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Â ïåðèôåðè÷åñêîé çîíå âûùåëà÷èâàíèÿ îäíîãî èç ñèëüâèíèòîâûõ ïëàñòîâ Âåðõíåêàìñêîãî
ìåñòîðîæäåíèÿ âûÿâëåíû ñóëüôàòíûå ìèíåðàëû: êàëèñòðîíöèò è ã¸ðãåéèò. Ïðèìûêàíèå îïèñûâàå-
ìîãî ïðîÿâëåíèÿ ê ýðîçèîííîé âïàäèíå íà ïîâåðõíîñòè ñîëÿíîé çàëåæè ïîçâîëÿåò ñâÿçûâàòü ñóëü-
ôàòíî-êàëèåâóþ ìèíåðàëèçàöèþ ñ ïîñëîéíîé èíôèëüòðàöèåé íåäîñûùåííûõ ðàññîëîâ è ôîðìèðî-
âàíèåì ñâîåîáðàçíîé çîíû âòîðè÷íîãî îáîãàùåíèÿ.

Êëþ÷åâûå ñëîâà: Âåðõíåêàìñêîå ìåñòîðîæäåíèå, êàëèñòðîíöèò, ã¸ðãåéèò.

I. I. TCHAIKOVSKY. KALISTRONTITE AND GÖRGEYITE OF THE VERKHNEKAMSKOYE
SALT DEPOSIT

Sulfate minerals: kalistrontite and görgeyite were detected in peripheric leaching zone of one sylvinite
layers of the Verkhnekamskoye deposit. They are associated with sedimentary anhydrite and dolomite af-
fected by recrystallization and contain inclusions of celestine, pyrite, native lead. Kalistrontite is presented
in rhombohedral crystals, and görgeyite displays xenomorphic fractured grains with a typical corroded
surface. Kalistrontite containes 3.9—6.5 mol. % of the normative görgeyite and görgeyite have anhydrite
concentrations between 7.68 and 14.66 %, kalistrontite (0—3.22 %) and apatite concentrations ranging
from 0 to 1.93 %. In both sulfates an admixture of BaO (up to 1 wt %) was recorded. The junction of the
described location with the erosion cavity on the surface of the salt deposits let to relate the sulfate-potas-
sium mineralization with the layered infiltration of under-saturated brines and the formation of a peculiar
zone of the secondary enrichment.

Key words: Verkhnekamskoye deposit, kalistrontite, görgeyite.

Èçó÷åíèå îäíîé èç çîí ðàçóáîæèâàíèÿ ñèëüâèíèòîâîãî ïëàñòà (Êð2) ïîçâîëèëî
âûÿâèòü äâà íîâûõ äëÿ Âåðõíåêàìñêîãî ìåñòîðîæäåíèÿ ìèíåðàëà, ïðåäñòàâëÿþùèõ
ñîáîé äâîéíûå ñóëüôàòû: êàëèñòðîíöèò K2Sr(SO4)2 è ã¸ðãåéèò K2Ca5(SO4)6�H2O. Òðè-
ãîíàëüíûé êàëèñòðîíöèò áûë îòêðûë Ì. Ë. Âîðîíîâîé (1962) â íèæíåïåðìñêèõ ýâà-
ïîðèòàõ Áàøêèðèè (ñ. Àëøòàí) è ñ òåõ ïîð â ïðåäåëàõ Ðîññèè íå îòìå÷àëñÿ. Ìîíî-
êëèííûé êðèñòàëëîãèäðàò ã¸ðãåéèò îòêðûò íà ìåñòîðîæäåíèè Èøëü â 1953 ã., íåäàëå-
êî îò Çàëüöáóðãà (Àâñòðèÿ) è âñòðå÷åí íà ìíîãèõ ñîëÿíûõ ìåñòîðîæäåíèÿõ Ìèðà:
Èíäåð (Êàçàõñòàí), Íîíãë (Êèòàé) è äð. Â Ðîññèè îí íåèçâåñòåí.

ÊÐÀÒÊÀß ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ

ÂÅÐÕÍÅÊÀÌÑÊÎÃÎ ÌÅÑÒÎÐÎÆÄÅÍÈß ÑÎËÅÉ

Âåðõíåêàìñêîå ìåñòîðîæäåíèå ïðåäñòàâëÿåò ñîáîé îãðîìíóþ (40 � 120 êì) ñî-
ãëàñíóþ çàëåæü êóíãóðñêîãî âîçðàñòà, èìåþùóþ ÿðêî âûðàæåííîå ñòðàòèôèöèðîâàí-
íîå ñòðîåíèå. Íèæíÿÿ (ïîäñòèëàþùàÿ) ÷àñòü òîëùè ñëîæåíà êàìåííîé ñîëüþ. Âûøå
ïî ðàçðåçó îíà ñìåíÿåòñÿ ñèëüâèíèòîâîé, à çàòåì êàðíàëëèòîâîé çîíîé, ãäå ïëàñòû
ñèëüâèíèòà (Êð3, Êð2, Êð1, À) èëè êàðíàëëèòèòà (îò Á äî Ê) ïåðåñëàèâàþòñÿ ñ ãàëèòè-
òàìè. Âåðõíÿÿ ÷àñòü ñîëÿíîé çàëåæè ñëîæåíà ïîêðîâíîé êàìåííîé ñîëüþ è ïåðåõîä-
íîé (ìåðãåëèñòî-ãàëèòèòîâîé) ïà÷êîé. Âûøå ñîëÿíîãî çåðêàëà çàëåãàþò òåððèãåííûå
è êàðáîíàòíûå ïîðîäû óôèìñêîãî ÿðóñà.

Ñòðîåíèå ìåñòîðîæäåíèÿ îñëîæíåíî ó÷àñòêàìè îòñóòñòâèÿ êàëèéíûõ è êàëèé-
íî-ìàãíèåâûõ ñîëåé, íàçûâàåìûìè çîíàìè ðàçóáîæèâàíèÿ. Íàèáîëåå êðóïíûå èç íèõ
(äî ñîòåí ìåòðîâ è áîëåå â ïîïåðå÷íèêå) ñîäåðæàò ãèïñ, ÷åòûðå ãåíåðàöèè êàðáîíà-
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Ðèñ. 1. Â ðàçëè÷íîé ñòåïåíè ïåðåêðèñòàëëèçîâàííûé èçíà÷àëüíî ãàëîïåëèòîâûé ìàòåðèàë àíãèäðèòî-
âîãî (à) è êàðáîíàòíîãî ñîñòàâà (á) (øèðèíà ïîëÿ 0.5—1 ìì).

Fig. 1. Heterogeneously recrystallized, primarily halopelite, material of anhydrite (à) and carbonate (á) com-
position (the view field width — 0.5—1 mm).

Ðèñ. 2. Ìîðôîëîãèÿ âûäåëåíèé êàëèñòðîíöèòà (âåðõíèé ðÿä) è ã¸ðãåéèòà (ðàçìåð 0.5—1 ìì).

Fig. 2. Morphology of segregations of kalistrontite (upper row) and görgeyite; size 0.5—1 mm.



òîâ, ïèðèò, êâàðö, áèòóìîèäû è îáðàçóþòñÿ ïðè âîñõîäÿùåé ìèãðàöèè ïðåñíîé êðèñ-
òàëëèçàöèîííîé âîäû, îòäåëèâøåéñÿ îò ãëèíèñòûõ ìèíåðàëîâ íèæíåé ÷àñòè ñîëÿíîé
çàëåæè ïðè ñîñêëàä÷àòîì êàòàãåíåçå (×àéêîâñêèé, 2008). Áîëåå ìåëêèå çîíû (ïåðâûå
äåñÿòêè ìåòðîâ), îáîãàùåííûå àíãèäðèòîì è êàëüöèòîì, íàñûùåííûå âêëþ÷åíèÿìè
ãèäðîôèëèòà, ñâÿçûâàþòñÿ (Òðåòüÿêîâ, 1974; ×àéêîâñêèé, 2008) ñ îòæèìàíèåì ñåäè-
ìåíòàöèîííûõ (ìàòî÷íûõ) ðàññîëîâ â ñâîäîâûå ÷àñòè àíòèêëèíàëüíûõ ñêëàäîê.

ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ÑÓËÜÔÀÒÍÎÉ ÌÈÍÅÐÀËÈÇÀÖÈÈ

Âåðõíåêàìñêîå ìåñòîðîæäåíèå îòíîñèòñÿ ê õëîðèäíîìó òèïó, è ñóëüôàòû, êðîìå
ãèïñà è àíãèäðèòà, äëÿ íåãî íå òèïè÷íû. Îïèñûâàåìîå ïðîÿâëåíèå êàëèåâûõ ñóëüôà-
òîâ ðàñïîëîæåíî íà Áûãåëüñêî-Òðîèöêîì ó÷àñòêå íà ïåðèôåðèè îäíîé èç çîí ðàçóáî-
æèâàíèÿ (âûùåëà÷èâàíèÿ) ñèëüâèíèòîâîãî ïëàñòà Êð2, ïðèìûêàþùåé ê Äóðèíñêîé
ñèñòåìå ðàçëîìîâ, ãäå âåðõíÿÿ ÷àñòü ñîëÿíîé çàëåæè áûëà ïîäâåðæåíà ýðîçèè.

Ñóëüôàòû îáðàçóþò ðàññåÿííóþ íå ðàçëè÷èìóþ âèçóàëüíî âêðàïëåííîñòü, èõ âû-
äåëåíèÿ ðåäêî ïðåâûøàþò 5—10 ìì. Ýòè ôàçû áûëè ïîëó÷åíû ñíà÷àëà â íåðàñòâî-
ðèìîì îñòàòêå 3-êèëîãðàììîâîé ïðîáû, à çàòåì âûÿâëåíû è â îáðàçöàõ ñîëåé, ïîä-
âåðæåííûõ ÷àñòè÷íîìó ðàñòâîðåíèþ. Îíè òÿãîòåþò ê òàê íàçûâàåìûì ñåçîííûì
ïðîñëîÿì ãàëîïåëèòîâ, êîòîðûå îáû÷íî ñëîæåíû ãëèíèñòûìè ìèíåðàëàìè è ïåëèòî-
ìîðôíûìè, ðåæå ìåëêîçåðíèñòûìè, âûäåëåíèÿìè êàðáîíàòîâ è ñóëüôàòîâ. Íà äàí-
íîì ó÷àñòêå è äîëîìèò, è àíãèäðèò ïîäâåðãëèñü çíà÷èòåëüíîé ïåðåêðèñòàëëèçàöèè
(ðèñ. 1) ñ îáðàçîâàíèåì ðàçíîîáðàçíûõ êðèñòàëëîìîðôîëîãè÷åñêèõ òèïîâ. Îòìå÷åíû
òàêæå êðèñòàëëû öåëåñòèíà.

Êàëèñòðîíöèò ïðåäñòàâëåí ðîìáîýäðè÷åñêèìè êðèñòàëëàìè ñî ñãëàæåííûìè ðåá-
ðàìè, à ã¸ðãåéèò âñòðå÷àåòñÿ â âèäå êñåíîìîðôíûõ òðåùèíîâàòûõ çåðåí ñ õàðàêòåð-
íîé êîððîäèðîâàííîé ïîâåðõíîñòüþ (ðèñ. 2). Îáîèì ïðèñóùà íåðàâíîìåðíàÿ îêðàñ-
êà: îò áåñöâåòíîé äî äûì÷àòî-êîðè÷íåâîé. Â êà÷åñòâå âêëþ÷åíèé â íèõ çàôèêñèðî-
âàíû äîëîìèò, ïèðèò, öåëåñòèí è ñàìîðîäíûé ñâèíåö (ðèñ. 3).
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Ðèñ. 3. Âêëþ÷åíèÿ â ã¸ðãåéèòå (à — äîëîìèòà, á — ïèðèòà, â — ñàìîðîäíîãî ñâèíöà) è êàëèñòðîíöèòå
(ã — öåëåñòèíà).

Fig. 3. Inclusions in görgeyite (à — dolomite; á — pyrite, â — native lead) and kalistrontite (ã — celestine).



Èçó÷åíèå õèìè÷åñêîãî ñîñòàâà ñóëüôàòîâ (ñì. òàáëèöó) ïîêàçàëî èõ áëèçîñòü ê
òåîðåòè÷åñêîìó ñîñòàâó, à òàêæå íàëè÷èå ðàçëè÷íûõ ïðèìåñåé. Òàê, â êàëèñòðîíöèòå
ñîäåðæèòñÿ 3.9—6.25 ìîë. % íîðìàòèâíîãî ã¸ðãåéèòà, â öåëåñòèíå — 3.58—4.63 %
àíãèäðèòà è 2.51—7.36 % êàëèñòðîíöèòà, à â ã¸ðãåéèòå — 7.68—14.66 % àíãèäðèòà,
0—3.22 % êàëèñòðîíöèòà è 0—1.93 % àïàòèòà. Â åäèíè÷íûõ àíàëèçàõ êàëèñòðîíöèòà
è öåëåñòèíà çàôèêñèðîâàíî ïðèñóòñòâèå áàðèÿ.

ÇÀÊËÞ×ÅÍÈÅ

Ïðèìûêàíèå îïèñûâàåìîé çîíû ðàçóáîæèâàíèÿ ê Äóðèíñêîé ñèñòåìå ðàçëîìîâ
äàåò îñíîâàíèå ñ÷èòàòü, ÷òî âûùåëà÷èâàíèå ñèëüâèíà ïðîèñõîäèëî çà ñ÷åò ïîñëîéíîé
ìèãðàöèè íåäîñûùåííûõ ñîëÿìè ïîäçåìíûõ âîä ñî ñòîðîíû ïðîãèáà âäîëü ãàëîïåëè-
òîâûõ ïðîñëîåâ. Ñêîðåå âñåãî, ñóëüôàòíî-êàëèåâàÿ ìèíåðàëèçàöèÿ èìååò èíôèëüòðà-
öèîííóþ ïðèðîäó è ôîðìèðîâàëàñü â ñâîåîáðàçíîé çîíå âòîðè÷íîãî îáîãàùåíèÿ ïî
ïåðèôåðèè ó÷àñòêîâ âûùåëà÷èâàíèÿ ñèëüâèíà. Ïðèñóòñòâèå ïèðèòà è ñàìîðîäíîãî
ñâèíöà îòðàæàåò âîññòàíîâèòåëüíûå óñëîâèÿ ýïèãåíåòè÷åñêîãî ìèíåðàëîîáðàçîâà-
íèÿ. Èñòî÷íèêîì ñóëüôàò-èîíà è ñòðîíöèÿ ìîã ñëóæèòü ïîäâåðæåííûé ïåðåêðèñòàë-
ëèçàöèè îñàäî÷íûé ïåëèòîìîðôíûé àíãèäðèò.

Ïî äàííûì Ì. Ë. Âîðîíîâîé (1962), êàëèñòðîíöèò Áàøêèðèè òàêæå èìååò ýïèãå-
íåòè÷åñêóþ ïðèðîäó è ïðåäñòàâëåí ìåòàêðèñòàëëàìè, ïðèóðî÷åííûìè ê çîíå ïåðå-
êðèñòàëëèçàöèè çàñîëîíåííîãî àíãèäðèòà. Ã¸ðãåéèò Èíäåðñêîãî ìåñòîðîæäåíèÿ
âñòðå÷àåòñÿ òîëüêî â êîðå âûâåòðèâàíèÿ (êåïðîêå) íàä øòîêîì, ñëîæåííûì ïëàñòàìè
êàìåííîé, êàëèéíîé è êàëèéíî-ìàãíèåâîé ñîëåé ñ ïðîñëîÿìè àíãèäðèòà, ÷òî òàêæå ãî-
âîðèò î åãî âòîðè÷íîì ïðîèñõîæäåíèè. Òàêèì îáðàçîì, ïîÿâëåíèå êàëèñòðîíöèòà è
ã¸ðãåéèòà ñîâìåñòíî ñ ðåãåíåðèðîâàííûì àíãèäðèòîì è äîëîìèòîì ìîæåò ðàññìàòðè-
âàòüñÿ íà Âåðõíåêàìñêîì ìåñòîðîæäåíèè êàê èíäèêàòîð ïðèáëèæåíèÿ ê çîíå ðàçóáî-
æèâàíèÿ òðåòüåãî òèïà, ñâÿçàííîé ñ ïîñëîéíîé ìèãðàöèåé ôëþèäîâ â ñîëÿíîé çàëåæè.

Áëàãîäàðíîñòè. Àâòîð âûðàæàåò ïðèçíàòåëüíîñòü Â. È. Ñèëàåâó è Â. Í. Ôèëèï-
ïîâó (Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ) çà ïîìîùü â âûïîëíåíèè àíàëèçîâ è îá-
ñóæäåíèå ðåçóëüòàòîâ. Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ
10-05-96003ð_óðàë_à.
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Õèìè÷åñêèé ñîñòàâ êàëèñòðîíöèòà (1—7), ã¸ðãåéèòà (8—11) è öåëåñòèòà (12—14), ìàñ. %

Chemical compositions (wt %) of kalistrontite (1—7), görgeyite (8—11) and celestine (12—14)

Êîìïîíåíò 1 2 3 4 5 6 7

CaO 1.85 1.64 1.32 1.63 1.17 1.29 1.5

SrO 26.72 26.46 27.99 26.95 27.99 27.18 28.99

BaO 0.94 1.29 Íå îáí. 0.85 Íå îáí. Íå îáí. Íå îáí.

K2O 25.15 25.65 25.84 25.32 25.69 25.22 26.46

SO3 45.16 44.86 44.76 45.14 45.08 46.22 42.95

P2O5 Íå îáí. Íå îáí. Íå îáí. Íå îáí. Íå îáí. Íå îáí. Íå îáí.

Êîìïîíåíò 8 9 10 11 12 13 14

CaO 32.76 33.34 33.45 33.5 1.64 1.67 1.27

SrO 1.0 Íå îáí. Íå îáí. Íå îáí. 53.37 51.71 47.91

BaO Íå îáí. » » » » » » Íå îáí. 1.04 Íå îáí.

K2O 10.18 9.32 9.18 9.39 1.84 1.55 0.59

SO3 53.51 55.55 55.61 54.7 43.15 44.03 50.23

P2O5 0.77 Íå îáí. Íå îáí. 0.61 Íå îáí. Íå îáí. Íå îáí.

Ï ð è ì å ÷ à í è å. Àíàëèçû âûïîëíåíû â Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. Àíàëèòèê Â. Í. Ôèëèïïîâ.
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Èññëåäîâàí ñîñòàâ öèðêîíîâ èç ëèòèé-ôòîðèñòûõ ãðàíèòîâ Ñåâåðíîãî ïëóòîíà â ×àóíñêîì ðàé-
îíå ×óêîòêè. Ñäåëàí âûâîä î ìàãìàòè÷åñêîé ïðèðîäå öèðêîíîâ. Óñòàíîâëåíû îñîáåííîñòè öèðêî-
íîâ ðåäêîìåòàëëüíûõ ïîðîä: ïîâûøåííûå êîíöåíòðàöèè ëåãêèõ ðåäêèõ çåìåëü, ëèòèÿ è íèîáèÿ,
óìåðåííîå íàêîïëåíèå Hf è ãëóáîêàÿ Eu-àíîìàëèÿ. Âûÿâëåíû îòëè÷èÿ èçó÷åííûõ öèðêîíîâ îò öèð-
êîíîâ âìåùàþùèõ áèîòèòîâûõ ãðàíèòîâ ïî êîíöåíòðàöèè è ðàñïðåäåëåíèþ ïðèìåñåé. Îò ìèðîâûõ
àíàëîãîâ öèðêîíû èç ëèòèé-ôòîðèñòûõ ãðàíèòîâ Ñåâåðíîãî ïëóòîíà îòëè÷àþòñÿ óìåðåííûì íàêîï-
ëåíèåì Hf, Y, REE è êðàéíå íèçêèìè ñîäåðæàíèÿìè U, Th è íåêîãåðåíòíûõ ýëåìåíòîâ.

Êëþ÷åâûå ñëîâà: öèðêîí, ëèòèé-ôòîðèñòûé ãðàíèò, ðåäêèå ýëåìåíòû, ×óêîòêà.

V. I. ALEKSSEV, Yu. B. MARIN, S. G. SKUBLOV, I. M. GEMBITSKAYA. FIRST DATA ON COMPOSITION
OF ZIRCON FROM LITHIUM-FLUORIC GRANITES OF THE SEVERNY PLUTON, CHUKOTKA

The zircon composition from lithium-fluoric granites of the Severny pluton in Chaunsky area of Chu-
kotka was investigated. The conclusion is drawn for the magmatic nature of zircons. Features of zircons of
rare-metal rocks are established: the raised concentration of the easy rare earths, lithium and niobium, mo-
derate accumulation Hf and deep Eu-anomaly. Differences studied from zircons containing biotite granites
on concentration and distribution of impurity are revealed. From world analogues zircons from lithi-
um-fluoric granites of the Severny pluton differ by moderate accumulation from Hf, Y, REE and the lo-
west maintenances U, Th and not coherent elements.

Key words: zircon, lithium-fluoric granite, trace elements, Chukotka.

Óñïåõè íàóêè â îáëàñòè ëîêàëüíîãî àíàëèçà âåùåñòâà (ýëåêòðîííîå, ïðîòîííîå,
èîííîå çîíäèðîâàíèå, ëàçåðíàÿ àáëÿöèÿ) ïîçâîëèëè ñóùåñòâåííî ïîïîëíèòü çíàíèÿ î
öèðêîíå êàê èíäèêàòîðå ýâîëþöèè ìàãìàòè÷åñêèõ ïîðîä. Âìåñòå ñ òåì îñòàåòñÿ íåäî-
ñòàòî÷íî èññëåäîâàííûì ñîñòàâ öèðêîíà ðåäêîìåòàëëüíûõ ãðàíèòîâ ëèòèé-ôòîðè-
ñòîãî ãåîõèìè÷åñêîãî òèïà. Ïóáëèêàöèè íà ýòó òåìó íåìíîãî÷èñëåííû è ïîñâÿùåíû
çàðóáåæíûì îáúåêòàì: â Åâðîïå (Breiter et al., 2006, 2009; Förster, 2006; Johan, Johan,
2006), Àôðèêå (Abdalla et al., 2009) è Þãî-Âîñòî÷íîé Àçèè (Huang et al., 2005). Íåêî-
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