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Âûïîëíåíî ñðàâíèòåëüíîå èçó÷åíèå ñîîòíîøåíèÿ èçîòîïîâ êèñëîðîäà â õàëöåäîíîâèäíîì êâàðöå èç 
çîëîòîíîñíûõ æèë Áàëåéñêîãî ðóäíîãî ïîëÿ è õàëöåäîíà èç ìèíäàëèí þðñêèõ ïàëåîâóëêàíîâ, îáðàçîâàâ­
øèõñÿ íà ðàçíûõ ãëóáèíàõ îò ïàëåîïîâåðõíîñòè. Áàëåéñêîå ðóäíîå ïîëå ïðåäñòàâëåíî äâóìÿ ìåñòîðîæäå­
íèÿìè ìàëîãëóáèííîé çîëîòîñåðåáðÿíîé ôîðìàöèè: ñîáñòâåííî Áàëåéñêèì è Òàñååâñêèì. Ïðèíÿòî 
ñ÷èòàòü, ÷òî îíè ÿâëÿþòñÿ ðàçíûìè áëîêàìè îäíîé ðóäíî­ìàãìàòè÷åñêîé ñèñòåìû. Áàëåéñêîå ÿâëÿåòñÿ 
ïðèïîäíÿòûì áëîêîì ðóäíîé çîíû, âåðõíÿÿ ÷àñòü êîòîðîé ýðîäèðîâàíà. Óñòàíîâëåíî, ÷òî  ìàêñèìàëüíû­
ìè çíà÷åíèÿìè δ18O õàðàêòåðèçóþòñÿ îïàë è õàëöåäîí ìèíäàëèí þðñêî­ìåëîâûõ ýôôóçèâîâ, â êîòîðûõ 
äîëÿ ëåãêîãî êèñëîðîäà íåâåëèêà (δ18Î = +14,2 ÷ +10,9 ‰). Ïåðåõîäíûå çíà÷åíèÿ (δ18Î  = +10,5 ÷ +7,4 ‰) 
òèïè÷íû äëÿ îïàëèòîâ è îïàë­õàëöåäîíîâûõ îáðàçîâàíèé âåðõíåé ïðèïîâåðõíîñòíîé è íàäðóäíîé ÷à­
ñòåé I ðóäíîé çîíû Òàñååâñêîãî ìåñòîðîæäåíèÿ ñ ñîäåðæàíèåì çîëîòà â ïðåäåëàõ 0,168…38,9 ã/ò. 
Äëÿ ïðîäóêòèâíîãî õàëöåäîíîâèäíîãî êâàðöà ðóäíîé çîíû íà ãëóáèíå ãîðèçîíòà 266 ì, ñîäåðæà­
ùåãî 41,2…1230 ã/ò çîëîòà, äîëÿ òÿæåëîãî èçîòîïà ðåçêî óìåíüøàåòñÿ (δ18Î = +1,7 ‰). Îáðàçöû òîí­
êî­ìåëêîçåðíèñòîãî, ïëàñòèí÷àòî­øåñòîâàòîãî æèëüíîãî êâàðöà Áàëåéñêîãî ìåñòîðîæäåíèÿ îòëè÷àþò­
ñÿ ìèíèìàëüíûìè (â òîì ÷èñëå, îòðèöàòåëüíûìè) âåëè÷èíàìè äîëè δ18Î (+0,8 ÷ ­2,6 ‰). Âûÿâëåííîå 
îäíîíàïðàâëåííîå âîçðàñòàíèå ñ ãëóáèíîé äîëè ëåãêîãî èçîòîïà êèñëîðîäà â êâàðöå ïîäòâåðæäàåò ñó­
ùåñòâóþùóþ âåðòèêàëüíóþ ìèíåðàëîãè÷åñêóþ è òåìïåðàòóðíóþ çîíàëüíîñòü îðóäåíåíèÿ 

Êëþ÷åâûå ñëîâà: êâàðö; îïàëèò; õàëöåäîí; ãåéçåðèò; èçîòîïû êèñëîðîäà; Áàëåéñêîå ðóäíîå ïîëå; Áàëåéñêîå ìåñòî­
ðîæäåíèå; Òàñååâñêîå ìåñòîðîæäåíèå 

For the first time a comparative study of the ratio of oxygen isotopes in chalcedony quartz veins of gold ore field 
Baley and chalcedony from tonsils Jurassic­Cretaceous paleovolcanoes, formed at different depths from paleo­
surface has been carried out. Baley ore field is represented by two gold­silver epithermal deposits: the actual 
Baleyskoye and Tasey. They are different blocks of the same ore­magmatic system. The Baley is an uplifted block 
of the ore zone, the upper part of which is eroded. It was found that the maximum values of δ18O characterized 
opal and chalcedony tonsils of Jurassic­Cretaceous volcanic which possess clearly magmatic nature, in which 
the proportion of light oxygen is low (δ18O = +14,2 ÷ + 10,9 ‰). Transient values (δ18O = +10,5 ÷ + 7,4 ‰) are 
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typical for opalite and opal­chalcedony formations near the surface and the upper parts of over ore zone I of the 
Tasey ore deposit containing gold zone within the 0,168…38,9 g/t. For productive chalcedony quartz ore zone 
horizon at a depth of 266 m containing 41,2…1230 g/t gold, the proportion of the heavier isotope decreases 
sharply (δ18O = + 1,7 ‰). The samples of fine­grained, columnar, plate­quartz vein of the Baley deposit have a 
different minimum, including negative values share δ18O (+0,8 ÷ ­2,6 ‰). The revealed unidirectional increase 
with the depth of the fraction of the light isotope of oxygen in quartz confirms the existing vertical mineralogical 
and temperature zonation of mineralization.

Key words: quartz; opalite; chalcedony; geyserite; oxygen isotopes; Baley ore field; Baley deposit; Tasey deposit

Ââåäåíèå. Âåëè÷èíà ñîîòíîøåíèé èçîòî­
ïîâ êèñëîðîäà èñïîëüçóåòñÿ äëÿ îïðåäå­

ëåíèÿ ïàðàìåòðîâ óñëîâèé ìèíåðàëîîáðà­
çîâàíèÿ [1–6; 10–14]. Óñëîâèÿ è ïðîöåññû 
ôîðìèðîâàíèÿ Áàëåéñêîãî ðóäíîãî ïîëÿ, íå­
ñìîòðÿ íà îãðîìíûé îáúåì ïðîâåäåííûõ â 
ïðîøëîì ñòîëåòèè èññëåäîâàíèé, îäíîçíà÷­
íî íå óñòàíîâëåíû. Íåñìîòðÿ íà ñâåäåíèÿ 
ïîñëåäíèõ ëåò [7; 9], äî ñèõ ïîð îñòàþòñÿ 
íåÿñíûìè èñòî÷íèêè ðóäíîãî âåùåñòâà, 
ñòðóêòóðíûå è ïðîñòðàíñòâåííî­âðåìåííûå 
ñîîòíîøåíèÿ Áàëåéñêîãî è Òàñååâñêîãî ìå­
ñòîðîæäåíèé, ñîñòàâëÿþùèõ ðóäíîå ïîëå, 
à òàêæå ïðèðîäà òàê íàçûâàåìûõ êâàðöåâûõ 
ìåòàñîìàòèòîâ. Èçó÷åíûé èçîòîïíûé ñîñòàâ 
êèñëîðîäà äëÿ îáðàçöîâ êâàðöà èç çàâåäîìî 
ïðèïîâåðõíîñòíûõ åãî îáðàçîâàíèé â õàëöå­
äîíîâûõ ìèíäàëèíàõ èç ýôôóçèâîâ þðñêîãî 
âîçðàñòà è Áàëåéñêîãî ðóäíîãî ïîëÿ. 

Ïîëå ïðåäñòàâëåíî äâóìÿ ìåñòîðîæäå­
íèÿìè ìàëîãëóáèííîé çîëîòîñåðåáðÿíîé 
ôîðìàöèè (ÌÇÑÔ): ñîáñòâåííî Áàëåéñêèì è 
Òàñååâñêèì. Ïðèíÿòî ñ÷èòàòü, ÷òî îíè ÿâëÿ­
þòñÿ ðàçíûìè áëîêàìè îäíîé ðóäíî­ìàãìà­
òè÷åñêîé ñèñòåìû (ðèñ. 1; 2) [7–9]. 

Áàëåéñêîå ìåñòîðîæäåíèå ïðåäñòàâ­
ëÿåò ñîáîé ïðèïîäíÿòûé áëîê ðóäíîãî ïîëÿ. 
Îíî ñîñòîèò èç äâóõ ó÷àñòêîâ: Ñåâåðíîãî 
(íàèáîëåå ïðèïîäíÿòîãî) è Þæíîãî. Ñå­
âåðíûé ó÷àñòîê (Ñåâåðíûé êàðüåð) âûõîäèò 
íà äíåâíóþ ïîâåðõíîñòü. Ýòî ÷àñòè÷íî ýðî­
äèðîâàííûé øòîêâåðê çîëîòîíîñíûõ êâàðöå­
âûõ æèë, ëîêàëèçîâàííûõ ñðåäè èíòåíñèâíî 
ïèðèòèçèðîâàííûõ è àðãèëëèçèðîâàííûõ óí­
äèíñêèõ ãðàíèòîèäîâ ïàëåîçîéñêîãî âîçðàñ­
òà. Øòîêâåðê ðàçâèò äî ãëóáèíû 124 ì. Â íåì 
íàñ÷èòûâàåòñÿ 237 æèë. Íà Þæíîì ó÷àñòêå 
âûÿâëåíû 334 æèëû è øòîêâåðê, êîòîðûå ïðî­
ñëåæåíû äî ãëóáèíû 260 ì. Îíè ñåêóò ïîçä­
íåþðñêî­ðàííåìåëîâûå êîíãëîìåðàòû è ïåñ­
÷àíèêè. Çîëîòîðóäíûå êðóòîïàäàþùèå æèëû 
õàëöåäîíîâèäíîãî êâàðöà è æèëüíûå çîíû 
êîíòðîëèðóþòñÿ òðåùèíàìè îòðûâà, îïåðÿþ­

ùèìè ïðîòÿæåííûå ïîëîãèå çîíû äðîáëåíèÿ 
è ñêîëà. Îðóäåíåíèå ñôîðìèðîâàíî íà ãëó­
áèíå 250…370 ì. Â ïîäðóäíîé ÷àñòè ðóäîíîñ­
íûõ çîí îêîëîæèëüíûå èçìåíåíèÿ ïðîÿâëåíû 
â îêâàðöåâàíèè, êàîëèíèçàöèè, ïèðèòèçà­
öèè, â áîêîâûõ ïîðîäàõ ðóäíîãî óðîâíÿ ðàç­
âèòû êàðáîíàòèçàöèÿ, ñåðèöèòèçàöèÿ, ñóëü­
ôèäèçàöèÿ, â ìåíüøåé ìåðå – àäóëÿðèçàöèÿ. 
Ãëàâíûå ðóäíûå ìèíåðàëû: çîëîòî, ýëåêòðóì, 
ïèðàðãèðèò [7; 9]. Ñîäåðæàíèå çîëîòà â áà­
ëàíñîâûõ ðóäàõ â æèëàõ 4…318 ã/ò (óðàãàííûå 
äî 606 ã/ò), â øòîêâåðêàõ 0,8…3,8 ã/ò. Ìåñòî­
ðîæäåíèå êðóïíîå, çíà÷èòåëüíî âûðàáîòàíî. 
Ãëóáèíà îòðàáîòêè ïîäçåìíûì ñïîñîáîì äî­
ñòèãëà 216 ì, îòêðûòûì – 150 ì.

Òàñååâñêîå ìåñòîðîæäåíèå ðàñïîëî­
æåíî þæíåå Áàëåéñêîãî. Îíî ïðåäñòàâëÿåò 
ñîáîþ ñèñòåìó æèëüíûõ çîí. Èçâåñòíî ïÿòü 
ðóäíûõ çîí, â êîòîðûõ íàõîäèòñÿ áîëåå 80 
ïðîìûøëåííûõ æèë. Ãëàâíûå ìèíåðàëû çî­
ëîòà è ñåðåáðà: ýëåêòðóì, ïèðàðãèðèò, êàëà­
âåðèò, ôðåéáåðãèò, ìèàðãèðèò, àðãåíòîòåí­
íàíòèò, àíäîðèò. Ïðîáíîñòü çîëîòà 150…840 
(ñðåäíÿÿ – 720). Ïî áîãàòñòâó (äî 346 êã/ò çî­
ëîòà) è çàïàñàì (îêîëî 400 ò) ðóä Òàñååâñêîå 
ìåñòîðîæäåíèå ÿâëÿåòñÿ âåñüìà êðóïíûì 
[9]. Ãëóáèíà ïîäçåìíîé îòðàáîòêè ñîñòàâèëà 
416 ì, îòêðûòîé – 70 ì. 

Íàèáîëåå áîãàòîé ÿâëÿåòñÿ I ðóäíàÿ çî­
íà, ñîäåðæàùàÿ ñóùåñòâåííóþ äîëþ ðàçâå­
äàííûõ çàïàñîâ (ðèñ. 2). Åå ñåâåðî­âîñòî÷­
íàÿ ÷àñòü íå âûõîäèò íà ïîâåðõíîñòü. Îíà 
ïåðåêðûòà âåðõíåþðñêî­íèæíåìåëîâûìè 
òåððèãåííûìè îòëîæåíèÿìè, ñîäåðæàùèìè 
ôàóíèñòè÷åñêèå îñòàòêè, òèïè÷íûå äëÿ âóë­
êàíîãåííûõ âîäîåìîâ, âñêðûòà áóðîâûìè 
ñêâàæèíàìè è ïîäçåìíûìè ãîðíûìè âûðà­
áîòêàìè. Þãî­çàïàäíàÿ ÷àñòü âñêðûòà Îïûò­
íûì êàðüåðîì. Â ñåâåðî­âîñòî÷íîé ñòåíêå 
êàðüåðà îáíàæåíû ñàìûå âåðõíèå ôðàãìåí­
òû âåòâÿùåéñÿ ñòâîëîâîé æèëû I ðóäíîé çî­
íû, îïèñàííîé â òðóäàõ îäíîãî èç àâòîðîâ. 
Çäåñü âñêðûòî äâå ðàçíîâèäíîñòè ñåêóùèõ 
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ñóùåñòâåííî êâàðöåâûõ òåë. Îäíà èç íèõ 
ïðåäñòàâëÿåò ñîáîé êàâåðíîçíûå ïîëîñ÷à­
òûå îáðàçîâàíèÿ õàëöåäîíà, ïåðåõîäÿùåãî 
â êâàðö ñðåäè ãåéçåðèòîâ, îïàëèòîâ è äðóãèõ 
ïðîäóêòîâ ãèäðîòåðìàëüíîé âóëêàíè÷åñêîé 
äåÿòåëüíîñòè. Îïàëèòû ñîäåðæàò ãëîáóëÿð­
íûé ïèðèò, ìåñòàìè òîíêîèãîëü÷àòûå àãðå­
ãàòû ñòèáíèòà, ðåàëüãàð è àóðèïèãìåíò [8; 

Ðèñ. 1. Ñõåìàòè÷åñêàÿ ãåîëîãî­ñòðóêòóðíàÿ êàðòà Áàëåéñêîãî ðóäíîãî ïîëÿ (íà îñíîâàíèè [7] ñ èçìåíåíèÿìè):
1 – êàìåíñêàÿ ñâèòà (Ê

1
): âàëóííî­ãàëå÷íûå êîíãëîìåðàòû; 2 – íîâîòðîèöêàÿ ñâèòà (Ê

1
): äðåñâÿíûå ïåñ÷àíèêè, 

ïåñ÷àíèêè, ñìåøàííûå è ìóñîðíûå ïîðîäû, áðåê÷èè; 3 – âåðõíåáàëåéñêàÿ–íèæíåíîâîòðîèöêàÿ ñâèòà (Ê
1
): 

êîãëîìåðàòî­áðåê÷èè, áðåê÷èè, êîíãëîìåðàòû, ïðîñëîè ïåñ÷àíèêîâ; 4 – ñðåäíåáàëåéñêàÿ ñâèòà (Ê
1
): ïåñ÷àíèêè, 

àëåâðîëèòû, ïðîñëîè êîíãëîìåðàòîâ, ãðàâåëèòîâ, êîíãëîìåðàòîáðåê÷èé; 5 – íèæíåáàëåéñêàÿ ñâèòà (Ê1): 
íåðàâíîìåðíî­ãàëå÷íûå êîíãëîìåðàòû, ïðîñëîè ïåñ÷àíèêîâ; 6 – øàäîðîíñêàÿ ñåðèÿ (J

2­3
): ïîðôèðèòû, ëàâî­ è 

òóôîáðåê÷èè, òóôû, êîíãëîìåðàòû; 7 – äàéêè äèîðèòîâûõ ïîðôèðèòîâ (J
2­3

);  8 – óíäèíñêèé ãðàíèòîèäíûé êîìïëåêñ 
(Ñ

3
u): êîíòàìèíèðîâàííûå ïîðîäû êðîâëè – ãíåéñîâèäíûå, øëèðîâèäíûå áèîòèòîâûå ãðàíèòû, ãðàíîäèîðèòû, 

êâàðöåâûå äèîðèòû; 9 – áîðùîâî÷íûé ãðàíèòîèäíûé êîìïëåêñ (J2?b): ïîðôèðîâèäíûå áèîòèòîâûå ãðàíèòû; 
10 – êâàðöåâûå æèëû è çîíû îêâàðöåâàíèÿ; 11 – çîíû ãëóáèííûõ ðàçëîìîâ; 12 – òåêòîíè÷åñêèå íàðóøåíèÿ; 

13 – ãðàíèöû êóïîëüíûõ ñòðóêòóð / Fig. 1. Schematic geologic­structural map of the Baley ore field (by [7] with changes): 
1 – kamenskaya set (K

1
): boulder­pebble conglomerates; 2 – novotroitskaya set (K

1
): sandy medium sandstone, sandstone, 

mixed and garbage, breccia; 3 – verkhnebalaleiskaya–unizhotrovitskaya sets (K1): koglomeratobrekccia, breccia, 
conglomerates, sandstone interlayers; 4 – middle baley formation (K

1
): sandstones, siltstones, interlayers of conglomerates, 

gravelites, conglomerate breccias; 5 – lower baley formation (K
1
): uneven pebble conglomerates, sandstone interlayers; 

6 – shadoron series (J
2­3

): porphyrites, lava­and tuff breccias, tuffs, conglomerates; 7 – dikes of diorite porphyrites (J
2­3

); 
8 – undinsky granitoid complex (Ñ

3
u): contaminated roofing rocks – gneissoid, schliarous biotite granites, granodiorites, 

quartz diorites; 9 – borschvochny granitoid complex (J
2
?b): porphyritic biotite granites; 10 – quartz veins and zones 

of silicification; 11 – zones of deep­seated raloms; 12 – tectonic disturbances; 13 – the boundaries of dome structures

9]. Â óñòóïå Îïûòíîãî êàðüåðà, ñëîæåííîì 
êîíãëîìåðàòàìè, íà ãîðèçîíòå ñ àáñîëþòíîé 
îòìåòêîé 535 ì íàáëþäàþòñÿ ìàëîìîùíûå 
(3…10 ñì) ïîëîãèå æèëû îïàë­õàëöåäîíîâî­
ãî ñîñòàâà ñ ãëîáóëÿìè è ïåíòàãîíäîäåêàý­
äðàìè As­ñîäåðæàùåãî (1,15…0,76 ìàñ. %) 
ïèðèòà. 
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Ðèñ. 2. Ñõåìàòè÷åñêèé ðàçðåç Áàëåéñêîãî (1) è Òàñååâñêîãî (2) ìåñòîðîæäåíèé: 1 – ãðàíîäèîðèòû, âìåùàþùèå 
Áàëåéñêîå ìåñòîðîæäåíèå; 2 – ïàëåîçîéñêèå óíäèíñêèå ãðàíèòû ôóíäàìåíòà Áàëåéñêîãî ãðàáåíà â îñíîâàíèè 

Òàñååâñêîãî ìåñòîðîæäåíèÿ; 3 – þðñêèå âóëêàíèòû øàäîðîíñêîé ñåðèè; 4 – âåðõíåþðñêèå êîíãëîìåðàòû òóðãèíñêîé 
ñâèòû; 5 – ìåëêîãàëå÷íûå êîíãëîìåðàòû, ãðàâåëèòû è ïåñ÷àíèêè; 6 – ïåñ÷àíèêè; 7 – êîíãëîìåðàòî­áðåê÷èè; 
8 – âóëêàíè÷åñêèå áðåê÷èè, ñöåìåíòèðîâàííûå îïàë­õàëöåäîíîâûì ìàòåðèàëîì; 9 – ãåéçåðèòû è îïàëèòû; 

10 – áðåê÷èðîâàííûå îïàëèòû è ãåéçåðèòû ñ ïèðèò­ìåëüíèêîâèòîì, àóðèïèãìåíòîì, ðåàëüãàðîì, àíòèìîíèòîì; 
11 – ïèðèò­ìåëüíèêîâèò; 12 – àíòèìîíèò; 13 – àóðèïèãìåíò è ðåàëüãàð; 14 – ôàöèàëüíûå ãðàíèöû; 
15–16 – çîëîòîðóäíûå æèëû ìåñòîðîæäåíèé (15 – Áàëåéñêîãî, 16 – Òàñååâñêîãî (I ðóäíàÿ çîíà)); 

17 – óñòàíîâëåííûå òåêòîíè÷åñêèå ãðàíèöû; 18 – ïðåäïîëàãàåìûå òåêòîíè÷åñêèå ãðàíèöû / Fig. 2. Schematic 
section of the Baley (1) and Tasey (2) deposits: 1 – granodiorites containing the Baley deposit; 2 – Paleozoic undinsky 

granites of the basement of the Baley graben at the base of the Tasey deposit; 3 –Yursky volcanic rocks of the Shadoron 
series; 4 – Upper Jurassic conglomerates of the Turginsky set; 5 – small­pebble conglomerates, gravelites and sandstones; 
6 – sandstones; 7 – conglomerate­mantles; 8 – volcanic breccias, cemented by opal­chalcedonian material; 9 – geyserites 

and opalites; 10 – brecciated opalites and geyserites with pyrite­melnikovite, orpiment, realgar, antimonite; 
11 – pyrite­melnikovite; 12 – antimonite; 13 – orpiment and realgar; 14 – facial boundaries; 15–16 – gold ore veins of the 
deposits (15 – Baley, 16 – Tasey (I ore zone)); 17 – established tectonic boundaries; 18 – estimated tectonic boundaries

Äðóãàÿ ãðóïïà êðóòîïàäàþùèõ æèë èìå­
åò â ñîñòàâå æèëüíîãî ìàòåðèàëà îáëîìêè 
ñóëüôèäíî­òóðìàëèíîâî­êâàðöåâûõ àãðå­
ãàòîâ ñðåäè õàëöåäîíîâèäíîãî êðåìíåâèä­
íîãî  êâàðöà. Ïîäðóäíàÿ ÷àñòü æèëüíûõ çîí 
íàõîäèòñÿ â ýôôóçèâàõ øàäîðîíñêîé ñåðèè 
è ïîäñòèëàþùèõ èõ ïàëåîçîéñêèõ âûâåòðå­
ëûõ ãðàíèòîèäàõ ôóíäàìåíòà óíäèíñêîãî 
êîìïëåêñà. Ðóäíûå çîíû ïðèóðî÷åíû ê ñåðèè 
êðóòûõ ïàðàëëåëüíûõ ñáðîñîâ ÑÂ ïðîñòèðà­
íèÿ [7; 9]. Îêîëîðóäíûå èçìåíåíèÿ àíàëîãè÷­
íû òàêîâûì íà Áàëåéñêîì ìåñòîðîæäåíèè. 
Ïðåäûäóùèìè èññëåäîâàíèÿìè îöåíåíû 
òåìïåðàòóðû ôîðìèðîâàíèÿ ïðîäóêòèâíûõ 
ðóäíûõ æèë [7]. Äëÿ Áàëåéñêîãî îíè âàðüè­
ðîâàëè â ïðåäåëàõ 250…220 °Ñ äëÿ ðàííåé 
àññîöèàöèè è 230…220 °Ñ – äëÿ ïîçäíåé, äëÿ 
Òàñååâñêîãî – â ïðåäåëàõ 230…200 °Ñ, ïðè 

ýòîì ãðàäèåíò ôîðìèðîâàíèÿ êâàðöà îò ðàí­
íèõ çîí ê ïîçäíèì ñîñòàâëÿë 15…25 °Ñ, ðåæå 
äîñòèãàë 40…50 °Ñ [7; 9]. Îöåíêè òåìïåðàòóð 
ïðîâåäåíû ïî äàííûì ãîìîãåíèçàöèè ãàçî­
âî­æèäêèõ âêëþ÷åíèé ïîçäíèõ ãåíåðàöèé â 
îñíîâíîì ïîñòðóäíîãî êâàðöà. Ïðèãîäíûå 
äëÿ èçó÷åíèÿ âêëþ÷åíèÿ â ðàííèõ, ïðîäóê­
òèâíûõ àãðåãàòàõ æèëüíîãî êâàðöà îòñóòñòâó­
þò. Â ðåçóëüòàòå ñåðèè ýêñïåðèìåíòîâ ïî ãà­
çîîòäåëåíèþ (âîäà, óãëåêèñëîòà) â âàêêóóìå 
èç ïðîäóêòèâíîãî êâàðöà Òàñååâñêîãî ìåñòî­
ðîæäåíèÿ íàìè îïðåäåëåíî, ÷òî ìàêñèìóìû 
ïðèõîäÿòñÿ íà èíòåðâàë 300…400 °Ñ.

Òàêèì îáðàçîì, ïðåäñòàâëåííûå îáúåê­
òû ÿâëÿþò ñîáîé òèïè÷íûå êðóïíûå ìåñòî­
ðîæäåíèÿ ÌÇÑÔ ñ âåðòèêàëüíûì ðàçìàõîì 
ïðîìûøëåííîãî îðóäåíåíèÿ ìåíåå 300 ì. 
Íåñìîòðÿ íà ïîâûøåííîå âíèìàíèå èññëå­
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äîâàòåëåé ê ýòîìó îáúåêòó, ðÿä âîïðîñîâ 
îñòàëñÿ íåðåøåííûì èëè äèñêóññèîííûì, 
â òîì ÷èñëå ìèíåðàëîãî­ãåîõèìè÷åñêàÿ çî­
íàëüíîñòü, ê îäíîìó èç àñïåêòîâ êîòîðîé îò­
íîñÿòñÿ äàííûå ïî èçó÷åíèþ ñòàáèëüíûõ èçî­
òîïîâ ãëàâíûõ ìèíåðàëîâ æèë. 

Íàñòîÿùàÿ ðàáîòà ïðåäñòàâëÿåò ïåðâûå 
äàííûå ïî èçîòîïíîìó ñîñòàâó êèñëîðîäà 
æèëüíîãî êâàðöà (êâàðöà, õàëöåäîíà, îïàëà) 
ðàññìàòðèâàåìûõ ìåñòîðîæäåíèé. 

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ. Äëÿ 
èçîòîïíîãî àíàëèçà êèñëîðîäà èñïîëüçîâà­
ëèñü òîëüêî ÷èñòûå ìèíåðàëû (â âèäå îñêîë­
êîâ) îáùåé ìàññîé 1,5…2,5 ìã. Íàìè èçó÷åíû 
îáðàçöû, îòîáðàííûå â 1983–1989 ãã. ñ òðåõ 
ãîðèçîíòîâ Ñåâåðíîãî êàðüåðà íàèáîëåå ýðî­
äèðîâàííîé ÷àñòè Áàëåéñêîãî ìåñòîðîæäåíèÿ, 
à òàêæå îáðàçöû èç êàðüåðà (÷åòûðå ãîðèçîí­
òà) è ïîäçåìíûõ ãîðíûõ âûðàáîòîê (îäèí ãî­
ðèçîíò) Òàñååâñêîãî ìåñòîðîæäåíèÿ, ïðå­
èìóùåñòâåííî õàðàêòåðèçóþùèå I ðóäíóþ 
çîíó. Äëÿ ñðàâíåíèÿ âûïîëíåí àíàëèç õàëöå­
äîíîâûõ ìèíäàëèí ïàëåîâóëêàíîâ Çóí­Òîðåé 
è Äóíäà­Àãà, ìàêñèìàëüíî ïðèáëèæåííûå ê ïà­
ëåîïîâåðõíîñòè îáðàçîâàíèÿ. Õàðàêòåðèñòèêà 
îáðàçöîâ è ìåñòà èõ îòáîðà ïîêàçàíû â òàáëèöå. 

Èçîòîïíûé ñîñòàâ êèñëîðîäà îïðå­
äåëÿëè â Ãåîëîãè÷åñêîì èíñòèòóòå ÑÎ ÐÀÍ 
(îäíèì èç àâòîðîâ) â âèäå Î

2
 íà ãàçîâîì 

ìàññ­ñïåêòðîìåòðå FINNIGAN ÌÀÒ 253 ñ èñ­
ïîëüçîâàíèåì äâîéíîé ñèñòåìû íàïóñêà â 
êëàññè÷åñêîì âàðèàíòå (ñòàíäàðò–îáðàçåö). 
Ïîäãîòîâêó îáðàçöîâ äëÿ îïðåäåëåíèÿ âå­
ëè÷èí δ18O ïðîâîäèëè ìåòîäîì ëàçåðíîãî 
ôòîðèðîâàíèÿ (ËÔ) íà óñòàíîâêå «Ëàçåðíàÿ 
àáëÿöèÿ ñ ýêñòðàêöèåé êèñëîðîäà èç ñèëèêà­
òîâ» â ïðèñóòñòâèè ðåàãåíòà BrF

5
 ïî ìåòîäó 

[14]. Ðàñ÷åòû δ18O âûïîëíåíû îòíîñèòåëüíî 
ìåæäóíàðîäíîãî ñòàíäàðòà NBS­28 (êâàðö). 
Ïðàâèëüíîñòü ïîëó÷åííûõ çíà÷åíèé êîí­
òðîëèðîâàëàñü ðåãóëÿðíûìè èçìåðåíèÿìè  
UWG­2 (ãðàíàò), à òàêæå âíóòðåííåãî ñòàí­
äàðòà ÃÈ­1 (êâàðö) è ëàáîðàòîðíîãî ÈÃÅÌ 
ÐÀÍ Polaris (êâàðö). Ïîãðåøíîñòü ïîëó÷åííûõ 
çíà÷åíèé âåëè÷èí δ18O íàõîäèëàñü íà óðîâíå 
(1s) ± 0,2 ‰. Ñîäåðæàíèå çîëîòà îïðåäåëåíî 
ìåòîäîì AAS ïî ìåòîäèêå FA1515 ñ íèæíèì 
ïðåäåëîì îïðåäåëåíèÿ 0,005 ã/ò. 

Êîýôôèöèåíò Ê (Í
2
Î/ÑÎ

2
) óñòàíîâëåí 

â ïëàñòèíêàõ êâàðöà 1…2 × 2…3 ñì òîëùè­

íîé 0,1…0,5 ìì, ìåòîäîì ÈÊÑ ïî ñîîòíî­
øåíèþ ïîëîñ ïîãëîùåíèÿ 3400 ñì­1 (âîäà) è 
2360…2390 ñì­1 (óãëåêèñëîòà) â ëàáîðàòîðèè 
ìèíåðàëîãèè ÇàáÍÈÈ (1989). Îñíîâíûå ðå­
çóëüòàòû ýòèõ èññëåäîâàíèé èçëîæåíû â ðà­
áîòå [9]. Äëÿ èçó÷åíèÿ èçîòîïíîãî ñîñòàâà 
êâàðöà èñïîëüçîâàíû òå æå îáðàçöû.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæ­
äåíèå. Îïðåäåëåíèÿ ñîîòíîøåíèé èçîòîïîâ 
êèñëîðîäà â êâàðöå è âåëè÷èíû ñîäåðæàíèé 
çîëîòà äàíû â òàáëèöå. Óñòàíîâëåíî, ÷òî 
ìàêñèìàëüíûìè çíà÷åíèÿìè δ18O õàðàêòåðè­
çóþòñÿ îïàë è õàëöåäîí ìèíäàëèí þðñêî­ìå­
ëîâûõ ýôôóçèâîâ, â êîòîðûõ äîëÿ ëåãêîãî 
êèñëîðîäà íåâåëèêà (δ18Î = +14,2 ÷ +10,9 ‰). 
Ïåðåõîäíûå çíà÷åíèÿ (δ18Î = +10,5 ÷ +7,4 ‰) 
òèïè÷íû äëÿ îïàëèòîâ è îïàë­õàëöåäîíîâûõ 
îáðàçîâàíèé âåðõíåé ïðèïîâåðõíîñòíîé è 
íàäðóäíîé ÷àñòåé I ðóäíîé çîíû Òàñååâñêîãî 
ìåñòîðîæäåíèÿ (îáðàçöû 401/14–252/14), 
õàðàêòåðèçóþùèõ èíòåðâàë àáñîëþòíûõ 
îòìåòîê 590…535 ì, ãäå ñîäåðæàíèÿ çîëî­
òà íàõîäÿòñÿ â ïðåäåëàõ 0,168…38,9 ã/ò. Èõ 
ôîðìèðîâàíèå, ñóäÿ ïî âçàèìîîòíîøåíèÿì 
ìèíåðàëîâ êðåìíåçåìà ñ âìåùàþùèìè ïî­
ðîäàìè, ïðîèñõîäèëî êàê íåïîñðåäñòâåííî 
â óñëîâèÿõ, áëèçêèõ ê äíåâíîé ïàëåîïîâåðõ­
íîñòè (îáð. 401/14 – 400/14), òàê è äî ãëóáè­
íû 70 ì (ãîðèçîíò 89 ì îò ñîâðåìåííîé ïî­
âåðõíîñòè þãî­çàïàäíîé ÷àñòè I ðóäíîé çîíû, 
ïðåäñòàâëÿâøåé ñîáîé óðîâåíü, áëèçêèé ê 
ïàëåîïîâåðõíîñòè âî âðåìÿ ôîðìèðîâàíèÿ 
âåðõíåé ÷àñòè ìåñòîðîæäåíèÿ). 

Äëÿ ïðîäóêòèâíîãî õàëöåäîíîâèä­
íîãî êâàðöà ðóäíîé çîíû, ãîðèçîíò 266 ì 
îò äíåâíîé ïîâåðõíîñòè, ñîäåðæàùåãî 
41,2…1230 ã/ò çîëîòà, äîëÿ òÿæåëîãî èçîòî­
ïà ðåçêî óìåíüøàåòñÿ (δ18Î = +1,7 ‰), ÷òî 
çàìåòíî îòëè÷àåò ýòè ìåñòîðîæäåíèÿ îò ðóä 
Äóêàòñêîãî ìåñòîðîæäåíèÿ [6]. 

Îáðàçöû 29/14, 41/14 è 9/14, õàðàêòå­
ðèçóþùèå æèëüíûé êâàðö Áàëåéñêîãî ìåñòî­
ðîæäåíèÿ, ïðåäñòàâëåííûå òîíêî­ìåëêîçåð­
íèñòûì, ïëàñòèí÷àòî­øåñòîâàòûì êâàðöåì, 
àññîöèèðóþùèìñÿ ñ äèêêèòîì, îòëè÷àþòñÿ 
ìèíèìàëüíûìè, â òîì ÷èñëå îòðèöàòåëüíû­
ìè, âåëè÷èíàìè äîëè δ18Î (+0,8 ÷ ­2,6 ‰). Ïðè 
ýòîì òàêæå îòìå÷àåòñÿ òåíäåíöèÿ ê óìåíü­
øåíèþ äîëè òÿæåëîãî èçîòîïà ñ ãëóáèíîé.
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Êàê èçâåñòíî, èçîòîïíûé ñîñòàâ êèñëî­
ðîäà æèëüíîãî êâàðöà è åãî ðàçíîâèäíîñòåé 
çàâèñèò îò ìíîãèõ ôàêòîðîâ, ñðåäè êîòîðûõ 
âàæíîå çíà÷åíèå èìåþò ïðîöåññû èçîòîï­
íîãî ôðàêöèîíèðîâàíèÿ è èõ çàâèñèìîñòü îò 
òåìïåðàòóðû ïðîöåññà ìèíåðàëîîáðàçîâà­
íèÿ. Ïðè ýòîì äîëæíû ñîáëþäàòüñÿ òðè äî­
ïóùåíèÿ: óñòàíîâëåíèå ðàâíîâåñèÿ ðåàêöèé 
èçîòîïíîãî îáìåíà, ïîñòîÿíñòâà èçîòîïíîãî 
ñîñòàâà êèñëîðîäà ïîñëå óñòàíîâëåíèÿ ðàâ­
íîâåñèÿ è ýêñïåðèìåíòàëüíîå îïðåäåëåíèå 
òåìïåðàòóðíîé çàâèñèìîñòè êîýôôèöèåíòîâ 
ðàçäåëåíèÿ èçîòîïîâ. Èçó÷åíèå ýïèòåðìàëü­
íûõ è ìåçîòåðìàëüíûõ æèëüíûõ ìåñòîðîæäå­
íèé çîëîòà [2–5; 10] ïîêàçàëî, ÷òî âàæíóþ 
ðîëü â ôîðìèðîâàíèè èçîòîïíîãî áàëàíñà 
êèñëîðîäà êâàðöà, ïîìèìî òåìïåðàòóðû, 
èãðàë ïðîöåññ ñìåøåíèÿ ôëþèäîâ ðàçíûõ 
èñòî÷íèêîâ. Òàê, äëÿ ýïèòåðìàëüíûõ ìåñòî­
ðîæäåíèé ãëàâíûì ôàêòîðîì èçîòîïíîãî 
îáëåã÷åíèÿ ïðåäïîëàãàþòñÿ èìåííî ìåòåîð­
íûå âîäû [8; 13; 14]. 

Ñ ýòèì ìû ñòàëêèâàåìñÿ ïðè ïîïûòêå 
îáúÿñíèòü ïîëó÷åííûå ðåçóëüòàòû. Åñëè èñ­
õîäèòü èç äàííûõ òåðìîáàðîìåòðèè êâàðöà 
è âûÿâëåííûõ òåìïåðàòóðíûõ ãðàäèåíòîâ [7], 
èçîòîïíûé ñîñòàâ êèñëîðîäà ôëþèäà, ðàñ­
ñ÷èòàííûé äëÿ òåìïåðàòóð 250…190 °Ñ, óêà­
çûâàåò íà ñóùåñòâåííóþ ðîëü ìåòåîðíûõ âîä 
â ôîðìèðîâàíèè ðóä ïðè ïîëíîì ñõîäñòâå 
ïîëó÷åííûõ äàííûõ ñ äðóãèìè ýïèòåðìàëü­
íûìè ìåñòîðîæäåíèÿìè çîëîòà [10]. Îäíà­
êî, êàê îáîñíîâàíî ðàíåå, èñïîëüçîâàííûå 
òåìïåðàòóðû ãîìîãåíèçàöèè íå îòðàæàþò óñ­
ëîâèé ôîðìèðîâàíèÿ ïðîäóêòèâíîãî êâàðöà 
Áàëåéñêîãî ðóäíîãî ïîëÿ.

Çàêëþ÷åíèå. Èçîòîïíûé ñîñòàâ êèñëî­
ðîäà â êâàðöå èìååò òåíäåíöèþ ê óìåíüøå­
íèþ äîëè òÿæåëîãî èçîòîïà ñ ãëóáèíîé. Îíà 
ìàêñèìàëüíà äëÿ õàëöåäîíà èç ìèíäàëèí â 
ýôôóçèâàõ è óìåíüøàåòñÿ ñ ãëóáèíîé â ðàç­
ðåçå I  ðóäíîé çîíû îò âåðõíèõ îïàë­õàëöåäî­

íîâûõ åãî ðàçíîâèäíîñòåé ê áîëåå ãëóáîêèì 
òîíêîçåðíèñòûì è ïëàñòèí÷àòî­øåñòîâàòûì, 
êîððåëèðóÿ ñ áàðè÷åñêèì êîýôôèöèåíòîì 
Ê, îòðàæàþùèì ëèáî âåëè÷èíó ýðîçèîííîãî 
ñðåçà, ëèáî ãðàäèåíòû äàâëåíèÿ ïðè ôîð­
ìèðîâàíèè æèë. Ýòîò òðåíä ïðîäîëæàåò ïðî­
ÿâëÿòüñÿ äëÿ îáðàçöîâ æèëüíîãî êâàðöà èç 
êàðüåðà Áàëåéñêîãî ìåñòîðîæäåíèÿ, ãäå îí 
ïðåäñòàâëåí ïðåèìóùåñòâåííî ìàññèâíûìè 
è ïëàñòèí÷àòî­øåñòîâàòûìè àãðåãàòàìè ïðè 
óìåíüøåíèè äîëè òîíêî­ïîëîñ÷àòûõ. Îáðàç­
öû õàðàêòåðèçóþòñÿ ìèíèìàëüíûìè çíà÷åíè­
ÿìè äîëè òÿæåëîãî èçîòîïà êèñëîðîäà. Îíè 
îïðåäåëÿþò íàèáîëåå ãëóáîêèå ÷àñòè ðóä­
íîé êîëîííû. Îäíàêî, áóäó÷è âçáðîøåííûìè 
òåêòîíè÷åñêèìè ïðîöåññàìè, òèïè÷íûìè äëÿ 
Òàñååâñêîé ÷àñòè ðóäíîãî ïîëÿ, îêàçàëèñü â 
ïðèïîâåðõíîñòíîé çîíå  è îòíîñèòåëüíî èí­
òåíñèâíî ýðîäèðîâàííûìè. Òàêèì îáðàçîì, 
ïðåäñòàâëåíèå î òîì, ÷òî Áàëåéñêîå ìåñòî­
ðîæäåíèå àíàëîãè÷íî íèæíèì ãîðèçîíòàì 
Òàñååâñêîãî è ïðåäñòàâëÿåò ñîáîé íèæíèå 
ãîðèçîíòû ðóäíî­ìàãìàòè÷åñêîé ñèñòåìû 
(ñì. ðèñ. 2), ìàêñèìàëüíî ïðèáëèæåííûå ê 
ìàãìàòè÷åñêîìó èñòî÷íèêó, ïîëó÷èëî íîâîå 
ïîäòâåðæäåíèå. Îá ýòîì ñâèäåòåëüñòâó­
þò äàííûå è î ãåîõèìè÷åñêîé çîíàëüíîñòè 
Áàëåéñêîãî ìåñòîðîæäåíèÿ, è î íàèáîëåå 
âûñîêîì ñîäåðæàíèè êîáàëüòà â ïèðèòå. 
Òðàäèöèîííî ïðèíÿòî ñ÷èòàòü, ÷òî äîëÿ ëåã­
êîãî èçîòîïà êèñëîðîäà ïðåäñòàâëÿåò ñîáîé 
âêëàä ïîâåðõíîñòíûõ âîä â ìèíåðàëîîáðàçó­
þùóþ ñèñòåìó. Ñëåäîâàòåëüíî, èçîòîïíûé 
ñîñòàâ êèñëîðîäà â êâàðöå, ñ ïðèáëèæåíèåì 
ê ìàãìàòè÷åñêîìó èñòî÷íèêó äîëæåí óòÿæå­
ëÿòüñÿ. Îäíàêî ïîëó÷åííûå ðåçóëüòàòû íå 
âïèñûâàþòñÿ â ýòè ïðåäñòàâëåíèÿ, õîòÿ ÿâíî 
îòðàæàþò âûÿâëåííóþ ðàíåå ìèíåðàëüíóþ 
âåðòèêàëüíóþ çîíàëüíîñòü. Ïîýòîìó äëÿ ðàç­
ðåøåíèÿ çàäà÷è íåîáõîäèìî ïðîäîëæåíèå 
èññëåäîâàíèé.

1. Áàñêèíà Â. À., Äóáèíèíà Å. Î., Àâäååíêî A. C. Î ïðèðîäå ðóäîíîñíûõ ôëþèäîâ íà Äàëüíåãîðñêîì 
áîðîñèëèêàòíîì ìåñòîðîæäåíèè (Ïðèìîðüå) // Äîêëàäû Ðîññèéñêîé àêàäåìèè íàóê. 2011. Ò. 436, ¹ 3. 
Ñ. 363–367.

2. Áîðòíèêîâ Í. Ñ., Ãàìÿíèí Ã. Í., Âèêåíòüåâà Î. Â., Ïðîêîôüåâ Â. Þ., Àëïàòîâ Â. À., Áàõàðåâ À. Ã. 
Ñîñòàâ è ïðîèñõîæäåíèå ôëþèäîâ â ãèäðîòåðìàëüíîé ñèñòåìå Íåæäàíèíñêîãî çîëîòîðóäíîãî ìåñòî­
ðîæäåíèÿ (Ñàõà (ßêóòèÿ), Ðîññèÿ) // Ãåîëîãèÿ ðóäíûõ ìåñòîðîæäåíèé. 2007. Ò. 49, ¹ 2. Ñ. 99–145. 

3. Ãîðÿ÷åâ Í. À., Âèêåíòüåâà Î. Â., Áîðòíèêîâ Í. Ñ.,  Ïðîêîôüåâ Â. Þ., Àëïàòîâ Â. À., Ãîëóá Â. Â. Íà­
òàëêèíñêîå çîëîòîðóäíîå ìåñòîðîæäåíèå ìèðîâîãî êëàññà: ðàñïðåäåëåíèå ÐÇÝ, ôëþèäíûå âêëþ÷åíèÿ, 
ñòàáèëüíûå èçîòîïû êèñëîðîäà è óñëîâèÿ ôîðìèðîâàíèÿ ðóä (Ñåâåðî­Âîñòîê Ðîññèè) // Ãåîëîãèÿ ðóä­
íûõ ìåñòîðîæäåíèé. 2008. Ò. 50, ¹ 5. Ñ. 414–444. 

Ñïèñîê ëèòåðàòóðû                                                                                              



Âåñòíèê ÇàáÃÓ. 2019. Ò. 25. ¹ 9                                                                              Íàóêè î Çåìëå

40

4. Èêîííèêîâà Ò. À., Äóáèíèíà Å. Î., Ñàðîÿí Ì. Ð., ×óãàåâ À. Â. Èçîòîïíûé ñîñòàâ êèñëîðîäà æèëüíîãî 
êâàðöà è âìåùàþùèõ ïîðîä íà ìåñòîðîæäåíèè Ñóõîé Ëîã (Ðîññèÿ) // Ãåîëîãèÿ ðóäíûõ ìåñòîðîæäåíèé. 
2009. Ò. 51, ¹ 6. Ñ. 560–567.

5. Êðÿæåâ Ñ. Ã. Ãåíåòè÷åñêèå ìîäåëè è êðèòåðèè ïðîãíîçà çîëîòîðóäíûõ ìåñòîðîæäåíèé â óãëåðîäè­
ñòî­òåððèãåííûõ êîìïëåêñàõ: àâòîðåô. äèñ. … ä­ðà ãåîë.­ìèíåð. íàóê: 25.00.11. Ì., 2017. 52 ñ.

6. Ñàââà Í. Å. Ìèíåðàëîãèÿ ñåðåáðà Ñåâåðî­Âîñòîêà. Ì.: Òðèóìô, 2018. 544 ñ.
7. Ñïèðèäîíîâ À. Ì., Çîðèíà Ë. Ä., Êèòàåâ Í. À. Çîëîòîíîñíûå ðóäíî­ìàãìàòè÷åñêèå ñèñòåìû Çà­

áàéêàëüÿ. Íîâîñèáèðñê: ÃÅÎ, 2006. 291 ñ.
8. Þðãåíñîí Ã. À. Ìàëîãëóáèííûå ìåñòîðîæäåíèÿ çîëîòà è ñåðåáðà, óñëîâèÿ îáðàçîâàíèÿ è ìèíå­

ðàëîãî­ãåîõèìè÷åñêàÿ òåõíîëîãèÿ èõ ãëóáèííûõ ïîèñêîâ è îöåíêè // Ó÷åíûå çàïèñêè Çàáàéêàëüñêîãî ãî­
ñóäàðñòâåííîãî ãóìàíèòàðíî­ïåäàãîãè÷åñêîãî óíèâåðñèòåòà. Ñåðèÿ «Åñòåñòâåííûå íàóêè». 2011. ¹ 1. 
Ñ. 136–145.

9. Þðãåíñîí Ã. À. Òèïîìîðôèçì è ïðîãíîç çîëîòîñåðåáðÿíîãî îðóäåíåíèÿ. ×èòà: ÇàáÃÓ, 2014. 170 ñ.
10. Kerrich R. The stable isotope geochemistry of Au­Ag vein deposits in metamorphic rocks // Short 

Course Handbook. 1987. Vol. 13. P. 287–336.
11. Pokrovski G. S., Borisova A. Y., Akinfiev N. N., Zotov A. V., Kousmanov K. Gold speciation and transport 

in geological fluids: insights experiments and physical­chemical modelling // Geological Society. Special 
Publications. 2014. Vol. 402, No. 1. P.  9–70.

12. Sharp Z. D.  A laser­based microanalytical method for the in situ determination of oxygen isotope ratios 
of silicates and oxides // Geochimica et Cosmochimica Acta. 1990. Vol. 54, No. 5. P. 1353–1357.

13. Taylor B. E. Stable isotope geochemistry of ore­forming fluids // Stable Isotope Geochemistry of Low 
Temperature Processes. Michigan, 1987. P. 337–445.

14. Taylor H. P. Oxygen and hydrogen isotope relations in hydrothermal mineral deposits // Geochemistry 
of Hydrothermal Ore Deposits. New York: John Wiley & Son, 1979. P. 235–277.

References 

1. Baskina V. A., Dubinina E. O., Avdeenko A. C. Doklady Rossiyskoy akademii nauk  (Reports of the Russian 
Academy of Sciences), 2011, vol. 436, no. 3, pp. 363–367.

2. Bortnikov N. S., Gamyanin G. N., Vikentyeva O. V., Prokofiev V. Yu., Alpatov V. A., Bakharev A. G. Geologiya 
rudnyh mestorozhdeniy  (Geology of ore deposits), 2007, vol. 49, no. 2, pp. 99–145.

3. Goryachev N. A., Vikentyeva O. V., Bortnikov N. S., Prokofiev V. Yu., Alpatov V. A., Golub V. V. Geologiya 
rudnyh mestorozhdeniy  (Geology of ore deposits), 2008, vol. 50, no. 5, pp. 414–444

4. Ikonnikova T. A., Dubinina E. O., Saroyan M. R., Chugaev A. V. Geologiya rudnyh mestorozhdeniy  
(Geology of ore deposits), 2009, vol. 51, no. 6, pp. 560–567.

5. Kryazhev S. G. Geneticheskie modeli i kriterii prognoza zolotorudnyh mestorozhdeniy v uglerodisto­
terrigennyh kompleksah: avtoref. dis. … d­ra geol.­miner. nauk: 25.00.11 (Genetic models and forecast criteria 
for gold deposits in carbon­terrigenous complexes: abstract. dis. ... dr. geol.­miner. sciences: 25.00.11). Mos­
cow, 2017, 52 p.

6. Savva N. E. Mineralogiya serebra Severo­Vostoka (Mineralogy of silver of the North­East). Moscow: 
Triumph, 2018. 554 p.

7. Spiridonov A. M., Zorina L. D., Kitaev N. A. Zolotonosnye rudno­magmaticheskie sistemy Zabaykaliya 
(Gold­bearing ore­magmatic systems of Transbaikalia). Novosibirsk: GEO, 2006. 291 p.

8. Yurgenson G. A. Uchenye zapiski Zabaykalskogo gosudarstvennogo gumanitarno­pedagogicheskogo 
universiteta. Seriya “Estestvennye nauk” (Scientific Notes of the Transbaikal State Humanitarian and Pedagogi­
cal University. Series “Natural Sciences”), 2011, no 1. pp. 136–145.

9. Yurgenson G. A. Tipomorfizm i prognoz zolotoserebryanogo orudeneniya (Typomorphism and forecast 
of gold­silver mineralization). Chita: Transbaikal State University, 2014. 170 p.

10. Kerrich R. Short Course Handbook (Short Course Handbook), 1987, vol. 13, pp. 287–336.
11. Pokrovski G. S., Borisova A. Y., Akinfiev N. N., Zotov A. V., Kousmanov K. Geological Society. Special 

Publications (Geological Society. Special Publications), 2014, vol. 402, no. 1, pp. 9–70.
12. Sharp Z. D.  A. Geochimica et Cosmochimica Acta (Geochimica et Cosmochimica Acta), 1990, vol. 54, 

no. 5, pp. 1353–1357.
13. Taylor B. E. Stable Isotope Geochemistry of Low Temperature Processes (Stable Isotope Geochemis­

try of Low Temperature Processes). Michigan, 1987, pp. 337–445.
14. Taylor H. P. Geochemistry of Hydrothermal Ore Deposits (Geochemistry of Hydrothermal Ore Depos­

its). New York: John Wiley & Son, 1979, pp. 235–277.



Earth sciences                                                                        Bulletin of ZabGU. 2019. Vol. 25. No. 9

41

Þðãåíñîí Ãåîðãèé Àëåêñàíäðîâè÷, ä­ð ãåîë.­ìèíåð. íàóê, çàâ. ëàáîðàòîðèåé ãåîõèìèè è ðóäîãåíåçà,  Èíñòèòóò ïðè­
ðîäíûõ ðåñóðñîâ, ýêîëîãèè è êðèîëîãèè ÑÎ ÐÀÍ; ïðîôåññîð êàôåäðû õèìèè, Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíè­
âåðñèòåò; çàñëóæåííûé äåÿòåëü íàóêè ÐÔ, ã. ×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: ìèíåðàëîãèÿ, ãåîõèìèÿ, ðóäî­
ãåíåç, ãåììîëîãèÿ
 yurgga@mail.ru

Ãîðÿ÷åâ Íèêîëàé Àíàòîëüåâè÷, ä­ð ãåîë.­ìèíåð. íàóê, ïðîôåññîð, ÷ëåí­êîððåñïîíäåíò ÐÀÍ, ãë. íàó÷. ñîòðóäíèê, Ñåâå­
ðî­Âîñòî÷íûé êîìïëåêñíûé íàó÷íî­èññëåäîâàòåëüñêèé èíñòèòóò èì. Í. À. Øèëî ÄÂÎ ÐÀÍ, ã. Ìàãàäàí; ãë. íàó÷. ñîòðóäíèê, 
Èíñòèòóò ãåîõèìèè èì. À. Ï. Âèíîãðàäîâà ÑÎ ÐÀÍ, ã. Èðêóòñê, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: ãåîëîãèÿ ðóäíûõ 
ìåñòîðîæäåíèé, ãåîõèìèÿ è ìèíåðàëîãèÿ áëàãîðîäíûõ ìåòàëëîâ
goryachev@neisri.ru

Ïîñîõîâ Âèêòîð Ôåäîðîâè÷, ñò. íàó÷. ñîòðóäíèê, Èíñòèòóò ãåîëîãèè ÑÎ ÐÀÍ, ã. Óëàí­Óäý, Ðîñcèÿ. Îáëàñòü íàó÷íûõ èí­
òåðåñîâ: èçîòîïèÿ õèìè÷åñêèõ ýëåìåíòîâ
gin@gin.bscnet.ru

Êîðîòêî îá àâòîðàõ 

Briefly about the authors 

Georgy Yurgenson, doctor of geological and mineralogical sciences, head of Geochemistry and Ore Genesis laboratory, 
Institute of Natural Resources, Ecology and Cryology SB RAS, professor, Chemistry department, Transbaikal State University, 
Honored Scientist of the Russian Federation, Chita, Russia. Sphere of scientific interests: mineralogy, geochemistry, ore 
genesis, gemology

Nikolay Goryachev, doctor of geological and mineralogical sciences, professor, Corresponding Member of the Russian 
Academy of Sciences, Chief Researcher of the Federal State Budgetary Scientific Institution North­Eastern Complex Scientific 
Research Institute named after N. A. Shilo FEB RAS, Magadan, Chief Researcher, Federal State Budgetary Institution Institute 
of Geochemistry named after A. P. Vinogradov SB RAS, Irkutsk, Russia. Sphere of scientific interests: geology of ore deposits, 
geochemistry and mineralogeny of precious metals

Victor Posokhov, senior researcher, Federal State Budgetary Institution of Science Geological Institute of the Siberian Branch 
of the Russian Academy of Sciences (GIN SB RAS). Sphere of scientific interests: isotopy of chemical elements

Îáðàçåö öèòèðîâàíèÿ 

Þðãåíñîí Ã. À., Ãîðÿ÷åâ Í. À., Ïîñîõîâ Â. Ô. Ïåðâûå äàííûå îá èçîòîïàõ êèñëîðîäà êâàðöà Áàëåéñêîãî ðóäíîãî ïîëÿ // 
Âåñòíèê  Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî  óíèâåðñèòåòà. 2019. Ò. 25, ¹ 9. Ñ. 33–41. DOI: 10.21209/2227­9245­2019­
25­9­33­41.

Yurgenson G., Goryachev N., Posokhov V. First data on the isotopes of quartz oxygen of the Baley ore field // Transbaikal  State 
University Journal, 2019, vol. 25, no. 9, pp. 33–41. DOI: 10.21209/2227­9245­2019­25­9­33­41.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ: 09.09.2019 ã.
Ñòàòüÿ ïðèíÿòà ê ïóáëèêàöèè: 05.11.2019 ã.

Âûïîëíåíî ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ  (¹18­05­00673À) è ïðîåêòà  IX.137.1. 2 
(òåìà ¹ 0386­2017­0006)


