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"�4 pmW� Ov=\N x@ l}ORv QY=va u}= w CU= 1 pO=at ,=@} QkD Ga w TiO2
u}= xm uU}v \N |wQ Q@ 'CU= lQLDt Q}e |}=}t}Ww�S ^=Lrx@ xJQo = Nb QYva

[18]"CU= 1|oiN QF= Crax@
"OvDUy xOW|ve Ba w K l}U=DB VN@ QO '|r@k |=yxDUv=O T=U=Q@

Fe �"CU= xOWx@U=Lt sQH pm |=Q@ uDt QO xOW xDio VwQ x@ xHwD =@ |tQH C=Q}}eD Qm@ nvU x@ \w@ Qt |aQi w |rY= QY=va QO OwHwt |tQH C=Q}}eD "1 pwOH
�"CU= xOW xDiQo Q_v QO Fe2O3 u=wvax@ pm

u}ov=}t xOwOLt
|rwmrwt C@Uv Qm@ nvU ẁv

3 2 1 3 2 1 xQ=tW
TMR34 TMR33 TMR32 TMR34 TMR33 TMR32 xvwtv

g/100
g

71 44 9 42 65 22 74 64 74 47 65 2 66 14 61 33 SiO2
14 78 181 13 62 15 42 15 31 0 54 18 17 18 12 Al2O3
5 87 5 29 9 27 4 36 3 98 15 73 6 56 8 02 Fe2O3
1 04 0 88 1 54 0 92 0 66 4 08 2 16 1 56 MgO

0 04 0 04 0 07 0 03 0 04 0 08 0 03 0 04 MnO

0 79 0 11 0 73 0 84 0 80 1 74 0 5 0 48 TiO2
3 18 1 72 4 10 2 38 3 06 3 83 1 97 2 54 CaO

1 34 3 55 3 64 0 09 0 29 3 75 0 08 0 27 N2O

1 37 0 60 1 74 1 14 1 22 2 73 1 59 1 7 K2O

0 14 0 10 0 08 0 18 0 17 0 18 0 37 0 36 P2O5
g/1000

kg

85 98 13 84 88 01 91 88 78 04 25 50 30 Cu

1 96 2 84 1 46 0 79 3 63 203 182 320 Ba

0 19 0 22 0 18 0 09 0 30 25 2 20 6 27 3 Ce

0 29 0 54 0 17 0 09 0 63 10 16 8 6 23 7 Co

4 48 0 03 4 47 4 49 4 50 236 390 150 Cr

0 19 0 30 0 14 0 06 0 36 10 2 7 3 16 2 Ga

0 07 0 11 0 05 0 02 0 13 5 3 8 8 Nb

0 22 0 23 0 20 0 11 0 35 12 11 13 Ni

0 27 0 01 0 25 0 26 0 27 23 37 15 Pb

0 75 1 12 0 65 0 25 1 37 56 2 35 7 74 9 Rb

1 99 3 25 1 35 0 68 3 93 120 3 99 9 221 Sr

0 03 0 05 0 03 0 01 0 06 6 25 3 59 9 54 Th

0 02 0 05 0 05 0 00 0 01 12 3 1 3 1 18 U

1 49 2 32 1 22 0 47 2 79 63 40 91 V

0 08 0 05 0 08 0 06 0 11 7 3 9 2 6 3 Y

0 70 0 81 0 62 0 34 1 14 41 2 37 48 Zn

1 27 1 97 1 06 0 40 2 37 98 3 60 3 138 5 Zr
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|@U
=ty]

u=tS
Bw

|v=N
Q=Ry

Q}WO
Q= QO RHx@ OW xDiQo Q_v QO |Oa@ |v=UQoO =@ xU}=kt `HQt u=wvax@ u}W}B u=UQoO nvU� lwO}t Q=Uv=m QO |aQi w |rY= QY=va QO OwHwt |tQH C=Q}}eD "2 pwOH

u=wvax@ pm Fe u}vJty "CU= xOW x@U=Lt sQH pm |=Q@ uDt QO xOW xDio VwQ x@ xHwD =@ |tQH C=Q}}eD "�CU= xOW xU}=kt l}U=DB |v=UQoO =@ xm l}r}i |v=UQoO
"CU= xOW xDiQo Q_v QOFe2O3

�(2) M/D(1) u}ov=}t xOwOLt
l}U=DB |v=UQoO |rwmrwt C@Uv l}U=DB |v=UQoO ẁvVN@ QO |tQH C=Q}}eD xQ=tW

3 2 1 3 2 1 3 2 1 xvwtv
TMR11 TMR10 TMR5 TMR11 TMR10 TMR5 TMR11 TMR10 TMR5

g/100
g

0 49 0 78 1 39 2 01 2 23 1 73 0 22 76 70 76 20 74 69 66 74 32 21 64 35 SiO2

0 53 0 85 �1 83 2 11 �3 10 �0 99 �1 40 12 21 14 32 13 19 14 14 15 81 15 95 Al2O3

0 25 0 39 0 68 1 01 1 27 0 52 0 26 5 26 4 50 4 24 7 76 6 34 6 20 Fe2O3

0 13 0 21 �0 21 0 56 �0 28 �0 46 0 10 0 38 0 20 0 76 0 88 0 44 1 73 MgO

0 00 0 00 �0 02 0 00 �0 02 �0 02 �0 02 0 02 0 02 0 02 0 02 0 02 0 02 MnO

0 08 0 12 0 24 0 35 0 07 0 24 0 42 0 78 1 04 1 23 0 51 0 58 0 71 TiO2

0 28 0 46 �2 16 1 04 �1 48 �2 49 �2 52 1 58 0 57 0 53 1 28 0 44 0 43 CaO

0 19 0 28 0 33 0 80 �0 05 0 75 0 29 0 25 1 04 0 59 0 22 0 89 0 52 Na2O

0 46 0 71 1 60 1 90 1 38 0 77 2 67 2 60 1 98 3 89 3 54 2 58 5 25 K2O

0 01 0 01 �0 03 0 03 �0 03 �0 05 �0 02 0 15 0 12 0 15 0 30 0 24 0 31 P2O5

g/1000
kg

409 6666 15175 15600 20775 19575 0 5175 0 327 30 456 3 81 83 20800 2900 5200 Cu

37 0 60 4 205 3 138 00 203 0 207 0 341 0 2 96 0 86 3 96 406 0 117 50 544 0 Ba

6 4 10 4 28 3 25 00 22 0 19 0 44 0 0 34 0 32 0 49 47 20 44 50 69 20 Ce

2 4 4 0 2 6 9 20 �0 2 �0 7 8 5 0 17 1 37 0 32 10 00 81 00 18 70 Co

22 3 35 6 �119 3 90 00 �66 0 �156 0 �136 0 3 27 1 92 1 92 170 00 100 00 100 0 Cr

0 4 0 7 6 5 1 90 7 4 6 6 5 5 0 25 0 28 0 23 1760 19 60 15 70 Ga

0 2 0 3 5 2 0 70 4 7 5 4 5 4 0 10 0 11 0 11 9 70 10 20 10 40 Nb

2 4 3 3 4 0 10 00 4 0 �1 0 9 0 0 27 0 24 0 36 16 00 14 00 21 00 Ni

1 2 1 8 �5 7 5 00 �6 0 �3 0 �8 0 0 08 0 06 0 07 17 00 13 00 15 00 Pb

15 5 25 0 34 3 621 9 7 21 5 71 8 0 77 0 88 1 50 65 90 75 60 128 0 Rb

86 5 139 8 189 9 340 50 320 7 2687 �19 8 5 03 1 38 1 15 441 00 121 00 100 5 Sr

1 9 3 1 8 2 7 70 6 6 5 2 12 9 0 06 0 07 0 08 12 85 16 60 19 15 Th

0 6 0 9 �10 2 2 07 �10 9 �10 9 �8 9 0 01 0 01 0 01 1 42 1 64 3 43 U

19 7 31 8 40 3 78 00 23 0 10 0 88 0 1 69 1 59 2 96 86 00 81 00 151 0 V

3 8 6 2 7 1 14 70 3 3 1 7 16 4 0 12 0 13 0 27 10 60 11 50 23 70 Y

3 1 4 4 1 1 13 00 0 8 7 8 �5 2 0 64 0 90 0 55 42 00 59 00 36 00 Zn

6 38 1 43 0 93 00 7 2 21 7 100 2 1 16 1 38 2 18 105 50 00 126 5 198 Zr
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"""|
�=R|

v=m/
|v=U

QoO
u}L

QO|
tQH

C=Q
}}eD|=ysQH "Ov=xOW |oOW|yD Q=JO K2O 'Cu 'Ca w |oOW|ve Q=JO MgO

QO |OOa CQwYx@ w 5 pmW QO |m}i=Qo CQwYx@ xOWsm w xOt; CUO x@ jr]t
"Ov=xOW xO=O u=Wv 3 pwOH

l}r}i |v=UQoO "3
w C} Q}B w C}U} QU R= |O=} R Q}O=kt Qw[L |xr}Uwx@ l}r}i |v=UQoO ,=twta
G}=Dv T=U=Q@ "OwW|t XNWt Q=BUOri � K w C}Dw}@ OwHw sOa |xr}Uwx@
Qm@ |xvwtv w �TMR5� l}U=DB |xOWu=UQoO |xvwtv u}@ xU}=kt R= pY=L
'Ga 'Mn 'Al2O3 'SiO2 QY=va xm s}@=}|tQO �TMR14� l}r}i VN@
xJQo = "�4 pwOH� Ov=xDiQo Q=Qk 1 ?}W =@ |tQH \N l}ORv ,=@} QkD Nb 'TiO2
xm CU= xO=Di= \N R= GQ=N |rw CU= lQLDtQ}e |}=}t}Ww�S ^=Lr R= Zr QYva
|=yQwDm =i QFm = "CU= �|oiN� |xO}OB R= |W=v OW xDio QDV}B xm xJv; j@=]t
|tQH C=Q}}eD |xOvyOu=Wv xm OvDUy 1 04 w 0 98 u}@ xOWx@U=Lt |tQH

"CU= |mJwm |r}N

l}D}r}B wQB |v=UQoO "4
uwQ}@ R= xm CQwYu}O@ "OQ}o|t Q@ QO =Q xOWO=} |=y|v=UQoO 'GQ=N R= |v=UQoO u}=
|DN=vW|v=m |Ov@VN@ l} "OwW|t sDN l}U=DB x@ uwQO R= w l}r}i VN@ x@
QO "CU= h=WDm = |=Q@ |@U=vt |=tvy=Q OwN xm OwW|t xO}O |v=UQoO u}= QO
QO =t= CU= O=} R C} Qrm w CwO}B= 'sDU}U RmQt hQ]x@ =} l}U=DB VN@ |m}ORv
|=y|v=m =Q u; |=H w OwW|t xDU=m CwO}B= Q=Okt R= u; GQ=N hQ]x@ CmQL

"OQ}o|t C}vwr} QwtDvwt w C}Urm 'C}@r;
l}D}r}B wQB |v=UQoO w �TMR1� l}r}i |v=UQoO VN@ wO |xU}=kt
'Ga 'TiO2 'Al2O3 'SiO2 lQLDtQ}e QY=va xm OyO|t u=Wv �TMR31�

"�7 pmW� Ov=xO=Di= 1 ?}W =@ C@=F |tQH \N x@ l}ORv K2O w Nb

|xOvyOu=Wv xmCU= 1 02 w 0 99 u}@ xOWx@U=Lt |tHL QwDm =i u} QDW}@
l}D}r}B wQB |v=UQoO VN@ QO |tQH C=Q}}eD u} QDsyt "CU= sm |tHL C=Q}}eD
w Cu 'CaO 'N2O Ovv=t <=RH= QFm = Vy=m l}r}i |v=UQoO VN@ =@ xU}=kt QO
xOy=Wt TiO2 'Nb V}=Ri= |tm Q=Okt R}v w Ba 'Zr 'Fe3O2 V}=Ri= wK2O

"�5 pwOH� OwW|t

EL@
w xOW s=Hv= C=@U=Lt T=U=Q@ 'lwO}t |}=R|v=m sDU}U OQw;Q@ *pL=Qt s=tD QO
sOa =@ |}=R|v=m u}= xm Ci=} QO u=wD|t |DL=Qx@ '|tHL |=yQwDm =i |wQ R= R}v
VN@ QO |tQH C=Q}}eD u} QDsyt "CU= xOw@ x=Qty |tQH |x_Lqt p@=k C=Q}}eD
w Mg 'Ca'Na |oOW|yD x@ \w@ Qt Qm@ VN@ =@ xU}=kt QO l}U=DB |v=UQoO
Q=Qk |oOW|ve ZQat QO ,=O}OW Cu xm CU= Ba w Cu 'K |oOW|ve w Mn

Rqmw} SqB hQYt =@ x=Qty C=Q}}eD u}= |U=vW|v=m ^=Lr R= "�4 pmW� CU= xDiQo
Rqmw} SqB |v} Ro}=H "CU= xOw@ C}Dw}@ w Q=BUOri � K |}=R|v=m Qw_vtx@ pw@}it; w
Na w Ca Vy=m w K V}=Ri= Qw_vtx@ 'C}Dw}@ w Q=BUOri �K |xr}Uwx@ pw@}it; w
x=Qty CU= umtt xm |}=y|v=m =yvD w OWv Ci=} lwO}t xQ=Uv=m QO C} Q=@ "CU=
l}U=DB |v=UQoO |=ynvU QO xm =m}t w Q=BUOri � K %R= Ov=CQ=@a OvW=@ Ba

"Ov=xDiQo pmW

l}U=DB u=UQoO nvU |xvwtv |xU}=kt Qou=Wv xm uwmwR}= Q=Owtv "4 pmW
sOa Qou=}@ s}kDUt \N "CU= �TMR32� Qm@ nvU |xvwtv =@ �TMR11�
Ovv=t |QY=va pmW x@ xHwD =@ "CU= =y|v=UQoO xH}DvQO w =yxvwtvu}@|tQH Q}}eD
xDUHQ@CQwYx@ pmW QO xm Ov=lQLDt Q}e Nbw Ga 'TiO2 'Al2O3 'SiO2

"OwW|t xOy=Wt

l}U=DB |v=UQoO nvUxvwtv u}@ xU}=kt |xOvyOu=Wv *uwmwR}= Q=Owtv "5 pmW
O}v=wD|t QDW}@ C=}�RH |=Q@ "�TMR2�|r=kDv=VN@nvU xvwtv =@ �TMR11�

"O}vm xaH=Qt 4 pmW T}wvQ} R x@

|r=kDv= |v=UQoO "2
|=Q@ "CU= l}r}i |v=UQoO w l}U=DB |v=UQoO VN@ u}@ |r=kDv= |v=UQoO VN@
Q=m x@ xU}=kt |=Q@ xm p@=kt hQ] |xvwtv 'VN@ u}= QO |tQH C=Q}}eD |UQQ@
|xU}=kt T=U=Q@ [15]"�TMR10 |xvwtv� OW ?=NDv= l}U=DB VN@ R= OW xOQ@
l}U=DB |v=UQoO |xvwtv =@ �TMR2� |r=kDv= |v=UQoO |xvwtv u}@ xOt; pta x@
l}ORv ,=@} QkD TiO2 'Mn 'U 'Nb 'Ga 'Al2O3 'SiO2 QY=va '�TMR11�
|tQH C=Q}}eD "�5 pmW w 3 pwOH� Ov=xO=Di= 1 ,=@} QkD ?}W =@ C@=F |tQH \N

"CU= xOW xO=O u=Wv 5 pmW QO R}v |aQi w |rY= QY=va
'Al2O3 'Na |r=kDv= VN@ QO 'l}U=DB |v=UQoO |=ynvU =@ xU}=kt QO
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|@U
=ty]

u=tS
Bw

|v=N
Q=Ry

Q}WO
Q= "CU= xOW xU}=kt l}U=DB =@ |r=kDv= |v=UQoO nvU xm lwO}t Q=Uv=m QO |aQi w |rY= QY=va QO OwHwt |tQH C=Q}}eD "3 pwOH

�(2) M/D(1) u}ov=}t xOwOLt
VN@ QO |tQH C=Q}}eD |rwmrwt C@Uv |r=kDv= |v=UQoO ẁv|r=kDv= |v=UQoO xQ=tW3 2 1 3 2 1 3 2 1 xvwtv

TMR2 TMR16 TMR6 TMR2 TMR16 TMR6 TMR2 TMR16 TMR6
g/100

g

1 10 1 63 �1 23 4 66 1 21 �3 45 �1 44 75 90 71 24 73 25 65 97 59 81 62 34 SiO2
0 39 0 62 0 35 1 63 �0 57 0 58 1 06 13 34 14 49 14 96 15 41 16 17 16 93 Al2O3
0 23 0 36 1 33 0 92 0 95 1 87 1 17 5 19 6 11 5 41 7 66 8 71 7 81 Fe2O3
0 29 0 46 0 17 1 20 �0 34 0 86 �0 01 0 42 1 62 0 74 0 97 3 61 1 68 MgO

0 01 0 01 0 01 0 02 0 00 0 02 0 00 0 02 0 04 0 02 0 02 0 04 0 02 MnO

0 25 0 42 0 32 0 96 �0 30 0 65 0 61 0 93 1 88 1 84 0 54 1 06 1 05 TiO2
0 31 0 47 0 32 1 32 0 93 0 41 �0 38 1 47 0 94 0 15 1 19 0 74 0 12 CaO

0 22 0 37 �0 18 0 85 0 36 �0 44 �0 48 0 95 0 15 0 10 0 85 0 13 0 09 Na2O

0 45 0 74 �1 07 1 70 �2 18 �0 54 �0 48 1 71 3 34 3 41 2 23 4 410 4 55 K2O

0 02 0 04 �0 03 0 10 �0 07 0 03 �0 04 0 08 0 18 0 11 0 16 0 36 0 23 P2O5
g/1000

kg

6799 10955 �7633 2700 �18200 8800 �13500 40 91 465 77 114 87 2600 9600 7300 Cu

28 9 44 0 �70 0 121 00 �15 0 �136 0 �59 0 2 855 1 97 2 53 391 00 270 00 347 00 Ba

2 8 4 5 1 6 10 50 �5 2 4 6 5 3 0 30 0 37 0 37 42 00 51 80 52 50 Ce

3 1 4 7 2 8 13 00 �3 2 1 8 9 8 0 12 0 20 0 34 6 80 11 80 19 80 Co

7 2 11 1 �43 3 30 00 �60 0 �40 0 �30 0 2 12 2 50 2 69 110 00 130 00 140 00 Cr

1 2 2 0 0 1 4 40 3 0 �11 4 �1 4 0 30 0 23 0 23 20 60 16 20 16 20 Ga

0 2 0 4 1 1 0 90 0 3 �0 4 0 5 0 11 0 10 0 11 10 00 9 30 10 20 Nb

3 3 4 9 5 3 14 00 �2 0 6 0 0 12 0 24 0 37 0 48 14 00 22 00 28 00 Ni

24 1 39 3 28 0 91 00 1 0 �4 0 87 0 0 09 0 06 0 50 18 00 13 00 104 00 Pb

16 6 24 7 32 8 69 90 �4 3 65 6 37 1 0 72 1 54 1 21 61 60 131 50 103 00 Rb

79 6 126 8 �145 2 322 50 45 0 �277 5 �203 0 5 55 1 87 2 72 486 00 163 50 238 00 Sr

2 7 4 4 �5 5 10 46 1 2 �8 2 �9 3 0 06 0 02 0 02 14 00 4 65 3 54 Th

0 1 0 1 0 5 0 28 0 4 0 4 0 7 0 01 0 01 0 01 1 82 1 80 2 08 U

20 9 32 4 557 87 00 7 0 66 0 94 0 1 83 2 98 3 53 93 00 152 00 180 00 V

5 3 7 7 8 5 22 30 �2 3 7 8 20 0 0 09 0 21 0 34 8 30 18 40 30 60 Y

8 5 13 3 15 0 35 00 10 0 35 0 0 0 0 80 1 18 0 64 52 00 77 00 42 00 Zn

5 3 8 6 50 8 21 00 38 0 55 5 59 0 1 57 1 76 1 80 143 50 161 00 164 50 Zr

Fresh (Hornbland, plagioclase and K-feldespar) + 1 37K++

1 13Cu+ + 0 14P 5+ + 1 04Mg2+ + 0 04Mn+ + 0 79Ti4+

+1 34Na+ + 1 37K+ = Potassically alteration rocks

(Hydrothermal biotite, K-feldspar,quartz, anhydrite,

pyrite, chalcopyrite� 0 02Mn2+ + 1 87Si4+ + 0 2Ti4+

+1 88K+ � 0 04P 5

s=Hv= =y|v=UQoO `=wv= |=Q@ xm nvU |=yxOwD sHL R= xOWs=Hv= |=yp}rLD
QO "OvOQm|t XNWt =Q =y|v=UQoO w Q=Uv=m |=y|oS} w X=N Qw]x@ CiQo
=y|v=UQoO Q}=U R= ,=k}kO =Q VN@ u}= OwHwt |=y|v=m l}U=DB |v=UQoO VN@
Qm@ nvU R= 1000cm3 |=Q@ xOWO=} |tQH C=Q}}eD u}=Q@=v@ "Ovvm|t =RHt
x@U=Lt|m}U=DB |xOWu=UQoO |=ynvU R= 1000cm3 =@ �C} Qw}Owv=Qo/C} Qw}O�
CQ=@a l}U=DB |v=UQoO VN@ |=Q@ Q_v OQwt Vvm =w 'T=U= u}=Q@ [19]"CU= xOW

%�1 pwOH�R= CU=
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"""|
�=R|

v=m/
|v=U

QoO
u}L

QO|
tQH

C=Q
}}eD"CU= xOW xU}=kt |r=kDv= uwR =@ l}r}i |v=UQoO xm lwO}t Q=Uv=m QO |aQi w |rY= QY=va QO OwHwt |tQH C=Q}}eD "4 pwOH

�(2) M/D u}ov=}t xOwOLt
QO |tQH C=Q}}eD |rwmrwt C@Uv l}r}i |v=UQoO ẁvl}r}i |v=UQoO VN@ xQ=tW3 2 1 3 2 1 3 2 1 xvwtv

TMR15 TMR14 TMR1 TMR15 TMR14 TMR1 TMR15 TMR14 TMR1
g/100

g

1 64 2 80 �1 89 5 92 1 56 0 58 �4 36 76 25 75 27 70 32 68 12 64 15 58 00 SiO2
1 53 2 50 0 55 5 80 �1 51 �1 14 4 30 12 40 12 77 18 21 14 73 14 47 19 96 Al2O3
0 95 1 50 0 43 3 92 �1 82 0 99 2 10 2 42 5 23 6 35 3 67 7 57 8 88 Fe2O3
0 14 0 22 �0 38 0 58 �0 13 �0 90 �0 71 0 63 0 45 0 05 1 49 1 03 0 11 MgO

0 01 0 01 �0 01 0 02 0 00 0 00 �0 02 0 02 0 02 0 00 0 02 0 02 0 00 MnO

0 01 0 02 �0 24 0 05 �0 24 �0 27 �0 22 0 98 0 96 1 01 0 59 0 55 0 56 TiO2
0 19 0 29 0 01 0 81 0 06 0 40 �0 42 0 60 0 93 0 12 0 50 0 74 0 09 CaO

0 98 1 59 0 76 33 71 3 15 �0 30 �0 56 3 73 0 28 0 02 3 44 0 25 0 02 Na2O

0 27 0 43 �0 38 0 99 �1 03 �0 04 �0 07 2 86 3 85 3 82 4 00 5 14 4 94 K2O

0 03 0 05 �0 01 0 13 �0 04 0 08 �0 05 0 11 0 23 0 10 0 23 0 46 0 20 P2O5
g/1000

kg

8562 12377 11733 36300 40400 30300 �6000 286 4 591 7 20 5 18200 3760 1300 Cu

184 2 299 8 333 3 707 00 141 0 76 0 783 0 3 6 3 1 8=2 488 00 423 00 1130 Ba

7 1 11 6 11 0 27 10 3 4 1 3 28 4 0 4 0 4 0 6 55 90 53 80 80 90 Ce

3 5 5 6 �5 2 13 80 �10 6 �8 3 3 2 0 2 0 2 0 4 9 20 11 50 23 00 Co

19 1 31 1 �56 7 70 00 �10 0 �80 0 �80 0 2 5 1 2 1 2 130 00 60 00 60 00 Cr

46 7 76 2 56 5 172 40 0 4 �1 6 170 8 0 2 0 2 2 7 16 60 14 60 187 0 Ga

0 4 0 7 �0 2 1 60 0 4 �1 2 0 2 0 1 0 1 0 1 10 60 9 00 10 40 Nb

3 6 5 8 �19 3 14 00 �14 0 �16 0 �28 0 0 2 0 2 0 0 14 00 12 00 0 00 Ni

4 3 6 2 �90 3 18 00 �81 0 �91 0 �99 0 0 1 0 1 0 0 23 00 13 00 5 00 Pb

9 0 14 3 �2 5 36 60 �8 9 �17 6 19 0 1 1 1 0 1 4 94 10 85 40 122 0 Rb

40 2 65 3 7 0 155 00 48 0 �91 0 46 0 3 3 1 7 3 4 286 00 147 00 302 0 Sr

2 4 3 7 8 3 10 19 7 5 3 7 13 9 0 0 0 0 0 1 11 00 7 21 17 40 Th

0 3 0 5 0 4 1 29 0 1 �0 1 1 2 0 0 0 0 0 0 2 15 1 98 3 27 U

15 1 24 4 �67 7 59 00 �82 0 �90 0 �31 0 1 9 1 8 2 9 98 00 90 00 149 0 V

2 2 3 6 17 3 8 40 �20 2 �19 8 �11 8 0 1 0 1 0 2 10 40 10 80 18 80 Y

10 7 16 7 3 0 44 00 22 0 9 0 �22 0 1 0 0 8 0 3 64 00 51 00 20 00 Zn

22 2 36 2 �19 3 82 50 45 5 �47 5 35 0 1 3 1 3 2 2 119 00 11700 199 5 Zr

�0 02Mn2+ � 1 14Cu+ � 2 02Ca2+ � 0 14Mg2+

+1 87Si4+ � 0 1Fe3+ + 0 2T i4+ + 0 86Na+ =

Transition zone rocks (Muscovite, quartz, albite, epidote,

gypsum, pyrite) + 1 33Fe3+ + 0 32Ti4+ � 1 07K+

�0 18Na+ + 0 35Al3+ � 0 01Mn+ + 0 32Ca2+ + 0 03P 5+

uOW|D}U} QU |xr}Uwx@ xm OQ=O Q=Qk |r=kDv= |v=UQoO |wQ Q@ l}r}i |v=UQoO

'Ov=xOW |ve Mg w Na 'Ov=xOW |yD K2O ,Ca ,Cu |r=kDv= |v=UQoO VN@ QO
Q=Okt =@ 'Na =@ \=@DQ= QO K Vy=m "Ov=xOv=t Q}}eD uwO@ ,=@} QkD Mn w Fe w
xOWO=} |tQH C=Q}}eD "CU= u=Um} C}@r; |xr}Uwx@ Q=BUOri � K |v} Ro}=H
CU= |m}U=DB |xOWu=UQoO nvU w p=tQDwQO}y p=}U u}@ Q} R Vvm =w Qou=}@

%�6w2 pw=OH�
Potassically alteration rocks (Hydrothermal biotite,

K-feldspar,quartz, anhydrite, pyrite, chalcopyrite)
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=ty]

u=tS
Bw

|v=N
Q=Ry

Q}WO
Q= "CU= xOW xU}=kt l}r}i uwR =@ l}D}r}B wQB |v=UQoO xm lwO}t Q=Uv=m QO |aQi w |rY= QY=va QO OwHwt |tQH C=Q}}eD "5 pwOH

�(2) M/D(1) u}ov=}t xOwOLt
QO |tQH C=Q}}eD |rwmrwt C@Uv l}D}r}BwQB |v=UQoO ẁvl}D}r}BwQB |v=UQoO VN@ xQ=tW

3 2 1 3 2 1 3 2 1 xvwtv
TMR35 TMR34 TMR31 TMR35 TMR34 TMR31 TMR35 TMR34 TMR31

g/100
g

0 03 0 97 �2 73 2 67 �2 51 �1 40 �4 07 67 82 68 93 66 25 57 86 58 31 58 16 SiO2

0 52 0 85 0 70 2 04 1 17 1 48 �0 56 19 38 19 69 17 64 21 98 22 14 20 59 Al2O3

0 31 0 50 �2 25 1 22 �1 99 �1 78 �3 00 4 36 4 57 3 35 6 31 6 56 4 99 Fe2O3

0 11 0 16 0 91 0 45 1 15 0 89 0 70 1 20 0 94 0 75 2 72 2 12 1 75 MgO

0 04 0 05 0 18 0 15 0 26 0 17 0 11 0 26 0 17 0 11 0 26 0 17 0 11 MnO

0 01 0 02 0 07 0 04 0 09 0 05 0 07 1 10 1 06 1 09 0 63 0 60 0 64 TiO2

1 07 1 72 2 15 4 26 1 24 0 48 4 74 1 36 0 6 4 86 1 08 0 47 3 98 CaO

0 20 0 32 1 01 0 80 0 85 0 69 1 49 0 87 0 71 1 51 0 77 0 62 1 37 Na2O

0 26 0 42 �0 24 1 08 �0 40 �0 69 0 39 3 42 3 13 4 21 4 57 4 15 5 79 K2O

0 01 0 01 0 12 0 03 0 14 0 11 0 13 00 24 0 21 0 23 0 48 0 42 0 48 P2O5

g/1000
kg

374 2 600 0 �35900 1500 �36500 �36200 �35000 17 31 22 03 40 91 1100 00 1400 00 2600 00 Cu

740 2 1206 7 857 0 2807 00 2667 0 44 0 �140 0 22 50 3 40 2 06 3090 00 467 00 283 00 Ba

14 2 22 2 �7 0 58 30 26 3 �15 3 �32 0 0 57 0 27 0 16 80 10 38 50 21 80 C

2 7 4 3 1 9 11 10 3 7 �4 5 6 6 0 26 0 12 0 31 15 20 7 00 18 10 Co

54 4 86 7 50 0 220 00 �40 0 10 0 180 0 0 38 1 35 4 62 20 00 70 00 240 00 Cr

1 1 1 8 1 4 4 70 2 0 3 5 �1 2 0 24 0 26 0 19 16 60 18 10 13 40 Ga

0 8 1 2 0 2 3 60 2 0 0 2 �1 6 0 12 0 10 0 08 11 00 9 20 7 40 Nb

1 2 1 8 �1 7 5 00 �4 0 �2 0 1 0 0 14 0 17 0 22 8 00 10 00 13 00 Ni

2 9 4 4 8 3 12 00 15 0 7 0 3 0 0 14 0 10 0 08 28 00 20 00 16 00 Pb

30 7 44 9 39 7 130 20 107 1 35 1 �23 1 2 25 1 41 0 73 192 50 120 50 62 30 Rb

151 8 240 7 207 9 618 20 569 0 104 0 �49 2 8 17 2 86 1 12 716 00 251 00 97 80 Sr

3 5 5 4 5 2 14 89 13 3 4 0 �1 6 0 09 0 05 0 02 20 50 11 50 5 61 Th

1 0 1 6 0 2 3 82 2 7 �0 8 �1 1 0 02 0 00 0 00 4 66 1 15 0 85 U

26 0 41 8 9 3 104 00 72 0 �12 0 �32 0 3 18 1 53 1 4 162 00 78 00 58 00 V

6 9 11 2 5 2 26 80 22 0 �1 5 �4 8 0 37 0 10 0 07 32 80 9 30 6 00 Y

57 3 93 6 67 7 215 00 208 0 �7 0 2 0 3 96 0 67 0 81 259 00 44 00 53 00 Zn

27 8 44 1 24 8 113 50 91 0 6 0 �22 5 2 28 1 35 1 04 208 00 123 00 94 50 Zr

OQ=Ov=DU= h=QLv= � �(2) |oOvm =QB u=R}t �MD(1)
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|v=U

QoO
u}L

QO|
tQH

C=Q
}}eD"uwmwR}= VwQ T=U=Q@ xOWx@U=Lt sHL QwDm =i w sQH QwDm =i 'lQLDt=v QY=va "6 pwOH

VF u}ov=}t MF u}ov=}t VF MF lQLDt=v |@Uv QY=va |v=UQoO xvwtv
1 01 1 02 Ti, Al, Ga, Si, Zn, Rb, Pb TMR3
1 01 1 00 Si, Al, Ti, Pb, Fe, Ga, Nb TMR5
0 99 1 01 Si, Al, Nb,Ti, Y, Ga, Pb TMR9
1 03 1 00 Si,Al, Fe, Ti, Nb, Ni, U,Ga TMR10

1 01 1 01 1 00 1 01 Si, Al, Na, Ti, Ga, Fe,V l}U=DB TMR11
1 01 1 02 Ti, Al, Ni, Si, Zn, Ga, Nb, Rb TMR13
1 02 1 00 Th, Al, Ti, Si, Ga, Ni, P TMR19
1 01 1 01 Si, Al, Ga, Nb, P, Pb, Zr, P TMR20
1 01 1 01 Al, Ga, Mn, Rb, Nb, U, P TMR2

0 98 1 01 0 97 1 00 U, Pb, P, Si, Al, Nb |r=kDv= TMR6
0 97 1 02 Ni, Ti, Mn, Al, Ga, Si, U TMR16
1 01 1 02 Si, Al, Mn, K, Ga, Nb, Ti, Nb TMR1

1 01 1 02 1 00 1 00 Al, Fe, Si, Ga, Ti, Th TMR7
1 02 1 01 Si, K, Al, Ga, Ti, Mn l}r}i TMR14
0 99 1 03 Si, Al, Mg, Mn, Ti, Ga, Nb TMR15
1 02 1 00 Ti, Nb, Si, K, Al TMR31

1 01 1 01 1 01 1 01 Ti, Si, Rb, Cr, Al, Nb l}D}r}B wQB TMR34
0 99 1 01 Si, Ti, K, Ce, Zr, Al, Nb TMR35

T=U=Q@ |rm Vvm =w "CU= xOW xO=O u=Wv 3 pwOH w 6 pmW QO l}r}i |v=UQoO
=@ |m}U=DB |xOWu=UQoO nvU 1000cm3 |rm sHL |=Q@ |rY= |=yO}Um =
xOW x@U=Lt \UwDt |tQH C=Q}}aD R= |m}r}i |xOWu=UQoO nvU 1000cm3

%�6w3 pw=OH� CU=

Phyllicaly alteration rocks (Quartz, muscovite, epidote,

pyrite, kaoline) + 0 43Fe3+ � 0 01Mn2+ � 0 01Ca2+

+0 76Na+ + 0 43Al3+ � 1 89Si4+ � 0 38Mg2+ � 0 24Ti4+

�0 38K+ = Potassically alteration rocks

(Hydrothermal biotite, K-feldspar, quartz, anhydrite,

pyrite and chalcopyrite)� 0 21Mg2+ + 0 24Ti4+

�2 16Ca2+ � 1 38Al3+ + 0 68Fe3+ � 0 02Mn+ + 1 6K+

�0 03P 5+ + 1 39Si4+

[20]OQ=O Q=Qk l}r}i |v=UQoO uwQ}@ l}D}r}B wQB |v=UQoO 'OW xDio QDV}B xm u=vJ
u=UQoO C} Q}B w C}Urm 'CwO}B= 'C} Qrm x@ l}i=t |=y|v=m |v=UQoO u}= QO xm
"Ov=xOW p}O@D CwO}B= w C} Qrm 'C}U} QU x@ Rqmw} SqB |=yCU} Qmwvi "Ov=xOW
Ba w Fe R= l}D}r}B wQB |v=UQoO VN@ 'l}r}i |v=UQoO VN@ =@ xU}=kt T=U=Q@
|v=UQoO x@ \w@ Qt Fe |oOW|yD "CU= xOW |ve Cu w Na 'Mg 'Ca R= w |yD
=@ l}D} Svi C} wmUwt w C}Dw}@ |xr}Uwx@ C}Dw}@ w uy; R= |ve pw@}it; |}=to =t

"CU= Fe/Fe+Mg u}}=B C@Uv

VN@ 'l}U=DB |v=UQoO VN@ =@ xU}=kt T=U=Q@ [2]"OwW|t XNWt =yQ=BUOri
xOW |ve Fe w Ca 'Cu QY=va R= w |yD Ba w K 'Na QY=va R= l}r}i |v=UQoO
CU= Q=BUOri |r=mr; uOW|D}U} QU |xv=Wv Na w K Vy=m "�6 pmW� CU=
V}=Ri= "�OQ}o|t pmW l}U=DB |v=UQoO pw] QO xm p=tQDwQO}y C}Dw}@ Ovv=t�
=@ x=Qty |tQH C=Q}}eD "OW=@ u; |Q}PBlQLD Crax@ Ov=wD|t VN@ u}= QO Cu

�TMR5�l}U=DB|v=UQoOnvUxvwtv|xU}=kt R=pY=L *uwmwR}= Q=Owtv "6pmW
T}wvQ} R x@ O}v=wD|t QDW}@ C=}�RH |=Q@ "�TMR14�l}r}iVN@nvU xvwtv =@

"O}vm xaH=Qt 4 pmW
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Q=

|Q}oxH}Dv
|v=UQoO pw] QO Al, Ti, Ga, Si xm OwW|t xOy=Wt uwmwR}= G}=Dv T=U=Q@ "1

"Ov=lQLDtQ}e
T=U=Q@ �l}D}r}B wQB w l}r}i '|r=kDv= 'l}U=DB� |v=UQoO pL=Qt s=tD QO "2

"CU= C@=F ,=@} QkD w R}J=v |tHL C=Q}}eD 'xOWx@U=Lt *|tHL |=yQwDm =i
Qm@ VN@ =@ xU}=kt QO l}U=DB |v=UQoO VN@ QO |tQH C=Q}}eD u} QDsyt "3
"CU= Ba w Cu 'K |oOW|ve w Mn w Mg 'Ca'Na |oOW|yD x@ \w@ Qt
Qw_vtx@ pw@}it; w Rqmw} SqB hQYt =@ x=Qty C=Q}}eD u}= |U=vW|v=m ^=Lr R=
|xr}Uwx@ pw@}it; w Rqmw} SqB |v} Ro}=H "OvOw@ C}Dw}@ w Q=BUOri �K |}=R|v=m
QO "CU= Na w Ca uOWsm w K uOWxi=[= Qw_vtx@ 'C}Dw}@ w Q=BUOri � K

"CU= xDi=} V}=Ri= ,=O}OW Cu Q=Okt VN@ u}=
w Na w 'Ov=xOW |yD K w Cu 'xDi=} V}=Ri= Ca |r=kDv= |v=UQoO VN@ QO "4
|v} Ro}=H Q=Okt =@ 'Na =@ \=@DQ= QO K Vy=m "Ov=xOv=t Q}}eD uwO@ ,=@} QkD Mn

R}ov=?HaD Ca Qw[L xJQo = "CU= u=Um} C}@r; |xr}Uwx@ Q=BUOri � K

"OW=@ �TB} S� O} QO}v= Qw[L Qou=}@ Ov=wD|t 'CU=
w Ca'Cu QY=va R= w |yD Ba w K 'Na QY=va R= l}r}i |v=UQoO VN@ "5
Q=BUOri |r=mr; uOW|D}U} QU |xv=Wv Na w K Vy=m "CU= xOW |ve Fe

"�OQ}o|t pmW l}U=DB |v=UQoO pw] QO xm p=tQDwQO}y C}Dw}@ Ovv=t� CU=
"OW=@ u; |Q}PBlQLD Crax@ Ov=wD|t VN@ u}= QO Cu V}=Ri=

Na 'Mg 'Ca QY=va R= w |yD Ba w Fe QY=va R=l}D}r}B wQB |v=UQoOVN@ "6
pw@}it; |}=to =t |v=UQoO x@ \w@ Qt Fe |oOW|yD "CU= xOW |ve Cuw
u}}=B C@Uv =@ l}D} Svi C} wmUwt w C}Dw}@ |xr}Uwx@ C}Dw}@ w uy; R= |ve
w u; |Q}PBlQLD Crax@ VN@ u}= QO Cu |oOW|ve "CU= Fe/Fe+Mg

"CU= VN@ u}= x@ l}U=DB pFt CUOq=@ |=yVN@ R= p=kDv=

�TMR1�l}r}i|v=UQoOnvU xvwtv |xU}=kt R= pY=L *uwmwR}= Q=Owtv "7 pmW
x@ O}v=wD|t QDW}@ C=}�RH |=Q@ �TMR31� l}D}r}BwQB VN@ nvU xvwtv =@

"O}vm xaH=Qt 4 pmW T}wvQ} R

xO=O u=Wv 5 pwOH w 7 pmW QO l}D}r}B wQB |v=UQoO =@ x=Qty |tQH C=Q}}eD
1000cm3 |rm sHL |=Q@ |rY= |=yO}Um = T=U=Q@ |rm Vvm =w "CU= xOW
C=Q}}eD R= l}r}B wQB xOW u=UQoO nvU 1000cm3 =@ l}r}i xOW u=UQoO nvU

"CU= xOW x@U=Lt 6 w 5 pw=OH QO \UwDt |tQH
Propylitically alteration rocks (Sericite, cholerite, epidote,

calsite) + 0 7Al3+ � 2 25Fe3+ + 0 18Mn+ + 0 07Ti4+

+2 15Ca2+ + 0 12P 5+ =Phyllicaly alteration rocks (quartz,

muscovite, epidote, pyrite, kaoline) + 0 55Al3+ + 0 43Fe3+

�0 38Mg2+ � 0 01Mn+ � 0 24T i4+ � 0 38K+ � 0 01P 5+:
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