-
òå. Òðåòèé è ÷åòâåðòûé òèïû îáúåäèíÿþò êàîëèíèòû ñ 
ïñåâäîìîíîêëèííîé ÿ÷åéêîé è íèçêîé ñòåïåíüþ óïî-
ðÿäî÷åííîñòè. Êàîëèíèòû, îòíîñèìûå ê òðåòüåìó òè-
ïó, õàðàêòåðèçóþòñÿ àñèììåòðè÷íîé ôîðìîé ðåôëåê-
ñà 001 ñ îò÷åòëèâûì ïëå÷îì ñî ñòîðîíû ìàëûõ óãëîâ. 
Îíè îòìå÷àþòñÿ â îòëîæåíèÿõ, äèàãíîñòèðóåìûõ êàê 
èñêîïàåìûå ïî÷âû, è, âåðîÿòíî, èìåþò àëëîòèãåííî-
òðàíñôîðìàöèîííîå ïðîèñõîæäåíèå. Äëÿ êàîëèíèòîâ 
÷åòâåðòîãî òèïà õàðàêòåðíû ñèììåòðè÷íûå, íî øèðî-
êèå áàçàëüíûå îòðàæåíèÿ. Ýòè êàîëèíèòû ïðèñóòñòâó-
þò â ìåëêîçåðíèñòûõ ïåñ÷àíèêàõ, àðãèëëèòàõ è ãëèíàõ 
è îïðåäåëÿþòñÿ êàê àëëîòèãåííûå.

Ðèñ. 4. Îòíîñèòåëüíîå ñîäåðæàíèå ãëèíèñòûõ ìèíåðàëîâ
â öåìåíòå ïåñ÷àíèêîâ

Fig. 4. Relative content of clay minerals in cement of sandstones

Ðèñ. 3. Êëàññèôèêàöèîííàÿ äèàãðàììà K2O–Na2O

Fig. 3. Classification diagram K2O–Na2O
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Ðàññìîòðèì ìèíåðàëüíûé ñîñòàâ ãëèíèñòîãî öå-
ìåíòà (ïðèìåñåé) â êîëëåêòîðàõ ÷àðêàáîæñêîé ñâèòû. 
Â èçó÷åííûõ ïîðîäàõ ïðàêòè÷åñêè îòñóòñòâóþò ìîíî-
ìèíåðàëüíûå ãëèíû è ïîðîâîå ïðîñòðàíñòâî âñåãäà öå-
ìåíòèðóåòñÿ íåñêîëüêèìè ãëèíèñòûìè ìèíåðàëàìè 
(ñìåêòèò, õëîðèò, êàîëèíèò è ãèäðîñëþäà).

Â òðèàñîâûõ îòëîæåíèÿõ õàðàêòåð ðàñïðîñòðàíå-
íèÿ êàîëèíèòà íåðàâíîìåðíûé êàê ïî ðàçðåçó, òàê è ïî 
ïëîùàäè. Ñíèçó ââåðõ ïî ðàçðåçó îòìå÷àåòñÿ óìåíüøå-
íèå åãî ñîäåðæàíèÿ: ñ 80–90 % â ïåñ÷àíèêàõ áàçàëüíîãî 
ïëàñòà äî 10 % â âåðõíåé ÷àñòè ðàçðåçà (ðèñ. 4). Ïðè ïå-
ðåõîäå îò êðóïíîçåðíèñòûõ ê òîíêîçåðíèñòûì îñàäêàì 
òàêæå îòìå÷àåòñÿ óìåíüøåíèå ñîäåðæàíèÿ êàîëèíèòà. 
Îáîãàùåíèå êàîëèíèòîì ïîðîä ïñàììèòîâîé ðàçìåð-
íîñòè ñâÿçàíî òàêæå ñ îáðàçîâàíèåì ÷àñòè êàîëèíèòà â 
ïîñòñåäèìåíòàöèîííóþ ôàçó óæå â ñàìèõ ýòèõ ïîðîäàõ 
â ðåçóëüòàòå ïðåîáðàçîâàíèÿ ïîëåâûõ øïàòîâ. 

Çàôèêñèðîâàíî óâåëè÷åíèå îòíîñèòåëüíîãî ñîäåð-
æàíèÿ êàîëèíèòà â ñåâåðî-çàïàäíîì íàïðàâëåíèè. 
Îáúÿñíåíèåì ýòîìó ìîæåò ñëóæèòü òîò ôàêò, ÷òî ÷àñòè-
öû àëëîòèãåííîãî êàîëèíèòà áûëè ïîäõâà÷åíû è ïåðå-
íåñåíû âîäíûì ïîòîêîì ïðè ðàçìûâàíèè êîð âûâåòðè-
âàíèÿ, ñôîðìèðîâàâøèõñÿ ïî ïåðìñêèì îòëîæåíèÿì. 
Âïîñëåäñòâèè ýòè îòëîæåíèÿ, âåðîÿòíî, îáîãàùàëèñü êà-
îëèíèòîì àóòèãåííîãî ïðîèñõîæäåíèÿ. Åñòü îñíîâàíèÿ 
ïðåäïîëàãàòü, ÷òî ïîâûøåííûå ñîäåðæàíèÿ êàîëèíèòà â 
öåìåíòå ïåñ÷àíèêîâ èìåþò ôàöèàëüíóþ ïðèóðî÷åííîñòü.

Ïåðâàÿ ðàçíîâèäíîñòü êàîëèíèòà ïðåäñòàâëå-
íà âåðìèêóëèòîïîäîáíûìè ñðîñòêàìè, çåðíà êîòîðûõ 
èìåþò ïñåâäîãåêñàãîíàëüíóþ ìîðôîëîãèþ, çåðíà îáû-
÷íî èäèîìîðôíû, ðåæå ãèïèäèîìîðôíû (ðèñ. 5, a, b). 

Íà äèôðàêòîìåòðè÷åñêèõ êðèâûõ ðåôëåêñû, îòâå÷àþ-
ùèå êàîëèíèòó ýòîé ðàçíîâèäíîñòè, õàðàêòåðèçóþòñÿ 
âûñîêîé èíòåíñèâíîñòüþ, ìàëîé ïîëóøèðèíîé è ñèì-
ìåòðè÷íîé ôîðìîé (ðèñ. 6). Íà ýëåêòðîííî-ìèêðîñêî-
ïè÷åñêèõ ñíèìêàõ îáðàçöîâ ÷àñòî âìåñòå ñ âååðîîáðàç-
íûìè àãðåãàòàìè êàîëèíèòà íàáëþäàþòñÿ ðåãåíåðèðî-
âàííûå çåðíà êâàðöà è êîððîäèðîâàííûå îáëîìêè ïî-
ëåâîãî øïàòà (ðèñ. 5, e) Ðàñòâîðåíèå ïîëåâûõ øïàòîâ, 
èõ êàîëèíèòèçàöèþ, à òàêæå ðåãåíåðèðîâàííûå çåðíà 
êâàðöà ìîæíî óâèäåòü â øëèôàõ è ñ ïîìîùüþ ïîëÿðè-
çàöèîííîãî ìèêðîñêîïà. Äàííûå ýëåêòðîííîé ìèêðî-
ñêîïèè è íàáëþäåíèÿ â øëèôàõ ïîêàçûâàþò, ÷òî ïðî-
öåññû ðàñòâîðåíèÿ ïîëåâûõ øïàòîâ, îáðàçîâàíèå êàî-
ëèíèòà è ðåãåíåðàöèÿ êâàðöà ñóùåñòâóþò äàæå â îäíîì 
îáðàçöå è ðàçâèòû îíè ïî÷òè ïîâñåìåñòíî â ïåñ÷àíè-
êàõ. Âåðîÿòíî, ýòè ïðîöåññû âçàèìîñâÿçàíû è ìîãóò 
áûòü èëëþñòðèðîâàíû ñëåäóþùåé ðåàêöèåé:
4K[AlSi3O8]+6H2O = Al[Si4O10](OH)8 + 4KOH + 8SiO2.

Â îïèñûâàåìûõ îòëîæåíèÿõ âñòðå÷àåòñÿ òàêæå êà-
îëèíèò êàê â âèäå ïñåâäîãåêñàãîíàëüíûõ ïëàñòèíîê, 
òàê è èõ îáëîìêîâ ñ íå÷åòêèìè ëèíèÿìè îãðàíè÷åíèÿ. 
Ïðè ïîìîùè ýëåêòðîííîãî ìèêðîñêîïà óñòàíîâëåíî 
áîëüøîå êîëè÷åñòâî ÷àñòèö êàîëèíèòà êðóïíûõ ðàçìå-
ðîâ ïðè íåáîëüøîé òîëùèíå, ñ íåðîâíûìè, êàê áû ñðå-
çàííûìè êðàÿìè (ðèñ. 5, c, d). Äèôðàêöèîííàÿ êàðòè-
íà ýòîé ðàçíîâèäíîñòè íåñêîëüêî îòëè÷àåòñÿ îò âûøå-
îïèñàííûõ. Îòìå÷àåòñÿ äèôôóçíîñòü ïèêîâ: ó íèõ äî-
âîëüíî øèðîêîå îñíîâàíèå, à âåðøèíû èíîãäà èìåþò 
ïèëîîáðàçíóþ ôîðìó (ðèñ. 7). Ýòà ðàçíîâèäíîñòü êàî-
ëèíèòà ìîæåò áûòü îòíåñåíà ê êàîëèíèòó íèçêîé ñòå-
ïåíè óïîðÿäî÷åííîñòè.

a

d

b

e

c

f

Ðèñ. 5. Êàîëèíèò â öåìåíòå ïåñ÷àíèêîâ: a–b — âåðìèêóëèòîïîäîáíûå àãðåãàòû êàîëèíèòà â ïîðîâîì ïðîñòðàíñòâå íèæíåòðè-
àñîâîãî ïåñ÷àíèêà; c — êàîëèíèò ñðåäíåé ñòåïåíè ñòðóêòóðíîé óïîðÿäî÷åííîñòè; d — êàîëèíèò íèçêîé ñòåïåíè ñòðóêòóðíîé 
óïîðÿäî÷åííîñòè; e, f — àëëîòèãåííûé êàîëèíèò è êðèñòàëëû êâàðöà â ïîðîâîì ïðîñòðàíñòâå

Fig. 5. Kaolinite in sandstone cement: a–b — vermiculite-like aggregates of kaolinite in the pore space of Lower Triassic sandstone; c — 
kaolinite of average degree of structural ordering; d — kaolinite of low degree of structural ordering; e, f — allotigenic kaolinite and quartz 
crystals in pore space
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Êàîëèíèò íèçêîé ñòåïåíè óïîðÿäî÷åííîñòè èìååò 
òðàíñôîðìàöèîííî-àóòèãåííîå è àóòèãåííîå ïðîèñõî-
æäåíèå, ïðèóðî÷åí, êàê ïðàâèëî, ê ìåëêî- è ñðåäíåçåð-
íèñòûì ïåñ÷àíèêàì, îáðàçîâàâøèìñÿ íà ïðèðóñëîâîé 
îòìåëè. Îí çàïîëíÿåò ïðàêòè÷åñêè âñå ïîðîâîå ïðî-
ñòðàíñòâî. Îáëîìî÷íîå óíàñëåäîâàíèå ãëèíèñòûõ ìè-
íåðàëîâ îïðåäåëÿåòñÿ ñòåïåíüþ èõ óñòîé÷èâîñòè â êî-
ðàõ âûâåòðèâàíèÿ, ïðè ïåðåíîñå è â îñàäêàõ. Êàîëèíèò 
ÿâëÿåòñÿ êîíå÷íûì ïðîäóêòîì ïðåîáðàçîâàíèÿ ñèëè-
êàòîâ â ãèäðîñëþäèñòî-êàîëèíèòîâîì ïðîôèëå âûâå-
òðèâàíèÿ, îí ñòàáèëåí è â âîäíîé ñðåäå, è â ïî÷âàõ. 

Ïî ìíåíèþ ðÿäà èññëåäîâàòåëåé, êàîëèíèò — îäèí 
èç íàèáîëåå óñòîé÷èâûõ ïî îòíîøåíèþ ê ìåõàíè÷åñêî-
ìó ðàçðóøåíèþ ãëèíèñòûõ ìèíåðàëîâ è ìîæåò ïåðåíî-

Ðèñ. 6. Äèôðàêòîãðàììû ãëèíèñòîé ñîñòàâëÿþùåé ïîðîä 
(êàîëèíèò âûñîêîé ñòåïåíè ñòðóêòóðíîé óïîðÿäî÷åííîñòè): 
I — âîçäóøíî-ñóõîé îáðàçåö, II — îáðàáîòàííûé ãëèöåðè-
íîì. Ìåæïëîñêîñòíûå ðàññòîÿíèÿ â àíãñòðåìàõ (K — êàîëè-
íèò, Q — êâàðö)

Fig. 6. Diffraction patterns of clay component of rocks (kaolinite 
with a high degree of structural ordering): I — air-dry sample, 
II — treated by glycerin. Interplanar distances in angstroms (K — 
kaolinite, Q — quartz)

Ðèñ. 7. Äèôðàêòîãðàììà ðàçíîâèäíîñòè êàîëèíèòà íèçêîé 
ñòåïåíè ñòðóêòóðíîé óïîðÿäî÷åííîñòè: I — âîçäóøíî-ñóõîé 
îáðàçåö, II — îáðàáîòàííûé ãëèöåðèíîì. Ìåæïëîñêîñòíûå 
ðàññòîÿíèÿ â àíãñòðåìàõ. Sm — ñìåêòèò, Chl — õëîðèò, Il — 
èëëèò, K — êàîëèíèò, Q — êâàðö

Fig. 7. Diffraction patterns of a variety of kaolinite of low degree 
of structural ordering: I — air-dry sample, II — treated by glycerin. 
Interplanar distances in angstroms. Sm — smectite, Chl — chlorite, 
Il — illite, K — kaolinite, Q — quartz

ñèòüñÿ âî âçâåøåííîì ñîñòîÿíèè âîäíûìè ïîòîêàìè. 
Èñòî÷íèêîì îáëîìî÷íîãî êàîëèíèòà ìîãëà áûòü êî-
ðà âûâåòðèâàíèÿ ïåðìñêèõ ïåñ÷àíèêîâ. Ïðîöåññ âûâå-
òðèâàíèÿ ïåñ÷àíèêîâ ñâÿçàí ñ ðàçðóøåíèåì õëîðèòîâ, 
ïîëåâûõ øïàòîâ è ãèäðàòàöèåé ìóñêîâèòà, ïðè ýòîì 
ïðîèñõîäèë âûíîñ èç êîðû âûâåòðèâàíèÿ êðåìíåêè-
ñëîòû, æåëåçà è àëþìèíèÿ. Ýòè ýëåìåíòû, ïåðåíîñè-
ìûå â êîëëîèäíîì ñîñòîÿíèè, ñòàíîâèëèñü èñòî÷íèêà-
ìè äëÿ îáðàçîâàíèÿ àóòèãåííîãî êàîëèíèòà. 

Ïðè ïðåîáëàäàíèè ñëàáîêèñëîé ñðåäû â ïîðî-
âûõ âîäàõ èçó÷àåìûõ îòëîæåíèé â õîðîøî ïðîíèöàå-
ìûõ ó÷àñòêàõ ïåñ÷àíûõ ïîðîä èç äåãðàäèðîâàííûõ ãè-
äðîñëþä è ïîëåâûõ øïàòîâ îáðàçîâûâàëñÿ àóòèãåííûé 
êàîëèíèò. Â ãëèíèñòûõ ïîðîäàõ ïîäñòèëàþùèõ è ïåðå-
êðûâàþùèõ ñëîåâ ãëèíèñòûå ìèíåðàëû îñòàëèñü â òîé 
ñòàäèè, â êîòîðîé îíè áûëè ïðèíåñåíû â áàññåéí. 

Â îáðàçîâàíèè êàîëèíèòà âñåõ òèïîâ â áîëüøåé 
èëè ìåíüøåé ñòåïåíè ó÷àñòâóåò îäèí è òîò æå èñòî÷-
íèê — êîðû âûâåòðèâàíèÿ. Ýòî ìîæåò ñëóæèòü îáúÿ-
ñíåíèåì ôàêòà îáîãàùåíèÿ êàîëèíèòîì íèçîâ ðàçðåçà, 
â îñîáåííîñòè áàçàëüíîãî ïëàñòà.

Âëèÿíèå êàîëèíèòà
íà êîëëåêòîðñêèå ñâîéñòâà ïîðîä 
Íà ôèëüòðàöèþ íåôòè ÷åðåç êîëëåêòîð, ïîðîâîå 

ïðîñòðàíñòâî êîòîðîãî âûïîëíåíî ãëèíèñòûìè ìèíå-
ðàëàìè, âëèÿåò õàðàêòåð ðàñïðåäåëåíèÿ ãëèíèñòîãî âå-
ùåñòâà. Åñëè öåìåíò ðàñïðåäåëåí ðàâíîìåðíî, òî âëèÿ-
íèå ãëèíèñòîãî âåùåñòâà ñêàçûâàåòñÿ òåì ñèëüíåå, ÷åì 
áîëåå ìåëêîçåðíèñòûì ÿâëÿåòñÿ ïåñ÷àíèê è ÷åì õó-
æå ñîðòèðîâêà ïåñ÷àíîãî ìàòåðèàëà, ò. å. ÷åì ñëîæíåå 
ñòðóêòóðà ïîðîâîãî ïðîñòðàíñòâà.

Óìåíüøåíèå ýôôåêòèâíîãî äèàìåòðà ïîð ïðîèñõîäèò 
òàêæå â ðåçóëüòàòå âçàèìîäåéñòâèÿ ìèíåðàëîâ öåìåíòà ñ 
óãëåâîäîðîäàìè, ñîïðîâîæäàåìîãî ñîðáèðîâàíèåì ÷àñòè 
ÓÂ àêòèâíûìè öåíòðàìè ìèíåðàëîâ. Ïðåèìóùåñòâåííîé 
ñïîñîáíîñòüþ ê ñîðáöèè äîëæíû îáëàäàòü âûñîêîìîëå-
êóëÿðíûå ÓÂ, ò. ê. èì ñâîéñòâåííû áîëüøèå çíà÷åíèÿ 
âàí-äåð-âààëüñîâûõ ñèë, ïðîïîðöèîíàëüíûõ ðàçìåðàì 
îðãàíè÷åñêèõ ìîëåêóë. Ñîðáèðîâàííûå óãëåâîäîðîäû 
ñïîñîáñòâóþò óâåëè÷åíèþ îáúåìà ÷àñòèö, ó÷àñòâóþùèõ 
â ñòðîåíèè ïëàñòà-êîëëåêòîðà, è óìåíüøåíèþ âñëåäñòâèå 
ýòîãî äèàìåòðà ïîð.

Ñóùåñòâåííî âëèÿåò íà óìåíüøåíèå îáúåìà ïîð 
ñïîñîáíîñòü ãëèíèñòûõ ìèíåðàëîâ ê ïëàñòè÷åñêèì äå-
ôîðìàöèÿì. Ïðè óâåëè÷åíèè ñòàòè÷åñêîé íàãðóçêè 
(äàâëåíèå âûøåëåæàùèõ îòëîæåíèé) íà êîëëåêòîð ñ 
ðàâíîìåðíî ðàñïðåäåëåííûì öåìåíòîì ãëèíèñòîå âå-
ùåñòâî ñïîñîáíî çàïîëíèòü âñå îòêðûòûå êàíàëû, ñíè-
æàÿ åìêîñòíûå è ôèëüòðàöèîííûå ñâîéñòâà ïîðîäû.

Ïëàñòè÷åñêèå ñâîéñòâà ìèíåðàëîâ îïðåäåëÿþò-
ñÿ âåëè÷èíîé îáìåííîé åìêîñòè, òåñíî ñâÿçàííîé ñ 
ñîñòàâîì îáìåííûõ èîíîâ, ò. å. õàðàêòåðîì ïëàñòîâûõ 
âîä. Ïîýòîìó ïðè ðàâíîìåðíîì ðàñïðåäåëåíèè ãëèíè-
ñòîãî öåìåíòà åãî íåãàòèâíîå âëèÿíèå íà êîëëåêòîð-
ñêèå ñâîéñòâà ïîðîä áóäåò òåì áîëüøå, ÷åì âûøå îá-
ìåííàÿ åìêîñòü öåìåíòèðóþùåãî ãëèíèñòîãî ìèíåðà-
ëà. Ïî ñïîñîáíîñòè ê ïëàñòè÷åñêèì äåôîðìàöèÿì ãëè-
íèñòûå ìèíåðàëû ðàñïîëàãàþòñÿ ñëåäóþùèì îáðàçîì 
(â ïîðÿäêå óáûâàíèÿ ïëàñòè÷åñêèõ ñâîéñòâ): ìîíòìî-
ðèëëîíèò — äåãðàäèðîâàííûå ãèäðîñëþäû — ãèäðî-
ñëþäû — êàîëèíèò [9].

Îñîáåííîñòüþ ìèíåðàëîâ êàîëèíèòîâîé ãðóïïû 
ÿâëÿåòñÿ óñòîé÷èâîñòü ñòðóêòóðû, âñëåäñòâèå ÷åãî çà-
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ìåùåíèÿ âíóòðè ðåøåòêè ÷ðåçâû÷àéíî ðåäêè è çàðÿäû 
âíóòðè ñëîÿ êîìïåíñèðîâàíû. Ñâÿçü ñèëèêàòíûõ ñëîåâ 
äðóã ñ äðóãîì â íàïðàâëåíèè îñè ñ îñóùåñòâëÿåòñÿ âî-
äîðîäîì, êîòîðûé ïðåïÿòñòâóåò ðàñøèðåíèþ ðåøåòêè 
è èñêëþ÷àåò ïðîíèêíîâåíèå â íåå âîäû è óãëåâîäîðî-
äîâ. Äàæå çíà÷èòåëüíîå êîëè÷åñòâî êàîëèíèòà â ïîðîäå 
íå äåëàåò åå ïîëíîñòüþ íåïðîíèöàåìîé äëÿ íåôòè, ò. ê. 
ïîòåðè íà àäñîðáöèþ áóäóò ìèíèìàëüíûìè.

Ïî ðàñ÷åòàì, ïðîâåäåííûì Â. À. Øìûðèíîé, ïðî-
öåññ ïîëíîãî ïðåîáðàçîâàíèÿ ïîëåâûõ øïàòîâ â êàîëè-
íèò ïðèâîäèò ê çíà÷èòåëüíîìó óâåëè÷åíèþ ïîðèñòî-
ñòè (46 %), åñëè êðåìíåçåì íå èñïîëüçóåòñÿ íà ðåãåíå-
ðàöèþ êâàðöà, èëè íà 12 %, åñëè âåñü êðåìíåçåì ðàñõî-
äóåòñÿ íà ðåãåíåðàöèþ êâàðöà [13].

Çàêëþ÷åíèå
Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè óñòàíî-

âèòü, ÷òî â âåùåñòâåííîì ñîñòàâå ãëèíèñòîé ôðàêöèè 
îòëîæåíèé íèæíåãî òðèàñà âñåãäà ïðèñóòñòâóåò êàîëè-
íèò. Â ìåëêîçåðíèñòûõ ïåñ÷àíèêàõ è àëåâðîëèòàõ ïðè-
ñóòñòâóåò êàîëèíèò íèçêîé ñòåïåíè ñòðóêòóðíîé óïî-
ðÿäî÷åííîñòè, è ñîäåðæàíèå åãî íå ïðåâûøàåò 25 %. 
Ýòà ðàçíîâèäíîñòü êàîëèíèòà èìååò, ïî âñåé âèäèìî-
ñòè, àëëîòèãåííîå ïðîèñõîæäåíèå â ðåçóëüòàòå ïåðå-
íîñà è ïåðåîòëîæåíèÿ âîäíûìè ïîòîêàìè êàîëèíè-
òîâîé êîðû âûâåòðèâàíèÿ âåðõíåïåðìñêîãî âîçðàñòà. 
Â ôàöèàëüíîì ïëàíå êàîëèíèò ýòîãî òèïà íàêàïëèâàë-
ñÿ â óñëîâèÿõ âíåøíåé ÷àñòè ïîéìû. Êàîëèíèò ñðåä-
íåé ñòåïåíè óïîðÿäî÷åííîñòè ïðèóðî÷åí, êàê ïðàâèëî, 
ê ìåëêî- è ñðåäíåçåðíèñòûì ïåñ÷àíèêàì, îáðàçîâàâ-
øèìñÿ íà ïðèðóñëîâîé îòìåëè. Îí çàïîëíÿåò ïðàêòè-
÷åñêè âñå ïîðîâîå ïðîñòðàíñòâî. Êàîëèíèò âûñîêîé 
ñòåïåíè óïîðÿäî÷åííîñòè, âåðîÿòíåå âñåãî, èìååò àó-
òèãåííîå ïðîèñõîæäåíèå. Îí ñôîðìèðîâàëñÿ â ñðåäíå- 
è êðóïíîçåðíèñòûõ ïåñ÷àíèêàõ ðóñëîâîãî ãåíåçèñà, ãäå 
áûëî äîñòàòî÷íîå ïóñòîòíîå ïðîñòðàíñòâî äëÿ ôîðìè-
ðîâàíèÿ êðóïíûõ, õîðîøî îêðèñòàëëèçîâàííûõ àãðåãà-
òîâ. Êàê ïðàâèëî, åãî ñîäåðæàíèå ïðåâûøàåò 60 %.

Íàëè÷èå â íèæíåòðèàñîâûõ ïîðîäàõ êàîëèíèòà ðàç-
ëè÷íîé ñòðóêòóðíîé óïîðÿäî÷åííîñòè ìîæíî èñïîëüçî-
âàòü ïðè îïðåäåëåíèè îáñòàíîâîê îñàäêîíàêîïëåíèÿ.
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Introduction
The concept of mineralogical geomaterial science by 

Academician N. P. Yushkin is gaining a new level of devel-
opment today. The study of natural crystalline substances, 
including titanium minerals, allows identifying the features 
of conditions for their formation and the formation of phys-
ical and chemical properties, to evaluate the potential for 
their use in the industry [12, 25]. The industry of nanosys-
tems, technologies of production and diagnosing nanodevic-
es and nanomaterials are included in the list of critical tech-
nologies and priority directions for the development of sci-
ence, technology and technics in the Russian Federation. 

When the size of structural elements decreases from 10–3 to 
10–9 m, the derivatives with respect to natural minerals can 
exhibit unique optical, electrical, magnetic, catalytic and 
other properties [10, 11, 15]. Nanostructured systems, based 
on monodisperse magnetic nanoparticles/nanocrystals, are 
promising as high-density data storage systems. A great con-
tribution to the fundamental foundations of the processes of 
formation of nanostructured composite materials of natural 
and model synthetic mixtures was made by Prof. B. Goldin 
and co-authors [5, 6]. The greatest attention of researchers 
is attracted by titanium-containing concentrates of natural 
raw and its synthetic model analogues, as well as products of 
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TITANIUM MINERALS AS PROTOTYPES OF FUNCTIONAL MATERIALS
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In this paper new crystalline materials were developed with pronounced electromagnetic properties, derived from titanium minerals, on 
the base of Academician N. P. Yushkin concept about mineralogical geomaterial science. 

Titanium minerals (rutile, anatase, ilmenite and others) are carriers of useful components (elements) and unique structures (nanotubes, 
nanocomposites and others). Titanium minerals were modified by hydrothermal method. The doping of TiO2 with silver was realized by sol-
gel methods. The modified nanotubes of titanium dioxide by nitrogen and acid treatment were realized to study the influence of parameters 
(temperature, time of hydrothermal alkaline treatment, acid influence at washing, etc.) over nanomaterials properties.

The characterization of minerals and synthesis products was realized by scanning electron microscope (SEM), TEM, SEAD, EDAX, 
X-ray fluorescence method, atomic force microscope (AFM), etc. We revealed the nature of the phases and the degree of crystallinity of 
TiO2-Ag nanocomposites with controlled particle sizes and electronic characteristics.

Nanotubes made of TiO2 are an alternative material for waveguides with high data flow rates, compared to the materials used in fiber 
technology.

Keywords: titanium minerals, nanotubes, nanostructures, nature-like technologies, electromagnetic properties.
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Ïîêàçàíî ðàçâèòèå êîíöåïöèè ìèíåðàëîãè÷åñêîãî ãåîìàòåðèàëîâåäåíèÿ àêàäåìèêà Í. Ï. Þøêèíà íà ïðèìåðå êðèñòàëëè÷å-
ñêèõ âåùåñòâ (ñèíòåçèðîâàííûõ íàíîòðóáîê è äðóãèõ ñòðóêòóðíûõ íàíîîáðàçîâàíèé, ïðîèçâîäíûõ ïî îòíîøåíèþ ê ìèíåðàëàì òè-
òàíà) ñ âûðàæåííûìè ýëåêòðîìàãíèòíûìè ñâîéñòâàìè.

Ìèíåðàëû òèòàíà (ðóòèë, àíàòàç, èëüìåíèò è äð.) ÿâëÿþòñÿ íîñèòåëÿìè ïîëåçíûõ êîìïîíåíòîâ (ýëåìåíòîâ) è óíèêàëüíûõ 
ñòðóêòóð (íàíîòðóáîê, íàíîêîìïîçèòîâ è äð.). Ìèíåðàëû òèòàíà áûëè ìîäèôèöèðîâàíû ãèäðîòåðìè÷åñêèì ìåòîäîì. Ëåãèðîâàíèå 
TiO2 ñåðåáðîì áûëî âûïîëíåíî ñ ïîìîùüþ çîëü-ãåëåâîãî ìåòîäà. Ìîäèôèöèðîâàíèå íàíîòðóáîê äèîêñèäà òèòàíà ïóòåì îáðàáîò-
êè àçîòîì è êèñëîòîé áûëî âûïîëíåíî äëÿ èçó÷åíèÿ âëèÿíèÿ ïàðàìåòðîâ (òåìïåðàòóðû, âðåìåíè ãèäðîòåðìè÷åñêîé îáðàáîòêè ùå-
ëî÷üþ, âëèÿíèÿ êèñëîòû íà ïðîìûâêó è ò. ä.) íà ñâîéñòâà íàíîìàòåðèàëîâ.

Èíôîðìàöèÿ î ìîðôîëîãèè è õèìè÷åñêîì ñîñòàâå èñõîäíûõ ìèíåðàëîâ è ïðîäóêòîâ ñèíòåçà ïîëó÷åíà ñ èñïîëüçîâàíèåì ñêà-
íèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà (SEM), TEM, SEAD, EDAX, ðåíòãåíîôëþîðåñöåíòíîãî ìåòîäà, àòîìíî-ñèëîâîãî ìèêðîñêî-
ïà (AFM) è äð. Âûÿâëåíû îñîáåííîñòè ôàç è ñòåïåíü êðèñòàëëè÷íîñòè íàíîêîìïîçèòîâ TiO2-Ag c êîíòðîëèðóåìûìè ðàçìåðàìè ÷à-
ñòèö è ýëåêòðîííûìè õàðàêòåðèñòèêàìè. 

Íàíîòðóáêè èç TiO2 ÿâëÿþòñÿ àëüòåðíàòèâíûì ìàòåðèàëîì äëÿ âîëíîâîäîâ ñ áîëüøèìè ñêîðîñòÿìè ïîòîêà ïåðåäàâàåìûõ 
äàííûõ ïî ñðàâíåíèþ ñ èñïîëüçóåìûìè ìàòåðèàëàìè â âîëîêîííîé òåõíèêå.

Êëþ÷åâûå ñëîâà: ìèíåðàëû òèòàíà, íàíîòðóáêè, íàíîñòðóêòóðû, ïðèðîäîïîäîáíûå òåõíîëîãèè, ýëåêòðîìàãíèòíûå ñâîé-
ñòâà.

DOI:  10.19110/2221-1381-2018-4-34-39
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2015, the authors obtained images of magnetic granules, re-
gions (resolution up to 20 nm), and band domains in com-
posite films of various compositions. 

Results and discussion
Nanocomposites (nanostructured materials). The forma-

tion of titanium oxide by the sol-gel method includes bind-
ing of Ti monomers either by bridges (Ti-O-Ti) or hydrox-
ides (Ti-OH-Ti). The nature of the phases and the degree of 
crystallinity of titanium nanostructures were revealed, which 
were analyzed by XRD method [13]. The peaks and rela-
tive intensity were taken from the JCPDS database: anatase 
(JCPDS 21-1272), rutile (JCPDS 21-1276), silver (JCPDS 
04-0783) and silver oxide Ag2O (JCPDS 00 -076-139).

In all samples, the main peaks can be assigned to an-
atase by the following planes and corresponding 2 angles: 
[101] (25.30); [38]; [200] (480); [105] (540); [204] (62.550) 
and [116] (690) [18]. Undoped TiO2 is anatase and a small 
amount of amorphous phase. The larger width and lesser 
sharpness of the peaks in sample S1 (as-synthesized) com-
pared to S2 (calcined at 650 °C) indicate that the first sample 
is less crystalline, has a smaller particle size than the other. 
In addition, S1 contains a crystalline phase of anatase in the 
main state, and S2 is a mixture of anatase and rutile, which 
is confirmed by the distinctive peaks at 27.5 and 360 due to 
rutile planes [110] and [101]. The lower position of the base-
line for sample S2 indicates its higher degree of crystallini-
ty compared to S1. SEM images and EDAX images for syn-
thesized and calcined samples S1 and S2 were obtained. The 
results of EDAX analysis showed that after annealing the ra-
tio of silver on the surface decreases, indicating its migration 
within the titanium oxide structure, as previously mentioned 
in the literature [4, 6].

Nanotubes. Anatase (or rutile) (3D, Fig. 1, A), react-
ing with an alkaline solution, is stratified (Ti-O bonds break) 
and layers are formed (2D, Fig. 1, B). The lateral and angu-
lar atoms of the layered structures should have a large num-
ber of broken bonds with sufficient energy to destabilize the 
entire two-dimensional system. Consequently, to close the 
broken bonds, the sample layers can be folded into nano-
tubes and form one-dimensional structures (1D, Fig. 1, C). 
The process of 2D1D transition can lead to the formation 
of two types of nanotubes: concentric and nonconcentric 
(spiral) [13].

Fig. 2 and Fig. 3 show typical diffraction patterns of syn-
thesized samples. Tubular twisting of atomic layers is accompa-
nied by a noticeable expansion of shape of the peaks. Indices of 
the planes corresponding to the peaks of the diffraction pattern 
are given on Fig. 3. A typical peak for titanium dioxide nano-
tubes, observed in the region 2=10°, according [13], can be at-
tributed to the of H2Ti3O7 or NaxH2–xTi3O7 crystals. This peak 
belongs to plane (200) with the interlayer distance 0.96 nm cor-

their thermochemical processing, where signs of nanostruc-
turing are revealed [6]. The titanium minerals are interesting 
because of their unique electrical and magnetic properties 
[9], including the values of the band gap, a large potential for 
capturing solar energy. Another important indicator of at-
tractiveness of materials based on titanium minerals is their 
relatively low price, chemical and physical stability, non-
toxicity. Semiconductor properties of substances based on 
titanium dioxide (rutile, anatase, ilmenite and others) make 
them potential materials as sensitizers for oxidation-reduc-
tion processes activated by light [23]. The doping of Pt, Au 
and Ag atoms improves the photocatalytic activity of TiO2, 
reducing the recombination of electron-hole pairs [1]. The 
productivity of oxidation processes of TiO2 is influenced 
by various factors (degree of crystallinity, morphology and 
particle size). Therefore, the synthesis of titanium-based 
materials with target properties is still a challenge. In the 
field of nanoplasmonics, nanostructures (threads, fibers, 
tubes, layers), synthesized on the basis of natural minerals, 
are of particular interest. Previously, the authors of the work 
produced titanium dioxide nanotubes by hydrothermal syn-
thesis [11, 14].

The purpose of the work: the search for new crystalline 
materials with pronounced electromagnetic properties on 
the basis of the features of nature-like technologies for the 
synthesis of nanotubes and other structural nanomaterials 
derived from titanium minerals.

Methods and approaches
Technologies for the synthesis of TiO2 nanotubes (sam-

ples HT0601 – HT0604, HT0701 – HT0708, HT0901 – 
HT0904) are developed on the basis of methods and ap-
proaches of hydrothermal synthesis. They are adapted for 
the non-magnetic fraction of the gravity concentrate of the 
ilmenite-leucoxene ore from Pizhma deposit [14].

Technologies of production of TiO2-Ag nanocompos-
ites (samples S1 and S2) are developed on the basis of the 
sol-gel method [4]. Information on the morphology and 
chemical composition of ore and synthesis products was 
obtained by Tescan VEGA 3 LMH scanning electron mi-
croscope (2017) with the Oxford Instruments X-Max ener-
gy dispersive attachment and the X-ray fluorescent method 
(Shimadzu XRF-1800). The analysis for crystalline struc-
tures for initial material and synthesized samples was carried 
out on the basis of the Shimadzu XRD-6000 diffractometer.

The roughness of surface of the samples (resolution 5 
nm), the shape and dimensions of the electric and magnet-
ic micro- and nanoscale regions and their topology were de-
termined by ARIS-3500 atomic force microscope (AFM), a 
magnetic power microscope (MPM) — modernized AFM, 
for which the semiconductor probe was replaced by a sili-
cone probe with a CoCr magnetic coating. At the MPM in 

Fig. 1. The process of titanium dioxide nanotubes formation

Ðèñ. 1. Ïðîöåññ îáðàçîâàíèÿ íàíîòðóáîê äèîêñèäà òèòàíà
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responding to the distance between two neighboring TiO6 oc-
tahedra forming nanotube walls. It is also noted that this peak 
can be absent in the case of decreasing pH during the acid treat-
ment. In our case, a significant decrease of the intensity of this 
peak occurred after the acid treatment (samples of HT0707 and 
HT0708, 0.1 M HCl treatment). Thus, the alkaline treatment 
of rutile results in to a restructuring at the nanolevel — the for-
mation of titanium dioxide nanotubes. 

The TEM-images of the synthetized materials (Fig. 4), 
allowed specifying data on their structure, as well as evalu-
ating the degree of influence of various synthesis parameters 
(temperature, duration of hydrothermal alkaline exposure, 
acid influence at washing) on their morphology.

We determined influence of duration of hydrothermal 
alkaline treatment on the geometric parameters of forming 
titanium dioxide nanotubes. The increase in the reaction 
time from 24 (Fig. 4, A) to 72 h (Fig. 4, B) leads to decreas-
ing outer and inner diameters, as well as the interlayer gap of 
the obtained nanotubes. It should be noted that the interlay-
er gap is large, according to the X-ray diffraction data, com-
pared to that obtained by the transmission electron micros-
copy, which can be explained by the presence of water mole-
cules in the interlayer gaps. The number of layers in the walls 
is the same in this case.

On the electron diffraction pattern of the nanostruc-
tured samples, the reflexes of only (101) and (004) planes 
are clearly distinguished. Blurring of the diffraction pattern 
in comparison with the anatase electron diffraction pattern, 

can be attributed to the formation of tubular materials at na-
noscale.

Electromagnetic and electronic properties of titanium 
minerals. UV spectra were used to determine the band gap of 
the initial material and the obtained samples. A shift of the 
absorption band toward the visible radiation was observed, 
when nanotubes were formed. However, according to the 
spectra shown in Fig. 5, such a shift is not observed or the 
absorption band is shifted to the short-wave region (sample 
HT0901).

There are two formulas to calculate the band gap. The 
first [20]:

 , (1)

where g — intersection point extrapolation straight line 
with abscissa axis (Fig. 5, A).

The second formula [24] is based on the relation be-
tween the adsorption coefficient  and the photon energy 
h:

 , (2)

where Bi – adsorption constant for indirect transitions. 
For further calculations it is convenient to construct 

 dependence with extrapolation of the linear 
part of the spectrum to zero. Since the adsorption coefficient 
 is proportional to the spectral absorption A, then we can 
proceed to the construction of  dependence. 
The intersection of the extrapolation straight line (Fig. 5, B) 
with the abscissa axis gives the desired value of the band gap. 
The obtained values are shown in Table.

Titanium dioxide occurs in many polymorphs, but the most 
important ones are anatase and rutile. These two polymorphs are 
wide-gap semiconductors (Ea = 3.23 and Ea = 3.02 eV, respec-
tively), so they can support photocatalytic reactions in the pres-
ence of visible light [22].

A convenient strategy to increase the absorption of vis-
ible light is to incorporate noble metal nanoparticles into ti-
tanium oxide. Such additives as Pt, Pd, Au, Ag improve the 
photocatalytic efficiency of TiO2, preventing recombination 
of the electron-hole pair [23]. Silver is suitable, it is non-tox-
ic and much cheaper than other mentioned noble metals, 
improving the bioactivity of TiO2, especially when treated 
with water, because of its own antibacterial activity against 
various microorganisms [10].

Previously, it was shown that the higher activity of sam-
ples of doped titanium dioxide compared to pure TiO2 can 
be explained by the contribution of silver compounds [8], 
which have a very small band gap (1.3 eV) and form bound-
aries due to Ag2O aggregation on carrier. Calcination gener-
ates an appropriate ratio between anatase and rutile, which 
plays an important role in optimizing the electron hole of the 

Sample
Band gap (eV)

Formula (1) Formula (2)
ÍÒ0801 3.35 3.075
ÍÒ0802 3.35 3.075
ÍÒ0901 3.48 3.125
Anatase 3.35 3.1

Band gap
Øèðèíà çàïðåùåííîé çîíû

Fig. 2. Diffraction patterns of initial material (0), samples HT0601 
(1), HT0602 (2), HT0603 (3), HT0604 (4)

Ðèñ. 2. Äèôðàêòîãðàììû èñõîäíîãî ìàòåðèàëà (0), îáðàçöîâ 
ÍÒ0601 (1), ÍÒ0602 (2), ÍÒ0603 (3), ÍÒ0604 (4)

Fig. 3. Diffraction pattern ÍÒ0701

Ðèñ. 3. Äèôðàêòîãðàììà îáðàçöà ÍÒ0701
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pairs. The position of the energy levels of the valence band 
and the conduction bands of the two phases promotes the 
migration of the advanced electron from the anatase con-
duction band to the rutile conduction band, instead it allows 
recombination [19].

We also modified nanotubes of titanium dioxide by nitro-
gen, which was accompanied by a shift in intrinsic absorp-
tion to the visible light zone. The obtained samples were an-
nealed at different temperature (550–873 K).

Fig. 6 shows UV spectra of the studied samples before 
and after the modification. The shift of the absorption band 
is clearly visible toward increasing the wavelength. In addi-
tion to this displacement, a so-called «shoulder» occurs in 
the region of 400–773 nm (indicated by an arrow), which 
is associated with electronic transitions from 2p level of ni-
trogen atom to conduction band [7]. This shoulder becomes 
more pronounced with increasing annealing temperature in 
nitrogen flow.

The band gap was calculated using dependencies 
 [24]. The change made 1 eV (3.1 for anatase 

and 2.1 eV for nitrogen modified nanotubes). The energy of 
2.1 eV corresponded to radiation, with a wavelength 590 nm.

According to the literature [7], the degree of isomor-
phous substitution of sodium atoms in the crystal-substrate 
structure is proportional to the annealing temperature. 
However, our studies of the temperature stability of modi-
fied samples showed that the increase in temperature above 
673 K leads to the breaking of the tubular structure and for-

mation of aggregated anatase particles. This determined the 
upper limit of the temperature range permissible for anneal-
ing the samples after interaction with ammonium hydroxide 
in nitrogen flow. Fig. 7 presents images of nanostructured 
sample HT0903 before and after modification (annealing at 
623 K).

Fig. 8 presents some blurring of the image: the elec-
tron beam is partially scattered by the surface of the sam-
ple, which is confirmed by comparing the electron diffrac-
tion patterns of the original sample HT0903 and the sample 
after the modification. At the electron diffraction pattern of 
a nanostructured sample after isomorphic substitution, the 
diffraction pattern is blurred. This may be related to the pres-
ence of residual ammonium hydroxide on the surface of the 
sample.

Wave properties of TiO2 nanostructures, application. 
TiO2-based nanostructures (filaments, fibers, single and 
multilayer tubes, layers, nanocomposites) and their elec-
tromagnetic properties (UV absorption spectra) are very in-
teresting. The previous electron microscopic images of syn-
thesized TiO2 nanotubes allowed determining their dimen-
sions: diameter 70–100 nm and length 2–5.5 mcm [21]. 
Considering the nanotube sizes, it is possible to note that sin-
gle- and multilayered TiO2 nanotubes can be used as guide 
systems (waveguides) of electromagnetic waves (EMW) of 
UV range (=10380 nm) [2, 3]. Intervals  for transparen-
cy bands should not include absorption bands. The observed 
absorption peak of UV radiation in the wavelength range

Fig. 4. TEM image of nanostructured TiO2 (sample HT0701, synthesis time A – 24 h, B – 72 h). The scale corresponds to 20 nm

Ðèñ. 4. TEM-èçîáðàæåíèÿ íàíîñòðóêòóðèðîâàííîãî TiO2 (îáðàçåö HT0701, À – âðåìÿ ñèíòåçà 24 ÷, Â – âðåìÿ ñèíòåçà 72 ÷). 
Øêàëà ñîîòâåòñòâóåò 20 íì

Fig. 5. UV spectrum of initial anatase and synthesized samples (A); determination of the band gap (B)

Ðèñ. 5. Ñïåêòðû ïîãëîùåíèÿ óëüòðàôèîëåòîâîãî èçëó÷åíèÿ èñõîäíîãî àíàòàçà è ñèíòåçèðîâàííûõ îáðàçöîâ(À); îïðåäåëåíèå 
øèðèíû çàïðåùåííîé çîíû (Â)



38

Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ,  àïðåëü, 2018 ã., ¹ 4

 = 200–380 nm shifts the maximum wavelengths allowed 
for waveguides, i.e. they should be less than  = 200 nm. The 
refractive index n for wavelengths of the UV range is 2.6 [17, 
21], the value of which determines the geometry of EMW 
propagation in TiO2 nanotubes. To realize the minimum en-
ergy loss condition propagating in the wave tube, the angles 
of incidence of EMW on the waveguide wall must exceed the 
limiting angle. In this case, the condition for total internal 
reflection of the EMW is fulfilled. Then the value of the lim-
iting angle of incidence of EMW on the walls of TiO2 nano-
tube should be 26°. The ratio of the diameter d of the nano-
tube to the wavelength  will be determined by the following 
conditions. For EMW wavelengths much larger than the di-
ameter of the waveguide (for d/<<1), the presence of the 
waveguide walls will have a negligible effect on EMW propa-
gation path [21]. In the other extreme, when the diameter of 
the waveguide is greater than the wavelength (for d/>>1), 
the role of nanotube walls, surrounding the wave propagation 
space, is also small: the wave propagates in a uniform air me-
dium. The length of EMV  should corresponds to the wave 
interval between these two extreme cases. Transparency win-
dows should also be included in this interval . This wave-

length interval for synthesized TiO2 nanotubes corresponds 
to ultraviolet (UV) radiation with wavelengths 10200 nm. 
All the above characteristics indicate that the obtained nano-
tubes on the basis of titanium dioxide can be used to simulate 
the propagation of EMF of UV band and can support further 
development of fiber technology, where quartz and quartz-
polymer fibers with cross dimensions 50–125 μm are now 
used, in which only IR waves can propagate [3]. TiO2 nano-
tubes are an alternative material for waveguides with much 
higher data flow rates, compared to the materials used in fi-
ber technology.

Conclusions
Titanium minerals (rutile, anatase, ilmenite and oth-

ers) are carriers of useful components (elements) and unique 
structures (tubes, nanocomposites and others). The na-
ture of the phases and the degree of crystallinity of TiO2-Ag 
nanocomposites with controlled particle sizes and electron-
ic characteristics were revealed. The conditions for the syn-
thesis of nanotubes of titanium dioxide affect their morphol-
ogy. It was shown that the inclusion of noble metal nanopar-
ticles, such as Pt, Pd, Au, Ag, as well as nitrogen modifica-

Fig. 6. UV spectra of diffuse reflection of anatase and nanostructured TiO2 (sample HT0903) before and after nitrogen modification (A); 
determination of the band gap (B). Annealing temperature is given in parentheses

Ðèñ.  6. ÓÔ-ñïåêòðû êîýôôèöèåíòà äèôôóçíîãî îòðàæåíèÿ àíàòàçà è íàíîñòðóêòóðèðîâàííîãî TiO2 (îáðàçåö HT0903) äî è 
ïîñëå ìîäèôèöèðîâàíèÿ (À); ïðÿìûå äëÿ îïðåäåëåíèÿ øèðèíû çàïðåùåííîé çîíû (Â). Â ñêîáêàõ óêàçàíà òåìïåðàòóðà îòæèãà 
ñîîòâåòñòâóþùèõ îáðàçöîâ

Fig. 7. TEM image of nanostructured TiO2 (A – initial sample ÍÒ0903, B – modified by nitrogen)

Ðèñ. 7. TEM-èçîáðàæåíèå íàíîñòðóêòóðèðîâàííîãî TiO2 (À – èñõîäíûé îáðàçåö ÍÒ0903, Â – ìîäèôèöèðîâàííûé àçîòîì)
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tion, was a convenient strategy for changing the band gap of 
rutile and anatase. Nanotubes, made of TiO2, are an alterna-
tive material for waveguides with high data flow rates, com-
pared to the materials used in fiber technology.

The work was accomplished according to the research 
theme «Scientific basis for effective mining, the explora-
tion and development of mineral resources base, develop-
ment and implementation of innovative technologies, econom-
ic-geological zoning of Timan-Northern Ural Region» (GR 
No. AAAA-A17-117121270037-4) with the partial support of 
RFBR project (18-29-12113)
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Ââåäåíèå
Ãîðíûå ïîðîäû èíòåíñèâíî ïðåîáðàçóþòñÿ ïðè 

áîëüøèõ óäàðíûõ íàãðóçêàõ. Äèíàìè÷åñêèå óäàðíûå 
âîëíû, ÿâëÿþùèåñÿ ïðè÷èíîé óëüòðàâûñîêèõ äàâëå-
íèé è òåìïåðàòóð, ïðèâîäÿò ê äåôîðìàöèè, òðàíñôîð-
ìàöèè, ïëàâëåíèþ è èñïàðåíèþ âåùåñòâà ìèøåíè [5, 
9]. Ïðåîáðàçîâàíèå ïëîòíûõ ìåòàìîðôè÷åñêèõ ïî-
ðîä èçó÷åíî âåñüìà äåòàëüíî, îíè íåñóò ÿâíûå ñëåäû 
óëüòðàâûñîêîáàðíûõ èçìåíåíèé, âêëþ÷àÿ îáðàçîâà-
íèå âûñîêîáàðè÷åñêèõ ìèíåðàëîâ [3–5]. Â òîæå âðåìÿ 
îñòàåòñÿ íå äî êîíöà ÿñíîé ðåàêöèÿ êàðáîíàòíûõ ïîðîä 
íà âûñîêèå äàâëåíèÿ è òåìïåðàòóðû. Ïîíèìàíèå ïðî-
öåññà ïðåîáðàçîâàíèÿ èçâåñòíÿêà è ñóùåñòâåííî êàð-
áîíàòíûõ ñèëèêàòíûõ ïîðîä ïðè èìïàêòíîì ìåòàìîð-
ôèçìå, à òàêæå âûÿâëåíèå êîíå÷íûõ ïðîäóêòîâ ÿâëÿ-
åòñÿ íåîáõîäèìûì óñëîâèåì äëÿ ðàñïîçíàíèÿ ìàðêåðà 
óäàðíûõ ñòðóêòóð â áîãàòûõ êàðáîíàòíûì ìàòðèêñîì 
ïîðîäàõ ìèøåíè.

Âîñïðîèçâåäåíèå èìïàêòíîãî ïðîöåññà â ëàáîðà-
òîðíûõ óñëîâèÿõ äàåò âîçìîæíîñòü èçó÷èòü ìåõàíèçì 
ïðåîáðàçîâàíèÿ âåùåñòâà ïðèðîäíûõ îáúåêòîâ, ïîä-

âåðæåííûõ èíòåíñèâíîìó óäàðíîìó âîçäåéñòâèþ [9]. 
Ýêñïåðèìåíòû ïî óäàðíîìó ñæàòèþ â óñëîâèÿõ ëàáîðà-
òîðèè, êàê ïðàâèëî, ïðîèçâîäÿòñÿ ïîñðåäñòâîì óäàðíûõ 
ìåõàíèçìîâ ñ èñïîëüçîâàíèåì â êà÷åñòâå ñòàðòîâûõ ìà-
òåðèàëîâ âçðûâ÷àòûõ âåùåñòâ [1], à òàêæå ïóòåì ìåõàíè-
÷åñêîãî èìïóëüñà. Â òî æå âðåìÿ àíàëîãîì ïðèðîäíûõ 
èìïàêòíûõ ïðîöåññîâ íà ìèêðîóðîâíå ìîæåò ñëóæèòü 
ëîêàëüíîå ëàçåðíîå âîçäåéñòâèå íà ïîâåðõíîñòü èññëå-
äóåìîãî îáðàçöà. Ïîäîáíîå ýêñïåðèìåíòàëüíîå ìîäåëè-
ðîâàíèå øèðîêî ïðèìåíÿåòñÿ â çàðóáåæíîé ïðàêòèêå [6, 
7], îñîáåííî àêòèâíî â ïîñëåäíèå ãîäû.

Ëàçåðíàÿ îáðàáîòêà îòíîñèòñÿ ê ëîêàëüíûì ìåòî-
äàì òåðìè÷åñêîãî âîçäåéñòâèÿ ñ ïîìîùüþ âûñîêîêîí-
öåíòðèðîâàííûõ èñòî÷íèêîâ íàãðåâà. Ïðè âîçäåéñòâèè 
ìèëëèñåêóíäíîãî ëàçåðíîãî èçëó÷åíèÿ íà ïîâåðõíîñòè 
âåùåñòâà âîçíèêàþò ñâåðõâûñîêèå òåìïåðàòóðû (ïî-
ðÿäêà íåñêîëüêèõ òûñÿ÷ Ê) çà ñ÷åò áîëüøîé ïëîòíîñòè 
ýíåðãèè èçëó÷åíèÿ (6.105 Âò/ñì2) è ñêîðîòå÷íîñòè âðå-
ìåíè âîçäåéñòâèÿ èìïóëüñà (0.5 ìñ). Âîçíèêàåò ÷ðåç-
âû÷àéíî âûñîêàÿ êîíöåíòðàöèÿ ýíåðãèè â ìèêðîîáú-
åìå ïðèïîâåðõíîñòíîãî ñëîÿ, ÷òî ïðèâîäèò ê ïåðåõî-

ÓÄÊ 549.07: 523.681.8: 535.375.54: 539.213 (234.82)
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Ïðåîáðàçîâàíèå êàðáîíàòíîãî âåùåñòâà ìèøåíè âî âðåìÿ èìïàêòíîãî ïðîöåññà îñòàåòñÿ ñëàáîèçó÷åííûì. Ôàçîâûå èçìå-
íåíèÿ ñèëèêàòíûõ îñàäî÷íûõ ïîðîä ñ âûñîêîé äîëåé êàðáîíàòíîãî âåùåñòâà, à òàêæå èçâåñòíÿêîâ ñ ãëèíèñòîé è óãëåðîäèñòîé êîì-
ïîíåíòàìè îñòàþòñÿ âîîáùå íå èññëåäîâàííûìè. Äëÿ âûÿâëåíèÿ õàðàêòåðà ôàçîâûõ òðàíñôîðìàöèé ïîäîáíûõ îáúåêòîâ íàìè 
âïåðâûå áûëà âûïîëíåíà ýêñïåðèìåíòàëüíàÿ ðàáîòà ïî ìîäåëèðîâàíèþ èìïàêòíîãî ïðîöåññà êîðîòêîèìïóëüñíûì ëàçåðíûì âîç-
äåéñòâèåì íà áèòóìîñîäåðæàùèé ãëèíèñòûé èçâåñòíÿê. Â ïðîöåññå âîçäåéñòâèÿ ëàçåðíîãî èìïóëüñà íà âåùåñòâî ìèøåíè íàìè 
äîñòèãíóòû òåìïåðàòóðû (~2200 Ê) è äàâëåíèÿ (~24 ÃÏà), ñîèçìåðèìûå ñ ðàñ÷åòíûìè äàííûìè ïðè îáðàçîâàíèè êðóïíûõ èìïàê-
òíûõ ñòðóêòóð. Ýêñïåðèìåíòàëüíî óñòàíîâëåíî ïëàâëåíèå è ðàñêðèñòàëëèçàöèÿ êàðáîíàòíîãî ðàñïëàâà ñ îáðàçîâàíèåì ïðîìåæó-
òî÷íûõ ôàç è êàëüöèòà. Âûÿâëåíî îáðàçîâàíèå èìïàêòíîãî ñòåêëà èç ãëèíèñòîé ñîñòàâëÿþùåé ïðîòîëèòà, à òàêæå çàôèêñèðîâàíî 
ïðåîáðàçîâàíèå óãëåðîäèñòîãî âåùåñòâà. 
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äó âåùåñòâà â ïëàçìåííîå ñîñòîÿíèå. Ïðè ðàñøèðåíèè 
ïëàçìû â ïðèïîâåðõíîñòíîé îáëàñòè âîçíèêàþò î÷åíü 
áîëüøèå äàâëåíèÿ — äî 400 ÃÏà è âûøå, êàê ïðè âçðû-
âå [2]. Óñëîâèÿ, âîçíèêàþùèå â õîäå ýêñïåðèìåíòàëü-
íîé ðàáîòû, áëèçêè ïî ñâîèì ôèçè÷åñêèì ïàðàìåòðàì 
ê óäàðíîìó ìåòàìîðôèçìó [8].

Â äàííîé ðàáîòå ìû ïðèâîäèì ðåçóëüòàòû ýêñïå-
ðèìåíòàëüíîãî ìîäåëèðîâàíèÿ èìïàêòíîãî ïðîöåññà 
ïîðîä êàðáîíàòíîãî ñîñòàâà. Ïîëó÷åííûå äàííûå ÿâ-
ëÿþòñÿ íåîáõîäèìûìè äëÿ ïîíèìàíèÿ ïðîöåññîâ èì-
ïàêòíîãî ïðåîáðàçîâàíèÿ èçâåñòíÿêîâ ïîäëîæêè ñ íå-
çíà÷èòåëüíîé ñèëèêàòíîé ñîñòàâëÿþùåé.

Ìàòåðèàëû è ìåòîäû
Â êà÷åñòâå ìàòåðèàëà äëÿ ýêñïåðèìåíòàëüíîãî 

ìîäåëèðîâàíèÿ áûë èñïîëüçîâàí óãëåðîäñîäåðæàùèé 
ãëèíèñòûé èçâåñòíÿê èç ïîðîä ìèøåíè Êàðñêîé àñ-
òðîáëåìû (Ïàé-Õîé). Äëÿ èññëåäîâàíèé èçãîòàâëèâà-
ëèñü ïëàñòèíû ðàçìåðîì îêîëî 1.5  1.5 ñì2. Âî èçáå-
æàíèå ïðîöåññîâ îêèñëåíèÿ âî âðåìÿ âîçäåéñòâèÿ ëà-
çåðíîãî èçëó÷åíèÿ íà âåùåñòâî îáðàçåö ïîìåùàëè â 
çàïîëíåííûé èíåðòíîé ñðåäîé àðãîíà ñîñóä, êîòîðûé 
óñòàíàâëèâàëè íà êðîíøòåéí íà ðàññòîÿíèè 0.5 ì îò 
ðóáèíîâîãî ëàçåðà ÃÎÐ-100Ì, è ïðîèçâîäèëè îáëó÷å-
íèå îáðàçöà (ðèñ. 1). Çîíà âîçäåéñòâèÿ èìåëà ðàçìåðû 
îêîëî 3  2 ìì2 (ðèñ. 2). 

Èçó÷åíèå ïðîäóêòîâ ïðåîáðàçîâàíèÿ ïðîâîäèëîñü 
â ÖÊÏ «Ãåîíàóêà» ëîêàëüíûìè ìåòîäàìè èññëåäîâà-
íèÿ — ðàìàíîâñêîé ñïåêòðîñêîïèåé (LabRam HR800, 

Horiba Jobin Yvon) è ñêàíèðóþùåé ýëåêòðîííîé ìèêðî-
ñêîïèåé (ÑÝÌ) â ñîâîêóïíîñòè ñ ìèêðîçîíäîâûì àíà-
ëèçîì (Tescan Vega LMH (×åõèÿ) ñ ýíåðãîäèñïåðñèîí-
íûì äåòåêòîðîì X-MAX, Oxford Instruments, àíàëèòèê 
Ñ. Ñ. Øåâ÷óê). Óñëîâèÿ ðåãèñòðàöèè ñïåêòðîâ êîìáè-
íàöèîííîãî ðàññåÿíèÿ: He-Ne-ëàçåð ( = 488 íì, ìîù-
íîñòü — 1.2 ìÂò), ðåøåòêà ñïåêòðîãðàôà — 600 ø/ìì, 
êîíôîêàëüíîå îòâåðñòèå — 300 ìêì, ùåëü ñïåêòðîìå-
òðà — 100 ìêì, âðåìÿ ýêñïîçèöèè ñïåêòðà êîìáèíàöè-
îííîãî ðàññåÿíèÿ — 10 ñ, êîëè÷åñòâî öèêëîâ íàêîïëå-
íèÿ ñèãíàëà â ó÷àñòêå ñïåêòðà — 3, äèàïàçîí ðåãèñòðà-
öèè ñïåêòðîâ — 100–4000 ñì–1. Ñïåêòðû ðåãèñòðèðîâà-
ëèñü ïðè êîìíàòíîé òåìïåðàòóðå.

Ðåçóëüòàòû è îáñóæäåíèå
Èíòåíñèâíîå ïðåîáðàçîâàíèå ïîâåðõíîñòè õîðî-

øî âûÿâëÿåòñÿ êàê îïòè÷åñêèìè ìåòîäàìè (ðèñ. 2), 
òàê è  ñ ïîìîùüþ ñêàíèðóþùåé ýëåêòðîííîé ìèêðî-
ñêîïèè. Ïîñëåäíÿÿ ïîçâîëèëà çàôèêñèðîâàòü ñóùåñò-
âåííûå ìîðôîëîãè÷åñêèå èçìåíåíèÿ â îáëàñòè ëàçåð-
íîãî âîçäåéñòâèÿ (ðèñ. 3, à). Óñëîâíî âûäåëÿþòñÿ òðè 
çîíû — íåèçìåíåííàÿ, ñëàáîèçìåíåííàÿ è èíòåíñèâíî 
ïðåîáðàçîâàííàÿ. 

Íåèçìåíåííàÿ îáëàñòü ïðåäñòàâëåíà ïëîòíî ñðà-
ñòàþùèìèñÿ êðèñòàëëàìè êàëüöèòà ðîìáîýäðè÷åñêîé 
è íåïðàâèëüíîé ôîðìû ðàçìåðîì îò 10 äî 100 ìêì 
(ðèñ. 3, b). Â çîíå ñëàáîãî ïðåîáðàçîâàíèÿ íàáëþäàþò-
ñÿ îêðóãëûå î÷åðòàíèÿ è íå÷åòêóþ ìîðôîëîãèþ çåðíà 
êàëüöèòà. Â íàèáîëåå ïðåîáðàçîâàííîé çîíå âåùåñòâî 

èìååò êîðàëëîïîäîáíóþ ìîðôîëîãèþ, êîòîðàÿ õîðîøî 
âûäåëÿåòñÿ íà ôîíå íåèçìåíåííîé îáëàñòè (ðèñ. 3, c). 
Ïî äàííûì ýíåðãîäèñïåðñèîííîãî àíàëèçà ïðåîáðà-
çîâàííîå âåùåñòâî èìååò íåñòåõèîìåòðè÷íûé ñîñòàâ: 
Ca — 11 %, C — 35 %, O — 54 %. 

Â õîäå ñïåêòðîñêîïè÷åñêèõ èññëåäîâàíèé íàìè 
óñòàíîâëåíî, ÷òî èñõîäíûé êàëüöèò (íåèçìåíåííàÿ çî-
íà) è ïðîäóêòû øîêîâîãî âîçäåéñòâèÿ èìåþò ðàçíûå 
ñïåêòðîñêîïè÷åñêèå õàðàêòåðèñòèêè. Ñïåêòð èñõîäíî-
ãî âåùåñòâà õàðàêòåðèçóåòñÿ íàáîðîì òèïè÷íûõ ïîëîñ 
êàëüöèòà 280, 714, 1087 ñì–1 (ðèñ. 4, a), à äëÿ çîíû ñëà-
áîãî ïðåîáðàçîâàíèÿ íàáëþäàåòñÿ óâåëè÷åíèå øèðèíû 
ïîëîñ è ñìåùåíèå ðàìàíîâñêîãî ñäâèãà ïîëîñ êàëüöèòà 
â ñòîðîíó ìåíüøèõ çíà÷åíèé (òàá. 1), ÷òî ñâèäåòåëüñò-
âóåò îá óìåíüøåíèè ñòåïåíè ñòðóêòóðíîãî óïîðÿäî÷å-
íèÿ âåùåñòâà (ðèñ. 4, b) [11].

Â íàèáîëåå èíòåíñèâíî ïðåîáðàçîâàííîé îáëàñòè 
âåùåñòâà åãî ñïåêòðû  õàðàêòåðèçóþòñÿ ñèëüíîé ëþìè-
íåñöåíöèåé, äëÿ íèõ õàðàêòåðíû ïîëîñû 252, 364, 3620 

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè

Fig. 1. The experimental setup

Ðèñ. 2. Óãëåðîäñîäåðæàùèé èçâåñòíÿê ïîñëå ëàçåðíîãî âîç-
äåéñòâèÿ (âûäåëåííàÿ îáëàñòü)
Fig. 2. The carbonaceous limestone after laser treatment (marked 
area)
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ñì–1, êîòîðûå èäåíòèôèöèðóþòñÿ ïî áàçå äàííûõ RUFF 
êàê ìèíåðàë ïîðòëàíäèò  (Ca(OH)2) (ðèñ. 4, c). Ñëåäóåò 
îòìåòèòü, ÷òî â èñõîäíîé ïîðîäå äàííûé ìèíåðàë íå áûë 
îáíàðóæåí ðàíåå. Âûÿâëåíèå äàííîé ôàçû ìîæåò áûòü 
îáúÿñíåíî òåì, ÷òî ïðè òåðìè÷åñêîì âîçäåéñòâèè áî-
ëåå 1000 °C íà êàðáîíàò êàëüöèÿ (êàëüöèò) ïðîèñõîäèò 
åãî ðàçëîæåíèå íà êîìïîíåíòû: îêñèä êàëüöèÿ (CaO) è 
ãàçîîáðàçíûé äèîêñèä óãëåðîäà (CO2) (ðåàêöèÿ 1). Ïðè 
ýòîì ñëåäóåò îòìåòèòü, ÷òî îêñèä êàëüöèÿ íå áûë çàôèê-
ñèðîâàí â ïðîäóêòàõ ïðåîáðàçîâàíèÿ ìèêðîçîíäîâûì 
àíàëèçîì. Ýòî ìîæíî îáúÿñíèòü òåì, ÷òî CaO èìååò âû-
ñîêóþ ðåàêöèîííóþ ñïîñîáíîñòü è óæå â ìîìåíò èçâëå-
÷åíèÿ îáðàçöà èç èíåðòíîé ñðåäû îí âñòóïàåò â ðåàêöèþ 
ñ ïàðàìè âîäû, ñîäåðæàùèìèñÿ â àòìîñôåðå âîçäóõà (ðå-
àêöèÿ 2). Ïðè âçàèìîäåéñòâèè îêñèäà êàëüöèÿ è àòìîñ-
ôåðíîé âîäû îáðàçóåòñÿ ãèäðîêñèä êàëüöèÿ (ïîðòëàí-
äèò), ÷òî è áûëî çàôèêñèðîâàíî ñïåêòðîñêîïèåé êîìáè-
íàöèîííîãî ðàññåÿíèÿ ñâåòà. 

Â õîäå äàëüíåéøèõ ñïåêòðîñêîïè÷åñêèõ èññëåäî-
âàíèé íàìè áûëî îáíàðóæåíî, ÷òî ïðè âûñîêèõ ìîùíî-
ñòÿõ âîçáóæäàþùåãî ëàçåðíîãî èçëó÷åíèÿ ïðîèñõîäèò 
íàãðåâ ïîðòëàíäèòà. Ïîä íàãðåâîì Ca(OH)2 âñòóïàåò â 

ðåàêöèþ ñ óãëåêèñëûì ãàçîì âîçäóõà ñ ïîñëåäóþùèì 
îáðàçîâàíèåì êàëüöèòà (ðåàêöèÿ 3), ò. å. ïðîèñõîäèò 
ôîðìèðîâàíèå íîâîîáðàçîâàííîãî êàëüöèòà (ðèñ. 5). 
Ïîñëåäîâàòåëüíîñòü ôàçîâûõ òðàíñôîðìàöèé ïðåîáðà-
çîâàíèÿ êàëüöèòà ïðè èìïàêòíîì âîçäåéñòâèè ìîæíî 
ïðåäñòàâèòü ñëåäóþùèì îáðàçîì: 

 CaCo3(кальцит)  CaO + CO2↑ (1)
 CaO + H2O Ca(OH)2 (портландит) (2)
Ca(OH)2 (портландит) + CO2  CaCO3 (кальцит II) + H2O (3)

Òàêèì îáðàçîì, íàáëþäàÿ èçìåíåíèÿ è òåîðåòè-
÷åñêè ðàññìàòðèâàÿ âîçìîæíûå ðåàêöèè ñ êàðáîíàòîì 
êàëüöèÿ ïðè ýêñïåðèìåíòàëüíîì èìïàêòíîì âîçäåéñò-
âèè, ïðèõîäèì ê òîìó, ÷òî â àñòðîáëåìàõ èìååòñÿ íèç-
êàÿ âåðîÿòíîñòü îáíàðóæèòü CaO, ó÷èòûâàÿ ñèëüíóþ 
îáâîäíåííîñòü èìïàêòèòîâ àñòðîáëåì è âûñîêèå îñòà-
òî÷íûå òåìïåðàòóðû. Ïðè ýòîì âñå óñëîâèÿ äëÿ åãî îá-
ðàçîâàíèÿ ïðè èìïàêòíîì ìåòàìîðôèçìå êàê ïðîìå-
æóòî÷íîãî ïðîäóêòà ñóùåñòâóþò, íî èç-çà âûñîêîé ðå-
àêöèîííîé ñïîñîáíîñòè îêñèä êàëüöèÿ ïåðåõîäèò â 
ïîðòëàíäèò. Çà ñ÷åò âûñîêèõ îñòàòî÷íûõ ïîñòèìïàê-

Ðèñ. 3. Ìîðôîëîãè÷åñêèå îñîáåííîñòè ïîâåðõíîñòè îáðàçöà ïî äàííûì ÑÝÌ: à — îáùèé âèä ïðåîáðàçîâàííîé îáëàñòè; b — 
íåèçìåíåííàÿ îáëàñòü êàðáîíàòà, ïðåäñòàâëåííàÿ êðèñòàëëàìè êàëüöèòà; c — èíòåíñèâíî ïðåîáðàçîâàííîå âåùåñòâî êàðáî-
íàòà ñ êîðàëëîïîäîáíîé ìîðôîëîãèåé; d —  îáùèé âèä çàñòûâøåãî èìïàêòíîãî ðàñïëàâà àíîðòèòîâîãî ñîñòàâà

Fig. 3. Morphological features of the sample surface, SEM data: a — overview of the transformed region; b — unchanged region of 
carbonate, represented by calcite crystals; c — intensely transformed carbonate substance with coral-like morphology; d — overview of 
the solidified impact melt of anorthite composition

Ðèñ. 4. ÊÐ-ñïåêòðû ðàçëè÷íûõ îáëàñòåé âîçäåéñòâèÿ: a — 
èñõîäíîé (êàëüöèò âûñîêîêðèñòàëëè÷åñêèé), b — ÷àñòè÷íî 
ïðåîáðàçîâàííîé (ñëàáîóïîðÿäî÷åííûé êàëüöèò), c  —  
èíòåíñèâíî ïðåîáðàçîâàííîé (ïîðòëàíäèò)
Fig. 4. Raman spectra of different regions of exposure: a — initial 
(calcite highly crystalline), b — partially transformed (weakly 
ordered calcite), c — intensely transformed (portlandite)

Ðèñ. 5. Ðàìàíîâñêèå ñïåêòðû: a — ïîðòëàíäèòà èñõîäíîãî; b — 
ïîðòëàíäèòà èçìåíåííîãî; c — êàëüöèòà íîâîîáðàçîâàííîãî. 
Ñòðåëêîé óêàçàíà ïîñëåäîâàòåëüíîñòü èçìåíåíèé «in situ» ñ 
ðîñòîì ýíåðãèè âîçáóæäàþùåãî èçëó÷åíèÿ îò 1.2 äî 60 ìÂò 
ñîîòâåòñòâåííî

Fig. 5. Raman spectra: a — portlandite (initial); b — portlandite 
(altered); c — calcite (newly formed). The arrow indicates the 
sequence of changes «in situ» with an increase in the energy of the 
exciting radiation from 1.2 to 60 mW, respectively
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òíûõ òåìïåðàòóð ïðîèñõîäèò ôîðìèðîâàíèå íîâîîáðà-
çîâàííîãî êàðáîíàòà êàëüöèÿ èç ïðîìåæóòî÷íîãî ïðî-
äóêòà — ãèäðîêñèäà êàëüöèÿ (Ca(OH)2). 

Ïðè äàëüíåéøåì äåòàëüíîì èññëåäîâàíèè çîíû 
âîçäåéñòâèÿ â èçâåñòíÿêå ñ ïîìîùüþ ñêàíèðóþùåé 
ýëåêòðîííîé ìèêðîñêîïèè íàìè áûëè îáíàðóæåíû 
ðåäêèå âûäåëåíèÿ ñòåêëà íåïðàâèëüíîé ôîðìû, ðàç-
ìåðîì îêîëî 40  25 ìêì (ðèñ. 3, d), êîòîðûå îáðàçîâà-
ëèñü çà ñ÷åò ñîäåðæàíèÿ ñèëèêàòíûõ êîìïîíåíò â ìà-
òðèöå èçâåñòíÿêà. Ñòåêëî èìååò ïëàâíûå î÷åðòàíèÿ, 
åãî ïîâåðõíîñòü õàðàêòåðèçóåòñÿ èçîìåòðè÷íûìè ïî-
ðàìè ðàçíîãî ðàçìåðà — îò 1 ìêì äî 5 ìêì, ÷òî ñâè-
äåòåëüñòâóåò î ïîëíîì ïëàâëåíèè èñõîäíîãî âåùåñò-
âà ñ âûäåëåíèåì ãàçîâîé ôàçû. Õèìè÷åñêèé ñîñòàâ 
ðàñïëàâà íåñòåõèîìåòðè÷íûé, äîñòàòî÷íî ãîìîãåí-
íûé, èìåþùèé ïðåèìóùåñòâåííî àíîðòèòîâûé ñî-
ñòàâ (CaO — 58.2, SiO2 — 20.6, Al2O3 — 11.7, MgO — 
2.2, K2O — 0.69 %). Ïðè ýòîì, ïî äàííûì ìèêðîçîí-
äîâîãî àíàëèçà, íàáëþäàåòñÿ çàâûøåíèå êîìïîíåíòû 
CaO îòíîñèòåëüíî àíîðòèòà. Âåðîÿòíåå âñåãî, ýòî ñâÿ-
çàíî ñ ñèíõðîííûì ïëàâëåíèåì ãëèíèñòîé êîìïîíåí-
òû è ðàçëîæåíèåì êàðáîíàòà êàëüöèÿ íà CaO è CO2 
ñ ïîñëåäóþùèì ÷àñòè÷íûì çàõâàòîì CaO àëþìîñèëè-
êàòíûì ðàñïëàâîì.

Â ìàòðèöå êàðáîíàòà âñòðå÷àþòñÿ òàêæå îáëîìêè 
óãëåðîäíîãî âåùåñòâà ñ ñîäåðæàíèåì óãëåðîäà 98.8 % 

, ñì–1 FWHM,
ñì–1 , ñì–1 FWHM,

ñì–1 , ñì–1 FWHM,
ñì–1

Èñõîäíûé \ Initial CaCO3 282 12 714 5 1089 5

Èçìåíåííûé \ Altered CaCO3 279 20 711 14 1082 38
Íîâîîáðàçîâàííûé \ Newly 
formed CaCO3

280 30 710 10 1076 15

Òàáëèöà 1. Õàðàêòåðèñòèêè ÊÐ-ñïåêòðîâ äëÿ èñõîäíîãî, èçìåíåííîãî è íîâîîáðàçîâàííîãî  êàëüöèòà 
(FWHM – øèðèíà ïîëîñû íà ïîëóâûñîòå)

Table 1. Characteristics of Raman spectra for the initial, altered and newly formed calcite 
(FWHM – full width at half maximum)

D ïîëîñà D band G ïîëîñà G band
ID1/IG, ñì–1 FWHM, ñì–1 , ñì–1 FWHM, ñì–1

ÓÂ èñõîäíîå \ Initial carbon 1350 47 1588 48 2.4
ÓÂ â çîíå âîçäåéñòâèÿ
Carbon in exposure zone 1350 52 1583 43 1.1

Òàáëèöà 2. Äàííûå ÊÐ-ñïåêòðîâ ÓÂ äî è ïîñëå ëàçåðíîãî âîçäåéñòâèÿ
(FWHM — øèðèíà ïîëîñû íà ïîëóâûñîòå)

Table 2. Data of Raman spectra for carbon before and after exposure (FWHM – full width at half maximum)

Ðèñ. 6. Óãëåðîäíîå âåùåñòâî: a — â îáëàñòè áåç âîçäåéñòâèÿ, b — â ïðåîáðàçîâàííîé îáëàñòè
Fig. 6. Carbon: a — in the area without exposure, b — in the transformed area

(ðèñ. 6). Â õîäå ñïåêòðîñêîïè÷åñêèõ èññëåäîâàíèé 
íàìè óñòàíîâëåíî, ÷òî èñõîäíîå è ïðåîáðàçîâàííîå 
óãëåðîäíîå âåùåñòâî èìååò ðàçëè÷íûå ñïåêòðîñêî-
ïè÷åñêèå õàðàêòåðèñòèêè (òàáë. 2). Â ñëó÷àå èñõîä-
íîãî âåùåñòâà  íàáëþäàåòñÿ ñïåêòð øóíãèòîïîäîá-
íîãî óãëåðîäà, à ñïåêòð èç çîíû âîçäåéñòâèÿ ñâèäå-
òåëüñòâóåò î ïðîèçîøåäøåì ïðîöåññå óïîðÿäî÷åíèÿ 
ñòðóêòóðû óãëåðîäíîãî âåùåñòâà, ÷òî ïðèâåëî ê ãðà-
ôèòèçàöèè.

Ðàçëîæåíèå ÊÐ-ñïåêòðîâ íà ñîñòàâëÿþùèå ñ èñ-
ïîëüçîâàíèåì ñâåðòêè ôóíêöèé Ëîðåíöà è Ãàóññà, à 
òàêæå åå ïîäðîáíûé àíàëèç ïîçâîëÿåò ñäåëàòü ñëåäóþ-
ùèå âûâîäû. Ñäâèã G-ïîëîñû â ñòîðîíó óìåíüøåíèÿ 
âîëíîâîãî ÷èñëà îò 1589 äî 1582 ñì–1 è óìåíüøåíèå åå 
ïîëóøèðèíû îò 48 äî 43 ñì–1, à òàêæå óìåíüøåíèå çíà-
÷åíèÿ  ID1/IG îò 2.4 äî 1.1 ñâèäåòåëüñòâóþò î òîì, ÷òî â 
õîäå òåðìîáàðè÷åñêîãî âîçäåéñòâèÿ ïðîèñõîäèò òðàí-
ñôîðìàöèÿ èñõîäíîãî óãëåðîäèñòîãî âåùåñòâà â ïîëè-
êðèñòàëëè÷åñêèé ãðàôèò. 

Ïî ÊÐ-ñïåêòðàì îöåíåíû ðàçìåðû êðèñòàëëèòîâ 
íîâîîáðàçîâàííîãî ïîëèêðèñòàëëè÷åñêîãî ãðàôèòà ïî 
ôîðìóëå [7]:

La(nm) = (2.4  10–10) ,

ãäå La – ðàçìåð êðèñòàëëèòîâ â ïëîñêîñòè (002).
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Â öåëîì ðàçìåð êðèñòàëëèòîâ La â óãëåðîäíîì âåùå-
ñòâå çàìåòíî óâåëè÷èâàåòñÿ — îò 4 íì â èñõîäíîé îáëà-
ñòè äî 12 íì â îáëàñòè âîçäåéñòâèÿ ëàçåðíîãî èçëó÷åíèÿ.

Çàêëþ÷åíèå
Â ðåçóëüòàòå äåòàëüíîãî àíàëèçà ïðîäóêòîâ, îáðà-

çîâàííûõ ïðè ïðîâåä¸ííîì  ýêñïåðèìåíòàëüíîì ìî-
äåëèðîâàíèè èìïàêòíîãî âîçäåéñòâèÿ ïî ãëèíèñòîìó 
èçâåñòíÿêó ïîñðåäñòâîì èìïóëüñíîãî ëàçåðíîãî âîç-
äåéñòâèÿ, íàìè óñòàíîâëåíî ïëàâëåíèå è ðàñêðèñòàë-
ëèçàöèÿ êàðáîíàòíîãî ðàñïëàâà ñ îáðàçîâàíèåì ïðîìå-
æóòî÷íûõ ôàç è êàëüöèòà. Ãëèíèñòàÿ æå êîìïîíåíòà â 
äàííûõ óñëîâèÿõ ïðåòåðïåâàåò ïëàâëåíèå è ñòåêëîâà-
íèå. Ïðîâåäåííûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî êàëü-
öèòîâûé ðàñïëàâ â îòëè÷èå îò ñèëèêàòíîãî êðèñòàë-
ëèçóåòñÿ èñêëþ÷èòåëüíî áûñòðî, ïðè ýòîì ôèíàëüíûì 
ïðîäóêòîì ÿâëÿåòñÿ íîâîîáðàçîâàííûé êàëüöèò, ÷òî 
çàòðóäíÿåò âûÿâëåíèå ñòàäèè ïëàâëåíèÿ êàðáîíàòà â 
ïðèðîäíûõ èìïàêòíûõ îáúåêòàõ. Ïðè îòñóòñòâèè ïðè-
ìåñè ñèëèêàòîâ è àëþìîñèëèêàòîâ â êàðáîíàòíûõ ïî-
ðîäàõ ìèøåíè ïðèçíàêè èìïàêòíîãî ïðåîáðàçîâàíèÿ 
âåñüìà çàòóøåâàíû è ìîãóò ïðîÿâëÿòüñÿ òîëüêî â âèäå 
ðåëèêòîâûõ ïðîìåæóòî÷íûõ ïðîäóêòîâ ïðåîáðàçîâà-
íèÿ êàðáîíàòà. Õîòÿ â ñëó÷àå ìîùíîãî ïåðåêðûòèÿ âû-
øåëåæàùèìè òîëùàìè ìîãóò ñîõðàíÿòüñÿ è ÿâíûå ïðè-
çíàêè ïëàâëåíèÿ êàðáîíàòîâ [10].

Ðåçóëüòàòû èññëåäîâàíèé èìåþò âàæíîå çíà÷åíèå 
äëÿ èçó÷åíè ÿ àñòðîáëåì, ïîñêîëüêó ïîðîäû îñàäî÷íîãî 
÷åõëà ÷àùå âñåãî ïîäâåðãàþòñÿ èìïàêòíîìó âîçäåéñò-
âèþ. Ïîëó÷åííûå ñòåêëà ìîãóò áûòü ñâîåîáðàçíûì ýòà-
ëîíîì äëÿ ñðàâíåíèÿ ñ ïðîäóêòàìè èìïàêòíîãî ïðåî-
áðàçîâàíèÿ ïðè ðåêîíñòðóêöèè ïðèðîäíûõ ïðîöåññîâ.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü Ò. Ã. Øóìèëîâîé 
çà íàó÷íûå êîíñóëüòàöèè. Ðàáîòà âûïîëíåíà ïðè ôèíàí-
ñîâîé ïîääåðæêå ïðîåêòà ÐÍÔ ¹ 17-17-01080.
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Âûÿñíåíèå ãåíåòè÷åñêîé ïðèðîäû íåôòåé ÿâëÿåò-
ñÿ îäíîé èç âàæíåéøèõ çàäà÷, ñòîÿùèõ ïåðåä íåôòÿíîé 
ãåîõèìèåé. Îäíèì èç àñïåêòîâ, âàæíûõ äëÿ ðåøåíèÿ 
äàííîé çàäà÷è, ÿâëÿåòñÿ êîððåëÿöèÿ ìåæäó íåôòüþ è 
íåôòåìàòåðèíñêîé ïîðîäîé. Çàäà÷à òàêîé êîððåëÿ-
öèè òðàäèöèîííî ðåøàåòñÿ ïðè ñîïîñòàâëåíèè ñîñòàâà 
óãëåâîäîðîäíûõ áèîìàðêåðîâ, ñîäåðæàùèõñÿ â íåôòè è 
â îðãàíè÷åñêîì âåùåñòâå íåôòåìàòåðèíñêèõ ïîðîä [4]. 
Ïîäáîð êîððåëÿöèîííûõ ïàð åñòåñòâåííî çàòðóäí¸í â 
íåôòåãàçîíîñíûõ áàññåéíàõ, èìåþùèõ øèðîêèé ñòðà-
òèãðàôè÷åñêèé èíòåðâàë íåôòåãàçîíîñíîñòè è ìíîãî-
÷èñëåííûå óðîâíè ïðèñóòñòâèÿ íåôòåïðîèçâîäÿùèõ 
îòëîæåíèé. Ê òàêèì áàññåéíàì îòíîñèòñÿ è Òèìàíî-
Ïå÷îðñêèé [1]. Âûäåëåíèå ãåíåòè÷åñêèõ òèïîâ íåôòè, 
ïðèñóòñòâóþùèõ â ðàçíûõ íåôòåãàçîíîñíûõ êîìïëåê-
ñàõ, ÿâëÿåòñÿ âàæíûì ýòàïîì èçó÷åíèÿ ðåãèîíàëüíûõ 
ïðîÿâëåíèé íåôòåãàçîíîñíîñòè. Îñîáåííîñòüþ ñîñòà-
âà íåôòåé, âñòðå÷àþùèõñÿ â îòëîæåíèÿõ ñèëóðà, íè-
æíåãî äåâîíà è êàðáîíà â ñåâåðíîé ÷àñòè Òèìàíî-
Ïå÷îðñêîãî áàññåéíà, ÿâëÿåòñÿ ðàñïðåäåëåíèå í-àëêà-
íîâ ñ ìàêñèìóìàìè íà íå÷¸òíûõ ãîìîëîãàõ â íèçêîìî-
ëåêóëÿðíîé îáëàñòè [3]. Ýòà îñîáåííîñòü çíà÷èòåëüíîé 
ãðóïïû íåôòåé ïîçâîëèëà â ñâî¸ âðåìÿ âûäåëèòü èõ â 
ãåíåòè÷åñêè ñàìîñòîÿòåëüíóþ ãðóïïó [3].

Èññëåäîâàíèå óãëåâîäîðîäíîãî ñîñòàâà íåôòåé èç 
îòëîæåíèé ñèëóðà è íèæíåãî äåâîíà ñåâåðà Òèìàíî-
Ïå÷îðñêîãî áàññåéíà áûëî âûïîëíåíî âî ôðàê-
öèè, ñîäåðæàùåé ñìåñü àëèôàòè÷åñêèõ è àðîìàòè÷å-
ñêèõ óãëåâîäîðîäîâ, ìåòîäàìè ÃÆÕ è ÕÌÑ (òàáëèöà). 
Îòëè÷èòåëüíîé õàðàêòåðèñòèêîé èññëåäîâàííîé ãðóï-
ïû íåôòåé ÿâëÿåòñÿ òî, ÷òî ñðåäè í-àëêàíîâ íàáëþäàåò-
ñÿ õàðàêòåðíîå äîìèíèðîâàíèå óãëåâîäîðîäîâ ñîñòàâà 
Ñ17, Ñ19 íàä ñîñåäíèìè ÷¸òíûìè ãîìîëîãàìè è çíà÷è-
òåëüíîå ñíèæåíèå êîíöåíòðàöèé óãëåâîäîðîäîâ Ñ20+. 
Äëÿ âñåõ ýòèõ íåôòåé õàðàêòåðåí â îáùåì íåâûñîêèé 

óðîâåíü êîíöåíòðàöèé èçîïðåíîèäíûõ àëêàíîâ (ðèñ. 1, 
òàáëèöà).

Ôðàêöèÿ íåôòè, ñîäåðæàùàÿ íàñûùåííûå óãëå-
âîäîðîäû, áûëà èññëåäîâàíà ìåòîäîì õðîìàòî-ìàññ-
ñïåêòðîìåòðèè äëÿ âûÿñíåíèÿ îñîáåííîñòåé ðàñïðå-
äåëåíèÿ ïîëèöèêëè÷åñêèõ áèîìàðêåðîâ (ðèñ. 2, òàáëè-
öà). Ñóäÿ ïî êîýôôèöèåíòàì, îòâå÷àþùèì çà îïðåäå-
ëåíèå òåðìè÷åñêîé çðåëîñòè, êàòàãåíåç îðãàíè÷åñêîãî 
âåùåñòâà, ïðîäóöèðóþùåãî äàííûå íåôòè, íå ïðåâû-
øàåò ñòàäèè ÌÊ2 [8]. Â ïîëüçó ýòîãî âûâîäà ñâèäåòåëü-
ñòâóþò çíà÷åíèÿ êîýôôèöèåíòîâ 20S/S+R è ñîîòíîøå-
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The hydrocarbon composition of a number of oil samples from Silurian and Lower Devonian and Lower Carboniferous deposits in the 
northern part of the Timan-Pechora Basin was investigated by gas chromatography and chromatography-mass spectrometry. A feature of 
the distribution of n-alkanes in these oils is the presence of maximums in C17 and C19 hydrocarbons. This is one of the characteristic features 
of the oils formed from organic matter by the remains of the problematic organism G. Prisca, characteristic of Ordovician sediments of the 
Ordovician age (Kukersite). Experimental modeling of the thermal maturation of the Baltic Kukersite confirmed the obtained results.
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Ðèñ. 1. Õðîìàòîãðàììû óãëåâîäîðîäíûõ ôðàêöèé íåôòåé. 
Ñ (÷èñëî) — í-àëêàíû, Pr — ïðèñòàí, Ph — ôèòàí

Fi g. 1. Chromatograms of hydrocarbon fractions of oils. C (number) — 
n-alkanes, Pr — prystane, Ph — phytane
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íèå /+ ðàññ÷èòàííûå ïî ñîîòíîøåíèþ ñòå-
ðàíîâûõ óãëåâîäîðîäîâ ñîñòàâà Ñ29. Ïðè ýòîì âåëè÷èíà 
îòíîøåíèÿ 22S/S+R äëÿ ãîìîãîïàíîâ Ñ31 è Ñ32 äîñòè-
ãëà ðàâíîâåñíîé âåëè÷èíû (0.6), à ñîäåðæàíèå ìîðå-
òàíîâ, ïîíèæàþùååñÿ ïðè êàòàãåíåçå, åù¸ íå ñíèçè-
ëîñü äî ìèíèìàëüíîãî óðîâíÿ. Ðàñïðåäåëåíèå ðåãóëÿð-
íûõ -ñòåðàíîâ â èçó÷åííûõ íåôòÿõ (ñì. òàáëèöó) 
íå èìååò êàêèõ-òî õàðàêòåðíûõ, óíèêàëüíûõ ïðèçíà-
êîâ. Íàïðîòèâ, îíî âïîëíå îáû÷íî äëÿ øèðîêî ðàñïðî-
ñòðàí¸ííîãî îðãàíè÷åñêîãî âåùåñòâà, òèïè÷íîãî äëÿ 
ìîðñêèõ êàðáîíàòíûõ îñàäêîâ, è ïðîäóöèðóåìûõ ýòèì 
îðãàíè÷åñêèì âåùåñòâîì íåôòåé [8].

Ïðåäñòàâëåííûå ðàíåå ïî íåôòÿì èç îòëîæåíèé 
âåðõíåãî äåâîíà Òèìàíî-Ïå÷îðñêîãî áàññåéíà äàí-
íûå [2] ñâèäåòåëüñòâóþò î òîì, ÷òî íåôòè ñ õàðàêòåð-
íî ïîâûøåííûìè êîíöåíòðàöèÿìè àëêèëáåíçîëîâ 
ñîñòàâà Ñ21 è Ñ23 ðàñïðîñòðàíåíû â ñåâåðíîé ÷àñòè 
Òèìàíî-Ïå÷îðñêîãî áàññåéíà. Ðàñïðåäåëåíèå àëêèë-
öèêëîãåêñàíîâ â íåôòÿõ èç îòëîæåíèé âåðõíåãî äåâî-
íà â ðÿäå ñëó÷àå òàêæå ïîâòîðÿåò ðàñïðåäåëåíèå àëêèë-
áåíçîëîâ, êàê è â íåôòÿõ èç îòëîæåíèé íèæíåãî ïàëåî-
çîÿ. Ïîýòîìó äàííûå î ðàñïðåäåëåíèè àëêèëáåíçîëîâ ñ 
ìàêñèìóìàìè íà Ñ21- è Ñ23-ãîìîëîãàõ è ðàñïðåäåëåíèå 
àëêèëöèêëîãåêñàíîâ ñ ìàêñèìóìàìè íà íå÷¸òíûõ ÓÂ 
äî Ñ23 âêëþ÷èòåëüíî íå ÿâëÿþòñÿ óíèêàëüíîé õàðàê-
òåðèñòèêîé íåôòåé èç íèæíåïàëåîçîéñêèõ îòëîæåíèé.

Ïðåîáëàäàíèå ñðåäè íîðìàëüíûõ àëêàíîâ íå÷åò-
íûõ ãîìîëîãîâ ñîñòàâà Ñ15–Ñ19 (èíîãäà Ñ21), ñî÷åòàþ-
ùååñÿ ñ íèçêèìè êîíöåíòðàöèÿìè áîëåå âûñîêîìîëå-
êóëÿðíûõ í-àëêàíîâ è íèçêèìè êîíöåíòðàöèÿìè èçî-
ïðåíîèäîâ, øèðîêî ðàñïðîñòðàíåíî â îðãàíè÷åñêîì 
âåùåñòâå îðäîâèêñêèõ íåôòåìàòåðèíñêèõ ïîðîä è ïðî-
äóöèðóåìûõ èìè íåôòÿõ [9, 10]. 

Îñòàòêè ïðîáëåìàòè÷íîãî îðãàíèçìà Gloeocapso-
morpha prisca Zalessky 1917 ñîñòàâëÿþò îñíîâíóþ ÷àñòü 
èñêîïàåìîãî îðãàíè÷åñêîãî âåùåñòâà øèðîêî èçâåñò-
íîãî ãîðþ÷åãî ñëàíöà Ïðèáàëòèêè — ýñòîíñêîãî êó-
êåðñèòà [6]. Ñîãëàñíî èññëåäîâàíèÿì [7], G. Prisca áû-
ëà øèðîêî ðàñïðîñòðàíåíà â ò¸ïëûõ íèçêîøèðîòíûõ 
ýïèêîíòèíåíòàëüíûõ ìîðÿõ îðäîâèêñêîãî ïåðèîäà. 
Îðãàíè÷åñêîå âåùåñòâî îðäîâèêñêîãî êóêåðñèòà áûëî 
èçó÷åíî íàìè íà ìàòåðèàëå îáðàçöà èç ðàçðåçà Êîõòëà 
(Kohtla) êóêðóçåðñêîãî ãîðèçîíòà ñðåäíåãî îðäîâèêà â 

¹
Ñêâàæèíà, âîçðàñò 

êîëëåêòîðà
Well, Reservoir age

Pr/Ph
Pr+Ph/

í-C17+í-C18

2*í-C17/
í-C16+í-C18

2*í-C19/
í-C18+í-C20

-ñòåðàíû 
(steranes)

C27 : C28 : C29

/+
C29-ñòåðàíû 

(steranes)

22S/S+R
C31--
ãîïàíû

(hopanes)

20S/S+R
C29-
Ñòåðàíû
(steranes)

1
Ëàáîãàíñêàÿ-71 
(Laboganskaya-71), C1t

0.96 0.25 1.69 1.38 32 : 26 : 42 0.56 0.59 0.41

2
Ìÿäñåéñêàÿ-46 
(Myadseyskaya-46), D1e

0.93 0.23 1.96 1.58 25 : 27 : 48 0.63 0.60 0.39

3
Òîáîéñêàÿ-14 
(Toboyskaya-14), D1

0.74 0.23 1.58 1.52 33 : 28 : 39 0.62 0.57 0.40

4
Òîáîéñêàÿ-14
(Toboyskaya-14), D1
(îáð. 2 Sample 2)

1.07 0.19 1.89 1.93 29 : 31 : 39 0.60 0.58 0.43

5
Íàóëüñêàÿ-40 
(Naulskaya-40), D1

1.06 0.17 1.71 1.33 29 : 28 : 43 0.62 0.59 0.39

6
Âàðàíäåéñêàÿ-7 
(Varandeyskaya-7), S+D1

1.24 0.17 1.93 1.59 33 : 25 : 42 0.63 0.59 0.43

Ãåîõèìè÷åñêèå ïîêàçàòåëè èññëåäîâàííûõ íåôòåé
Geochemical indices of studied oils

Ðèñ. 2. Ìàññ-õðîìàòîãðàììû óãëåâîäîðîäíîé ôðàêöèè íåôòè 
èç ñêâàæèíû Òîáîéñêàÿ-14

Fig. 2. Mass-chromatograms of hydrocarbon fraction of oil from 
Toboyskaya-14 well
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Ýñòîíèè [11]. Ðåçóëüòàòû ïèðîëèçà Rock-Eval îáðàçöà 
îðäîâèêñêîãî ñëàíöà ñâèäåòåëüñòâóþò î íèçêîé ñòåïå-
íè êàòàãåíåòè÷åñêîé èçìåí¸ííîñòè (Tmax 423 °C) è âû-
ñîêîì óãëåâîäîðîäíîì ïîòåíöèàëå (HI 783 ìã ÓÂ/ã Ñ) 
[5]. Ñ öåëüþ ïîâûøåíèÿ óðîâíÿ òåðìè÷åñêîé çðåëîñòè 
îðãàíè÷åñêîãî âåùåñòâà êóêåðñèòà íàìè áûë îñóùåñòâ-
ë¸í ýêñïåðèìåíò ïî ãèäðîòåðìàëüíîé îáðàáîòêå ýñòîí-
ñêîãî ñëàíöà [5]. Ðàñïðåäåëåíèå í-àëêàíîâ áèòóìîèäà 
êóêåðñèòà è òåðìîáèòóìà, ïîëó÷åííîãî ïðè ãèäðîòåð-
ìàëüíîì âîçäåéñòâèè íà ïîðîäó ïðè 300 °Ñ, îòëè÷àåòñÿ 
íåçíà÷èòåëüíî. Åãî îñîáåííîñòÿìè ÿâëÿåòñÿ äîìèíè-
ðîâàíèå íå÷¸òíûõ óãëåâîäîðîäîâ ñîñòàâà Ñ17, Ñ19, Ñ21 è 
Ñ23 è ðåçêîå ñíèæåíèå êîíöåíòðàöèé í-àëêàíîâ áîëåå 
âûñîêèõ ìîëåêóëÿðíûõ ìàññ (ðèñ. 3). Ñòåðàíîâûå óãëå-
âîäîðîäû áèòóìîèäà è òåðìîáèòóìà (300 °Ñ) ïðåäñòàâ-
ëåíû ïðåèìóùåñòâåííî - 20R-äèàñòåðåîìåðàìè, 
à â ðàñïðåäåëåíèè ñòåðàíîâ Ñ27–Ñ29 äîìèíèðóåò 
Ñ29. Ñîîòíîøåíèå äàííûõ óãëåâîäîðîäîâ ñîñòàâëÿåò 
35 : 9 : 56 â èñõîäíîì áèòóìîèäå 32 : 11 : 57 — â òåðìî-
áèòóìå (300 °Ñ). Òàêèì îáðàçîì, äàííûå ïî ðàñïðåäåëå-
íèþ ñòåðàíîâûõ óãëåâîäîðîäîâ â èçó÷åííûõ íåôòÿõ è 
êóêåðñèòå íå ïîçâîëÿþò èñïîëüçîâàòü èõ êàê êîððåëÿ-
öèîííûé ïðèçíàê. 

Çàêëþ÷åíèå
Ðÿä îáðàçöîâ íåôòè èç ñèëóðèéñêèõ, íèæíåäå-

âîíñêèõ è íèæíåêàìåííîóãîëüíûõ ðåçåðâóàðîâ ñåâåð-
íîé ÷àñòè Òèìàíî-Ïå÷îðñêîãî áàññåéíà äåìîíñòðè-
ðóþò ãåîõèìè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå ïðåä-
ïîëàãàòü âîçìîæíîñòü ãåíåðàöèè äàííûõ íåôòåé 
îòëîæåíèÿìè, ñîäåðæàùèìè õàðàêòåðíûå äëÿ îðäî-
âèêñêèõ ïîðîä îñòàòêè ïðîáëåìàòè÷íîé ìèêðîâîäîðî-
ñëè G. Prisca. Êîððåëÿöèîííûìè ïðèçíàêàìè, ïîçâî-
ëÿþùèìè äåëàòü òàêèå âûâîäû, ÿâëÿþòñÿ ïðåæäå âñå-
ãî ðàñïðåäåëåíèå í-àëêàíîâ ñ õàðàêòåðíûì äîìèíèðî-
âàíèåì óãëåâîäîðîäîâ ñîñòàâà Ñ17 è Ñ19, à òàêæå íèçêèå 
êîíöåíòðàöèè èçîïðåíîèäíûõ àëêàíîâ è í-àëêàíîâ ñî-
ñòàâà Ñ20+. Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå òåðìè-

÷åñêîãî ñîçðåâàíèÿ îðãàíè÷åñêîãî âåùåñòâà ïðèáàë-
òèéñêîãî êóêåðñèòà ïîäòâåðæäàåò ïîëó÷åííûå äàííûå. 
Ãåíåòè÷åñêèå ïîêàçàòåëè, îïðåäåëÿåìûå ïî ðàñïðåäå-
ëåíèþ ïîëèöèêëè÷åñêèõ áèîìàðêåðîâ, íàïðèìåð ñîîò-
íîøåíèå -ñòåðàíîâ ñîñòàâà Ñ27 : Ñ28 : Ñ29, íå ïîçâî-
ëÿþò îñóùåñòâëÿòü íàä¸æíóþ êîððåëÿöèþ ìåæäó íå-
ôòÿìè íèæíåãî ïàëåîçîÿ ÒÏÏ è îðãàíè÷åñêèì âåùåñò-
âîì ñðåäíåîðäîâèêñêîãî âîçðàñòà.

Ðàáîòà âûïîëíåíà ñ èñïîëüçîâàíèåì îáîðóäîâàíèÿ 
ÖÊÏ «Ãåîíàóêà» ïî òåìå ÍÈÐ «Ãåîëîãèÿ, óñëîâèÿ ôîðìèðî-
âàíèÿ è íåôòåãàçîíîñíîñòü îñàäî÷íûõ êîìïëåêñîâ ñåâåðî-
âîñòîêà åâðîïåéñêîé ÷àñòè Ðîññèè, îðãàíè÷åñêàÿ ãåîõèìèÿ 
íåôòåé è äîìàíèêèòîâ» ÃÐ ¹ AAAA-A17-117121270033-6.
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Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

7 àïðåëÿ 2018 ã. ïîñëå òÿæåëîé áîëåçíè óøëà îò íàñ 
Ãàëèíà Íèêîëàåâíà Ëûñþê, ðóêîâîäèòåëü ëàáîðàòî-
ðèè ñòðóêòóðíîé è ìîðôîëîãè÷åñêîé êðèñòàëëîãðàôèè 
Èíñòèòóòà ãåîëîãèè, ïðèçíàííûé ñïåöèàëèñò â îáëà-
ñòè ìèíåðàëîãèè, êðèñòàëëîãðàôèè è êðèñòàëëîõèìèè 
è ïðîñòî õîðîøèé ÷åëîâåê.

Ãàëèíà Íèêîëàåâíà (17.08.1957–07.04.2018) ðàáî-
òàëà â Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ ñ 1982 ã. 
Â 1989 ãîäó â Ëüâîâñêîì óíèâåðñèòåòå óñïåøíî çàùè-
òèëà êàíäèäàòñêóþ äèññåðòàöèþ íà òåìó «Ýâîëþöèÿ 
ôàçîâîãî ñîñòàâà æåëåçîìàðãàíöåâûõ êîíêðåöèé», çà 
âðåìÿ ñâîåé ðàáîòû ñòàëà ïðèçíàííûì ñïåöèàëèñòîì-
èññëåäîâàòåëåì ïðîöåññîâ ìàðãàíöåîáðàçîâàíèÿ è ìè-
íåðàëîãèè ìàðãàíöåâûõ ìåñòîðîæäåíèé, ïîëüçîâàëàñü 
àâòîðèòåòîì ñðåäè êîëëåã êàê â Ðîññèè, òàê è çà ðóáå-
æîì. Â 1996 ã. Ãàëèíà Íèêîëàåâíà ñòàëà çàâåäóþùåé ëà-
áîðàòîðèåé ñòðóêòóðíîé è ìîðôîëîãè÷åñêîé êðèñòàë-
ëîãðàôèè è ñ òåõ ïîð óñïåøíî âîçãëàâëÿëà å¸.

Íàó÷íóþ è ðóêîâîäÿùóþ ðàáîòó îíà ïëîäîòâîð-
íî ñîâìåùàëà ñ ïåäàãîãè÷åñêîé äåÿòåëüíîñòüþ ïî 
ïîäãîòîâêå ìîëîäûõ ñïåöèàëèñòîâ è íàó÷íûõ êàäðîâ. 
Äëÿ ìíîãèõ âûïóñêíèêîâ êàôåäðû ãåîëîãèè ÑÃÓ, ãäå 

Ãàëèíà Íèêîëàåâíà ÷èòàëà êóðñû ëåêöèé è ïðîâîäè-
ëà çàíÿòèÿ, îíà áûëà è îñòàëàñü ëþáèìûì ïðåïîäàâà-
òåëåì.

Ã. Í. Ëûñþê ÿâëÿëàñü ÷ëåíîì Êîìèññèè ïî êðè-
ñòàëëîõèìèè è ðåíòãåíîãðàôèè ìèíåðàëîâ ÐÌÎ, ñå-
êðåòàðåì Êîìèññèè ïî èñòîðèè ÐÌÎ è ýêñïåðòíîé êî-
ìèññèè Èíñòèòóòà ãåîëîãèè.

Ðåçóëüòàòû å¸ èññëåäîâàíèé áûëè îïóáëèêîâàíû 
áîëåå ÷åì â ñòà èçäàíèÿõ, à âêëàä â íàóêó íåîäíîêðàòíî 
îòìå÷àëñÿ áëàãîäàðíîñòÿìè è ïî÷åòíûìè ãðàìîòàìè.

Ïàìÿòü î Ãàëèíå Íèêîëàåâíå íàâñåãäà îñòàíåòñÿ ñ 
íàìè.

Ðåäàêöèÿ Âåñòíèêà

ÍÎÂÛÅ ÈÇÄÀÍÈß • NEW PUBLICATIONS

April 7, 2018, Galina Nikolaevna Lysyuk left us
after a heavy disease. She was the Head of Laboratory 
of Structural and Morphological Crystallography of the 
Institute of Geology, a recognized specialist in mineral-
ogy, crystallography and crystal chemistry and simply a 
good person. 

ÏÀÌßÒÈ ÊÐÈÑÒÀËËÎÃÐÀÔÀ • IN MEMORY OF CRYSTALLOGRAPHER

ÓÄÊ 56:551
Ñûêòûâêàðñêèé ïàëåîíòîëîãè÷åñêèé ñáîðíèê ¹ 8. Ñûêòûâêàð: ÈÃ Êîìè ÍÖ 

ÓðÎ ÐÀÍ, 2017. 56 ñ. (Òðóäû Èíñòèòóòà ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ, 
Âûï. 130).

ISBN 978-5-98491-071-2
Îáñóæäàþòñÿ âîïðîñû ïàëåîíòîëîãèè è áèîñòðàòèãðàôèè äåâîíà è êàðáîíà 

Åâðîïåéñêîãî Ñåâåðî-Âîñòîêà Ðîññèè. Ïðèâîäÿòñÿ îïèñàíèÿ íîâûõ òàêñîíîâ èñêîïà-
åìûõ îðãàíèçìîâ, ðàññìàòðèâàþòñÿ âîïðîñû ðàñ÷ëåíåíèÿ îñàäî÷íûõ îáðàçîâàíèé áèî-
ñòðàòèãðàôè÷åñêèì ìåòîäîì. Ïîìåùåíû ìàòåðèàëû ïî ìîðôîëîãèè è ïàëåîýêîëîãèè.

Êíèãà àäðåñîâàíà ñïåöèàëèñòàì ïî ïàëåîíòîëîãèè è ñòðàòèãðàôèè ïàëåîçîÿ.

Syktyvkar paleontological collection No. 8. Syktyvkar: Institute of geology Komi SC 
UB RAS, 2017. 56 p. (Proceedings of the Institute of geology of Komi science center UB 
RAS, V. 130).

The problems of Devonian and Carboniferous paleontology and biostratigraphy in the 
European North-East of Russia are discussed. The descriptions of new taxa of fossil organisms 

are given, the questions of division of sedimentary formations by a biostratigraphic method are considered. Materials on morphol-
ogy and paleoecology were placed.

The book is addressed to specialists in Paleozoic paleontology and stratigraphy.
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ÓÄÊ [55+551.4+930.26+39] (470.13) 
Ãåîëîãî-àðõåîëîãè÷åñêèå èññëåäîâàíèÿ â Òèìàíî-Ñåâåðîóðàëüñêîì ðåãèîíå. Äîêëà-

äû 20-é íàó÷íîé êîíôåðåíöèè. Ñûêòûâêàð: Ãåîïðèíò, 2017. Ò. XX. 172 ñ.
Ñáîðíèê ñîäåðæèò äîêëàäû 20-é íàó÷íîé êîíôåðåíöèè «Ãåîëîãî-àðõåî ëî ãè÷åñêèå 

èññëåäîâàíèÿ â Òèìàíî-Ñåâåðîóðàëüñêîì ðåãèîíå». Â íåì ïðåäñòàâëåíû èñòîðè÷åñêèå 
î÷åðêè, ðåçóëüòàòû ýêñïåäèöèîííûõ èññëåäîâàíèé ïðîøåäøåãî ïîëåâîãî ñåçîíà è ñòà-
òüè ïî ãåîëîãèè, àðõåîëîãèè, àðõåîìèíåðàëîãèè è ýòíîãðàôèè Òèìàíî-Ñåâåðîóðàëüñêîãî 
ðåãèîíà, äðóãèõ ðàéîíîâ Óðàëà, Ïðèóðàëüÿ è Çàóðàëüÿ, ñîïðåäåëüíûõ òåððèòîðèé. 

Ñáîðíèê ïðåäñòàâëÿåò èíòåðåñ äëÿ øèðîêîãî êðóãà ñïåöèàëèñòîâ â îáëàñòè ðåãè-
îíàëüíûõ è ìåæäèñöèïëèíàðíûõ èññëåäîâàíèé, ñòóäåíòîâ è àñïèðàíòîâ.

Geological and archaeological researches in the Timan-Northern Ural region. Reports 
of the 20th scientific conference. Syktyvkar: Geoprint, 2017. V. XX. 172 p.

The collection contains reports of the 20th scientific conference «Geological and 
archaeological researches in the Timan-Northern Ural region». It presents historical essays, 
results of field trips of the last season and articles on geology, archaeology, archaeomineralogy 

and ethnography of the Timan-Northern Ural region, other regions of the Urals, Ural regions and adjacent territories.
The collection is of interest for a wide range of specialists in regional and interdisciplinary researches, students and 

postgraduates.

ÓÄÊ 5±549 (470.1)
Ñòðóêòóðà, âåùåñòâî, èñòîðèÿ ëèòîñôåðû Òèìàíî-Ñåâåðîóðàëüñêîãî ñåãìåíòà: 

Ìàòåðèàëû 26-é íàó÷íîé êîíôåðåíöèè. Ñûêòûâêàð: Ãåîïðèíò, 2017. 304 c.
Â ñáîðíèêå ïðåäñòàâëåíû ìàòåðèàëû 26-é íàó÷íîé êîíôåðåíöèè «Ñòðóêòóðà, âå-

ùåñòâî, èñòîðèÿ ëèòîñôåðû Òèìàíî-Ñåâåðîóðàëüñêîãî ñåãìåíòà». Îáñóæäàþòñÿ âî-
ïðîñû îáùåé ãåîëîãèè, ãåîëîãèè íåôòè è ãàçà, ñòðàòèãðàôèè, ïàëåîíòîëîãèè, ìèíåðà-
ëîãèè, ïåòðîëîãèè, òåõíîëîãèè ìèíåðàëüíîãî ñûðüÿ, ãåîôèçèêè.

Structure, substance, history of lithosphere of the Timan-Northern Ural segment: 
Proceedings of the 26th scientific conference. Syktyvkar: Geoprint, 2017. 304 p.

The collection presents proceedings of the 26th scientific conference «Structure, substance, 
history of lithosphere of the Timan-Northern Ural segment». The problems of general geology, 
geology of oil and gas, stratigraphy, paleontology, mineralogy, petrology, technology of mineral 
raw, geophysics are discussed.

Ñûêòûâêàðñêèé ãåîëîã Ýììà Èâàíîâíà Ëîñåâà. Ðåäàêòîðû-ñîñòàâèòåëè: Ý. À. 
Ñàâåëüåâà, Å. Ñ. Õîëîïîâà, ß. Ý. Þäîâè÷. Ñûêòûâêàð: ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, 
2018. 164 ñ.

ISBN 987-5-98491-072-9
Êíèãà ïîñâÿùåíà ïàìÿòè ñûêòûâêàðñêîãî ãåîëîãà-÷åòâåðòè÷íèêà, ñïåöèàëè-

ñòà-äèàòîìîëîãà ñ ìèðîâûì èìåíåì, äîêòîðà ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê Ý. È. 
Ëîñåâîé. Çäåñü ñîáðàíû òåêñòû Ý. È.0 Ëîñåâîé, îò÷àñòè îïóáëèêîâàííûå, íî â îñíîâ-
íîì ïðåäñòàâëÿþùèå äíåâíèêîâûå çàïèñè, ïåðåäàííûå åþ ñîñòàâèòåëÿì íåçàäîëãî äî 
êîí÷èíû. Êíèãà ñîäåðæèò òàêæå âîñïîìèíàíèÿ îá Ý. È. Ëîñåâîé, íàïèñàííûå åå äðó-
çüÿìè è êîëëåãàìè, è íåêîòîðûå îòçûâû î åå íàó÷íûõ ïóáëèêàöèÿõ. Â ïðèëîæåíèÿõ 
ïðèâåäåí ïîëíûé ñïèñîê âñåõ ïóáëèêàöèé Ý. È. Ëîñåâîé — êàê íàó÷íûõ, òàê è ìåìîðè-
àëüíûõ èëè íàó÷íî-ïîïóëÿðíûõ.

Êíèãà ïðåäñòàâëÿåò íåñîìíåííûé èíòåðåñ äëÿ øèðîêîãî êðóãà ÷èòàòåëåé — êàê 
ãåîëîãîâ, òàê è ëþäåé, äàëåêèõ îò ãåîëîãèè.

Syktyvkar geologist Emma Ivanovna Loseva. Editors-compilers: E. A. Saveleva,E. S. 
Kholopova, Ya. E. Yudovich. Syktyvkar: Institute of geology Komi SC UB RAS, 2018. 164 p.

The book is devoted to the memory of Syktyvkar Quaternary geologist, diatomologist with a world name, doctor of geological 
and mineralogical sciences E. I. Loseva. The book includes  E. I. Loseva’s texts, partly published, but mainly representing her 
diary handed to the compilers before her death. The book also contains memories about E. I. Loseva, written by her friends and 
colleagues, and some reviews of her scientific publications. The Appendix contains a complete list of all her publications — both 
scientific and memorial or popular science.

The book is of great interest for a wide range of readers — both geologists and people far from geology.
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 Êîìèññèÿ ïî ïðèêëàäíîé ìèíåðàëîãèè ïðè Ìåæäó  -
íàðîäíîé ìèíåðàëîãè÷åñêîé àññîöèàöèè (IMA-CAM) 
ïðèíÿëà â èþíå 2017 ãîäà ðåøåíèå ïðîâåñòè 14-é 
Êîíãðåññ ICAM 23–27 ñåíòÿáðÿ 2019 ãîäà, â Áåëãîðîäå, 
íà áàçå Áåëãîðîäñêîãî ãîñóäàðñòâåííîãî òåõíîëîãè÷å-
ñêîãî óíèâåðñèòåòà èì. Â. Ã. Øóõîâà. 

Îñíîâíîå íàïðàâëåíèå ìåæäóíàðîäíîãî êîíãðåñ-
ñà â Áåëãîðîäå — òðàäèöèîííîå äëÿ ICAM, íî ñ ó÷åòîì 
ìèðîâîãî òðåíäà – ïðîöåññû ìèíåðàëîîáðàçîâàíèÿ êàê 
îñíîâà äëÿ ðàçðàáîòîê ïðèðîäîïîäîáíûõ òåõíîëîãèé è 
ìèíåðàëû êàê ïðîòîòèïû ïåðñïåêòèâíûõ ìàòåðèàëîâ. 

 
Íàó÷íàÿ ïðîãðàììà ICAM-2019 ïî íàïðàâëåíèÿì: 
1. Ãåîìåòàëëóðãèÿ, òåõíîëîãè÷åñêàÿ ìèíåðàëîãèÿ è 

ïðîöåññû ïåðåðàáîòêè ìèíåðàëüíîãî ñûðüÿ. 
2. Èíäóñòðèàëüíûå ìèíåðàëû, äðàãîöåííûå êàì-

íè, ðóäû è äîáû÷à ïîëåçíûõ èñêîïàåìûõ. 
3. Íåôòÿíûå è ãàçîâûå êîëëåêòîðû, â òîì ÷èñëå ãà-

çîâûå ãèäðàòû. 
4. Àíàëèòè÷åñêèå ìåòîäû, ïðèáîðû è àâòîìàòèçàöèÿ. 
5. Ïåðñïåêòèâíûå ìàòåðèàëû ñ óëó÷øåííûìè õà-

ðàêòåðècòèêàìè, â òîì ÷èñëå òåõíè÷åñêàÿ êåðàìèêà è 
ñòåêëî. 

6. Ñòðîèòåëüíîå ìàòåðèàëîâåäåíèå. 
7. Áèîìèìåòè÷åñêèå ìàòåðèàëû íà ìèíåðàëüíîé 

îñíîâå, áèîìèíåðàëîãèÿ. 
8. Îêðóæàþùàÿ ñðåäà è ýíåðãåòè÷åñêèå ðåñóðñû. 
9. Êóëüòóðíîå íàñëåäèå, àðòåôàêòû è èõ ñîõðàí-

íîñòü. 
Ïîäðîáíàÿ èíôîðìàöèÿ – íà ñàéòå êîíãðåññà www.

geo.komisc.ru/icam2019 

Ðåãèñòðàöèîííûé âçíîñ ïðåäóñìàòðèâàåò èçäàíèå 
òðóäîâ (äîêëàäû ó÷àñòíèêîâ êîíãðåññà, èçäàòåëüñòâî 
Springer), ó÷àñòèå âî âñåõ ìåðîïðèÿòèÿõ êîíãðåññà (çà-
ñåäàíèÿ, âûñòàâêè), êîôå-áðåéêè, îáåäû, ýêñêóðñèþ 
íà Ëåáåäèíñêèé ÃÎÊ è ñîñòàâëÿåò äî 1 äåêàáðÿ 2018 ãî-
äà 300 åâðî (äëÿ ðîññèéñêèõ ó÷àñòíèêîâ â ðóáë¸âîì ýê-
âèâàëåíòå). Äëÿ ñòóäåíòîâ, àñïèðàíòîâ, äîêòîðàíòîâ è 
íåðàáîòàþùèõ ïåíñèîíåðîâ îðãâçíîñ ñîñòàâèò 150 åâðî 
ïðè ïðåäîñòàâëåíèè äîêóìåíòà, ïîäòâåðæäàþùåãî óêà-
çàííûé ñòàòóñ. 

Ïðåäñòàâëåíèå äîêëàäîâ
Ó÷àñòíèêè ïðåäñòàâëÿþò äîêëàä ñ îðèãèíàëüíûìè 

íàó÷íûìè ðåçóëüòàòàìè íà ðóññêîì è àíãëèéñêîì ÿçû-
êàõ (èíîñòðàííûå ó÷àñòíèêè – òîëüêî íà àíãëèéñêîì) 
â ðàìêàõ òåì íàó÷íîé ïðîãðàììû ICAM-2019. Áóäóò 
ðàññìîòðåíû òîëüêî äîêëàäû, ïîäàííûå ÷åðåç ñèñòåìó 
OCS Springer. Îáú¸ì äîêëàäà äëÿ ïóáëèêàöèè íå äîë-
æåí ïðåâûøàòü 4 ñòð. (ñì. òðåáîâàíèÿ ê îôîðìëåíèþ 
íà ñàéòå Springer). 

Ïðè îïëàòå ðåãèñòðàöèîííîãî âçíîñà äîêëàäû áó-
äóò îïóáëèêîâàíû èçäàòåëüñòâîì Springer îòäåëüíûì 
ñáîðíèêîì, êîòîðûé âîéäåò â ìåæäóíàðîäíóþ áèáëè-
îãðàôè÷åñêóþ áàçó äàííûõ Scopus. 

ÏÐÈÊËÀÄÍÀß ÌÈÍÅÐÀËÎÃÈß: ÈÇ ÁÀÐÈ Â ÁÅËÃÎÐÎÄ

 APPLIED MINERALOGY: FROM BARI TO BELGOROD

The 14th ICAM will be held in 2019, September 23–
27 in Russia, Belgorod City, on the basis of Belgorod State 
Technological University named after V. G. Shukhov.

The main direction of the International Congress in 
Belgorod is traditional for ICAM, but taking into account 
the world trend, — mineral formation for the development 
of nature-like technologies and minerals as prototypes of 
promising materials.

 
Topics of ICAM-2019:
1. Geometallurgy and process mineralogy.
2. Industrial minerals including gems, ore minerals, 

and mineral exploration.
3. Oil and gas reservoirs, including gas hydrates.
4. Analytical techniques, instrumentation and auto-

mation.
5. Advanced materials including high-performance 

technical ceramics and glasses.
6. Construction materials including cement/SCMs, 

concrete, bricks, tiles.
7. Bio-mimetic mineral materials and biomineralogy.
8. Environment and energy mineralogy.
9. Cultural heritage, stone artifacts and preservation.
The complete information – on the website of the Con-

gress www.geo.komisc.ru/icam2019

The Congress registration fee includes Congress 
Proceedings (to be published by Springer Science), access 
to all Congress events (meetings, exhibitions), coffee and tea 
breaks, lunches, technical visit to the Lebedinsky Processing 
Plant and until December 1, 2018, it is 300 EUR. A reduced 
registration fee of 150 EUR applies for students, postgradu-
ates and doctoral students.

The Organizing Committee provides a discussion club 
for young scientists.

Paper Submission 
Participants submit an original paper in Russian and 

English (foreign participants only in English) according to 
the themes of the scientific program of ICAM-2019. Only 
reports submitted through OCS Springer will be considered. 
The volume of the report for publication should not exceed 4 
pages (see the requirements for registration on Springer web-
site).

 
DEADLINES
• The official website of the Congress starts: May 2018.
• The beginning of paper submission: June 1, 2018.
• Deadline for paper submission: November 1, 2018.
• Review of reports: before December 1, 2018.

CONTACT INFORMATION
With any questions please contact the Organizational 

Committee: icam2019@gmail.com  or ICAM 2019 Congress 
secretary Mrs. Prof. Dr. Olga Kotova kotova@geo.komisc.ru

14-é Ìåæäóíàðîäíûé êîíãðåññ ïî ïðèêëàäíîé ìèíåðàëîãèè,
23–27 ñåíòÿáðÿ 2019 ã., Áåëãîðîä, Ðîññèÿ
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Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ,  àïðåëü, 2018 ã., ¹ 4

Çíà÷èòåëüíûé ïåðèîä ìîåé ðàáîòû â Èíñòèòóòå ãå-
îëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ ñâÿçàí ñ èññëåäîâàíèÿìè 
õðóñòàëåíîñíûõ ìåñòîðîæäåíèé Ïðèïîëÿðíîãî Óðàëà. 
Â 1963 ã. ëàáîðàòîðèþ ìèíåðàëîãèè è øëèõîâîãî àíàëè-
çà íàøåãî èíñòèòóòà âîçãëàâèë Âëàäèìèð Âàëåíòèíîâè÷ 
Áóêàíîâ, ïðåäñòàâèòåëü ïðîñëàâëåííîé ìèíåðàëîãè÷å-
ñêîé øêîëû ïðîôåññîðà Ëåíèíãðàäñêîãî ãîðíîãî èíñòè-
òóòà èì. Ã. Â. Ïëåõàíîâà Äìèòðèÿ Ïàâëîâè÷à Ãðèãîðüåâà. 
Â. Â. Áóêàíîâ óæå èìåë ïðàêòè÷åñêèé îïûò ðàáîòû íà 
õðóñòàëåíîñíûõ ìåñòîðîæäåíèÿõ Ïðèïîëÿðíîãî Óðàëà, 
Çàáàéêàëüÿ, â ÷àñòíîñòè, åãî êàíäèäàòñêàÿ äèññåðòà-
öèÿ áûëà ïîñâÿùåíà ìèíåðàëîãèè ìåñòîðîæäåíèé 
Íåðîéñêîé õðóñòàëåíîñíîé ïîëîñû íà Ïðèïîëÿðíîì 
Óðàëå. Íàøà ëàáîðàòîðèÿ èç àíàëèòè÷åñêîé ïðåîáðà-
çîâàëàñü â òåìàòè÷åñêóþ ïî èçó÷åíèþ ìåñòîðîæäåíèé 
êâàðöà â ðåãèîíå è ïðèñòóïèëà ê èññëåäîâàíèÿì ïî òå-
ìå «Ìèíåðàëîãèÿ è ãåíåçèñ ìåñòîðîæäåíèé ãîðíîãî õðó-
ñòàëÿ íà Ïðèïîëÿðíîì Óðàëå».

Â. Â. Áóêàíîâ ïðèâ¸ç ñ ñîáîé áîëüøóþ êîëëåêöèþ 
êðèñòàëëîâ êâàðöà, òàê ÷òî åù¸ äî ïåðâîãî ýêñïåäèöè-
îííîãî ñåçîíà â íàøèõ ðóêàõ îêàçàëñÿ íåîáõîäèìûé ìà-
òåðèàë äëÿ ïîñòàíîâêè èññëåäîâàíèé è ðàçðàáîòêè ìåòî-
äè÷åñêèõ ïîäõîäîâ. Ëàáîðàòîðèÿ íà÷àëà îñíàùàòüñÿ íå-
îáõîäèìûì îáîðóäîâàíèåì — ñïåêòðîôîòîìåòðàìè äëÿ 
âèäèìîé, ÓÔ- è ÈÊ-îáëàñòåé ñïåêòðà ÑÔ-4, ÈÊÑ-14, 
UR-20, SPECORD UV-VIS. Â ñîîòâåòñòâèè ñ ïðèíöè-
ïàìè ãðèãîðüåâñêîãî îíòîãåíè÷åñêîãî ïîäõîäà ê èçó÷å-
íèþ ìèíåðàëîâ êðèñòàëëû êâàðöà ïîäâåðãàëèñü ñàìîìó 
äåòàëüíîìó, «àíàòîìè÷åñêîìó» èññëåäîâàíèþ. Îíî ïðî-
âîäèëîñü íà ïðåïàðèðîâàííûõ îáðàçöàõ — íà ïîëèðî-
âàííûõ ïëîñêîïàðàëëåëüíûõ ïëàñòèíêàõ, âûðåçàííûõ 
èç êðèñòàëëà â îïðåäåë¸ííûõ êðèñòàëëîãðàôè÷åñêèõ 
íàïðàâëåíèÿõ. Òàêîé óãëóáë¸ííûé ïîäõîä ê èçó÷åíèþ 
âíóòðåííåãî ñòðîåíèÿ êðèñòàëëîâ, èõ ãàáèòóñíûõ ôîðì, 
ìîðôîëîãèè ïîçâîëÿë âîññòàíîâèòü âî âñåõ ïîäðîá-
íîñòÿõ èñòîðèþ ôîðìèðîâàíèÿ êðèñòàëëîâ îò ðàííèõ 
ê ïîçäíèì ñòàäèÿì õðóñòàëåîáðàçîâàíèÿ, îñîáåííîñòè 
èõ ðîñòà â ðàçëè÷íûõ óñëîâèÿõ ìèíåðàëîîáðàçóþùåé 
ñðåäû, óñòàíîâèòü ãåíåòè÷åñêèå òèïû êâàðöà. Çàáåãàÿ 
íåñêîëüêî âïåð¸ä, ñðàçó îòìå÷ó, ÷òî Â. Áóêàíîâ ãëàâíûì 
ðåçóëüòàòîì íàøèõ èññëåäîâàíèé îïðåäåëèë «âûâîä 
îá îáðàçîâàíèè íà Ïðèïîëÿðíîì Óðàëå äâóõ ïðîìûø-
ëåííûõ òèïîâ ìíîãîïîëîñòíûõ õðóñòàëåíîñíûõ æèë»:
1) ñ ïüåçîîïòè÷åñêèì êâàðöåì è 2) áîëåå ÷èñòûì ãîðíûì 
õðóñòàë¸ì è æèëüíûì êâàðöåì, ïðèãîäíûì äëÿ ïëàâêè 
îïòè÷åñêîãî ñòåêëà.

Ìû ðàáîòàëè â òåñíîì êîíòàêòå ñ ãåîëîãàìè-ïðî-
èçâîäñòâåííèêàìè. Ðåøàëèñü íå òîëüêî ÷èñòî íàó÷íûå, 
íî è ïðàêòè÷åñêèå çàäà÷è. Óæå â 1963 ã. áûë çàêëþ÷¸í 
äîãîâîð ñ ýêñïåäèöèåé ¹ 105 Ìèíãåî ÑÑÑÐ, ïðîâî-
äèâøåé ïîèñêîâî-ðàçâåäî÷íûå è äîáû÷íûå ðàáîòû, íà 
ïåðèîä 1964—1968 ãã. Ìû ó÷àñòâîâàëè â ñîâìåñòíûõ íà-
ó÷íûõ êîíôåðåíöèÿõ, ðàáî÷èõ ñîâåùàíèÿõ, â îáñóæäå-
íèè è çàùèòå îò÷¸òîâ. Â ñîîòâåòñòâèè ñ äîãîâîðîì ñè-
ñòåìàòè÷åñêè ïåðåäàâàëèñü çàêàç÷èêó äîêëàäíûå çàïè-
ñêè è çàêëþ÷åíèÿ î êà÷åñòâå êðèñòàëëîñûðüÿ. ×àñòûìè 

ãîñòÿìè â íàøåì èíñòèòóòå áûëè íå òîëüêî ãåîëîãè-
êâàðöåâèêè (À. Êîðàãî, Þ. Ñàìàðèí, Ñ. Áóêàòè÷), íî 
è âåäóùèå íàó÷íûå ñïåöèàëèñòû — äîêòîðà íàóê: ïðî-
ôåññîð À. Å. Êàðÿêèí, Â. À. Ñìèðíîâà, Â. Ñ. Áàëèöêèé. 
Èñêëþ÷èòåëüíî áîëüøóþ ïîìîùü îêàçûâàë ïðîôåññîð 
Ä. Ï. Ãðèãîðüåâ, ïðàêòè÷åñêè åæåãîäíî ïðèåçæàÿ äëÿ 
ïðîâåäåíèÿ êîíñóëüòàöèé è ñîâìåñòíûõ èññëåäîâàíèé. 
Çäåñü ðàáîòàëè åãî åäèíîìûøëåííèêè, åãî ïîñëåäîâà-
òåëè.

Â òåìàòè÷åñêèõ è ýêñïåäèöèîííûõ ðàáîòàõ ó÷àñò-
âîâàëè ìèíåðàëîãè íàøåãî èíñòèòóòà — Â. Áóêàíîâà, 
Å. Ìåëüíèêîâà, Ð. Òèìîíèíà, Ò. Ïîãàíêèíà. Êàê ôè-
çèê, ÿ çàíèìàëàñü ñïåêòðîñêîïèåé, èçó÷åíèåì îïòè-
÷åñêèõ õàðàêòåðèñòèê êðèñòàëëîâ, ëþìèíåñöåíòíûìè 
ìåòîäàìè, Ã. Þøêîâà — ñïåêòðàëüíûì àíàëèçîì.
Â. Â. Áóêà  íîâ, îáëàäàÿ øèðîêîé íàó÷íîé ýðóäèöèåé, 
óìåëî íàïðàâëÿë íàøè èññëåäîâàíèÿ â íóæíîå ðóñëî. Åãî 
îòëè÷àëè âûñîêàÿ îðãàíèçîâàííîñòü, ÷¸òêîñòü â ïîñòà-

íîâêå çàäà÷, êîððåêòíîñòü âî âçàèìîîòíîøåíèÿõ ñ êîë-
ëåãàìè. Ïî ðàáîòàì íà ìåñòîðîæäåíèÿõ Ñóðàèçñêîãî, 
Âåðõíåêîæèìñêîãî ðàéîíîâ â 1964—1968 ãã. áûëè ïîä-
ãîòîâëåíû 4 íàó÷íûõ îò÷¸òà, à â 1971 ã. ñäàí îêîí÷àòåëü-
íûé íàó÷íûé îò÷¸ò. Ðåçóëüòàòû ýòèõ èññëåäîâàíèé áû-
ëè ó÷òåíû ïðè ïîäñ÷¸òå çàïàñîâ êâàðöåâîãî ñûðüÿ íà 
îñíîâíûõ îáúåêòàõ Ïðèïîëÿðíîóðàëüñêîé ïðîâèíöèè ñ 
óòâåðæäåíèåì â ÃÊÇ ÑÑÑÐ.

Âàæíîé çàäà÷åé èññëåäîâàíèé ÿâëÿëàñü îöåíêà êà-
÷åñòâà êðèñòàëëîñûðüÿ, åãî äèôôåðåíöèàöèÿ ïî âîç-
ìîæíîñòè èñïîëüçîâàíèÿ: èëè êàê ïüåçîîïòè÷åñêèé 
ìàòåðèàë, èëè äëÿ ïëàâêè ñïåöèàëüíîãî, îñîáî ÷èñòî-
ãî îïòè÷åñêîãî ñòåêëà. Áîëüøîå âëèÿíèå íà îïòè÷å-
ñêèå õàðàêòåðèñòèêè êâàðöà èìåþò ïðèìåñè, îñîáåí-
íî ñòðóêòóðíûå, êîòîðûå íåâîçìîæíî óäàëÿòü äàæå ïðè 
õèìè÷åñêîé î÷èñòêå ñûðüÿ â ïðîöåññå ïîäãîòîâêè øèõ-
òû ïåðåä ïëàâêîé. Âåñüìà èíôîðìàòèâíûì ìåòîäîì, 
ïîçâîëÿþùèì óñòàíîâèòü íàëè÷èå òàêèõ ñòðóêòóðíûõ 
ïðèìåñåé, îêàçàëàñü ÈÊ-ñïåêòðîñêîïèÿ. Ïî èíòåí-

ÊÂÀÐÖ ÐÀÑÊÐÛÂÀÅÒ ÑÂÎÈ ÒÀÉÍÛ
(Ïàìÿòè Â. Â. Áóêàíîâà)

QUARTZ UNLOCKS ITS SECRETS
(In memory of V. V. Bukanov)

Ñëåâà íàïðàâî: È. Â. Øâåöîâà, Â. Â. Áóêàíîâ, Ã. À. Ìàðêîâà,  
Ä. Ï. Ãðèãîðüåâ, Í. Ï. Þøêèí (âòîðàÿ ïîëîâèíà 70-õ ãã.)

From L to R: I. V. Shvetsova, V. V. Bukanov, G. A. Markova,
D. P. Grigoryev, N. P. Yushkin (the latter half of 1970s)
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ñèâíîñòè ñîîòâåòñòâóþùèõ ïîëîñ ïîãëîùåíèÿ â ñïåê-
òðàõ ó êðèñòàëëîâ ñ öèòðèíîâîé îêðàñêîé áûëè âûÿâ-
ëåíû áîëåå âûñîêèå êîíöåíòðàöèè ïðèìåñåé àëþìè-
íèÿ è ëèòèÿ ïî ñðàâíåíèþ ñ äûì÷àòûìè (÷òî ïîäòâåð-
æäàëîñü äàííûìè ñïåêòðàëüíîãî àíàëèçà). Òàêæå áûëî 
óñòàíîâëåíî, ÷òî äàæå áåñöâåòíûå êðèñòàëëû íåêîòî-
ðûõ ìåñòîðîæäåíèé çíà÷èòåëüíî çàãðÿçíåíû ïðèìåñÿ-
ìè. Êàê îêàçàëîñü, òàêèå êðèñòàëëû èìåëè ïîòåíöè-
àëüíóþ ñêðûòóþ öèòðèíîâóþ îêðàñêó, ÷òî óäàëîñü ïî-
êàçàòü ïðè èõ ðàäèàöèîííîì îáëó÷åíèè. Ýòîò ìåòîä ìû 
ñ Â. Â. Áóêàíîâûì íà÷àëè ïðèìåíÿòü ñ 1966 ã. íà áàçå 
ôèëèàëà Èíñòèòóòà ôèçè÷åñêîé õèìèè èì. Êàðïîâà 
(ã. Îáíèíñê). Ýêñïåðèìåíòû íà ÿäåðíîì ðåàêòîðå ïðî-
âîäèëè â òå÷åíèå íåñêîëüêèõ ëåò. Â ðåçóëüòàòå áûëè ïî-
ëó÷åíû íîâûå äàííûå î ïðèðîäå öåíòðîâ äûì÷àòîé è 
öèòðèíîâîé îêðàñêè êâàðöà [1—3].

Ìåòîäû ðàäèàöèîííîé ôèçèêè ïîçâîëèëè âûÿâèòü 
«ñêðûòûå êàðòèíû» â êðèñòàëëàõ, îòêðûòü ÷óäåñíûé ìèð, 
ìîæíî ñêàçàòü äóøó êðèñòàëëîâ. Êâàðö ïîñâÿòèë íàñ â 
ñâîè òàéíû: çîíàëüíîå è ñåêòîðèàëüíîå ñòðîåíèå, õàðàê-
òåð è òîíêîñòè ðàñïðåäåëåíèÿ îêðàñêè, ÷¸òêóþ ïðèâÿçêó 
ñâîéñòâ ê óñëîâèÿì ôîðìèðîâàíèÿ òåõ èëè èíûõ ìåñòîðî-
æäåíèé êâàðöà, ñâÿçü îñîáåííîñòåé êðèñòàëëîâ ñ ãåîõè-
ìèåé ìåñòîðîæäåíèé, ñ ïðèìåñíûì ñîñòàâîì ïèòàþùèõ 
ãèäðîòåðìàëüíûõ ðàñòâîðîâ, âîçìîæíîñòü ñèíõðîíèçà-
öèè ïðîöåññîâ êðèñòàëëèçàöèè íà òåððèòîðèàëüíî óäà-
ë¸ííûõ ó÷àñòêàõ (ïî ôîòîìåòðè÷åñêèì çàïèñÿì çîíàëü-
íîñòè) [4]. Íà îñíîâàíèè èññëåäîâàíèé ïðèðîäû öåíòðîâ 
äûì÷àòîé è öèòðèíîâîé îêðàñêè êâàðöà óäàëîñü ñêàçàòü 
íîâîå ñëîâî î êîíöåíòðàöèîííîì ýôôåêòå, ñ êîòîðûì 
ñâÿçàíû òå èëè èíûå öåíòðû îêðàñêè, ïîðîã íàñûùå-
íèÿ èíòåíñèâíîñòè ðàäèàöèîííîé îêðàñêè â êðèñòàëëàõ 
ðàçëè÷íîãî ãåíåòè÷åñêîãî òèïà, à òàêæå ðàäèàöèîííàÿ 
óñòîé÷èâîñòü êâàðöà. Ýòè äàííûå áûëè îïóáëèêîâàíû â 
öåíòðàëüíûõ àêàäåìè÷åñêèõ èçäàíèÿõ, â ñåðèè «Íàó÷íûå 
äîêëàäû» [5], à òàêæå îáîáùåíû  â íàó÷íîì îò÷¸òå Ã. À. 
Ìàðêîâîé «Îöåíêà ïëàâî÷íîãî ñûðüÿ îáúåêòîâ çàïàäíî-
ãî ñêëîíà Ïðèïîëÿðíîãî Óðàëà ìåòîäîì ãàììà-îáëó÷å-
íèÿ» (1974 ã.).

Â ðåçóëüòàòå äåòàëüíûõ èññëåäîâàíèé áûëî ïîêàçà-
íî, ÷òî äàæå â ïðåäåëàõ îäíîãî ìåñòîðîæäåíèÿ, è áîëåå 
òîãî — â îáú¸ìå îäíîãî êðèñòàëëà, èìåþòñÿ ðåçêèå ðàç-
ëè÷èÿ êàê ïî îïòè÷åñêèì õàðàêòåðèñòèêàì, òàê è ñîäåð-
æàíèþ ýëåìåíòîâ-ïðèìåñåé, ÷òî îáóñëîâëåíî èçìåí-
÷èâîñòüþ ïàðàìåòðîâ êðèñòàëëèçàöèè, ñòàäèéíûì õà-
ðàêòåðîì ïðîöåññà õðóñòàëåîáðàçîâàíèÿ. ßðêèì ïðè-
ìåðîì ýòîãî ìîæåò ñëóæèòü ìåñòîðîæäåíèå Õàñàâàðêà 
(Âåðõíåêîæèìñêèé ðàéîí). Áåñöâåòíûå è äûì÷àòûå 
êðèñòàëëû ðàííåé ãåíåðàöèè îòëè÷àþòñÿ âûñîêîé õè-
ìè÷åñêîé ÷èñòîòîé, õîðîøèìè îïòè÷åñêèì ïîêàçàòåëÿ-
ìè è îòíîñÿòñÿ ê ðàäèàöèîííî-óñòîé÷èâîé ãðóïïå ìàð-
êè ÊÂ-Ð. Êðèñòàëëû ñ äûì÷àòî-öèòðèíîâîé îêðàñêîé 
(âòîðàÿ ãåíåðàöèÿ) èìåþò íà ïîðÿäîê áîëåå âûñîêîå 
ñîäåðæàíèå àëþìèíèÿ è ëèòèÿ, ÷òî îãðàíè÷èâàåò âîç-
ìîæíîñòü èõ èñïîëüçîâàíèÿ äëÿ ïëàâêè âûñøèõ ñîðòîâ 
êâàðöåâîãî ñòåêëà. Íà ìåñòîðîæäåíèè ïðîñëåæèâàåòñÿ 
è àìåòèñòîâàÿ ìèíåðàëèçàöèÿ (ïîçäíÿÿ, íèçêîòåìïåðà-
òóðíàÿ ãåíåðàöèÿ).

Äëÿ íàãëÿäíîñòè ïðèâåä¸ì äàííûå êîëè÷åñòâåí-
íîãî ñïåêòðàëüíîãî àíàëèçà êðèñòàëëà êâàðöà ñ ïîëè-
õðîìíîé çîíàëüíîé îêðàñêîé. Äëÿ ñâåòëî-äûì÷àòîãî 
ó÷àñòêà èç <r,z> ñîäåðæàíèå Al2O3 ñîñòàâëÿåò 0,0057 %, 
à Li2O — 0,00071 %; äëÿ ó÷àñòêà ñ öèòðèíîâîé îêðàñêîé 
òàêæå èç <r,z> — ñîîòâåòñòâåííî 0,0342 è 0,0107 %, ÷òî 

çàìåòíî âûøå. Ïðîáà ñî ñâåòëî-äûì÷àòîé îêðàñêîé èç 
ïèðàìèäû íàðàñòàíèÿ ãðàíåé ïðèçìû <m> èìååò ìè-
íèìàëüíîå ñîäåðæàíèå ïðèìåñåé: Al2O3 — 0,00513 %, 
Li2O — 0,00038 %1. Íàáëþäàåìàÿ àíèçîòðîïèÿ â õàðàê-
òåðå ðàñïðåäåëåíèÿ ïðèìåñåé ïî ïèðàìèäàì íàðàñòà-
íèÿ ðàçëè÷íûõ ãðàíåé â êðèñòàëëàõ ïîçâîëèëà ïðåäëî-
æèòü ìåòîäèêó íàèáîëåå öåëåñîîáðàçíîé ñîðòèðîâêè è 
îáîãàùåíèÿ êðèñòàëëîñûðüÿ, à èìåííî — ìàêñèìàëü-
íîãî ñîõðàíåíèÿ ìàòåðèàëà, ïðèìûêàþùåãî ê ãðàíÿì 
ãåêñàãîíàëüíîé ïðèçìû, äëÿ ïîëó÷åíèÿ ëþáûõ âèäîâ 
êâàðöåâîãî ñòåêëà (ìàðêè ÊÓ, ÊÂ, ÊÈ, ÊÂ-Ð).

Ñîñòàâ è ñîäåðæàíèå ýëåìåíòîâ-ïðèìåñåé â êðè-
ñòàëëàõ ÿâëÿåòñÿ âàæíûì èíäèêàòîðîì óñëîâèé êðè-
ñòàëëèçàöèè, êîòîðûé ïðîñëåæèâàåòñÿ íå òîëüêî íà 
êâàðöå, íî è íà ñîïóòñòâóþùèõ ìèíåðàëàõ (øååëèò, 
êàëüöèò è äð.). Òàê, â îáðàçöàõ øååëèòà (ìåñòîðîæäå-
íèå Ïåëèíãè÷åé-3) ïî ñïåêòðàì êàòîäîëþìèíåñöåí-
öèè ïðè òåìïåðàòóðå æèäêîãî àçîòà áûëî óñòàíîâëåíî 
ïðèñóòñòâèå ðåäêîçåìåëüíûõ ýëåìåíòîâ — ñàìàðèÿ, åâ-
ðîïèÿ, ïðàçåîäèìà, äèñïðîçèÿ, òåðáèÿ [6]. Ýòî ñâÿçà-
íî ñî ñïåöèôèêîé ôîðìèðîâàíèÿ ìåñòîðîæäåíèÿ, òåð-
ìîáàðè÷åñêèìè óñëîâèÿìè ïîçäíåõðóñòàëåíîñíîé ñòà-
äèè, ñïîñîáñòâîâàâøèìè àêòèâíîìó çàõâàòó ïðèìåñåé 
(÷òî îòìå÷àåòñÿ òàêæå è äëÿ êâàðöà).

Â 1973 ã. Â. Â. Áóêàíîâ ïîêèíóë Ñûêòûâêàð. Íî íà-
øè äåëîâûå êîíòàêòû íå ïðåðâàëèñü. ß ïîäêëþ÷èëàñü ê 
èññëåäîâàíèÿì îïòè÷åñêîãî ôëþîðèòà Óðàëüñêî-Íîâî-
çåìåëüñêîé ïðîâèíöèè, êîòîðûìè ðóêîâîäèë ä. ã.-ì. í. 

1Äàííûå àíàëèçà ïåðåñ÷èòàíû íà îêèñëû, êàê ýòî äèêòóåòñÿ 
òåõíè÷åñêèìè óñëîâèÿìè. Ñîãëàñíî òðåáîâàíèÿì ÃÎÑÒ 15130-
69 «Ñòåêëî êâàðöåâîå îïòè÷åñêîå», ñîäåðæàíèå Al2O3 â êðè-
ñòàëëîñûðüå äëÿ ñïåöïëàâêè íå äîëæíî ïðåâûøàòü 0.007 %.

Â. Â. Áóêàíîâ íà ìàñòîðîæäåíèè Õàñàâàðêà (ôîòî Â. Ã. Æåêîâà, 
1972 ã.)
V. V. Bukanov at the Khasavarka deposit (photo by V. G. Zhekov, 
1972)
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Í. Ï. Þøêèí. Â. Áóêàíîâ íà ïîñòó ãëàâíîãî ãåîëîãà ÑÏÎ 
«Ñåâåðêâàðöñàìîöâåòû» êóðèðîâàë ãåîëîãî-ðàçâåäî÷íûå 
ðàáîòû ïî êâàðöó, à ïîòîì è ïî ôëþîðèòó. Íàøà îáùàÿ 
ðàáîòà ñîâìåñòíî ñ äðóãèìè èíñòèòóòàìè è âåäîìñòâàìè 
ïî îòêðûòèþ, èññëåäîâàíèþ è îñâîåíèþ óíèêàëüíûõ ðàç-
íîñòåé ôëþîðèòà, ïðîèçâîäñòâó íà èõ îñíîâå íîâûõ âèäîâ 
îïòè÷åñêèõ èçäåëèé ãðàæäàíñêîãî è îáîðîííîãî íàçíà÷å-
íèÿ â 1982 ã. áûëà îòìå÷åíà ïðåìèåé Ñîâåòà Ìèíèñòðîâ 
ÑÑÑÐ.

Ïàðàëëåëüíî ñ ðàáîòàìè ïî èçó÷åíèþ ìåñòîðî-
æäåíèé ãîðíîãî õðóñòàëÿ âñ¸ íàñòîé÷èâåå ñòàëà ïðî-
áèâàòüñÿ èäåÿ èñïîëüçîâàíèÿ æèëüíîãî êâàðöà êàê ñû-
ðüÿ äëÿ êâàðöåâîé ïðîìûøëåííîñòè. Èññëåäîâàíèÿ 
Ã. Í. Âåðòóøêîâà ñ ñîòðóäíèêàìè ïîêàçàëè, ÷òî îäíà 
èç ðàçíîâèäíîñòåé æèëüíîãî êâàðöà — ãðàíóëèðîâàí-
íûé êâàðö — ìîæåò ñëóæèòü çàìåíèòåëåì ãîðíîãî õðó-
ñòàëÿ äëÿ ïîëó÷åíèÿ ïðîçðà÷íîãî êâàðöåâîãî ñòåêëà. 
Ýòè ðàáîòû ïîñëóæèëè òîë÷êîì äëÿ øèðîêîãî èçó÷å-
íèÿ ðàçíûõ òèïîâ êâàðöà â ðàçëè÷íûõ ðåãèîíàõ ñòðàíû. 
Ïðîâåä¸ííûå ðàáîòû ïîçâîëèëè ðåøèòü âàæíóþ â ïðà-
êòè÷åñêîì îòíîøåíèè çàäà÷ó îáåñïå÷åíèÿ îòå÷åñòâåí-
íîé ñòåêîëüíîé ïðîìûøëåííîñòè âûñîêîêà÷åñòâåí-
íûì êâàðöåâûì ñûðü¸ì.

Â 1977 ã. ìåæäó íàøèì Èíñòèòóòîì ãåîëîãèè è 
êîìïëåêñíîé ðàçâåäî÷íî-äîáû÷íîé ýêñïåäèöèåé 
ÊÐÄÝ ¹ 121 (ïðåîáðàçîâàííîé âïîñëåäñòâèè â ÑÏÎ 
«Ñåâåð êâàðöñàìîöâåòû») áûë çàêëþ÷¸í õîçÿéñòâåí-
íûé äîãîâîð íà ïðîâåäåíèå èññëåäîâàíèé æèëüíîãî 
êâàðöà Ïðèïîëÿðíîãî Óðàëà. Â ïðîöåññå ðàáîòû ýòè 
èññëåäîâàíèÿ áûëè ðàñøèðåíû è ðàñïðîñòðàíåíû íà 
Êîëüñêî-Êàðåëüñêèé ðåãèîí. Íà îñíîâå èçó÷åíèÿ îï-
òè÷åñêèõ è ÈÊ-ñïåêòðîâ áûë ïðîâåä¸í ñðàâíèòåëü-
íûé àíàëèç æèëüíîãî êâàðöà, äàíà îöåíêà åãî êà÷åñò-
âà. Âûÿñíèëîñü, ÷òî æèëüíûé êâàðö, ñòðóêòóðíî áîëåå 
÷èñòûé ïî ñðàâíåíèþ ñ ìîíîêðèñòàëëè÷åñêèì êâàð-
öåì, îáåñïå÷èâàåò áîëåå âûñîêîå êà÷åñòâî íàïëàâëÿå-
ìîãî êâàðöåâîãî ñòåêëà. Áûëè âûÿâëåíû ó÷àñòêè ñ ðà-
äèàöèîííî-óñòîé÷èâûì ñûðü¸ì, íåîáõîäèìûì äëÿ 
ñïåöèàëüíûõ öåëåé. Çà 1977—1981 ãã. ïåðåäàíî 4 òåêó-
ùèõ îò÷¸òà î âûïîëíåííûõ èññëåäîâàíèÿõ, ðàçðàáîòà-
íû ýêñïðåññíûå ìåòîäû áåñòåõíîëîãè÷åñêîé îöåíêè 
êà÷åñòâà êðèñòàëëîñûðüÿ, îòìå÷åííûå â 1975 è 1981 ãã. 
ìåäàëÿìè ÂÄÍÕ ÑÑÑÐ — ñåðåáðÿíîé è áðîíçîâîé. 
Äîñòîèíñòâî èñïîëüçîâàííîé ìåòîäèêè çàêëþ÷àëîñü 
â òîì, ÷òî óæå íà ñòàäèè ðàçâåäêè ìåñòîðîæäåíèé, äî 
ïðîèçâîäñòâà çàâîäñêèõ òåõíîëîãè÷åñêèõ èñïûòàíèé, 
íà ìàëûõ ïðîáàõ îïðåäåëÿëàñü âîçìîæíîñòü ïðîìûø-
ëåííîãî èñïîëüçîâàíèÿ êâàðöåâîãî ñûðüÿ. Â ðåçóëüòà-
òå âíåäðåíèÿ ýòîé ìåòîäèêè ïîëó÷åí ýêîíîìè÷åñêèé 
ýôôåêò â 250 òûñ. ðóá. (Ã. À. Ìàðêîâà, Ï. Ï. Þõòàíîâ. 
Ýêñïðåññíûå ìåòîäû áåñòåõíîëîãè÷åñêîé îöåíêè êà÷å-
ñòâà æèëüíîãî êâàðöà äëÿ ïëàâêè ñïåöèàëüíûõ ñò¸êîë: 
Ïðîñïåêò íà ÂÄÍÕ ÑÑÑÐ / Êîìè ôèëèàë ÀÍ ÑÑÑÐ, 
1981).

Ìíå ïîâåçëî ðàáîòàòü â ýòè ãîäû â êîíòàêòå ñ
ê. ã.-ì. í. À. À. Êîðàãî, ñåðü¸çíûì, òàëàíòëèâûì ñî-
òðóäíèêîì Ýêñïåäèöèè ¹ 121. Ñëåäóåò ñïåöèàëüíî 
ïîä÷åðêíóòü òîò âêëàä, êîòîðûé îí âí¸ñ â ïîíèìàíèå 
òåðìèíà «æèëüíûé êâàðö», ðàñøèðèâ åãî: «Æèëüíûé 
êâàðö — ýòî ñîâîêóïíîñòü êâàðöåâûõ èíäèâèäîâ è àã-
ðåãàòîâ, ñëàãàþùèõ êâàðöåâîå òåëî». Íåçàáûâàåìàÿ 
ñòðàíèöà â íàøèõ ñîâìåñòíûõ ðàáîòàõ ñ À. Êîðàãî áûëà 
ïîñâÿùåíà èññëåäîâàíèþ ëþìèíåñöåíöèè ïðåñíîâîä-

íîãî æåì÷óãà èç âîäî¸ìîâ Ñåâåðî-Çàïàäà Ðîññèè (îïó-
áëèêîâàíû â «Çàïèñêàõ ÂÌÎ»).

Ëè÷íî äëÿ ìåíÿ ïåðèîä ðàáîòû ïî õðóñòàëåíî-
ñíîé òåìàòèêå áûë ÷ðåçâû÷àéíî èíòåðåñíûì è ïëîäîò-
âîðíûì. Áûëè îçàðåíèÿ, îòêðûòèÿ. À êâàðö áëàãîäàðÿ 
ïðèðîäíîé êðàñîòå, ñîâåðøåíñòâó ñâîèõ ôîðì íàâñåã-
äà îñòàëñÿ â ïàìÿòè êàê âåðøèíà ïðèðîäíîãî òâîðåíèÿ.
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5 àïðåëÿ 2018 ãîäà â Èíñòèòóòå ãåîëîãèè èìåíè 
àêàäåìèêà Í. Ï. Þøêèíà ñîñòîÿëîñü ñîâåùàíèå, íà 
êîòîðîì ðàññìàòðèâàëèñü ðåçóëüòàòû ãåîëîãî-ðàçâå-
äî÷íûõ ðàáîò íà íåôòü è ãàç â Òèìàíî-Ïå÷îðñêîé íå-
ôòåãàçîíîñíîé ïðîâèíöèè (ÒÏ ÍÃÏ) â 2017 ãîäó è îá-
ñóæäàëèñüíàïðàâëåíèÿ äàëüíåéøèõ ðàáîò.

Ñîâåùàíèå îðãàíèçîâàíî Ñåâçàïíåäðà ñîâìåñòíî ñ 
Èíñòèòóòîì ãåîëîãèè èìåíè àêàäåìèêà Í. Ï. Þøêèíà, 
Ìèíèñòåðñòâîì èíâåñòèöèé, ïðîìûøëåííîñòè è òðàí-
ñïîðòà ÐÊ è Ìèíèñòåðñòâîì ïðèðîäíûõ ðåñóðñîâ è îõðà-
íû îêðóæàþùåé ñðåäû ÐÊ. Â ðàáîòå ñîâåùàíèÿ ïðèíè-
ìàëè ó÷àñòèå ïðåäñòàâèòåëè ðàçëè÷íûõ íàó÷íî-èññëåäî-
âàòåëüñêèõ è ïðîèçâîäñòâåííûõ îðãàíèçàöèé: ÈÃ Êîìè 
ÍÖ ÓðÎ ÐÀÍ, ÂÍÈÃÐÈ, ÂÍÈÃÍÈ, ÎÎÎ «ÒÏ ÍÈÖ», 
ÈÏÍÃ ÐÀÍ, Ñåâçàïíåäðà, Êîìèíåäðà, Ìèíïðîì ÐÊ, 
Ìèíïðèðîäû ÐÊ,  Äåïàðòàìåíòà ïðèðîäíûõ ðåñóðñîâ ÍÀÎ, 
Óïðàâëåíèÿ Ðîñïðèðîäíàäçîðà ïî ÐÊ, ÃÁÓ ÐÊ «ÒÔÈ ÐÊ», 
ÓÃÒÓ, ÎÎÎ «Ëóêîéë-Êîìè», ÍÊ «Íîáåëü Îéë», 
ÎÎÎ «ÍÊ «Ðîñíåôòü»-ÍÒÖ», ÎÎÎ «ÐÍ-Ñåâåðíàÿ 
Íåôòü», ÎÎÎ «Âîñòîê ÍÀÎ», ÇÀÐÓÁÅÆÍÅÔÒÜ-äîáû÷à 
Õàðüÿãà, ÎÎÎ «ÍÊ Ñîþç», ÎÀÎ «Ñåâåðãåîôèçèêà», 
ÎÎÎ «Ãåîòåõíîëîãèÿ», ÎÎÎ «Ãàçïðîì äîáû÷à Êðàñíîäàð», 
ÎÎÎ «Åíèñåé», ÎÎÎ «Ñåâåðî-Óðàëüñêàÿ íåôòåãàçîâàÿ 
êîìïàíèÿ», ÎÎÎ «ÒÏÃÊ», ÏÀÎ «Ãåîòåê Ñåéñìîðàçâåäêà», 

ÎÎÎ «Ïîìîð ÃÅÐÑ», ÎÎÎ «Øåëë ÍåôòåÃàç Äåâåëîïìåíò 
(II)», ÎÎÎ «ÍÊ Çàïîëÿðüå».

Â êà÷åñòâå îñíîâíûõ ðåçóëüòàòîâ ãåîëîãî-ðàçâå-
äî÷íûõ ðàáîò îòìå÷åíî, ÷òî â ÒÏ ÍÃÏ â 2017 ã. îòêðû-
òî 4 íîâûõ ìåñòîðîæäåíèÿ: 2 íåôòÿíûõ (Âîñòî÷íî-
Àäçüâèíñêîå, Âîñòî÷íî-Ïåðåâîçíîå) è 2 ãàçîâûõ 
(Ñåâåðî-Êîæèìñêîå, Ëåâîãðóáåþñêîå). Ïðèðîñò çàïà-
ñîâ óãëåâîäîðîäîâ ïîëó÷åí è íà èçâåñòíûõ ìåñòîðîæäå-
íèÿõ. Íà Èíòèíñêî-Êîæèìñêîé ãðóïïå ìåñòîðîæäå-
íèé â ïîäíàäâèãîâîì êîìïëåêñå îòêðûòû 2 íåôòÿíûå 
çàëåæè è 1 ãàçîâàÿ çàëåæü â àëëîõòîíå.

Ïî èòîãàì ñîâåùàíèÿ áûëè îïðåäåëåíû ïðèîðè-
òåòíûå íàïðàâëåíèÿ ïðîâåäåíèÿ äàëüíåéøèõ ãåîëîãî-
ðàçâåäî÷íûõ ðàáîò íà óãëåâîäîðîäíîå ñûðüå íà òåððè-
òîðèÿõ Âåðõíåïå÷îðñêîé, Áîëüøåñûíèíñêîé, Êîñüþ-
Ðîãîâñêîé è Êîðîòàèõèíñêîé âïàäèí, ñêëàä÷àòî-íàäâè-
ãîâîé çîíû çàïàäíîãî ñêëîíà Óðàëà, Èæìà-Ïå÷îðñêîé 
âïàäèíû è Ìàëîçåìåëüñêî-Êîëãóåâñêîé ìîíîêëèíàëè. 
Â þæíîé ÷àñòè ÒÏ ÍÃÏ (Óõòà-Èæåìñêèé âàë, Îìðà-
Ñîéâèíñêàÿ, Äæåáîëüñêàÿ è Âåëüþ-Òýáóêñêàÿ ñòóïåíè) 
ïðåäëàãàåòñÿ ïðîâåñòè êàê ïåðåèíòåðïðåòàöèþ íàêî-
ïëåííîãî ãåîëîãî-ãåîôèçè÷åñêîãî ìàòåðèàëà, òàê è âû-
ïîëíåíèå íîâûõ ñåéñìîðàçâåäî÷íûõ ðàáîò ÌÎÃÒ-2D ñ 
öåëüþ ñîçäàíèÿ óòî÷íåííîé ìîäåëè ñòðîåíèÿ è ïîâû-
øåíèÿ èíâåñòèöèîííîé ïðèâëåêàòåëüíîñòè ýòèõ òåð-
ðèòîðèé. Îäíèì èç âàæíûõ íàïðàâëåíèé èññëåäîâàíèé 
îáîçíà÷åíî èçó÷åíèå äîìàíèêîâûõ «ñëàíöåíîñíûõ» 
îòëîæåíèé êàê èñòî÷íèêà íåòðàäèöèîííûõ ñêîïëå-
íèé óãëåâîäîðîäîâ. Â ýòîì íàïðàâëåíèè âåäóòñÿ èñ-
ñëåäîâàíèÿ âî ÂÍÈÃÐÈ, ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, ÌÃÓ 
èì. Ì. Â. Ëîìîíîñîâà, ÂÍÈÃÍÈ. Ïðåäëîæåíî ñîçäàòü 
â Ðåñïóáëèêå Êîìè ïîñòîÿííî äåéñòâóþùóþ èíôîðìà-
öèîííóþ ïëîùàäêó äëÿ îáìåíà îïûòîì è ïîëó÷åííûìè 
ðåçóëüòàòàìè ïî èçó÷åíèþ äîìàíèêîâûõ îòëîæåíèé.

Áûëî îòìå÷åíî, ÷òî íèçêèé îáúåì ðåãèîíàëüíûõ 
ñåéñìîðàçâåäî÷íûõ ðàáîò çà ñ÷åò ñðåäñòâ ôåäåðàëüíîãî 
áþäæåòà íå ïîçâîëÿåò îïðåäåëèòü äîñòîâåðíûå ïåðñïåê-
òèâû íåôòåãàçîíîñíîñòè ìàëîèçó÷åííûõ ïåðèôåðèé-
íûõ îáëàñòåé ÒÏ ÍÃÏ è, êàê ñëåäñòâèå, ñäåðæèâàåò âî-
âëå÷åíèå ýòèõ òåððèòîðèé â ëèöåíçèðîâàíèå. Àêòèâíîå 
ó÷àñòèå ãîñóäàðñòâà è íåäðîïîëüçîâàòåëåé áóäåò ñïîñîá-
ñòâîâàòü âîâëå÷åíèþ â ãåîëîãî-ðàçâåäî÷íûé ïðîöåññ 
íîâûõ ðàéîíîâ è îòêðûòèþ íîâûõ ìåñòîðîæäåíèé óãëå-
âîäîðîäîâ, ÷òî ïîçâîëèò ñîõðàíèòü ñóùåñòâóþùèé óðî-
âåíü äîáû÷è óãëåâîäîðîäíîãî ñûðüÿ â ÒÏ ÍÃÏ.

Ê. ã.-ì. í. È. Êîòèê

ÒÈÌÀÍÎ-ÏÅ×ÎÐÑÊÀß ÍÅÔÒÅÃÀÇÎÍÎÑÍÀß ÏÐÎÂÈÍÖÈß. ÑÒÐÀÒÅÃÈß ÐÀÇÂÈÒÈß

TIMAN-PECHORA OIL AND GAS PROVINCE. STRATEGY OF THE DEVELOPMENT

April 5, 2018, experts held a meeting on the basis
of the Institute of Subsoil Use together with the Institute 
of Geology named after Academician N. P. Yushkin, the 
Ministry of Investments, Industry and Transport of Komi 
Republic and the Ministry of Natural Resources and 
Environmental Protection of Komi Republic. They dis-
cuss the results of oil and gas exploration in the Timan-
Pechora oil and gas province in 2017 and directions of 
further work.

Õðîíèêà 

Chronicle

April 25 — the 50th Anniversary of Elena Susol, Chemical Engineer.
April 27 — the 50th Anniversary of Tatyana Khazova, Engineer for scientific and technical information.
April 11, 1958 — Resolution on the organization of the Institute of geology in the Komi branch of the USSR Academy 

of Sciences on the basis of the Department of geology.

25 àïðåëÿ — 50-ëåòíèé þáèëåé èíæåíåðà-õèìèêà Åëåíû Âèòàëüåâíû Ñóñîë.
27 àïðåëÿ — 50-ëåòíèé þáèëåé èíæåíåðà ïî íàó÷íî-òåõíè÷åñêîé èíôîðìàöèè Òàòüÿíû Âåíèàìèíîâíû 

Õàçîâîé.
11 àïðåëÿ 1958 ãîäà — ïîñòàíîâëåíèå îá îðãàíèçàöèè Èíñòèòóòà ãåîëîãèè â Êîìè ôèëèàëå ÀÍ ÑÑÑÐ íà áà-

çå Îòäåëà ãåîëîãèè.
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