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Abstract: Chemical compositions of tourmalines, determined by electron microprobe, show that tourmalines
from the altered country-rock, exo- and internal-contact zones are Ca- and Fe-rich dravite, from the
tourmalized pegmatite are Mg- and Fe-rich elbaite, from the early formed textural zones (I -1V) are
schorl-elbaite solid solution series, and from the late formed textural zones (V-VII) are elbaite. Tourmalines
from the altered country-rock, exo- and internal- contact zones are characterized by low Al, high Mg and Ca
in Y site, and very low ratios of Al/(Al+Fe) and Fe/(Fe+Mg), represented by substitution of
R¥*+0%=R*'+0OH", indicating that the origin of tourmalines were associated with interactions between
country-rock and exsolved magmatic fluid, and/or between country-rock and pegmatite-forming melt.
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Tourmalines from the internal textural zones ( I —VII) of pegmatite are featured by very low Mg and Ca, high
Fe, Al and Li in Y site, and very high ratios of Al/(Al+Fe) and Fe/(Fe+Mg), represented by substitution of
C+AP*=Na*+Fe(Mg)®* and Li*+Al**=Fe(Mn)*+Mg?*, respectively. Touramlines from the early formed
textural zones (I —IV) of pegmatite are magmatic in origin, showing no zonation in chemical compositions,
but tourmalines from the late formed textural zones (V —VII) of pegmatite were magmatic-hydrothermal in
origin, featured by oscillatory zonation. As solidification of pegmatite from the outer to the inner, it shows
that Al, Li and Mn in Y site and Fe/(Fe+Mg) ratio of tourmalines increase with decreasing temperature
gradually. As no Mg in Y site of tourmalines from the internal textural zones, it indicates that the
magmatic-hydrothermal evolution of Koktokay No.3 pegmatite proceeded in a relatively closed system.

Keywords: chemical composition; magmatic-hydrothermal evolution; tourmaline; Koktokay No.3 pegmatite
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Fig. 1. Geological map of Koktokay Mining Area.
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Fig. 2. Cross-section of the internal textural zonation of
Koktokay No.3 pegmatite, Altay at an elevation of 1186 m.
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Table 1. Occurrence and paragenesis of tourmalines from different zones of Koktokay No.3 pegmatie

LN NN .
Gy e it " s B
(mmxmm)
. Kp03-431, DQS11-60, . N .
A TBAf 1~3x5~10 FER FNAT . B
DQS-11-61, DQS11-63
A Sl Kp03-432 ey} 0.5~0.6x1~3 FEAR NG BHKA
P e fidity Kp03-424 Eya) 0.5~0.8x2~3 FER A WRHKA . AR
A E Kp03-307 feye) 1~2x2~4 FEAER BORLIR WA AR A
Kp03-147, Kp03-412, Kp03-413, ) ; .
I AT 0.5~2x5~10 KR WARH A
Kp03-430
BERCIRENK A . AahE, G4
14 Kp03-16 B 0.5~1x5~6 FER 5 \ o )
M7 Kp03-414, Kp03-415 Eya) 0.5~1x4~5 FER WARHCH
Kp03-15, Kp03-16, Kp03-155, Y. AafE. Bika. 84
Vi P P P i) 10~20x30~60 FER .
Kp03-200, Kp03-416, Kp03-417 £
Kp03-167, Kp03-168, Kp03-418, , . .
Vi I gV ARG 5~6 x30~40 FER KA A9, Bt
Kp03-419
Kp03-101, Kp03-165, Kp03-420, M4l {ank
VI P P P et 3-4x20-25 Kotk B, KA. A5
Kp03-421, Kp03-422 R
" Wk N . . —
VI Kp03-87 1~2x2~3 P TVERINERIRIN AR S A R

et




302 W

L

2015 4F

AT 22 170 D S 7 R K2 1™ 1 FH
XS % IXAB800M Y H FHR-EHY L 58 i
KPR EE X WOtk (WDS). e TAESK
2 iR 15 KV, HLRE 10 nA, HA2 5 um.
L Durango apatite (w(CI)=0.41%, w(F)=3.53%) 4
FRAENE A A By CLTTE L, DU KA B
(Anorthite glass, W(Al,03)=36.65%) JFrEill 5
AT ALOs, ZnO. Cs,0 437 KAl Willemite
(W(ZnO)=73.05%) F14 5 CsReCls  (w(Cs,0)=
39.99%) WAEMFRFEHEATINE, e SiO,.
FeO. MgO. Na,O. K,0O. TiO,. BaO. SrO F1 MnO
(R0 E 2 )k /N AT (Hornblende Kakanui)
B L e IR R Rk RONE A JE T ( Fayalite
Rockport Mass) 1F Abrkf. 4k F. Cl iU 4340
FI Cs,0+ SrO LU (1)l & I i) e e 4 20 s, HE

T2 A AR AR I (0 I 1) ¥ 5k 10 s, AHIREF)
P A B AT S50 5 I AT 5 so T IR 23 BT 45
RIUAT ZAF 1P,

HLA A SRR XY 3Z6(BO3)3SisO18Wa,» 1BE
KA A ARy rh n(B)=3, n(OH+F+Cl)=4.00 Al
n(Li)=3-2Y (XY: Y 7 FHE - HUa A, T 31 Bl
T4 (O, OH, F) #HMTH AL AT E . ARt
FURR A 3545 i ik B AR R R 1) 30 AN A A
FESEET RS T EREH G BT 188 4N,
% 2 BN R g Rty AR i A 2 A R AL
YO TR LB I T g kb 31 AT A S
AL R HT g RE7R, w(Cl)<0.02%.
W(Cs,0)<0.01%. w(Sr0)<0.01%. w(Ba0)<0.2%,
X LI A Z 5 i S 4R U

& 2 AL 3 SRR ST T AN EARI BT WS
Table 2. Chemical composition and calculated structural formula of tourmalines from different
textural zones of Koktokay No.3 pegmatite

- AR S REER kit LA AT it
(n=16) (n=8)° (n=5) (n=12) (n=26)
Sio, 35.21~37.10 35.33~35.96 34.98~36.08 34.77~36.13 33.76~35.98
TiO, 0.00~1.52 0.00~0.03 0.18~0.24 0.00~0.10 0.00~0.16
AlO; 30.77~33.35 29.69~32.53 32.48~33.44 34,70~36.60 34.04~37.77
FeO! 4.22~8.23 457~6.57 6.18~6.92 7.26~9.09 5.77~13.32
MnO 0.00~0.11 0.00~0.09 0.01~0.05 0.34~0.59 0.41~1.20
MgO 6.98~9.82 9.42~10.90 7.97~8.37 1.42~1.79 0.11~1.62
Zno 0.00~0.19 0.00~0.22 0.00~0.05 0.30~0.86 0.15~0.94
Na,O 1.60~2.12 1.46~1.75 1.37~1.48 2.11~2.60 1.54~2.64
K0 0.00~0.04 0.00~0.02 0.0~0.02 0.02~0.04 0.00~0.06
Ca0 0.77~1.83 1.24~2.08 1.06~1.40 0.08~0.15 0.01~0.29
F 0.00~0.97 0.00~1.33 0.00~0.50 0.57~1.34 0.04~1.46
B,Os” 10.50~10.88 10.44~10.66 10.65~10.74 10.39~10.70 10.19~10.65
Li,0? 0.22~0.25 0.00 0.00 0.57~0.93 0.00~1.17
H,0? 3.25~3.75 3.01~3.67 3.44~3.67 2.96~3.36 2.93~3.49
-O=F -0.41~0.00 -0.56~0.00 -0.21~0.00 -0.57~-0.24 -0.62~-0.02
B 99.10~102.48 98.30~100.61 100.65~101.07 98.20~100.93 98.68~101.92
T Si 5.83~5.95 5.81~5.94 5.70~5.87 5.75~5.93 5.74~5.93
Al 0.05~0.16 0.06~0.19 0.13~0.30 0.07~0.25 0.07~0.26
24 Al 5.78~6.00 5.60~6.00 6.00 6.00 6.00
Fe 0.00~0.22 0.00~0.40 0.00 0.00 0.00
Al 0.00~0.26 0.00~0.18 0.11~0.21 0.74~0.87 0.56~1.13
Ti 0.00~0.19 0.00 0.02~0.03 0.00~0.01 0.00~0.02
Fe 0.56~0.95 0.49~0.70 0.84~0.94 1.01~1.27 0.79~1.89
Y fir Mn 0.00~0.01 0.00~0.01 0.00~0.01 0.05~0.08 0.06~0.17
Mg 1.69~2.42 2.29~2.50 1.94~2.03 0.35~0.44 0.03~0.40
Zn 0.00~0.02 0.00~0.03 0.00~0.01 0.04~0.11 0.02~0.11
Li 0.14~0.23 0.00 0.00 0.38~0.61 0.00~0.78
Na 0.57~0.66 0.47~0.56 0.43~0.47 0.69~0.82 0.51~0.84
X A Ca 0.13~0.32 0.22~0.37 0.18~0.24 0.01~0.03 0.00~0.05
o 0.08~0.23 0.13~0.30 0.29~0.38 0.16~0.29 0.14~0.48
Wi OH 3.52~4.00 3.31~4.00 3.74~4.00 3.29~3.70 3.23~3.97
F 0.00~0.48 0.00~0.69 0.00~0.26 0.30~0.71 0.02~0.76
Al/(Al+Fe)* 0.00~0.31 0.00~0.20 0.11~0.20 0.37~0.47 0.23~0.58
Fe/(Fe+Mg)* 0.21~0.40 0.20~0.25 0.30~0.33 0.73~0.77 0.82~0.98
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kit 11 717 (n=6) M4 (n=16) Vi (n=19) Vi (n=31) VIt (n=28) VIIi5(n=21)
Sio, 36.06~37.09 34.68~35.86 35.56~36.97 35.71~38.00 34.61~38.31 36.89~38.87
TiO, 0.00~0.01 0.06~0.18 0.00~0.16 0.00~0.12 0.00~0.08 0.01~0.05
Al,Oq 38.82~39.70 34.98~36.67 34.60~39.67 36.37~42.38 35.95~42.00 37.83~39.76
FeO! 2.46~3.18 7.74~10.92 3.33~10.12 0.21~6.55 1.00~8.99 1.02~3.03
MnO 2.38~2.75 0.23~0.44 0.19~1.47 0.53~1.91 0.39~1.81 1.80~2.59
MgO 0.00 0.30~0.43 0.00~0.45 0.00~0.05 0.00~0.23 0.00~0.03
Zn0 0.03~0.46 0.00~0.73 0.05~1.13 0.00~0.79 0.00~0.62 0.08~1.07
Na,O 2.05~2.38 2.15~2.53 2.14~2.72 1.71~2.67 1.65~2.62 2.07~2.63
K0 0.00~0.03 0.00~0.04 0.01~0.06 0.00~0.05 0.00~0.04 0.00~0.04
Ca0O 0.48~0.61 0.03~0.12 0.05~0.27 0.10~0.58 0.02~0.64 0.15~0.33
F 0.79~1.34 0.58~1.49 0.44~1.73 0.51~1.44 0.45~1.63 0.08~0.27
B,03 10.74~10.99 10.31~10.64 10.35~10.91 10.51~11.14 10.41~11.09 10.73~11.06
Li,0? 1.44~1.59 0.70~1.08 0.81~1.51 1.25~1.92 0.95~2.13 1.61~1.88
H,0? 3.13~3.38 2.94~3.36 2.83~3.48 2.97~3.53 2.82~3.50 3.63~3.75
-0=F -0.56~-0.33 -0.63~-0.24 -0.73~-0.18 -0.61~-0.22 -0.69~-0.19 -0.11~-0.03
oy 99.59~101.80 98.30~101.66 98.28~101.74 98.41~101.50 97.95~101.42 99.18~101.01
T Si 5.83~5.92 5.77~5.94 5.82~5.99 5.77~6.00 5.71~6.00 5.94~6.00
Al 0.08~0.17 0.06~0.23 0.01~0.18 0.00~0.23 0.00~0.29 0.00~0.06
Z i Al 6.00 6.00 6.00 6.00 6.00 6.00
Fe 0.00 0.00 0.00 0.00 0.00 0.00
Y A Al 1.22~1.25 0.80~0.99 0.81~1.27 0.98~1.69 0.94~1.67 1.09~1.39
Ti 0.00 0.01~0.02 0.00~0.02 0.00~0.01 0.00~0.01 0.00
Fe 0.33~0.43 1.08~1.49 0.44~1.40 0.03~0.88 0.00~1.22 0.13~0.40
Mn 0.32~0.37 0.03~0.06 0.03~0.20 0.07~0.27 0.05~0.25 0.24~0.35
Mg 0.00 0.07~0.11 0.00~0.11 0.00~0.01 0.00~0.06 0.00~0.01
Zn 0.00~0.06 0.00~0.09 0.01~0.13 0.00~0.09 0.00~0.07 0.01~0.13
Li 0.94~1.02 0.47~0.72 0.55~0.97 0.81~1.24 0.62~1.34 1.04~1.19
X AL Na 0.64~0.74 0.70~0.82 0.70~0.86 0.52~0.84 0.50~0.84 0.64~0.81
Ca 0.08~0.10 0.00~0.02 0.01~0.05 0.02~0.10 0.00~0.11 0.03~0.06
- 0.16~0.25 0.17~0.27 0.08~0.28 0.12~0.40 0.14~0.40 0.14~0.31
W A OH 3.33~3.60 3.22~3.70 3.10~3.78 3.28~3.74 3.14~3.76 3.86~3.96
F 0.40~0.67 0.30~0.77 0.22~0.90 0.26~0.72 0.23~0.86 0.04~0.14
Al/(Al+Fe)* 0.74~0.79 0.36~0.48 0.37~0.74 0.53~0.98 0.43~1.00 0.74~0.91
Fe/(Fe+Mg)* 1.00 0.92~0.94 0.89~1.00 0.80~1.00 0.95~1.00 0.98~1.00
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Fig. 3. Backscattered electron images for (A) dravite from the altered country rock, and (B) elbaite from zone V.
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Fig. 4. Fe vs. Mg diagram for tourmalines from different
textural zones of the Koktokay No.3 pegmatite.
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Fig. 5. Al-Fe(tot)-Mg ternary diagram (in molar proportions)
for tourmalines from the different textural zones of
Koktokay No.3 pegmatite.
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Fig.6. Al/(Al+Fe) vs. Na/(Na+(]) diagram for tourmalines
from different textural zones of Koktokay No.3 pegmatite.
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Fig. 7. R1+R2 vs. R3 diagram for tourmalines from different
textural zones of Koktokay No.3 pegmatite.
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Fig. 8. Correlation diagram between Al and R2" (sum of
Fe+Mn+Mg+Al) for R2 site of tourmalines from different
textural zones of Koktokay No.3 pegmatite.
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Koktokay No.3 pegmatite.
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