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Mineral Si0, TiO, ALO; FeO MnO CaO MgO Na,0O K,O Total Xy,*
Bi-1 3828 1.74 1524 2226 0.32 - 10.06 0.00 890 96.79 0.44
Bi-2 37.64 144 1546 22.69 0.29 - 9.75 047 8.60 9633 043
Bi-3 3731 146 1579 23.16 0.31 - 9.04 0.00 878 9585 0.4l
Amf-1 54.08 006 2.09 1646 043 1146 1348 020 0.18 9844 0.59
Amf-2 5151 028 334 1825 033 11.04 1240 1.00 042 98.58 0.54
Amf-3 53.73  0.11 1.36 1857 0.64 1034 1235 058 023 9791 0.53

Bi-1 — (Ko .87Nag00)0.87(Mg;.15Fe; 45Mng 02 Tig 1Al 30)3(S12.03A11 07)4010[O.28(OH), 7212
Bi-2 — (Ko 85Nag07)0.02(Mgi.12Fe1 46Mng 02 Tig.08Al0.32)3(Si2.91Al1.09)4010[ O.31(OH) 1 6912
Bi-3 — (Ko .87Nag 00)0.57(Mg;.05Fe1 s5oMng 02 Tig.09Alg 34)3(Si2.90Al1.10)4010[Og.20(OH) 71 ]
Amf-1 - (Ca; 76Nag 06Ko.03)1.85(Fe1.97Mg2.87Tig.01Mng 95Alg.10)5(Si7.75A1.25)8022[ Qg 43(OH) 1 5212
Amf-2 — (Ca; 75Nag 23K0.07)2.07(Fe221Mg2 63 Tig.03Mng 04 Al 04)5(Si7.47A10.53)8022[ Og.36(OH) 1 6412
Amf-3 — (Ca; 61Nag 16K 04)1.81(F€2.24Mg5 66 Ti.01Mng g3 Alg 01)5(Si7.77Al0 23)8022[O0.22(OH), 78]

_ ~Bi.Amf
Xmg* =X Mg/(Mg+Fe+Mn)

Tab. 5. Chemical composition of biotite (Bi) and amphibole (Amf) from syenite (sample No. 2126) of the Krasnokamensk massif

(wt.%)

insignificant; 2) the Mg of biotite is lower than that of
amphibole (X M¢/(Mg + Fe + Mn) = 0.41-0.44; X M¢/
(Mg + Fe + Mn) = 0.53-0.59); 3) the crystal chemical
formula of amphibole corresponds to actinolite, which
is characterized by low contents of TiO, (0.06-0.28%),
AL O, (1.36-3.34%), alkalis (K,O + Na,O = 0.38-
1.42 %); 4) the distribution coefficient of Mg and Fe
between biotite and amphibole — K = (XMgBi/XFeBi)/
(X, "X ) — used as a criterion for distinguishing
between biotites (Pribavkin, 2019) crystallizing directly
from the melt (K> 1), and those, which are formed upon
replacement of hornblende (K <1), is 0.56-0.64 for
the Krasnokamensk massif. All of the above indicates
that the considered biotite-amphibole paragenesis was
formed at the postmagmatic stage.

The transformation temperature of the initially
igneous rocks was obtained using the diagram of the phase
relation of the magnesianities of biotite and amphibole
(Perchuk, Ryabchikov, 1976). The compositions of these
minerals transferred to it are located between the 730 °C
and 770 °C isotherms (Fig. 5).

In addition to the temperature, using a biotite-
amphibole thermometer, using a biotite-garnet
thermobarometer, it is possible to calculate the pressure
purely theoretically (although the rocks of the considered
massifs do not contain garnet). Knowing the temperature
and coefficient Xote /(Mg+Fe+Mn) for biotite of three samples,
using another diagram (XBng/(Mg+Fe+Mn)_ Gng/(Mg+Fe+Mn))
(Perchuk, Ryabchikov, 1976) you can get the coefficient
K= XG‘Mg/(Mg+Fe+ v fOr garnet (K = 0.20 for the 1st pair,
K =0.17 — for the 2nd, K = 0.16 — for the 3rd). Then
the coefficient K* =X i v/ X e (e + e + my 1
calculated (InK* =—0.79 for the 1st pair; InK* =-0.93
— for the 2nd; InK* = 0.94 — for the 3rd) and is displayed
on the P—T diagram, which allows one to determine the
pressure by T and InK* in the biotite-garnet paragenesis
(Fig. 6) (Thermo- and barometry..., 1977).

According to this diagram, the pressure at the time of
the formation of mafic minerals (biotite and amphibole)
at the postmagmatic stage was about 4.0—4.2 kbar.
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Fig. 5. Composition of biotites and amphiboles from
syenite of the Krasnokamensk massif (Table 5) on the phase
correspondence diagram, according to L.L. Perchuk, 1.D.
Ryabchikov (Perchuk, Ryabchikov, 1976): 1 — the Ist pair of
minerals (Bi-1, Amf-1), 2 — the 2nd pair of minerals (Bi-2,
Amf-2), 3 — the 3rd pair of minerals (Bi-3, Amf-3).

Conclusion

The new geological and scientific research material
presented in the work made it possible to draw the
following main conclusions:

1. The Sokolovsk and Krasnokamensk massifs are
located in the axial part of the Western subzone of the
Chelyabinsk-Adamovka zone, are part of the gabbro-
syenite complex and are composed of gabbroids (phase 1)
and syenites, quartz monzonites, less often monzodiorites
(phase II). The rocks of the second phase predominate
(90-95%). Gabbros belong to the normal alkaline series of
the sodium series, syenites correspond to the moderately
alkaline series with potassium-sodium type of alkalinity.

2. Interms of petrographic, petrochemical, geochemical
and metallogenic features (content of TiO,, K.O, Na O,
Rb, Sr, distribution of REE, presence of skarn-magnetic
mineralization), the rocks of the intrusions under
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Fig. 6. P — T diagram for determining the pressure by T
and [nK in the biotite — garnet association in syenites of the
Krasnokamensk massif (Thermo and barometry..., 1977):
points 1-3 — Table 5. 1 — the 1st pair of minerals (Bi-1, Amf-
1, calculated parameters for garnet — XGrMg /(Mg + Fe +
Mn) = 0.20, InKGr-BiMg/(Mg + Fe + Mn) =—0.79), 2 — the
2nd pair of minerals (Bi-2, Amf-2, calculated parameters for
garnet — XGrMg/(Mg + Fe + Mn) = 0.17, InKGr-BiMg/(Mg
+ Fe + Mn ) = —0.93), 3rd — the 3rd pair of minerals (Bi-3,
Amf-3, calculated parameters for garnet — XGrMg/(Mg +
Fe + Mn) = 0.16, InKGr-BiMg/(Mg + Fe + Mn) = —0.94).
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consideration undoubtedly belong to the gabbro-granite
formation.

3. Crystallization of the considered intrusions occurred
at a temperature of 880-930 °C in the mesoabyssal zone
at a depth of about 7-8 km (P = 2.2-2.4 kbar). At the
postmagmatic stage, the transformation parameters
of the initially igneous rocks were, respectively, T =
730-770 °C, P =4.0-4.2 kbar.

4. Together with the Bolshakovsky, Klyuchevsky,
Kurtmaksky and Kambulatovsky massifs (Fig. 1),
Sokolovsk and Krasnokamensk massifs are part of the
Chelyabinsk-Adamovka segment of the rift system,
traced in the submeridional direction at a distance
of about 400 km and traced by a chain of small
intrusions belonging to the gabbro-granite formation
(Magnitogorsky, Krasnokamensk and Kanzafarovsky
complexes). According to their petrochemical
characteristics, the gabbroids of the Krasnokamensk
and Sokolovsk massifs belong to tholeiitic basic rocks,
the formation of which is associated with riftogenic
structures.

Based on the data obtained in this work, it can be
assumed that the formation of the rift took place in
the Early Carboniferous time in the back-arc basin
of the Devonian island arc. In the collisional stage of
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development of the region that followed in the second
half of the Carboniferous-Permian, the northern part of
the Magnitogorsk megazone and the border region of
the Southern and Middle Urals were in severe collision,
as a result of which the formation of their eastern flank,
including the gabbro-granite formation (Chelyabinsk-
Adamovka zone), were overthrusted on the western edge
of the East Ural uplift (Snachev et al., 2019).
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