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Èçó÷åíû êîëëîìîðôíûå îëîâÿííûå ðóäû ìåñòîðîæäåíèÿ Âåðõíåå â Ïðèìîðñêîì êðàå ñ ïîìîùüþ ðåíò-
ãåíîñïåêòðàëüíîãî ìèêðîàíàëèçà è ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà ñ ýíåðãîäèñïåðñèîííûì àíà-
ëèçàòîðîì LINK-ISIS, ÷òî ïîçâîëèëî âûÿâèòü ïåðâè÷íóþ è âòîðè÷íóþ çîíàëüíîñòè êîëëîìîðôíîãî êàññè-
òåðèòà è óñòàíîâèòü ôàçîâûé ñîñòàâ ýòèõ îáðàçîâàíèé. Ïåðâè÷íàÿ çîíàëüíîñòü ìèíåðàëà âîçíèêàåò íà ðàí-
íåé ñòàäèè îòëîæåíèÿ ñòàííàòîâ èç êîëëîèäíûõ ðàñòâîðîâ è õàðàêòåðèçóåòñÿ ÷åðåäîâàíèåì ãèäðîñòàííàòîâ
ðàçíîãî ñîñòàâà. Âòîðè÷íàÿ çîíàëüíîñòü ÿâëÿåòñÿ íàëîæåííîé è ôîðìèðóåòñÿ â ïðîöåññå ðàñêðèñòàëëèçàöèè
ñòàííàòîâ. Ìåòàêîëëîèäíûå ðàçíîñòè êîíöåíòðè÷åñêè-çîíàëüíûõ àãðåãàòîâ îáðàçîâàíû ãèäðîñòàííàòàìè
Ca, Fe, Cu, In ïåðåìåííîãî ñîñòàâà, ðàñòâîðèìûìè â êèñëîòàõ, â êîòîðûõ îòìå÷àþòñÿ ïðèìåñè As, Al, Si, Cd,
Co, Sb, Zn, Ag. Ñîäåðæàíèå Sn â íèõ, ïî äàííûì ýíåðãîäèñïåðñèîííîãî àíàëèçà, ñîñòàâëÿåò 42—54%.
ÈÊ-ñïåêòðîñêîïèÿ ïîçâîëèëà âûÿâèòü â ãèäðîñòàííàòàõ ãèäðîêñèëüíóþ âîäó â îáëàñòè âàëåíòíûõ êîëåáà-
íèé Sn-OH. Â êîëëîìîðôíîì êàññèòåðèòå âûÿâëåíà íîâàÿ ôàçà Pb5 As2 O8 ñ ðàçëè÷íûì ñîîòíîøåíèåì Pb è
As ðàçìåðîì 30—50 ìê.
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The colloform tin ores from the deposit Verkhnee at the Primorye have been studied with the aid of X- ray spectro-
scopic microanalysis and the scanning electron microscopy with the energy dispersive analyzer LINK-ISIS that al-
lowed revealing the primary and the secondary zoning of a colloform cassiterite and to determine the phase composi-
tion of these formations. The primary zoning of the mineral forms at the early stage of the deposition of stannates from
colloidal solutions and is characterized by the alternation of hydrostannates of various composition. The secondary
zoning is superimposed zonality, and it forms at the process of the stannate crystallization. The metacolloidal varieties
of concentric-zonal aggregates are produced by hydrostannates of Ca, Fe, Cu, In, of variable compositions, soluble in
acids, in which the admixtures of As, Al, Si, Cd, Co, Sb, Zn, Ag are marked. Sn content according to the energy
dispersive analysis is 42—54%. Infrared adsorption spectroscopy allowed finding out in hydrostannates the presence of
the hydroxyl water at the area of the valence vibrations Sn-OH. In the colloform cassiterite a new phase Pb5 As2 O8

with various correlation of Pb and As in size 30—50 mk has been found.

K e y w o r d s: tin deposit; Kavalerovo district; colloform cassiterite; hydrostannates; indite, dzhalindite; cassiterite

zoning.

Ô.Â. ×óõðîâ ïðèäàâàë áîëüøîå çíà÷åíèå ðîëè
êîëëîèäîâ â ôîðìèðîâàíèè ðóä è âïåðâûå îõàðàê-
òåðèçîâàë ïðîöåññû, ñîïðîâîæäàþùèå îòëîæåíèå
ìåòàêîëëîèäíûõ ìèíåðàëîâ [6]. Â îëîâÿííûõ ìåñ-
òîðîæäåíèÿõ êîëëîìîðôíûå îáðàçîâàíèÿ ñôàëå-
ðèòà è êàññèòåðèòà îïèñàíû Å.À. Ðàäêåâè÷ [5],
êðèñòàëëèçàöèÿ êîòîðûõ ïðîèñõîäèëà, ïî å¸ ìíå-
íèþ, èç ñëîæíîãî ãåëÿ. Â îëîâÿííûõ ìåñòîðîæäå-
íèÿõ Áîëèâèè [8] çíà÷èòåëüíàÿ ÷àñòü äèîêñèäà
îëîâà ïåðâîíà÷àëüíî âûäåëÿëàñü â âèäå ãåëåé â ðå-
çóëüòàòå ðàçëîæåíèÿ ñòàííàòîâ. Ìåòàêîëëîèäíûé
êàññèòåðèò â ðèîëèòàõ âïåðâûå îïèñàí â òðåòè÷-
íûõ ðèîëèòàõ Íåâàäû [9] è â ãåìàòèò-êàññèòåðèòî-
âûõ ïðîæèëêàõ ñ ïî÷êîîáðàçíûìè àãðåãàòàìè äå-
ðåâÿíèñòîãî îëîâà â øòàòå Íîâàÿ Ìåêñèêà [10].
Êîëëîìîðôíûå îëîâÿííûå ðóäû èìåþò, êàê ïðà-
âèëî, òîíêîïîëîñ÷àòîå ñòðîåíèå, îáóñëîâëåííîå
÷åðåäîâàíèåì êðèñòàëëè÷åñêèõ ðàçíîñòåé êàññèòå-
ðèòà è ìåòàêîëëîèäíûõ îáðàçîâàíèé, ñîñòîÿùèõ
èç ãèäðîñòàííàòîâ, ðàñòâîðèìûõ â êèñëîòàõ [2].
Ãèäðîñòàííàòû äåòàëüíî èçó÷åíû â îêèñëåííûõ
ðóäàõ çîíû ãèïåðãåíåçà â îëîâÿííûõ ìåñòîðîæäå-
íèÿõ Êèðãèçèè è ßêóòèè [3], êîòîðûå îáðàçîâà-
ëèñü êàê âòîðè÷íûå ìèíåðàëû â ðåçóëüòàòå çàìå-
ùåíèÿ ñòàííèíà. Â îêèñëåííûõ ðóäàõ ìåñòîðîæäå-
íèé Ìóøèñòîí, Òðóäîâîå, Êåñòåð è Ñàðû-Áóëàê
óñòàíîâëåíî íåñêîëüêî ðàçíîâèäíîñòåé ãèäðîñòàí-
íàòîâ (âèñìèðíîâèò, íàòàíèò, ìóøèñòîíèò), êîòî-
ðûå óòâåðæäåíû êàê íîâûå ìèíåðàëû [3].

Îëîâîðóäíîå ìåñòîðîæäåíèå Âåðõíåå

Íàìè èññëåäîâàíû ãèïîãåííûå îëîâÿííûå êîë-
ëîìîðôíûå ðóäû èç ãëóáîêèõ ãîðèçîíòîâ (XII—XV)
êàññèòåðèò-õëîðèòîâîãî ìåñòîðîæäåíèÿ Âåðõíåå,
ðàñïîëîæåííîãî â Êàâàëåðîâñêîì ðóäíîì ðàéîíå
Ïðèìîðñêîãî êðàÿ. Ìåñòîðîæäåíèå øòîêâåðêîâî-
ãî òèïà îòêðûòî â 1956 ã., ðàçðàáàòûâàëîñü Õðóñ-
òàëüíåíñêèì ÃÎÊ âî âòîðîé ïîëîâèíå ÕÕ â., åãî
îòðàáîòêà ïðåêðàùåíà â 1990-å ãã. èç-çà ïëîõîé
êîíüþêòóðû íà ðûíêå îëîâÿííûõ êîíöåíòðàòîâ.

Ìåñòîðîæäåíèå Âåðõíåå — åäèíñòâåííûé îáú-
åêò Êàâàëåðîâñêîãî ðàéîíà, íà êîòîðîì îñíîâíûå
ðóäíûå òåëà îòíîñÿòñÿ ê øòîêâåðêîâîìó òèïó.
Èìåþùèåñÿ â âåðõíåé ÷àñòè ìåñòîðîæäåíèÿ åäè-
íè÷íûå æèëû, çà èñêëþ÷åíèåì ðóäíîãî òåëà çîíû

Ãëàâíîé, ïðîìûøëåííîé öåííîñòè íå èìåþò. Ñ
ãëóáèíîé çà ñ÷¸ò ïîÿâëåíèÿ íîâûõ «ñëåïûõ» ðóä-
íûõ òåë ðîëü ïðîìûøëåííûõ æèë íåñêîëüêî ïîâû-
øàåòñÿ, îäíàêî îñíîâíîå ïðîìûøëåííîå îðóäåíå-
íèå, áëàãîäàðÿ êîòîðîìó ìåñòîðîæäåíèå îòíîñèòñÿ
ê ðàçðÿäó ñâåðõêðóïíûõ, ñâÿçàíî ñ îáøèðíîé øòîê-
âåðêîâîé çàëåæüþ, ñìåíÿþùåé æèëû íà ãëóáèíå.
Ñîäåðæàíèå â øòîêâåðêå îëîâà ñ ãëóáèíîé óìåíü-
øàåòñÿ ïðè îäíîâðåìåííîì óâåëè÷åíèè ìîùíîñòè
ðóäíîé çàëåæè.

Ðàçâåäàííûå áàëàíñîâûå çàïàñû îëîâà ìåñòî-
ðîæäåíèÿ (êàòåãîðèé À+Â+C1) íà 01.01.2014 ã. ñî-
ñòàâëÿëè 93,7 òûñ. ò., ïðè ñðåäíåì ñîäåðæàíèè îëî-
âà â ðóäàõ 0,30 %, ïðåäâàðèòåëüíî îöåí¸ííûå (Ñ2) —
6,0 òûñ. ò. Ìåñòîðîæäåíèå íàõîäèòñÿ â íåðàñïðå-
äåë¸ííîì ôîíäå íåäð.

Ðóäíûå òåëà, îáðàçóþùèå øòîêâåðêîâûå è ëè-
íåéíûå ìèíåðàëèçîâàííûå çîíû, ïðèóðî÷åíû ê
êîíòàêòó ýðäàãîóññêîé è ëèôóäçèíñêîé ñâèò íèæ-
íåìåëîâîãî-þðñêîãî âîçðàñòà è çàëåãàþùèå â èç-
ìåí¸ííûõ îêâàðöîàííûõ è õëîðèòèçèðîâàííûõ
ïåñ÷àíèêàõ è àëåâðîëèòàõ. Ðàííèå ïðîæèëêè ñóá-
øèðîòíîãî ïðîñòèðàíèÿ ïåðåñåêàþòñÿ áîëåå ïîçä-
íèìè ñóáìåðèäèîíàëüíûìè, çàëå÷åííûìè ñóëüôè-
äàìè — ïèððîòèíîì, àðñåíîïèðèòîì, ïèðèòîì,
ñôàëåðèòîì è ðåäêèì ãàëåíèòîì. Îëîâÿííàÿ ìèíå-
ðàëèçàöèÿ ïðåäñòàâëåíà êàññèòåðèò-õëîðèò-ñóëü-
ôèäíûìè ðóäàìè, ñôîðìèðîâàâøèìèñÿ â òðè ñòà-
äèè — êàññèòåðèò-àðñåíîïèðèò-êâàðöåâóþ, êâàðö-
ñóëüôèäíóþ è êâàðö-êàðáîíàòíî-ñóëüôèäíóþ. Ðóäû
õàðàêòåðèçóþòñÿ èíòåíñèâíûì ðàçâèòèåì õëîðèòà
è Ca-ñîäåðæàùèõ ìèíåðàëîâ (ýïèäîòà, àêñèíèòà è
êàðáîíàòîâ) è âêðàïëåííîñòüþ íåîêèñëåííûõ àð-
ñåíîïèðèòà è ïèððîòèíà. Êâàðö-êàññèòåðèò-êàð-
áîíàòíûå è êâàðö-ñóëüôèäíûå ïðîæèëêè ïåðåñå-
÷åíû ïðîæèëêàìè ïàïèðøïàòà. Â øòîêâåðêå N1 è
æèëå N7 â êàññèòåðèò-õëîðèòîâûõ ðóäàõ ñ àðñåíî-
ïèðèòîì îáíàðóæåíû ó÷àñòêè ñ êîëëîìîðôíûìè
îëîâÿííûìè ðóäàìè, ñîñòîÿùèìè èç ñôåðîëèòî-
âûõ è ôåñòîí÷àòûõ àãðåãàòîâ, ïðåäñòàâëÿþùèõ ÷å-
ðåäîâàíèå çîí ñêðûòîêðèñòàëëè÷åñêîãî è òîíêî-
êðèñòàëëè÷åñêîãî êàññèòåðèòà, â êîòîðûõ îòìå÷à-
åòñÿ èçáèðàòåëüíàÿ, â íåêîòîðûõ ó÷àñòêàõ ïîëíàÿ
ðàñêðèñòàëëèçàöèÿ ìåòàêîëëîèäíîãî âåùåñòâà ñ
îáðàçîâàíèåì òîíêîèãîëü÷àòûõ êðèñòàëëîâ êàññè-
òåðèòà (ðèñ. 1).
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Ðèñ. 1. Ðóäíûå ðàéîíû ðàéîíû þãà Äàëüíåãî Âîñòîêà (Õàí÷óê, 2000): 1 – Ñåâåðî-Àçèàòñêèé êðàòîí: 2–8 – òåððåéíû: 2 – ïàññèâíîé
êîíòèíåíòàëüíîé îêðàèíû; 3 – êðàòîíà; 4 – îñòðîâíîé äóãè; 5 – àêòèâíîé êîíòèíåíòàëüíîé îêðàèíû; 6 – àêêðåöèîííîé ïðèçìû; 7 –
òóðáèäèòîâîãî áàññåéíà; 8 – ìåòàìîðôè÷åñêèé; 9–16 – ðàçíîâîçðàñòíûå îòëîæåíèÿ è ïîñòàêêðåöèîííûå êîìïëåêñû: 9 – êàéíîçîé-
ñêèå; 10 – ïîçäíåìåëîâûå; 11 – ðàííå- è ïîçäíåìåëîâûå; 12 – ïîçäíåþðñêèå è ðàííåìåëîâûå; 13 – ïîçäíåòðèàñîâûå è ðàííåþðñêèå;
14 – ñðåäíåêàðáîíîâûå è ðàííåòðèàñîâûå; 15 – äåâîíñêèå è ðàííåêàðáîíîâûå; 16 – îðäîâèêñêèå è ñèëóðèéñêèå; 17– 21– ãåîëîãè-
÷åñêèå ãðàíèöû è òåêòîíè÷åñêèå ñòðóêòóðû: 17 – ãðàíèöû; 18 – ðàçëîìû; 19 – íàäâèãè; 20 – ñäâèãè; 21 – êîìïëåêñû ìåòàìîðôè-
÷åñêèõ ÿäåð; 22 – îëîâîðóäíûå ðàéîíû: 1 – Âîçíåñåíñêèé; 2 – Íèìàíñêèé; 3 – Õèíãàíî-Îëîíîéñêèé; 4 – Áàäæàëüñêèé; 5 – Äóññå-
Àëèíñêèé; 6 – Ýçîï-ßìàëèíñêèé; 7 – Êîìñîìîëüñêèé; 8 – Êàâàëåðîâñêèé; 9 – Ôóðìàíîâñêèé; 10 – Âåðõíå-Óññóðñêèé; 11 –

Àðìèíñêèé; 12 – Ñåâåðî-Ñèõîòý-Àëèíñêèé


