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Ïðîòåñòèðîâàíû ôåíãèòîâûå ãåîáàðîìåòðû Ìàñîíà—Øðàéåðà è Êàääèêà—Òîìïñîíà ñ
èñïîëüçîâàíèåì áîëüøîãî ìàññèâà äàííûõ ïî ñîñòàâàì ïðèðîäíûõ è ñèíòåçèðîâàííûõ ôåíãè-
òîâ ñ èçâåñòíûìè óñëîâèÿìè ôîðìèðîâàíèÿ. Âûäåëåíû òðè ãðóïïû ôåíãèòîâ: 1 — Si
3.0—3.25 ê.ô., 2 — Si > 3.25, T < 750 °C, 3 — Si > 3.25, T > 750 °C. Äëÿ äâóõ ïåðâûõ ãðóïï âûâå-
äåíû íîâûå óðàâíåíèÿ ãåîáàðîìåòðà. Èñïîëüçîâàíèå ýòèõ óðàâíåíèé äëÿ èçó÷åíèÿ ãíåéñîâ è
ñëàíöåâ áëûáñêîãî ìåòàìîðôè÷åñêîãî êîìïëåêñà Ñåâåðíîãî Êàâêàçà ïîêàçàëî, ÷òî ïèêîâîå
äàâëåíèå ïðè ìåòàìîðôèçìå äîñòèãàëî 2—2.2 ÃÏà.

Êëþ÷åâûå ñëîâà: ôåíãèòîâûé ãåîáàðîìåòð, Ñåâåðíûé Êàâêàç, áëûáñêèé ìåòàìîðôè÷åñêèé
êîìïëåêñ.
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GEOBAROMETER: SUBSTANTIATION, CALIBRATION
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Phengite is a wide spread metamorphic mineral, which is stable in wide pressure range. Depen-
dence of pressure on silicon content that was established in the middle of 20th century enabled us to
consider the phengite based geobarometer. Recently phengite geobarometer was calibrated by Caddik
and Thompson but for a limited range of pressure, however there are some attempts to extend its ran-
ge. We have analyzed the large number of datasets on phengite composition published by different
authors. Data under consideration included both natural and experimental specimens of well defined
PT-condition. For moderate temperature (T < 750 °C) two groups of phengite can be marked. Groups
are separated by silicon content value 3.25 p.f.u. Different geobarometer equations were suggested for
both groups. Accuracies of these geobarometers are�0.34 GPa and�0.56 GPa, respectively. There is
no evidence of using phengite as geobarometer at high temperature (T > 750 °C). Derived dependen-
ces were applied to study conditions of the gneisse and schist metamorphism of Blyb metamorphic
complex at the North Caucasus. This study shows that pressure peak of gneisse and schist metamor-
phism is 2.0—2.2�0.4 GPa. The latter agrees with previous works on the Blyb metamorphic complex
eclogite data.

Key words: mineral geobarometry, phengite, petrology, the Caucasus, Blyb metamorphic com-
plex.
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ÂÂÅÄÅÍÈÅ

Ìèíåðàëüíàÿ ãåîáàðîìåòðèÿ èãðàåò âàæíóþ ðîëü â èçó÷åíèè óñëîâèé
ôîðìèðîâàíèÿ è ìåòàìîðôèçìà ãîðíûõ ïîðîä. Îíà èñïîëüçóåò íàáîð àñ-
ñîöèàöèé ìèíåðàëîâ — ãåîáàðîìåòðîâ, ðàçëè÷íûõ ïî ñîñòàâó, óñëîâèÿì îá-
ðàçîâàíèÿ è ïîëÿì ñòàáèëüíîñòè. Ïðè ýòîì âàæíûì óñëîâèåì ïîëó÷åíèÿ
àäåêâàòíûõ îöåíîê äàâëåíèÿ ïðè ôîðìèðîâàíèè ïîðîäû ÿâëÿåòñÿ ðàâíîâåñ-
íîå ñîñòîÿíèå ìèíåðàëîâ â ïîðîäå (Fonarev et al., 1991). Äëÿ ãëóáîêîìåòà-
ìîðôèçîâàííûõ êîìïëåêñîâ ÷àñòî ôèêñèðóåòñÿ ìíîãîàêòíîå ïðîÿâëåíèå
ìåòàìîðôè÷åñêèõ ïðîöåññîâ [Êîê÷åòàâñêèé ìàññèâ, Êàçàõñòàí; òåððåéí
Ñóëó, Âîñòî÷íûé Êèòàé (Auzanneau et al., 2010), áëûáñêèé êîìïëåêñ Ñåâåð-
íîãî Êàâêàçà (Somin, 2011)], çàòðóäíÿþùåå âûäåëåíèå ðàâíîâåñíûõ ìèíåðà-
ëüíûõ àññîöèàöèé â ïîðîäå. Â ýòîì ñëó÷àå ïîëåçíûì èíñòðóìåíòîì äëÿ îöåí-
êè ïèêîâûõ óñëîâèé ìåòàìîðôèçìà âûñòóïàåò ìîíîìèíåðàëüíàÿ ãåîáàðî-
ìåòðèÿ.

Îäíèì èç íàèáîëåå ðàñïðîñòðàíåííûõ ìèíåðàëîâ, óñòîé÷èâûõ â øèðîêîì
äèàïàçîíå äàâëåíèé, ÿâëÿåòñÿ ôåíãèò K(Al,Mg)2(Si,Al)4Î10(OH)2, ìèíåðàë
ãðóïïû áåëûõ ñëþä, îáîãàùåííûé êðåìíèåì è ÿâëÿþùèéñÿ òâåðäûì ðàñòâî-
ðîì ðÿäà ìóñêîâèò-ñåëàäîíèò (Tischendorf et al., 2007). Èçîìîðôíûå çàìåùå-
íèÿ, ïðîèñõîäÿùèå â ýòîì ðÿäó, ñâîäÿòñÿ ê îáìåíó ×åðìàêà: (Mg, Fe2+)+Si�
AlIV+AlVI (Miyashiro, Shido, 1985). Êðîìå òîãî, â ôåíãèòå ìîæåò áûòü ïðîÿâ-
ëåí è îãðàíè÷åííûé èçîìîðôèçì Na�K, õàðàêòåðíûé äëÿ âñåõ áåëûõ ñëþä.

Â íà÷àëå 1960-õ Ó. Ýðíñò âïåðâûå ïðåäïîëîæèë ïðÿìóþ çàâèñèìîñòü
ìåæäó ñîäåðæàíèåì ñåëàäîíèòîâîãî êîìïîíåíòà â áåëîé ñëþäå è äàâëåíèåì
ïðè ðåãèîíàëüíîì ìåòàìîðôèçìå (Ernst, 1963). Ýòî ïðåäïîëîæåíèå áûëî ýêñ-
ïåðèìåíòàëüíî ïîäòâåðæäåíî Á. Âýëäå (Velde, 1965), êîòîðûé âïåðâûå ñèíòå-
çèðîâàë ôåíãèò â ëàáîðàòîðíûõ óñëîâèÿõ è èçó÷èë çàâèñèìîñòü ïîëÿ ñòàáèëü-
íîñòè ìóñêîâèò-ñåëàäîíèòîâîãî òâåðäîãî ðàñòâîðà îò òåìïåðàòóðû è äàâëå-
íèÿ, ðàññìàòðèâàÿ ôåíãèò êàê ïîòåíöèàëüíûé ãåîáàðîìåòð. Ð. Ïàóýëë è Ã.
Ýâàíñ èñïîëüçîâàëè ýêñïåðèìåíòàëüíûå äàííûå Á. Âýëäý äëÿ âûâîäà ãåîáà-
ðîìåòðà (Powell, Evans, 1983).

Õ. Ìàññîí è Â. Øðàéåð ýêñïåðèìåíòàëüíî èçó÷èëè çàâèñèìîñòü ìåæäó
ñîäåðæàíèåì Si â ôåíãèòå è P—T óñëîâèÿìè â ìîäåëüíîé ñèñòåìå KMASH
(K2O—MgO—Al2O3—SiO2—H2O) (Massonne, Schreyer, 1987). Ôîðìóëà äàí-
íîãî áàðîìåòðà ïî ïðèâåäåííûì â ðàáîòå èçîïëåòàì:

P [Ãïà] =
23.76 Si 0.01096 T [ C] – 75.34

Phe

ê.ô. + °
10

. (1)

Äëÿ ñèñòåìû KFASH (K2O—FeO—Al2O3—SiO2—H2O) àíàëîãè÷íîå èñ-
ñëåäîâàíèå áûëî ïðîâåäåíî Õ. Ìàññîíîì è Ç. Øïóðêîé (Massonne, Szpurka,
1997).

Â 2008 ãîäó Ì. Êàääèê è À. Òîìïñîí (Caddick, Thompson, 2008) âûâåëè
ôîðìóëó ôåíãèòîâîãî ãåîáàðîìåòðà, èñïîëüçóÿ ìîäåëü ôåíãèòà ïî Ð. Êîãàíó
è Ò. Õîëëàíäó (Coggon, Holland, 2002), à òàêæå ïîëó÷åííûå ñ ïîìîùüþ Perp-
lex äëÿ «ñðåäíåãî» ïåëèòà ðàñ÷åòíûå äàííûå ïî ôåíãèòó (Si 3.0—3.8 ê.ô.,
P = 0—3.0 ÃÏà). Ôîðìóëà èìååò âèä:

P [ÃÏà] = 4.19 Si
Phe

ê.ô. + 0.0036 (T [°C] + 273.15) – 15.15. (2)
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Äëÿ ïîâûøåíèÿ òî÷íîñòè â ôîðìóëó áûëî ââåäåíî äîïîëíèòåëüíîå ñëà-
ãàåìîå, ó÷èòûâàþùåå ñîäåðæàíèå Mg â ñëþäå, êîòîðîå â ïðîöåññå îáìåíà
×åðìàêà âîçðàñòàåò îäíîâðåìåííî ñ ñîäåðæàíèåì êðåìíèÿ:

P [ÃÏà] = 8.35 Mg – 1.72Si
Phe

ê.ô.

Phe

ê.ô. +0.0015 (T [°C] + 273.15) + 4.59. (3)

Äëÿ ïðîâåðêè âîçìîæíîñòè èñïîëüçîâàíèÿ ôåíãèòîâîãî ãåîáàðîìåòðà â
ïðèðîäíûõ ñèñòåìàõ áûëî ïðîâåäåíî åãî òåñòèðîâàíèå ñ èñïîëüçîâàíèåì
áîëüøîãî îáúåìà ýêñïåðèìåíòàëüíûõ è ïðèðîäíûõ äàííûõ.

ÎÁÇÎÐ ÈÑÕÎÄÍÛÕ ÄÀÍÍÛÕ

Äàííûå äëÿ 491 ïðèðîäíîãî îáðàçöà áûëè âçÿòû èç îáîáùàþùåé ðàáîòû
Ä. ×àìáåðñà è Ì. Êîíà (Chambers, Kohn, 2012). Èñòî÷íèêîì ýêñïåðèìåíòàëü-
íûõ äàííûõ ïî 156 ôåíãèòñîäåðæàùèì îáðàçöàì ñòàëè åùå 13 ïóáëèêàöèé:
Pawley, Holloway, 1993; Domanik, Holloway, 1996, 2000; Johnson, Plank, 1999;
Hermann, Green, 2001; Buick et al., 2004; Forneris, Holloway, 2004; Hermann,
Spandler, 2008; Auzanneau et al., 2010; Ota et al., 2008; Tomsen, Shmidt 2008;
Grassi, Schmidt, 2011a, 2011b. Îáùåå ÷èñëî èñïîëüçîâàííûõ àíàëèçîâ ñîñòà-
âèëî 648.

Äèàïàçîí èçìåíåíèÿ ñîäåðæàíèÿ Si â ôåíãèòå èç ïðèðîäíûõ îáðàçöîâ ðà-
âåí 3.0—3.7 ê.ô., äàâëåíèå è òåìïåðàòóðà, ïðè êîòîðûõ ñôîðìèðîâàëèñü ýòè
îáðàçöû, èçìåíÿþòñÿ â ïðåäåëàõ 0.08—8 ÃÏà è 320—1050 °C ñîîòâåòñòâåííî.
Òå æå ïàðàìåòðû äëÿ ñèíòåçèðîâàííîãî ôåíãèòà: Si 3.00—3.782 ê.ô., äàâëå-
íèå 0.3—10 ÃÏà (à òàêæå 9 îáðàçöîâ ñ P > 10 ÃÏà), òåìïåðàòóðà 450—1089 °C
(ðèñ. 1).

Ðîñò ñîäåðæàíèÿ êðåìíèÿ â èçó÷åííîì ôåíãèòå îáíàðóæèâàåò ñèëüíóþ
çàâèñèìîñòü îò äàâëåíèÿ è íåçíà÷èòåëüíóþ — îò òåìïåðàòóðû. Ñ ðîñòîì ñî-
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Ðèñ. 1. Âàðèàöèè ñîäåðæàíèÿ Si â èçó÷åííîì ôåíãèòå íà P—T äèàãðàììå.

Fig. 1. Variations of the silicon content in the used data on phengite composition on the P—T diagram. The cell
grey color intensity corresponds to the average Si content (a. p. fu).
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Ðèñ. 2. Çàâèñèìîñòè ñîäåðæàíèÿ AlS è ñóììû ñîäåðæàíèé (Mg + Fe) îò ñîäåðæàíèÿ Si â èçó÷åííûõ
ôåíãèòàõ

Fig. 2. Plots of Altot and (Mg + Fe) contents vs the Si content (a. p. fu).

Ðèñ. 3. Çàâèñèìîñòü ñîäåðæàíèÿ Si îò äàâëåíèÿ â èçó÷åííûõ îáðàçöàõ.

Âûäåëåíû ãðóïïû àíàëèçîâ äëÿ êîòîðûõ Si < 3.2 ê. ô. (ñïëîøíîé ýëëèïñ), Si > 3.2 ê. ô., T < 750 °Ñ (ïóíêòèðíûé ýë-
ëèïñ), T > 750 °Ñ (òî÷å÷íûé ýëëèïñ).

Fig. 3. Plot of pressure (GPa) vs the Si content (apfu) in specimens. Three groups: 1) continuous ellipse —
Si < 3.2 a. p. fu); 2) dashed ellipse Si > 3.2, T < 750 °Ñ; 3) dotted ellipse — T > 750 °Ñ.



äåðæàíèÿ Si ñóììàðíîå ñîäåðæàíèå Fe è Mg óâåëè÷èâàåòñÿ, Al — ñíèæàåòñÿ,
÷òî ñîîòâåòñòâóåò îáìåíó ×åðìàêà (ðèñ. 2).

Ïðè áîëåå äåòàëüíîì àíàëèçå çàâèñèìîñòè ñîäåðæàíèÿ êðåìíèÿ îò äàâëå-
íèÿ ïðîÿâëÿåòñÿ íåîäíîðîäíîñòü ìàññèâà äàííûõ, âûðàæåííàÿ â ñóùåñòâîâà-
íèè òðåõ ãðóïï àíàëèçîâ (ðèñ. 3). Ïåðâàÿ ãðóïïà ñ ñîäåðæàíèåì Si
3.0—3.25 ê.ô. è îòíîøåíèåì Si/Al < 1.3 õàðàêòåðèçóåòñÿ íàèáîëüøåé êó÷-
íîñòüþ â ðàñïîëîæåíèè ôèãóðàòèâíûõ òî÷åê íà ãðàôèêå, êîòîðûå ïîïàäàþò â
äèàïàçîí äàâëåíèé 1—1.5 ÃÏà (ðèñ. 3, ñïëîøíîé ýëëèïñ). Òî÷êè, ñëàãàþùèå
âòîðóþ ãðóïïó, ëåæàò â äèàïàçîíå Si 3.25 è P = 1.5—3.5 ÃÏà ïðè îòíîøåíèè
Si/Al > 1.3 (ðèñ. 3, ïóíêòèðíûé ýëëèïñ). Ïåðâàÿ è âòîðàÿ ãðóïïû ëåæàò â îáëà-
ñòè T < 750 °C, ÷òî ïîçâîëÿåò îòäåëèòü èõ îò òî÷åê òðåòüåé ãðóïïû
(T > 750 °C, P > 1.5 ÃÏà) (ðèñ. 3, òî÷å÷íûé ýëëèïñ).

Áîëåå 80 % ôåíãèòîâ, ïîëó÷åííûõ â ýêñïåðèìåíòàõ, ïîïàäàþò â òðåòüþ
ãðóïïó, òîãäà êàê â ïåðâîé è âòîðîé ãðóïïàõ ïðåîáëàäàþò ïðèðîäíûå îáðàç-
öû. Ðàñïðåäåëåíèå ïîñëåäíèõ áèìîäàëüíî: äâå èçîëèðîâàííûå ãðóïïû òî÷åê
(ðèñ. 3, ñïëîøíîé è ïóíêòèðíûé ýëëèïñû) ðàçäåëåíû îáëàñòüþ íåñòàáèëüíûõ
ñîñòàâîâ ñ ñîäåðæàíèåì Si 3.25 ê.ô. Ïîäîáíàÿ çàêîíîìåðíîñòü îòìå÷àëàñü
Á. Ýâàíñîì è Á. Ïàòðèêîì â ðàáîòå, ïîñâÿùåííîé ôåíãèòàì îðòîãíåéñîâ ïî-
ëóîñòðîâà Ñüþàðä, Àëÿñêà (Evans, Patrick, 1987).

ÀÍÀËÈÇ ÌÈÍÅÐÀËÜÍÛÕ ÀÑÑÎÖÈÀÖÈÉ

Èçó÷åíèå ìèíåðàëüíûõ ôàç, óñòîé÷èâûõ â ïðåäåëàõ òðåõ âûäåëåííûõ
ãðóïï, ïðîâîäèëîñü äëÿ 472 îáðàçöîâ. Èç âñåãî ìàññèâà äàííûõ áûëè îòîáðà-
íû ïóáëèêàöèè ñ óêàçàíèåì ðàâíîâåñíîé ìèíåðàëüíîé àññîöèàöèè, âêëþ÷àþ-
ùåé ôåíãèò. Àíàëèçèðîâàëîñü ïðèñóòñòâèå/îòñóòñòâèå â êàæäîé èç òðåõ
ãðóïï 26 ðàñïðîñòðàíåííûõ ìèíåðàëüíûõ ôàç (òàáë. 1).

Àññîöèàöèÿ ãðàíà—êèàíèò—ôåíãèò—ðóòèë—êâàðö (äëÿ âûñîêèõ äàâëå-
íèé — êîýñèò) ïðèñóòñòâóåò âî âñåõ òðåõ ãðóïïàõ. Òîëüêî äëÿ ïåðâîé ãðóïïû
õàðàêòåðíû ñòàâðîëèò, ñèëëèìàíèò, àíäàëóçèò, êîðäèåðèò, èëüìåíèò, ãðàôèò,
êàëüöèò è àíêåðèò. Ñîñóùåñòâîâàíèå êèàíèòà è ñèëëèìàíèòà â ïðåäåëàõ ïåð-
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Ò à á ë è ö à 1

Ìèíåðàëüíûå àññîöèàöèè, âêëþ÷àþùèå èçó÷åííûå ôåíãèòû

Content of mineral phases in groups

Ãðóïïà Ky Grt Rt Ph Omp Qtz Amp And Ank Bt Cal Coe Crd

1 ++ ++ ++ ++ ++ + + ++ ++ ++ +

2 ++ ++ ++ ++ ++ ++ ++ ++

3 ++ ++ ++ ++ ++ +(Ýêñ) ++

Ãðóïïà Glm Ilm Gr Lws Pg Pl Sill St Tur Ttn Zo Ep

1 ++ + ++ ++ ++ ++ + +

2 ++ + ++ + + + ++ ++

3 + +(Ýêñ) ++(Ýêñ)

Ï ð è ì å ÷ à í è å. Ñîêðàùåíèÿ ìèíåðàëîâ ïðèâåäåíû â ñîîòâåòñòâèè ñ ðàáîòîé (Whitney, Evans 2010).
×àñòîòû âñòðå÷àåìîñòè ìèíåðàëîâ: + — ìåíåå 15, ++ — áîëåå 15. Ýêñ — òîëüêî ýêñïåðèìåíòàëüíûå äàííûå.



âîé ãðóïïû è ïîëíîå îòñóòñòâèå ïîñëåäíåãî âî âòîðîé ãðóïïå ìîæåò ñâèäå-
òåëüñòâîâàòü î òîì, ÷òî ïåðåõîä ìåæäó íèìè ïðîëåãàåò ïî ãðàíèöå Sil—Ky.

Òîëüêî âî âòîðîé ãðóïïå âñòðå÷àþòñÿ ëàâñîíèò è ïàðàãîíèò. È â ïåðâîé è
âî âòîðîé ãðóïïàõ ðàñïðîñòðàíåíû áèîòèò, ïëàãèîêëàç, òèòàíèò, òóðìàëèí è
àìôèáîë. Ñîâìåñòíûìè ìèíåðàëàìè äëÿ âòîðîé è òðåòüåé ãðóïï ÿâëÿþòñÿ
ãëàóêîôàí è êîýñèò — ñòàáèëüíûå ïðè âûñîêèõ äàâëåíèÿõ. Òàêæå â òðåòüåé
ãðóïïå, èñêëþ÷èòåëüíî â ýêñïåðèìåíòàëüíûõ îáðàçöàõ, âñòðå÷àþòñÿ áèîòèò,
òóðìàëèí è öîèçèò.

ÊÀËÈÁÐÎÂÊÀ ÃÅÎÁÀÐÎÌÅÒÐÀ

Çàâèñèìîñòü äàâëåíèÿ îò ñîäåðæàíèÿ êðåìíèÿ â ôåíãèòå è òåìïåðàòóðû
ïðåäñòàâëåíà â ðàáîòå Õ. Ìàññîíà è Â. Øðàéåðà ãðàôè÷åñêè è ìîæåò áûòü çà-
ïèñàíà â âèäå óðàâíåíèÿ (1). Âûðàæåíèÿ äëÿ ðàñ÷åòà äàâëåíèÿ, ñôîðìóëèðî-
âàííûå Ì. Êàääèêîì è À. Òîìïñîíîì, èìåþò âèä ëèíåéíîé ôóíêöèè, àðãó-
ìåíòàìè êîòîðîé ñëóæàò òåìïåðàòóðà è ñîäåðæàíèå Si (2), à òàêæå Mg (3) â
ôåíãèòå. Ôîðìóëà (3) ïîêàçàëà âûñîêóþ ïîãðåøíîñòü, ïîðÿäêà 1 ÃÏà, ïîýòî-
ìó äëÿ ñðàâíåíèÿ áûëî âûáðàíî âûðàæåíèå (2).

Îöåíêè äàâëåíèÿ, ïîëó÷åííûå ñ èñïîëüçîâàíèåì çàâèñèìîñòè (1) äëÿ âñå-
ãî ìàññèâà äàííûõ, îêàçàëèñü ñëàáî çàíèæåííûìè äëÿ ïåðâîé ãðóïïû (â ñðåä-
íåì íà 0.15 ÃÏà) è ñèëüíî çàíèæåííûìè äëÿ âòîðîé ãðóïïû (äî 1 ÃÏà) (ðèñ. 4,
à). Äëÿ ïåðâîé ãðóïïû ñòàíäàðòíàÿ ïîãðåøíîñòü ðàâíà 0.4 ÃÏà, à äëÿ âòî-
ðîé — 0.7 ÃÏà ïðè 95%-íîé äîâåðèòåëüíîé âåðîÿòíîñòè.

Óðàâíåíèå (2) äàåò îöåíêè äàâëåíèÿ, çàâûøåííûå â ñðåäíåì íà 0.25 ÃÏà
(ðèñ. 4, á), õàðàêòåðèçóþùèåñÿ ñòàíäàðòíîé ïîãðåøíîñòüþ 0.45 ÃÏà äëÿ ïåð-
âîé ãðóïïû è 0.62 ÃÏà äëÿ âòîðîé ïðè 95%-íîé äîâåðèòåëüíîé âåðîÿòíîñòè.
Äëÿ òðåòüåé ãðóïïû, ïðè Ð > 3.5 ÃÏà, îøèáêà ñóùåñòâåííî âûøå.

Ñ ó÷åòîì ñìåùåííîñòè ðàññìàòðèâàåìûõ îöåíîê è íàëè÷èÿ òðåõ ðàçëè÷à-
þùèõñÿ ãðóïï àíàëèçîâ ôåíãèòà áûëè âûâåäåíû óðàâíåíèÿ, õàðàêòåðèçóþ-
ùèå çàâèñèìîñòü äàâëåíèÿ îò òåìïåðàòóðû è ñîñòàâà ñëþäû äëÿ êàæäîé èç
ãðóïï ïî îòäåëüíîñòè.

Äëÿ ïåðâîé ãðóïïû (Si < 3.25 ê.ô.) ìåòîäîì ìíîæåñòâåííîé ðåãðåññèè
äàííûõ áûëî ïîëó÷åíî óðàâíåíèå:

P [ÃÏà] =

= ° + + +0.023 [ C] 5.99 Si 1.76 Al 12.89 (M
Phe

ê.ô.

Phe

ê.ô.T g Fe

10

Phe

ê.ô.

Phe

ê.ô.+ ) – .
.

3191
(4)

Ñòàíäàðòíàÿ ïîãðåøíîñòü îöåíîê äàâëåíèÿ, ïîëó÷åííûõ ñ ïîìîùüþ ýòî-
ãî óðàâíåíèÿ äëÿ 241 àíàëèçîâ, ñîñòàâëÿåò 0.34 ÃÏà ïðè 95%-íîé äîâåðèòåëü-
íîé âåðîÿòíîñòè. Ïðè ýòîì ìàêñèìàëüíûå îöåíêè íå ïðåâûøàþò 1.5 ÃÏà.

Äëÿ âòîðîé ãðóïïû, îòâå÷àþùåé óñëîâèÿì Si 3.25 ê.ô. è Ò < 750 °C, áûëî
ïîëó÷åíî ñëåäóþùåå óðàâíåíèå:

P [ÃÏà] =

= ° + +0.03 [ C] 19.21 Si 2.91 Al 2.17 (Mg
Phe

ê.ô.

Phe

ê.ô.T –
Phe

ê.ô.

Phe

ê.ô.Fe

10

+ ) – . .57 22
(5)

6



Ñòàíäàðòíàÿ ïîãðåøíîñòü îöåíîê äàâëåíèÿ äëÿ 176 àíàëèçîâ â ýòîì ñëó-
÷àå ñîñòàâëÿåò 0.56 ÃÏà ïðè 95%-íîé äîâåðèòåëüíîé âåðîÿòíîñòè. Ïîëó÷åí-
íûå îöåíêè ëåæàò â äèàïàçîíå 1.5—3.5 ÃÏà.

Ïðè Ò > 750 °C è P > 3.5 ÃÏà èñïîëüçîâàíèå ôåíãèòà êàê ãåîáàðîìåòðà, ïî
âèäèìîìó, íåâîçìîæíî. Øèðîêèå âàðèàöèè ñîäåðæàíèé Si, Al è Mg íå ïîçâî-
ëÿþò âûâåñòè óðàâíåíèå ñ îøèáêîé îöåíêè P ìåíåå 1 ÃÏà.

Ñðàâíèâàÿ ôîðìóëû (4) è (5), ñëåäóåò îòìåòèòü ïåðåìåíó çíàêà, ñ êîòîðûì
â óðàâíåíèÿ âõîäèò ñîäåðæàíèå Al, ÷òî ñâèäåòåëüñòâóåò î íàëè÷èè êà÷åñòâåí-
íîãî ðàçëè÷èÿ ìåæäó ãðóïïàìè.
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Ðèñ. 4. Ãèñòîãðàììû àáñîëþòíûõ îøèáîê îöåíîê äàâëåíèÿ (P—Pðàñ÷.), ïîëó÷åííûõ ñ ïîìîùüþ ôåíãè-
òîâûõ ãåîáàðîìåòðîâ: à — Ìàññîíà—Øðàéåðà (Massonne, Schreyer, 1987), á — Êàääèêà—Òîìïñîíà

(Caddick, Thompson, 2008), â — ôîðìóëà (4) è 5.

Fig. 4. Absolute error of the pressure determination (P—Pcalc) with use of different monomineral phengite ba-
rometers (à, á); â — with formulas (4) and (5).



ÏÐÈÌÅÍÅÍÈÅ ÃÅÎÁÀÐÎÌÅÒÐÀ

Íàõîäêè âêëþ÷åíèé ïàðàãîíèòà è îìôàöèòà (Jd49Ae14) â ñóëüôèäàõ ãíåé-
ñîâ áëûáñêîãî êîìïëåêñà (çîíà Ïåðåäîâîãî õðåáòà, Ñåâåðíûé Êàâêàç) ïîçâî-
ëèëè ïðåäïîëîæèòü ñóùåñòâîâàíèå â íèõ âûñîêîáàðíîãî ïàðàãåíåçèñà, «ñòåð-
òîãî» èç ïîðîäû ïîä âîçäåéñòâèåì ðåòðîãðàäíûõ ïðîöåññîâ (Êîíèëîâ è äð.,
2013).Äëÿ îáîñíîâàíèÿ ýòîãî ïðåäïîëîæåíèÿ áûëè ïðèìåíåíû ôîðìóëû ôåí-
ãèòîâîãî ãåîáàðîìåòðà (4, 5). Â ðàñ÷åòàõ èñïîëüçîâàëèñü äàííûå ïî 48 àíàëè-
çàì ôåíãèòà èç ïîðîä, õàðàêòåðèçóþùèõ îñíîâíûå ðàçðåçû êîìïëåêñà. Îáðàç-
öû îòáèðàëèñü â áàññåéíàõ êðóïíûõ ðåê, ïåðåñåêàþùèõ áëûáñêèé êîìï-
ëåêñ — Áîëüøîé Ëàáû (îáð. 11-124à, 11-124i) è Ìàëîé Ëàáû (îáð.: 134-3,
kz 155-3, kz 155-4, kz 165), à òàêæå åå ïðèòîêîâ: ðåêè Óðóøòåí (îáð: kz 152b,
kz 153-7, kz 3), ðó÷üÿ Êîïöåâà (îáð. 124-1) è ðåêè Õàöàâèòà (îáð.: kz 9-3a,
kz 9-5, kz 10-10, kz 10-11, kz 10-12). Ãðàíàòîâûé àìôèáîëèò 11-124à èìååò,
ïî-âèäèìîìó, àïîýêëîãèòîâûé ãåíåçèñ. Â äàííîì øëèôå îáíàðóæåíû
Pl—Amp ñèìïëåêòèòû, à â ÿäðàõ íåêîòîðûõ çåðåí àìôèáîëà ñîõðàíèëèñü ðå-
ëèêòû îìôàöèòà. Â ýïèäîòîâûõ ãíåéñàõ kz 9-3a è kz 156 è âî âêëþ÷åíèÿõ â
ïèðèòå îáíàðóæåí îìôàöèò, à â ãðàíàòîâîì ñëàíöå kz 3 — ïàðàãîíèò (Êîíè-
ëîâ è äð., 2013). Îñòàëüíûå îáðàçöû ïðåäñòàâëÿþò ñîáîé ãíåéñû è ñëàíöû,
òèïè÷íûå äëÿ áëûáñêîãî êîìïëåêñà ñî ñëåäóþùèìè ìèíåðàëüíûìè àññîöèà-
öèÿìè: Ep—Ph—Ab�Qtz�Bt�Hbl�Rt è Gr—Hbl—Ph—Ep�Qtz.

Ñîäåðæàíèå êðåìíèÿ â ôåíãèòàõ áëûáñêîãî êîìïëåêñà (òàáë. 2) âàðüèðó-
åò îò 3.03 äî 3.39 ê.ô., îáðàçóÿ ïðàêòè÷åñêè íåïðåðûâíûé ðÿä ñîñòàâîâ. Îòíî-
øåíèå Si/Al âàðüèðóåò â ïðåäåëàõ 1.14—1.89.
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Ò à á ë è ö à 2

Ñîñòàâ [ñîäåðæàíèÿ (ìàñ. %) è ôîðìóëüíûå êîýôôèöèåíòû (O = 11) êîìïîíåíòîâ]
ôåíãèòîâ Áëûáñêîãî ìåòàìîðôè÷åñêîãî êîìïëåêñà è äàâëåíèÿ,

îöåíåííûå ñ ïîìîùüþ ôåíãèòîâîãî ãåîáàðîìåòðà (ôîðìóëû 4, 5)

Composition of phengites and calculated pressures for Blyb metamorphic complex, O = 11

Îáðàçåö P, ÃÏà T, °C Si Ti Al Fe Mn Mg Ca Na K Ñóììà Si/Al

124-1Â-03 1.29�0.2 680 46.92 0.50 29.43 3.61 0.18 2.28 0.00 0.64 9.33 92.89

3.23 0.03 2.39 0.21 0.01 0.23 0.00 0.08 0.82 7 1.35

124-1Â-07 1.21�0.2 680 45.23 0.64 30.63 4.22 0.01 1.49 0.27 0.69 9.47 92.65

3.14 0.03 2.51 0.25 0.00 0.16 0.02 0.09 0.84 7.04 1.25

kz10-11-02 2.27�0.4 680 51.52 0.74 27.29 3.49 0.04 2.80 0.00 0.42 10.60 96.9

3.39 0.04 2.12 0.19 0.00 0.28 0.00 0.06 0.89 6.97 1.6

kz10-11-05 2.21�0.4 680 45.28 0.11 24.32 3.66 0.00 3.07 0.05 0.04 9.67 86.2

3.32 0.00 2.10 0.22 0.00 0.33 0.00 0.00 0.90 7.07 1.58

kz10-11-06 2.09�0.4 680 49.55 0.42 28.54 3.74 0.36 2.78 0.12 0.22 10.67 96.4

3.29 0.02 2.23 0.21 0.20 0.28 0.01 0.03 0.90 7.17 1.48

kz10-11-07 2.16�0.4 680 49.72 0.30 28.75 2.43 0.28 2.82 0.00 0.47 10.62 95.39

3.33 0.01 2.27 0.14 0.01 0.28 0.00 0.06 0.91 7.01 1.47

kz10-11-08 2.09�0.4 680 47.09 0.30 27.44 2.70 0.00 2.55 0.06 0.14 10.33 90.61

3.29 0.01 2.26 0.16 0.00 0.27 0.00 0.02 0.92 6.93 1.46

kz10-11-09 2.25�0.4 680 50.61 0.44 27.29 3.79 0.17 3.25 0.34 0.18 10.55 96.62

3.36 0.02 2.13 0.21 0.01 0.32 0.02 0.02 0.89 6.98 1.58

kz10-12-06 2.18�0.4 680 49.37 0.00 26.94 3.78 0.00 2.57 0.20 0.00 10.39 93.25

3.35 0.00 2.15 0.22 0.00 0.26 0.01 0.00 0.90 6.89 1.56
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Ò à á ë è ö à 2 (ïðîäîëæåíèå)

Îáðàçåö P, ÃÏà T, °C Si Ti Al Fe Mn Mg Ca Na K Ñóììà Si/Al

kz10-12-11 2.1�0.4 680 42.16 0.45 23.50 4.04 0.00 2.44 0.08 0.22 9.68 82.57

3.29 0.03 2.16 0.26 0.00 0.28 0.00 0.03 0.96 7.01 1.52

11-124i-01.2 2.14�0.4 680 45.32 0.62 23.90 6.38 0.00 2.86 0.49 0.00 9.97 89.54

3.31 0.03 2.06 0.39 0.00 0.31 0.04 0.00 0.93 7.07 1.61

11-124i-03 2.04�0.4 680 45.32 0.54 26.84 3.01 0.00 2.41 0.06 0.22 9.83 88.23

3.27 0.03 2.28 0.18 0.00 0.26 0.00 0.03 0.91 6.96 1.43

11-124i-07 1.42�0.2 680 45.52 0.19 27.89 5.40 0.31 2.73 0.00 0.31 10.38 92.73

3.16 0.01 2.28 0.31 0.02 0.28 0.00 0.04 0.92 7.02 1.39

152b-01 2.19�0.4 680 46.80 0.45 26.23 3.51 0.00 3.42 0.07 0.60 9.63 90.71

3.30 0.02 2.18 0.21 0.00 0.36 0.00 0.08 0.87 7.02 1.51

152b-03 2.12�0.4 680 48.19 0.39 27.96 3.11 0.19 3.14 0.00 0.75 9.80 93.53

3.28 0.02 2.24 0.18 0.01 0.32 0.00 0.10 0.85 7 1.46

kz153-7-01 2.04�0.4 680 48.11 1.24 28.56 3.16 0.15 2.77 0.00 0.74 9.86 94.59

3.25 0.06 2.27 0.18 0.01 0.28 0.00 0.10 0.85 7 1.43

kz153-7-02 2.16�0.4 680 48.94 0.56 28.28 2.36 0.10 3.04 0.00 0.42 9.85 93.55

3.31 0.03 2.26 0.13 0.00 0.31 0.00 0.06 0.85 6.95 1.46

kz153-7-04 1.24�0.2 680 46.40 0.94 28.39 2.61 0.11 2.77 0.1 0.54 9.82 91.58

3.19 0.05 2.30 0.15 0.00 0.28 0.01 0.07 0.86 6.91 1.39

kz155-3-15 2.09�0.4 680 50.08 0.27 28.69 3.65 0.00 2.94 0.05 0.43 9.57 95.68

3.28 0.01 2.22 0.20 0.00 0.29 0.00 0.06 0.80 6.86 1.48

kz155-4A-01 1.22�0.2 680 47.40 0.46 30.29 1.87 0.00 2.65 0.05 1.09 8.90 92.71

3.22 0.02 2.42 0.11 0.00 0.27 0.00 0.14 0.77 6.95 1.33

kz155-4A-02 1.21�0.2 680 46.78 0.73 29.80 2.65 0.01 2.30 0.00 0.95 8.89 92.11

3.21 0.04 2.42 0.15 0.00 0.23 0.00 0.13 0.78 6.96 1.33

kz156-08 1.09�0.2 680 37.90 0.43 28.09 3.41 0.00 0.99 0.01 1.16 8.16 80.15

3.03 0.03 2.65 0.23 0.00 0.12 0.00 0.18 0.83 7.07 1.14

kz156-10 1.22�0.2 680 44.63 0.68 29.10 3.65 0.30 1.70 0.10 1.32 8.14 89.62

3.18 0.04 2.44 0.22 0.02 0.18 0.01 0.18 0.74 7.01 1.3

kz156-15 1.29�0.2 680 45.92 0.42 26.96 3.89 0.00 2.32 0.00 0.75 8.92 89.18

3.09 0.02 2.28 0.23 0.00 0.29 0.00 0.11 0.82 6.84 1.36

kz156-16 1.07�0.2 680 42.21 0.41 29.89 3.49 0.23 0.85 0.17 0.94 9.04 87.23

3.10 0.02 2.58 0.22 0.01 0.09 0.01 0.13 0.84 7 1.2

kz3-18 1.21�0.2 680 45.11 1.10 28.87 3.33 0.00 1.96 0.12 0.78 9.09 90.36

3.16 0.06 2.39 0.20 0.00 0.21 0.01 0.11 0.81 6.95 1.32

kz3-20 1.16�0.2 680 44.83 1.11 29.12 3.19 0.00 1.72 0.00 1.12 9.09 90.18

3.15 0.06 2.41 0.19 0.00 0.18 0.00 0.15 0.82 6.96 1.31

kz3-22 1.15�0.2 680 44.29 0.61 29.91 4.08 0.00 1.26 0.09 1.28 9.03 90.55

3.12 0.03 2.48 0.24 0.00 0.13 0.00 0.17 0.81 6.98 1.26

kz3-23 1.19�0.2 680 45.16 1.17 29.21 3.01 0.00 2.22 0.17 1.15 8.64 90.73

3.14 0.06 2.39 0.17 0.00 0.23 0.01 0.16 0.77 6.93 1.31

kz3-24 1.26�0.2 680 46.66 0.39 28.90 3.61 0.00 2.04 0.00 0.83 9.02 91.45

3.23 0.02 2.36 0.21 0.00 0.21 0.00 0.11 0.79 6.93 1.37

kz9-3A-02 1.32�0.2 680 45.19 0.58 27.48 3.09 0.00 2.76 0.19 1.29 8.97 89.55

3.23 0.03 2.31 0.18 0.00 0.29 0.01 0.18 0.82 7.05 1.4

kz9-3A-10 2.03�0.4 680 44.74 0.81 26.81 2.92 0.00 2.52 0.11 0.85 9.11 88

3.25 0.05 2.30 0.18 0.00 0.28 0.01 0.12 0.84 7.03 1.41

kz9-3A-22 2.08�0.4 680 46.68 0.55 27.28 3.53 0.00 3.03 0.00 0.79 9.69 91.55

3.26 0.03 2.25 0.21 0.00 0.32 0.00 0.11 0.87 7.05 1.45
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Ò à á ë è ö à 2 (ïðîäîëæåíèå)

Îáðàçåö P, ÃÏà T, °C Si Ti Al Fe Mn Mg Ca Na K Ñóììà Si/Al

kz9-5-02 2.02�0.4 680 46.33 0.69 27.96 3.01 0.03 2.46 0.11 1.48 8.43 90.5

3.26 0.04 2.32 0.18 0.00 0.26 0.01 0.20 0.76 7.03 1.41

kz9-5-03 2.18�0.4 680 48.89 0.63 27.62 2.84 0.03 3.06 0.04 0.75 9.40 93.26

3.32 0.03 2.21 0.16 0.00 0.31 0.00 0.10 0.82 6.95 1.5

kz9-5-04 2.16�0.4 680 47.13 0.85 26.62 3.06 0.17 2.92 0.09 0.85 8.90 90.59

3.31 0.05 2.20 0.18 0.10 0.31 0.00 0.11 0.80 7.06 1.5

kz9-5-04.1 2.11�0.4 680 46.03 0.66 26.40 3.35 0.09 2.53 0.10 0.48 9.22 88.86

3.31 0.04 2.24 0.20 0.00 0.27 0.01 0.06 0.84 6.97 1.48

kz9-5-04.2 2.11�0.4 680 46.03 0.66 26.40 3.35 0.09 2.53 0.10 0.48 9.22 88.86

3.31 0.04 2.24 0.20 0.00 0.27 0.01 0.06 0.84 6.97 1.48

kz9-5-05 2.15�0.4 680 46.22 0.37 26.26 3.12 0.01 2.63 0.08 0.39 9.16 88.24

3.33 0.02 2.23 0.19 0.00 0.28 0.00 0.06 0.4 6.95 1.49

kz9-5-16 2.11�0.4 680 47.35 0.57 27.17 3.73 0.00 2.86 0.00 0.71 9.59 91.98

3.29 0.03 2.23 0.22 0.00 0.30 0.00 0.10 0.85 7.02 1.48

11-124A-18 1.3�0.2 680 46.79 0.91 28.57 3.94 0.00 2.16 0.00 0.44 10.14 92.95

3.24 0.05 2.33 0.23 0.00 0.22 0.00 0.06 0.89 7.02 1.39

kz10-10-02 1.39�0.2 680 48.08 0.00 31.78 7.37 0.00 1.55 0.00 0.00 10.54 99.32

3.16 0.00 2.46 0.40 0.00 0.15 0.00 0.00 0.89 7.06 1.28

kz10-10-2.2 1.08�0.2 680 48.58 0.00 32.00 3.92 0.00 0.75 0.00 0.44 10.52 96.21

3.17 0.00 2.46 0.22 0.00 0.07 0.00 0.06 0.88 6.86 1.29

Ðèñ. 5. Çàâèñèìîñòü ñîäåðæàíèÿ Si â ôåíãèòå îò äàâëåíèÿ äëÿ ïîðîä áëûáñêîãî êîìïëåêñà Ñåâåðíîãî
Êàâêàçà.

Êðóæêè — àïîýêëîãèòîâûå ãðàíàòîâûå àìôèáîëèòû, êâàäðàòû — îìôàöèòñîäåðæàùèå ãíåéñû, ðîìáû — ãíåéñû è
ñëàíöû, òðåóãîëüíèêè — ïàðàãîíèòñîäåðæàùèå ãíåéñû.

Fig. 5. Calculated pressures (GPa) for Blyb complex rocks; circles, squares, triangles — different types
of rocks.



Ðàñ÷åò äàâëåíèé ïðîâîäèëñÿ äëÿ òåìïåðàòóðû 680 °C, ñîîòâåòñòâóþùåé
ïèêîâûì óñëîâèÿì ïðîãðàäíîãî ìåòàìîðôèçìà ýêëîãèòîâ óðî÷èùà Êðàñíîé
Ñêàëû íà ð. Óðóøòåí (Perchuk, Philippot, 1997). Èñõîäíûå äàííûå áûëè ðàç-
äåëåíû íà 2 ãðóïïû ñ ñîäåðæàíèåì Si < 3.25 ê.ô. è Si > 3.25 ê.ô., äëÿ êîòîðûõ
èñïîëüçîâàëèñü ôîðìóëû (4) è (5) ñîîòâåòñòâåííî. Äëÿ ïåðâîé ãðóïïû ðàñ-
ñ÷èòàííûé äèàïàçîí äàâëåíèé îêàçàëñÿ ðàâåí 0.8�0.34—1.4�0.34 ÃÏà, äëÿ
âòîðîé — 2�0.56—2.2�0.56 ÃÏà (ðèñ. 5).

Ïîêàçàòåëüíûì ÿâëÿåòñÿ ïðèñóòñòâèå â ïåðâîé è âòîðîé ãðóïïàõ ôåíãè-
òîâ êàê èç âìåùàþùèõ ãíåéñîâ, òàê è èç îìôàöèòñîäåðæàùèõ è àïîýêëîãèòî-
âûõ ïîðîä. Ïîäîáíûå âàðèàöèè ñîñòàâà ôåíãèòà, ïî-âèäèìîìó, ÿâëÿþòñÿ ðå-
çóëüòàòîì àêòèâíîãî ïðîÿâëåíèÿ ðåòðîãðàäíûõ ïðîöåññîâ. Íà ýòî æå óêàçû-
âàåò ïðèñóòñòâèå ñðåäè àíàëèçîâ ñ ñîäåðæàíèåì Si ìåíåå 3.25 ê.ô. àíàëèçîâ,
ïî ñîäåðæàíèþ àëþìèíèÿ, ìàãíèÿ è æåëåçà ñîîòâåòñòâóþùèõ âòîðîé ãðóïïå.

Ñ ó÷åòîì ïîãðåøíîñòè ìèíèìàëüíîå äàâëåíèå, ðàññ÷èòàííîå äëÿ âòîðîé
ãðóïïû ôåíãèòîâ, ñîñòàâëÿåò 1.5 ÃÏà, ÷òî ïðèìåðíî ñîîòâåòñòâóåò îöåíêàì
äàâëåíèÿ, ïîëó÷åííûì äëÿ ýêëîãèòîâ Êðàñíîé Ñêàëû, ð. Óðóøòåí (Perchuk,
Philippot, 1997) è äëÿ ïîðîä áëûáñêîãî êîìïëåêñà, âìåùàþùèõ ýòè ýêëîãèòû
(1.8 ÃÏà; Ïåð÷óê, 1993). Ýòîò ôàêò ìîæåò ñëóæèòü äîïîëíèòåëüíûì äîâîäîì
â ïîëüçó âíóòðåííåé êîãåðåíòíîñòè áëûáñêîãî êîìïëåêñà è ïðåäïîëàãàåò ñî-
âìåñòíûé äëÿ ýêëîãèòîâ è âìåùàþùèõ ïîðîä ìåòàìîðôèçì â óñëîâèÿõ ýêëî-
ãèòîâîé ôàöèè. Ïðè ýòîì â ðåçóëüòàòå ìíîãîàêòíûõ íàëîæåííûõ ðåòðîãðàä-
íûõ ïðîöåññîâ ñëåäû ïðîãðàäíîé ìèíåðàëüíîé àññîöèàöèè îêàçûâàþòñÿ
ïðàêòè÷åñêè ïîëíîñòüþ óíè÷òîæåííûìè (Êîíèëîâ è äð., 2013).

ÇÀÊËÞ×ÅÍÈÅ

Â ðàìêàõ ïðîâåäåííîãî èññëåäîâàíèÿ ïðîòåñòèðîâàíû ôåíãèòîâûå ãåîáà-
ðîìåòðû Ìàñîíà—Øðàéåðà è Êàääèêà—Òîìïñîíà ñ èñïîëüçîâàíèåì áîëü-
øîãî ìàññèâà äàííûõ ïî ñîñòàâàì ïðèðîäíûõ è ñèíòåçèðîâàííûõ ôåíãèòîâ ñ
èçâåñòíûìè óñëîâèÿìè ôîðìèðîâàíèÿ. Åäèíîå óðàâíåíèå ãåîáàðîìåòðà íå
ïîçâîëÿåò îöåíèâàòü äàâëåíèå ñ óäîâëåòâîðèòåëüíîé òî÷íîñòüþ âñëåäñòâèå
ðàçíîðîäíîñòè èñõîäíûõ äàííûõ, ôîðìèðóþùèõ íåñêîëüêî ãðóïï (ðèñ. 3),
ðàçëè÷àþùèõñÿ ïî òåìïåðàòóðå, äàâëåíèþ, ñîñòàâó ôåíãèòà è õàðàêòåðíûì
ìèíåðàëüíûì àññîöèàöèÿì (òàáë. 1).

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ âûäåëåíû òðè ãðóïïû ôåíãèòîâ, ïåðâûå äâå
èç êîòîðûõ âêëþ÷àþò â îñíîâíîì ïðèðîäíûå, à òðåòüÿ — ýêñïåðèìåíòàëüíî
ïîëó÷åííûå îáðàçöû. Äëÿ òðåòüåé ãðóïïû (Ò > 750 °C) íå âûÿâëåíî ñóùåñò-
âåííîé çàâèñèìîñòè ñîñòàâà ôåíãèòa îò äàâëåíèÿ, ÷òî, âîçìîæíî, ñâÿçàíî ñ
íåó÷òåííûìè îñîáåííîñòÿìè ýêñïåðèìåíòîâ è âëèÿíèåì ïðîöåññà äåãèäðàòà-
öèè íà ñîñòàâ ôåíãèòà (Gemmi et al., 2008).

Ïåðâàÿ è âòîðàÿ ãðóïïû ôåíãèòîâ äåìîíñòðèðóþò áèìîäàëüíîå ðàñïðåäå-
ëåíèå ñîñòàâîâ. Íàèëó÷øèõ ðåçóëüòàòîâ äëÿ îïèñàíèÿ çàâèñèìîñòè ýòèõ ñî-
ñòàâîâ îò äàâëåíèÿ óäàëîñü äîáèòüñÿ ìåòîäîì ëèíåéíîé ðåãðåññèè äàííûõ,
ðàññìàòðèâàÿ êàæäóþ èç ãðóïï ïî îòäåëüíîñòè. Òàêèì îáðàçîì áûëî âûâåäå-
íî äâà óðàâíåíèÿ ãåîáàðîìåòðà è äîñòèãíóòà ïîãðåøíîñòü îöåíêè P, ðàâíàÿ
�0.34 ÃÏà äëÿ ïåðâîé ãðóïïû è �0.56 ÃÏà äëÿ âòîðîé ïðè 95%-íîé äîâåðè-
òåëüíîé âåðîÿòíîñòè.

Ïî ñðàâíåíèþ ñ ðàíåå ïðåäëîæåííûìè ãåîáàðîìåòðàìè óäàëîñü äîáèòüñÿ
íåáîëüøîãî ïîâûøåíèÿ òî÷íîñòè äëÿ ïåðâîé ãðóïïû (íà 0.15 ÃÏà äëÿ ãåîáà-
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ðîìåòðà Ìàñîíà—Øðàéåðà è íà 0.35 ÃÏà äëÿ ãåîáàðîìåòðà Êàääèêà—Òîìï-
ñîíà) è ñóùåñòâåííîãî ïîâûøåíèÿ òî÷íîñòè äëÿ âòîðîé ãðóïïû çà ñ÷åò óñòðà-
íåíèÿ ñèñòåìàòè÷åñêîé îøèáêè.

Íåñìîòðÿ íà óâåëè÷åíèå òî÷íîñòè ïî ñðàâíåíèþ ñ ãåîáàðîìåòðîì Êàääè-
êà—Òîìïñîíà, âåëè÷èíà îøèáêè îñòàåòñÿ äîâîëüíî áîëüøîé, ÷òî ïîçâîëÿåò
èñïîëüçîâàòü âûâåäåííûå óðàâíåíèÿ ëèøü äëÿ ïðèáëèçèòåëüíîé îöåíêè äàâ-
ëåíèé â øèðîêîì ñïåêòðå ìèíåðàëüíûõ àññîöèàöèé, ñîäåðæàùèõ ôåíãèò.
Ïðè ýòîì, óñëîâèåì ïîëó÷åíèÿ íàèáîëåå äîñòîâåðíûõ îöåíîê äàâëåíèÿ ÿâëÿ-
åòñÿ ñîäåðæàíèå Si â ôåíãèòå ìåíåå 3.25 ê.ô. ïðè T < 750°C.

Îòêðûòûì ÿâëÿåòñÿ âîïðîñ î ïðè÷èíå ðàñïðåäåëåíèÿ ñîñòàâîâ ïðèðîäíûõ
ôåíãèòîâ íà äâå ãðóïïû. Íå äî êîíöà ÿñíà ïðèðîäà îáëàñòè ñ ñîäåðæàíèåì
Si 3.25 ê.ô., ÿâëÿþùåéñÿ îáëàñòüþ íåñòàáèëüíûõ ñîñòàâîâ, âåðîÿòíî, âñëåä-
ñòâèå ðàçíûõ òèïîâ èçîìîðôèçìà. Íå âûÿâëåíà ñâÿçü ñîäåðæàíèÿ êðåìíèÿ ñ
ïåðåõîäîì ìåæäó ïîëèòèïàìè 2Ì1 è 3Ò (ðèñ. 6), îäíàêî àíàëèç ìèíåðàëüíûõ
àññîöèàöèé ïîêàçûâàåò, ÷òî ãðàíèöà äâóõ ãðóïï, âåðîÿòíî, ñîâïàäàåò ñ ïåðå-
õîäîì êèàíèò-ñèëëèìàíèò.

Ïî ìíåíèþ àâòîðîâ, äàëüíåéøåå ñîâåðøåíñòâîâàíèå ôåíãèòîâîãî ãåîáà-
ðîìåòðà öåëåñîîáðàçíî ëèøü ïðèìåíèòåëüíî ê êîíêðåòíûì ìèíåðàëüíûì àñ-
ñîöèàöèÿì. Âìåñòå ñ òåì îñíîâíûì ðåçóëüòàòîì îáñóæäàåìîé ðàáîòû ÿâëÿåò-
ñÿ ïîäòâåðæäåíèå âîçìîæíîñòè èñïîëüçîâàíèÿ ôåíãèòîâîãî ãåîáàðîìåòðà
äëÿ îöåíêè äàâëåíèé â øèðîêîì äèàïàçîíå ìèíåðàëüíûõ àññîöèàöèé.

Ïðèìåíåíèå ïîëó÷åííûõ óðàâíåíèé ãåîáàðîìåòðà (4, 5) äëÿ ôåíãèòîâ
áëûáñêîãî êîìïëåêñà Áîëüøîãî Êàâêàçà ïîêàçàëî, ÷òî ïèêîâîå äàâëåíèå ïðè
ìåòàìîðôèçìå âìåùàþùèõ ýêëîãèòû ãíåéñîâ ìîãëè äîñòèãàòü 2.0—2.2 ÃÏà è
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Ðèñ. 6. Äèàãðàììà ðàñïðåäåëåíèÿ 2Ì1 è 3Ò ïîëèòèïîâ ôåíãèòà â çàâèñèìîñòè îò ñîäåðæàíèÿ Si è æåëå-
çèñòîñòè XFe ñëþäû ïî äàííûì ðàçíûõ àâòîðîâ.

Fig. 6. Diagram of the 2M1 and 3T phengite polytypes distribution in dependence on the Si content (a. p. fu)
and the ferruginosity (XFe), according to published data.



âî âñÿêîì ñëó÷àå áûëî íå ìåíüøå 1.5 ÃÏà, ÷òî ñîãëàñóåòñÿ ñ äàííûìè ïðåä-
øåñòâåííèêîâ è ÿâëÿåòñÿ äîïîëíèòåëüíûì àðãóìåíòîâ â ïîëüçó ìåòàìîðôè-
÷åñêîé êîãåðåíòíîñòè êîìïëåêñà.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü àêàäåìèêó Â. Â. Ðåâåðäàòòî çà ïðî÷òå-
íèå ðóêîïèñè è öåííûå çàìå÷àíèÿ è ñîâåòû.
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