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ʀʥʪʨʫʟʠʚʳ ʙʘʟʠʪʦʚʦʛʦ ʩʨʝʜʥʝʶʨʩʢʦʛʦ (ʨʘʥʥʝʙʘʡʦʩʩʢʦʛʦ) ʇʝʨʚʦʤʘʡʩʢʦ-ɸʶʜʘʛʩʢʦʛʦ 
ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇɸʀʂ ï ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʧʣʘʛʠʦʣʝʨʮʦʣʠʪ ï ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪ 
ï ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʠʦʨʠʪ ï ʢʚʘʨʮʝʚʦʜʠʦʨʠʪ ï ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʡ ʬʦʨʤʘʮʠʠ - ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʝʟʦʟʦʠʜʘʭ ɻʦʨʥʦʛʦ ʂʨʳʤʘ (ʉʧʠʨʠʜʦʥʦʚ ʠ 
ʜʨ., 1990, 2018, 2019ʘ, 2019ʙ). ʀʥʪʨʫʟʠʚʳ ʇɸʀʂ ʚʥʝʜʨʠʣʠʩʴ ʚ ʩʣʦʞʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʝ 
ʬʣʠʰʝʚʳʝ ʪʦʣʱʠ T2 - J1 ʢʘʢ ʶʞʥʦʡ ɻʦʨʥʦ-ʂʨʳʤʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʳ, ʪʘʢ ʠ ʩʝʚʝʨʥʦʡ 
ʃʦʟʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʦʥʳ ʢʠʤʤʝʨʠʜ ɻʦʨʥʦʛʦ ʂʨʳʤʘ (ʄʫʨʘʪʦʚ, 1973; ʄʠʣʝʝʚ ʠ ʜʨ., 
2009). ʆʩʦʙʝʥʥʦʩʪʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʇɸʀʂ ï ʦʙʠʣʠʝ ʘʥʦʨʪʠʪʘ ʠ ʙʠʪʦʚʥʠʪʘ, 
ʨʦʤʙʠʯʝʩʢʠʭ ʧʠʨʦʢʩʝʥʦʚ; ʩʤʝʥʘ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʣʠʚʠʥ + ʭʨʦʤʰʧʠʥʝʣʠʜʳ - Mg 
ʧʠʨʦʢʩʝʥʘʤʠ + ʘʥʦʨʪʠʪ; ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʧʠʨʦʢʩʝʥʘʤʠ + ʙʠʪʦʚʥʠʪ + Mg ʠʣʴʤʝʥʠʪ, ʝʱʸ 
ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ Fe ʧʠʨʦʢʩʝʥʘʤʠ + ʣʘʙʨʘʜʦʨ + ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ + ʠʣʴʤʝʥʠʪ; ʥʘʠʙʦʣʝʝ 
ʧʦʟʜʥʠʤʠ Fe ʧʠʨʦʢʩʝʥʘʤʠ + ʘʥʜʝʟʠʥ, ʩʘʤʳʤ ʧʦʟʜʥʠʤ ʢʚʘʨʮʝʤ + ʦʣʠʛʦʢʣʘʟ + ʙʠʦʪʠʪ. 
ɻʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʇɸʀʂ ï ʙʠʦʪʠʪʘ ʠ ʘʤʬʠʙʦʣʦʚ 
ʦʯʝʥʴ ʤʘʣʦ, ʭʦʪʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʤʘʛʤʳ ʥʘʩʳʱʝʥʳ ʚʦʜʦʡ (ɿʘʚʘʨʠʮʢʠʡ, 1955; 
ʗʨʦʰʝʚʩʢʠʡ, 2004).  
           ʉʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʤʬʠʙʦʣʦʚ ʚ ʤʘʣʦʤʦʱʥʳʭ ʞʠʣʢʘʭ 
ʣʘʤʧʨʦʬʠʨʦʚ (ʩʧʝʩʩʘʨʪʠʪʦʚ) ʩʨʝʜʠ ʩʠʣʣʦʦʙʨʘʟʥʦʛʦ ʪʝʣʘ çʜʠʘʙʘʟʦʚè ʫ ʨʝʢʠ ɹʦʜʨʘʢ (ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʡ ʩʠʣʣ ʃʝʙʝʜʠʥʩʢʦʛʦ) ʫʩʪʘʥʦʚʠʣ ɺ.ʀ. ʃʝʙʝʜʠʥʩʢʠʡ (1962). ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, 
ʵʪʦ ʠʥʪʨʫʟʠʚʥʦʝ ʪʝʣʦ ʩʣʦʞʝʥʦ ʦʣʠʚʠʥʦʚʳʤʠ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʘʤʠ ʠ ʦʢʨʫʞʝʥʦ 
ʤʘʣʦʤʦʱʥʳʤ ʦʨʝʦʣʦʤ ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɿʘʤʝʪʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʤʬʠʙʦʣʦʚ ʠ ʞʠʣʳ ʣʘʤʧʨʦʬʠʨʦʚ (ʨʠʩ. 1), ʙʦʛʘʪʳʭ ʘʤʬʠʙʦʣʘʤʠ, ʨʘʟʚʠʪʳ 
ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʫʯʘʩʪʢʝ, - ʪʘʤ, ʛʜʝ ʩʠʣʣʦʦʙʨʘʟʥʳʡ ʠʥʪʨʫʟʠʚ ʨʝʟʢʦ ʤʝʥʷʝʪ ʧʨʦʩʪʠʨʘʥʠʝ ʠ 
ʧʝʨʝʩʝʢʘʝʪ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 90Á ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ ʪʘʚʨʠʯʝʩʢʦʡ ʩʝʨʠʠ. ʇʨʠʯʸʤ 
 

 
 
ʈʠʩ. 1. ʉʠʣʣʦʦʙʨʘʟʥʳʡ ʠʥʪʨʫʟʠʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʦʚ ʫ ʨʝʢʠ ɹʦʜʨʘʢ, ʂʨʳʤ. 
ɾʠʣʳ ʢʝʨʩʫʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ ʣʘʤʧʨʦʬʠʨʦʚ (ʪʸʤʥʳʝ) ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ ʚ ʮʝʥʪʨʝ ʪʝʣʘ. 
 
 
 

ʊʘʙʣʠʮʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʤʘʩʩ. %) ʢʝʨʩʫʪʠʪʘ (1-6) ʠ ʛʘʩʪʠʥʛʩʠʪʘ (7-8) 
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ʩʠʣʣʦʦʙʨʘʟʥʦʛʦ ʠʥʪʨʫʟʠʚʘ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʦʚ ʫ ʨʝʢʠ ɹʦʜʨʘʢ, ʂʨʳʤ 
ʇʨʠʤʝʯʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ FeO ʠ Fe2O3 ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ; ʥʧʦ ï ʥʠʞʝ 

ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ. Cr, Ni, Zn, F ï ʥʝ ʦʙʥʘʨʫʞʝʥʳ 

 
ʧʨʦʩʪʠʨʘʥʠʝ ʩʝʢʫʱʠʭ ʞʠʣ ʣʘʤʧʨʦʬʠʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʩʪʠʨʘʥʠʶ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ 
ʛʘʙʙʨʦʠʜʦʚ. ʂʦʥʪʘʢʪʳ ʞʠʣ ʣʘʤʧʨʦʬʠʨʦʚ ʦʪʯʸʪʣʠʚʳʝ, ʥʦ ʥʝ ʨʝʟʢʠʝ, - çʛʦʨʷʯʠʝè (ʨʠʩ. 2). 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʤʝʩʪʝ ʨʝʟʢʦʛʦ ʠʟʛʠʙʘ ʪʝʣʘ ʛʘʙʙʨʦʠʜʦʚ ʙʳʣʘ çʩʙʨʦʰʝʥʘè ʥʘʢʦʧʣʝʥʥʘʷ 
ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʦʚʘʥʘ ʚ ʩʦʩʪʘʚʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʤʬʠʙʦʣʦʚ ï ʢʝʨʩʫʪʠʪʝ 
ʠ ʛʘʩʪʠʥʛʩʠʪʝ (ʨʠʩ. 2-5, ʪʘʙʣʠʮʘ). ʅʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʢʝʨʩʫʪʠʪ (ʘʥ. 1-4, ʪʘʙʣʠʮʘ) 
ʩʣʘʛʘʝʪ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʘʤʬʠʙʦʣʘ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 
ʞʝʣʝʟʠʩʪʳʡ ʢʝʨʩʫʪʠʪ (ʘʥ. 5-6) ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʦʥʳ, ʛʘʩʪʠʥʛʩʠʪ (ʘʥ. 7-8) ï ʚʥʝʰʥʠʝ ʟʦʥʳ. 
 

  
 

ʈʠʩ. 2. ʉʠʣʣʦʦʙʨʘʟʥʳʡ ʠʥʪʨʫʟʠʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʦʚ ʫ ʨʝʢʠ ɹʦʜʨʘʢ, ʂʨʳʤ. 
çɻʦʨʷʯʠʡè ʢʦʥʪʘʢʪ ʢʝʨʩʫʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ ʣʘʤʧʨʦʬʠʨʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ. ɺ ʧʨʦʭʦʜʷʱʝʤ 
ʩʚʝʪʝ, ʩʣʝʚʘ ï ʧʨʠ 1 ʥʠʢʦʣʝ, ʩʧʨʘʚʘ ï ʥʠʢʦʣʠ ʭ. 

 
 
 
ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ. ʏʠʩʣʦ ʘʪʦʤʦʚ ʚ ʬʦʨʤʫʣʝ ʢʝʨʩʫʪʠʪʘ (1-6) ʠ ʛʘʩʪʠʥʛʩʠʪʘ (7-8) 

ʂʦʤʧʦ-
ʥʝʥʪʳ 

1 2 3 4 5 6 7 8 

Siʆ2 39.83 39.38 39.81 39.57 40.38 39.57 41.57 41.19 

Al2O3 12.90 13.50 13.41 13.31 12.45 13.05 11.08 11.63 

Tiʆ2 4.37 4.32 4.32 4.10 4.17 4.07 3.06 3.08 

V2ʆ3 0.17 0.18 0.15 0.26 0.18 0.18 ʥʧʦ ʥʧʦ 

Fe2O3 1.68 3.13 1.19 1.28 4.13 2.77 3.85 5.25 

FeO 10.81 9.96 11.84 11.91 10.26 11.45 13.28 12.84 

Mnʆ 0.16 0.17 0.14 0.17 0.24 0.25 0.39 0.38 

Mgʆ 12.48 12.38 11.88 11.84 12.27 11.72 10.45 10.46 

Sc2O3 0.15 0.11 0.16 0.14 0.12 0.10 0.08 ʥʧʦ 

CaO 11.55 11.28 11.29 11.48 11.30 11.36 10.49 10.59 

SrO 0.88 0.79 0.98 0.83 0.70 0.79 0.90 0.88 

Y2O3 0.66 0.65 0.80 0.47 0.40 0.72 0.56 0.59 

Na2O 2.32 2.48 2.23 2.49 2.34 2.29 2.37 2.45 

K2O 0.70 0.79 0.78 0.77 0.74 0.71 0.76 0.80 

Cl 0.03 ʥʧʦ 0.05 0.03 ʥʧʦ ʥʧʦ 0.08 0.11 

ʉʫʤʤʘ ï 
O = Cl2 

98.68 99.12 99.02 98.64 99.63 99.03 98.91 99.44 



 
 

 
 
ʈʠʩ. 3. çɻʦʨʷʯʠʡè ʢʦʥʪʘʢʪ ʢʝʨʩʫʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ ʣʘʤʧʨʦʬʠʨʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ. ɺ 
ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʧʨʠ 1 ʥʠʢʦʣʝ. 
 
 
 

ʂʦʤʧʦ-
ʥʝʥʪʳ 

1 
 

2 3 4 5 6 7 8 
 

Si 5.909 5.809 5.898 5.887 5.929 5.873 6.218 6.098 

Al IV  2.091 2.181 2.102 2.113 2.071 2.127 1.782 1.902 

ʩʫʤʤʘ 8 

Ti 0.487 0.479 0.480 0.459 0.460 0.455 0.344 0.343 

Fe3+ 0.186 0.333 0.133 0.143 0.436 0.310 0.435 0.530 

Fe2+ 0.143 - 0.129 0.146 - 0.058 0.050 - 

AlVI  0.163 0.167 0.240 0.221 0.083 0.156 0.171 0.127 

V 0.021 0.021 0.018 0.031 0.021 0.021 - - 

ʩʫʤʤʘ 1 

Mg 2.760 2.782 2.624 2.625 2.675 2.592 2.329 2.306 

Fe2+ 1.199 1.228 1.338 1.336 1.260 1.364 1.611 1.589 

Fe3+ - 0.015 - - 0.021 - - 0.056 

Mn 0.021 0.021 0.018 0.021 0.029 0.032 0.049 0.049 

Sc 0.020 0.014 0.020 0.018 0.015 0.012 0.011 - 

ʩʫʤʤʘ 4 

Ca 1.836 1.782 1.792 1.830 1.778 1.807 1.682 1.679 

Sr 0.076 0.068 0.085 0.072 0.060 0.068 0.078 0.076 

Y 0.034 0.051 0.063 0.038 0.031 0.058 0.045 0.046 

ʩʫʤʤʘ 1.946 1.901 1.940 1.950 1.869 1.933 1.805 1.801 

Na 0.668 0.711 0.640 0.718 0.667 0.660 0.688 0.704 

K 0.133 0.149 0.148 0.146 0.139 0.134 0.145 0.151 

ʩʫʤʤʘ 0.801 0.860 0.788 0.864 0.806 0.794 0.833 0.855 

OH 1.993 2.000 1.988 1.993 2.000 2.000 1.979 1.972 

Cl 0.007 - 0.012 0.007 - - 0.021 0.028 

cʫʤʤʘ 2 

f 36.0 37.1 38.2 39.0 39.5 40.5 47.9 49.1 



 
 

 
 

ʈʠʩ. 4. ʉʠʣʣʦʦʙʨʘʟʥʳʡ ʠʥʪʨʫʟʠʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʦʚ ʫ ʨʝʢʠ ɹʦʜʨʘʢ, ʂʨʳʤ. 
ʂʝʨʩʫʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʝ ʣʘʤʧʨʦʬʠʨʳ ʠʟ ʞʠʣʳ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ. ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ, 
ʩʚʝʨʭʫ ï ʧʨʠ 1 ʥʠʢʦʣʝ, ʚʥʠʟʫ ï ʧʨʠ ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ. 

 
            ʉʦʩʪʘʚ ʛʣʘʚʥʳʭ ʪʠʧʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʤʬʠʙʦʣʦʚ ʧʦ (Leake et al., 2003): 
                          ʧʘʨʛʘʩʠʪ - NaCa2(Mg, Fe2+)4 (Al, Fe3+, Ti) [Al 2Si6O22] (OH)2 
                      ʛʘʩʪʠʥʛʩʠʪ - NaCa2(Fe2+, Mg)4 (Fe3+, Al, Ti) [Al 2Si6O22] (OH)2 
                         ʢʝʨʩʫʪʠʪ - NaCa2(Mg, Fe2+)4 (Ti, Al,  Fe3+) [Al 2Si6O22] (OH, ʆ)2 
 
 



 
 
ʈʠʩ. 5. ʉʠʣʣʦʦʙʨʘʟʥʳʡ ʠʥʪʨʫʟʠʚ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʦʚ ʫ ʨʝʢʠ ɹʦʜʨʘʢ, ʂʨʳʤ. 
ɼʚʘ ʧʦʢʦʣʝʥʠʷ ʞʠʣ ʢʝʨʩʫʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ ʣʘʤʧʨʦʬʠʨʦʚ ʚ ʛʘʙʙʨʦʠʜʘʭ. ʆʪʯʸʪʣʠʚʦ 
ʧʨʦʷʚʣʝʥʘ ʬʣʶʠʜʘʣʴʥʦʩʪʴ. ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʧʨʠ 1 ʥʠʢʦʣʝ. 
 
 
           ʆʙʦʛʘʱʸʥʥʳʡ ʪʠʪʘʥʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʘʤʬʠʙʦʣ ʢʝʨʩʫʪʠʪ - ʭʘʨʘʢʪʝʨʥʳʡ ʤʠʥʝʨʘʣ 
ʱʝʣʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ (ɿʘʚʘʨʠʮʢʠʡ, 1955; Sørensen, 1997; Philpotts, Ague, 2009). 
ʅʠʟʢʦʪʠʪʘʥʠʩʪʳʡ ʢʝʨʩʫʪʠʪ ʥʘʙʣʶʜʘʣʩʷ ʥʘʤʠ ʚ ʮʝʣʦʤ ʨʷʜʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ 
ʛʘʙʙʨʦʠʜʦʚ ʂʘʟʘʭʩʪʘʥʘ ʠ ʋʨʘʣʘ. ʀ ʚ ʜʘʥʥʦʤ ʢʨʳʤʩʢʦʤ ʚʘʨʠʘʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ 
ʥʠʟʢʦʪʠʪʘʥʠʩʪʦʛʦ ʢʝʨʩʫʪʠʪʘ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʪʠʧʘ. ʉʦʩʪʘʚ 
ʙʦʜʨʘʢʩʢʦʛʦ ʢʝʨʩʫʪʠʪʘ ï (Na0.64-0.72K0.13-0.15)0.79-0.86 (Ca1.78-1.84Sr0.06-0.09Y0.03-0.06)1.87-1.95  
(Mg2.59-2.78Fe2+

1.20-1.36Mn0.02Sc0.01-0.02)4(Ti0.46-0.49Fe3+
0.31-0.44Al0.08-0.24)1 [(Al2.19-2.07Si5.81-5.93)8O22] 

(OH1.99-2 Cl0.01-0)2; ʞʝʣʝʟʠʩʪʦʩʪʴ ʵʪʦʛʦ ʘʤʬʠʙʦʣʘ ï 36.6-40.5. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 
ʙʦʜʨʘʢʩʢʦʛʦ ʢʝʨʩʫʪʠʪʘ ï ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʠ ʭʣʦʨʘ, ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚ 
ʩʪʨʦʥʮʠʷ, ʠʪʪʨʠʷ ʠ ʩʢʘʥʜʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʭʨʦʤʘ ʠ ʬʪʦʨʘ. ʉʦʩʪʘʚ ʙʦʜʨʘʢʩʢʦʛʦ ʛʘʩʪʠʥʛʩʠʪʘ ï 
(Na0.69-0.70K0.15)0.83-0.86 (Ca1.68Sr0.08Y0.05)1.81 (Mg2.31-2.33Fe2+

1.59-1.61Mn0.05Sc0-0.01)4 

(Fe3+
0.44-0.53Ti0.34Al0.13-0.17)1 [(Al1.90-1.78Si6.10-6.22)8O22] (OH)2; ʞʝʣʝʟʠʩʪʦʩʪʴ ʵʪʦʛʦ ʘʤʬʠʙʦʣʘ ï 

47.9-49.1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʤʬʠʙʦʣʦʚ ʚ 
ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪ-ʜʦʣʝʨʠʪʘʭ ɹʦʜʨʘʢʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʠ ʚ ʞʠʣʘʭ ʣʘʤʧʨʦʬʠʨʦʚ ʩʨʝʜʠ 
ʥʠʭ ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ, ʤʘʛʥʠʷ, ʩʢʘʥʜʠʷ, ʭʣʦʨʘ, ʚʦʟʨʘʩʪʘʣʦ ʩʦʜʝʨʞʘʥʠʝ 
ʞʝʣʝʟʘ, ʢʘʢ ʜʚʫʭ-, ʪʘʢ ʠ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ, ʠ ʤʘʨʛʘʥʮʘ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 19-05-00490). 
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