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1

1.1  

1.1.1 

 

[1

 

1

 

3, 4

Euphorbia fischeriana Steud

5]. 

; (3) 

  



9 

.

  

 

S4 Pioneer (Bruker AXS, 

plus 

 

LiBr 

TheOX (Claisse

 

- - - -1, INCT-MPH-2, GSV-4, INCT-SBF- - -

AGV-2, BHVO-2, RGM-1, DTS-1, GSS- - -2, 

- - - - - - - - - - - -2, 

- - - -3. 

 

S2 PICOFOX (Bruker 

Nano



10 

Spectra

 

- Triton -

 

- -

INCT-MPH- -  1.1.1  1.1.2) 

 

  

 
-1 -3 

C  C  C  C  
Na2O     
MgO     
Al2O3     
SiO2   6   
P2O5     
K2O     
CaO     
TiO2     
MnO     
Fe2O3     

 

Ba, Br, and Ti 

Cr V  -  

 



11 

 
INCT-MPH-2 -1 

C  C  C  C  
Na (350)* 336 42 44 4 42 14 
Mg 2920 180 2970 380 1200 200 1220 60 
Al 670 111 570 70 190 30 197 3 
Si / ** 4330 210 1100 400 1110 300 
P (2500) 2920 180 1400 200 1470 110 
K 19100 1200 18800 400 4600 300 4820 90 
Ca 10800 700 11300 200 4200 200 4700 300 
Ti (34) 47 10 11 3 13 4 
Mn 191 12 179 7 215 12 243 24 
Fe (460) 476 40 470 60 570 70 
S 2410 140 2190 170 1020 100 910 100 
Cl 2840 200 2710 173 (370)  
Br 7.7 0.6 5.2 2.8 (1.2)  
Ba 32.5 2.5 39.0 6.2 4.8 0.4 5.5 2 

*  
**  
***  

 1.1.1 

6]. 

 

 
  



     

 
-1 -3 INCT-MPH-2 -1 

C  C  C  C  C  C  C  C  
V 77  8 51  15 110  10 88  7.0 0.95  0.16  c 0.27  0.04  
Cr 82  5 115  19 140  10 165  83 1.7  0.13  3.6  0.3  
Mn 596  15 624  32 705  15 699  28 191  12 161  4.6 215  12 267  11 
Ni 33  3 30  2 56  4.0 49  5.0 1.6  0.16 1.1  0.20 2.0  0.1 1.5  0.08 
Cu 22  1 27  3 30  1.0 30  3.0 7.8  0.53 8.1  0.70 3.8  0.2 3.8  0.27 
Zn 52  2 67  5 73  2.0 82  6.0 33  2.1 29  1.1 45  3 55  0.91 
As ** 7.0  2.0  9.0  1.0   (0.2  
Br  12  3.0  14  4.0 7.7  0.60  (1.2)  
Rb 84 15 103  13 85  5.0 90  7.0 11  0.70 10  1.0 2.3  0.2 2.3  0.10 
Sr 130 20 107  9.0 160  3.0 120  4.0 38  2.7 38  1.5 11  1 15  0.04 
Y (39)*a 35  22 28  2.0 26  10   0.067  0.005  
W  ***       
Ba 430 70 440  120 470  60 256  45 33  2.5 26  10 4.8  0.4  
Pb 16  3.0 20  4.0 16  3.0 14  1.0 2.2  0.20 2.1  0.90 0.38  0.05 0.92  0.05 

* ; 
** ; 
***  



Si, Al, Fe, 

Na Al, Fe, Mg, Cl 

Si, Al Na 

Al 

Al 

Al, Fe, Na Si

Mg Cl

Ti Ni 

- Ti 

Ni 

 

1.1.2 

7 8]. 

 

 
 

MgO CaO 



14 

TiO2 MnO

Pb, Cr Sr 

Cr, Ni, Zn, Pb Sr  

 1.1.3 

-  

 
  

-  

2O3 

Zn, 

Cu, Pb Ba 

 



15 

Mg, P, K, Ca Zn

 

 

 
9-12] 

  %  
 

 
 

 
 

 
 

Na  0.132-0.254 Ti  35-489 
Mg  0.049-0.262 Cr <3 <3-86 
Al  0.038-1.094 Ni 8 5-12 
Si  0.105-3.253 Cu 2 10-32 
P  0.164-0.194 Zn 127 27 10-152 
S  0.12-0.251 Br <3 7 
Cl <0.030 0.038-0.349 Rb 7.  10-41 
K 0.997 12 0.79-1.29 Sr 141 20 30-215 
Ca 1.037 20 0.31-3.6 Zr 2.1  < 1-14 
Mn 0.0045  0.007-0.017 Ba 73 10 37-215 
Fe 0.0233 21 0.035-1.020 Pb <3 <3-11 

 

1.1.2 

 

-2021-0004 

- 13

10  



16 

14, 15

- c -

16]. 

17-20

-

-

- - 2

 

- 

2; Sigma-Aldrich 2B4O7

2B4O7 2, Chemphys X-

illuminas Flux BGV Lab

3O5

- -

- -

-

 

21

- - SiO2 

Al2O3 K2O Na2O  



17

5.8 %

- c

- XS-

d

- B -

20], 

-

-

.

B

O - XS-55 (2d

- O

- 18].

-



18

-

- Int

-

SD .
Int(B ) 0. 28

( ) = -0.2215 -7.779*Int(B K ) +3.9984*Int 2 0.24

-
( ) = 0.2901 +0.8924*Int(B K ) -0.014142*Int(O K ) 0.20

19

[20

22

1.1.5

[22]



19 

-

 

  



20 

1.2

 

 

-

- 

 -Na  -Ca  

-

23-27 -

 

in situ

28-33]. 

-

-

-

4(Si28Al8)O72 2

Fmmm 34]).  

Ka 

-  



21 

-

-Ka

 

 

 

  

 

 

 

 

  

 

 

 

35

36]. 

a b c = 

V 3 

 

Fmmm Amma



22 

 Amma

 

31]. 

 

 
1.2.1  

  
  

 
 

 

 



23 

b c

.

in situ 31

- -

in situ 33

B-

31 33 (in situ ex situ), 

in situ 

 

  



24 

1.3 -

 -

,  

 

 

-

 

-

  

37-40]. 

 

-

41

Quorum Technologies.  

 

(Tescan Brno, s.r.o -



25 

-8200 (Jeol Ltd

42-46

SE BSE) 

 

 

4.0 

86 

Aztec

 

- - -

 10  

-  

Superprobe JXA-

. 

-2G, BIR-1G, 

47]; K-

48]. 

-

49-51 -  



26

GeoPT) [52].

10

-
3 2 2O3); 

2 6Si2O13; 
3 (CaCO3, CaMg[CO3]2); 4 

-

-



27

-

-

- -

-
2)

-

1.3.2

2

KAl [AlSi O ]



28

3, CaMg[CO3]2)

1.3.1). 

-

2); 2 
3 3[Si3AlO10] [OH, F]2)

-

-

-

-



29 

 

 

  



30 

- -

 

 Hf -

-  [53]. 

-

 

 [54

 

HNO3 HClO4;  

(2) 

 

 

(4) 

 

 

 -  MC-ICP-MS 

Neptune-Plus (Thermo Fisher Scientific )  

176Hf/177Hf 179Hf/177Hf 

Yb Lu 172Yb/174Hf =0.685831, 172Yb/176Hf 
175Lu/176Hf 

AGV-

(N=11); BCR- N  JMC- N=30). 

 

 (    

    

 

  



31 

-

-

-

 

 

 

  

 

 

 

 

: 

 

55

 

- 55, 56]; 

    

Thymus - 57]; 

 

58, 59]; 

 

-

 

 -

- 

 

  



32 

3.1

3.1.1 

 

 60, 61

(Pinf) 

iu ut

nCC
P

;
2inf 2

log

(1)

-

 

- 

 

3.1.2 

 

-    

Thymus -  

3.1.2.1   

 

 -

 

 



33 

-

4

  - -

 

 -

 

-

-41-08-212-2004 [50

-

-  

     

 (Pinf  -  

  (Pinf  

 

  



34 

-

- 66

pH) 

C C  

   

 

 

 

 
 

 
 

  

 

 

 S 

 

 

 
Si, Al, Mg, Ca, Fe, Ti, Mn, Ba, 
Sr 

-
 

B, P, Ni, Co, V, Cr, Mo, Sn, Pb, 
Cu, Zn, Ag, Bi, Cd, Sb, As, F, Li, 
W 

 pH  
  

  S, Cl  Br 

(1) 

Al, B, Ba, Be, Ca, Co, Cr, Cu, Fe, 
Ga, K, Li, Mg, Mn, Na, Ni, P, Pb, 

 
 

 

 Na, K, Li, Rb  

-  

 

Si, Al, Mg, Ca, Fe, Ti, Mn, 
P, Na, K, Li, Rb, Ba, Sr, B, 
Ni, Co, V, Cr, Mo, Sn, Pb, 
Cu, Zn, Ag, Bi, Cd, S, Se, 
Sb, As, Hg 

 Si, Al, Mg, Ca, Na, K, Fe, Ti, 
Mn, Ba, Rb, Sr, Se, Hg, S, B, P, 
Ni, Co, V, Cr, Mo, Sn, Pb, Cu, 
Zn, Ag, Bi, Cd, Sb, As, Li 

- 

 

3.1.2.2  

 

 -  

 -

-

3.1.2.1). - 

-



35 

30-2.62.  

-

-

-

[55, 56]. 

 F   

 

 

 

 

 -  

2010: Pb2.28>Ag2.13>Cu1.78>Zn1.71>Sn1.64>Ge1.62>F1.40>Sr1.36  

2011: Pb2.55>Ag2.38>Zn2.00>Cu1.65>Sn1.62>Ge1.62>Sr1.51>Bi1.40 

2017: Ag1.94>Pb1.90>Sn1.69>Sb1.67>Sr1.66>Cu1.54>Zn1.43>W1.42>Mo1.32  

2019: Pb2.63>Ag2.25>Sb2.14>Zn2.00>Cu1.78>Ge1.62>Cr1.55>Sn1.52>Ba1.32> Sr1.32>F1.31>Tl1.31>As1.30 

 - -

- -



36 

-

 - 55, 

56].  

3.1.2.3 Thymus L. 

-

- 67

e, Ga, K, Li, 

Thymus L. 

  

  

-  

57]. 

Thymus L. 

 Thymus serpyllum L -

(Mongolia, Ulaanbaatar, Nalaikh, Tsonjin Boldog  Thymus baikalensis Serg. L

 

 

-

-0.08  

-

- -  

.2 
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.2
Thymus L.

  

    

 
[68, 69] 

Al 
85850 21550 5540 6700 6280 1 

<100 10000 
56950 1710 1900 2140 9500 2 

B 
25.1 18.0 20.0 27.1 22.5** 1 

2 800 
9.5 15.1 13.6 17.6 18.0 2 

Ba 
411 271 236 220 126 1 

1 160 
93 73 112 117 113 2 

Be 
2.85 0.57 0.26 0.20 0.25 1 

< 0.001 7 
0.61 0.03 0.06 0.07 0.10 2 

Ca 
8495 7720 7245 8715 8820 1 

3000 100000 
44250 6035 7795 10450 20850 2 

Co 
4.2 2.2 1.3 1.0 0.9 1 

0.05 10 
28.7 1.7 2.4 1.6 4.2 2 

Cr 
36.4 10.5 4.6 3.3 2.3 1 

1 1100 
153 9.6 10 10 54 2 

Cu 
23 16 20 13 29 1 

1 500 
60 29 24 32 39 2 

Fe 
12950 7095 2565 2520 1945 1 

300 100000 
49500 1475 2000 1975 6795 2 

Ga 
13.0 4.2 2.3 1.3 1.6 1 

0.02 16 
11.8 0.7 1.2 0.9 2.4 2 

K 
38400 8050 16100 5040 16100 1 

5000-80000 
32500 8480 26700 19200 13900 2 

Li 
9.2 2.9 2.6 2.0 4.0 1 

0.02 1000 
11.7 2.0 2.0 2.0 9.0 2 

Mg 
2450 2010 1380 2150 2100 1 

200 60000 
34800 2500 3200 5025 12700 2 

Mn 
262 284 155 132 122 1 

15 330 
1043 70 96 114 240 2 

Na 
29400 5050 4365 2140 3930 1 

200 100000 
8545 386 1730 1315 3290 2 

Ni 
17.8 14.7 10.1 10.8 7.8 1 

0.05 50 
62.6 15.2 9.3 9.4 30.2 2 

P 
278 651 995 1165 1600 1 

100 70000 
360 820 995 1155 1760 2 

Pb 
21.0 6.1 3.2 1.3 1.9 1 

0.01 2500 
25.4 0.5 1.2 0.6 1.1 2 

Si 
316500 80000 29100 29100 37000 1 

1000 100000 
258000 7865 12950 10900 37000 2 

Sr 
103 110 89 86 64 1 

1.5 600 
149 49 45 57 52 2 

Ti 
1640 1007 498 451 400 1 

0.15 80 
2640 98 120 133 396 2 

V 
23 16 20 13 29 1 

0.2 1000 
60 29 24 32 39 2 

Zn 
71 61 52 45 61 1 

5 250 
52 49 50 48 51 2 

Zr 
455 62 27 23 50 1 

0.005 2.6 
30.4 1.0 5.5 2.5 4 2 

 -   
Si, K, P, Ti, Zn, Cu, V 

B  
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 %), 

Co Be Zr 

 

 

 

Thymus serpyllum L.  

Si > K > Al > Ca > Na > Mg = Fe > P > Ti > Mn = Ba > Sr = Zn > Zr > Cu = V > B > Ni 

> Li > Cr > Pb > Ga > Co > Be; 

Thymus baikalensis Serg. L.  

Si > Ca > K > Mg > Al > Fe > Na > P > Ti > Mn > Ba > Sr = Zn = Cr > Cu = V > Ni > 

B > Li > Zr = Co > Ga > Pb > Be. 

 

   

   

  



39 

Thymus L

 Thymus L. 

 

. 

 35 

 

 

  

.  

  



40 

3.2

 

- -

 

[71

Zr, Al, Ti 57

- -

-  

- -

72]: 

 

-

73



41 

72-74

 

1. 

  

2.  

3. 

  

4.  

5.  

 

-

.

 

- -  

75

-

.



42 

-  

3+HF, HNO3+H2O2+HF, HNO3+H2O2+HCl+HF, HNO3

 

  8923- -1)   8922- -

1)   8921- -1)  -2022 

-1)  

 

 

 

3 2O2 

HF 

  

3 2O2 

HCl 

H2O

HF 

  

3 

2O2 

 

 HCl H2O - 

HF  



43 

  

Al, B, Ba, Ca, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Rb, S, Si, Sr, Ti, V 

Zn R 

,      (1) 

C  A  

 

 

HNO3+H2O2+HCl+HF 

(4 : 1.5 : 0.5 : 0.05) R  

 

HNO3+H2O2+HCl+HF (4 : 1.5 : 0.5 : 0.05) 

 

Al, B, Ba, Ca, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Rb, S, Si, Sr, Ti Zn). 

-

n -5 n 

 

HNO3+H2O2+HCl+HF (4 : 1.5 : 0.5 :   3. 

. 

 , 

 

 

  



44 

3.3 -

-  - 1  

 

-

 

 CH3COOH - CH3COONH4

-  

 

 

 

76

77

-

- -

-  

 

                                                 
1 -  

 



45 

-

- -

-

 

 

3.4 - - 

  

 

 

 

- -

-

- - 



46 

-

- - - - -1,-2 

 50]. 

 
 

 

 

 
-1 -1 -1 -2 CTF-FFA CLB-1 

   

Al -6
  50 %  

 
0.17 

 
0.07 0.11 

 
0.16 0.39 

 
0.020 

 15.07 3.47 9.34 11.8 15.6 0.796 

Si -5
  46 %  

 
0.12 0.14 0.23 0.23 0.92 0.10 

 28.8 14.6 24.5 29.8 22.1 1.28 

Ca 0.03  13% 
 

0.14 0.15 0.05 
 2.29 

0.007 
 3.13 13.3 0.88 2.17 2.20 0.170 

Cr 5  1000 ppm 
       

 109 38 46 73 168 10.5 

Be 0.1  160 ppm 
     27 

 
 11.5 2.87 4.10 3.05 28.7 2.71 

Sc 1  100 ppm 
        

 24.1 10.4 9.5 15.9 26.2 2.1 

Cu 3  1000 ppm 
       10 

 168 41.4 31.1 42.2 173 11 
 



47 

  

-

- 78

 

1974 

 [79].  

 

 

-

-

 

  

4.1  

Pinus sylvestris L.)  -1  [80, 81]. 

-2022 [82]. 



48 

 
  

 -1  -2022 

-

 

-

-

- -2008- - -2008-

- -2008-

-

31  -

 



49 

.

-

 

 

4.2 :  

 

 

 

 

 

) 

(

-

 - 

83, 84



50 

 

- -  

 4.2. -

 -

-

 

 
4.2.1   

   



51

- -6 

-1 - 85, 86]. 

2), 

-95 % 

) ( .3).

- -1

4.2.3 - -1



52 

- -

87  

 -

- 88

  [87]. 

-

-

- 

-

- -6 

pH  

-

 

4.3 

 

-

-

Au, Ag

 Pt, Pd, Rh, Ru, Ir Os
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- -1 

8549- -

 

 " " 

(14 -

) 

-

-

- -

- -

 

 

, , , 

  

-  

 
  

 
 
 

 

-1 -  -1 -  
 

   
 
   

 
 

Ag 
 

0.10  0.06 - 0.15  0.04 - 1.26  0.10 - 0.80 0.043  - 0.81 

Au  0.07 - 0.15 0.014 - 0.67  1.7 - 3.5 0.21 - 5.1 

Ir 

 

0.02 - 10 < 7 0.017 - 4.22 0.09 -10  < 10 0.039 - 5.02 

Os 0.073 - 40 < 5 <0.05 - 0.18 < 1 - 44 < 10 1.1 - 6.0 

Pd 1.3 < 7 0.47 - 21 2.3 < 7 0.86 - 12.9 

Pt 1.2 < 7 0.21 - 10.3 2.2 < 7 0.81 - 20 

Rh 0.1 - 67  < 5 <0.05 - 23 0.3 -190 < 10 0.4 - 5.43 

Ru 0.12 - 150  < 5 <0.05 - 71 < 0.3 - 180  < 10 0.38  - 7.32 
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; 

 

- - ; 

 

; 

 

- - ; 

 

 

- -

89], 

 - -  

 

 

 - 90, 91], 

-  



55 

 

2 

-

- -

  

 

 

- , 

 

in situ. 

-

 -  

  -

, 

. 
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Thymus -

Thymus serpyllum L.  Thymus baikalensis 

Serg. L.   

    

Thymus 

 

MultiVIEW 

 

 -1 

-

 

-  

-

, 

  

-6  

-1  - . 

 

 

 

- -

 ).  
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