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Geochemistry and source of tourmaline
from the Soheyle Pakuh granitoid body
(North of Nain, Central Iran)
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Abstract

The Oligocene Soheyle Pakuh granitoid body is located in the Urumieh-
Dokhtar zone, which composed predominately of granodiorite, diorite and
granite with mafic, aplite dikes and iron-tourmaline veins. On the base of
geochemical characteristics, the composition of the tourmalines is schorl-
dravite series with more tendency toward schorl component. The R1+R2 versus
R3 diagram as well as by changing the tuormaline composition from Schorl to
Dravite, depletion from alkali increases. Using of the Ca-Fe-Mgand Al-Fe-Mg
ternary diagrams display that the The tourmalines from the Soheyle Pakuh
granitoid body associated with quartz- tourmaline, meta- pelites, ca- depleted
meta- psamite and meta- pelites associated with Al-phase. Oscillatory chemical
zoning in the tourmaline crystals by increasing of Mg, Na and Al values in the
rims than to the core, point to effect of the hydrothermal fluids. The
substitution process in the structure of the tourmalines Soheyle Pakuh granitoid
body mostly in accordance with the AINa;Mg.,, 10Mg.(OH); AIOR* _(OH),,
Al(NaR).; FeAl; exchange vectors. Since, the FeO/FeO+MgO ratio for is limited
to 0.60-0.79 values, therefore, their source may be supposed by the way from
magmatic system to a hydrothermal environment.
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Sample No. R1 R2 R3 R4 R5 c1 c2 C3 ca cs5
Si0, 3624 3618 3612 3605 3597 3510 3505 3494 3482  34.96
Tio, 0.32 0.40 0.47 0.47 0.46 0.88 1.02 1.00 0.98 0.63
Al,0; 2716 27.80 2844 2873 2902 2444 2385 2427 2468 2423
FeO 1393 13.12 1231 1227 12.23 16.89  17.92 1726 1660  18.12
MgO 6.99 6.93 6.86 6.70 6.54 6.70 6.11 6.36 6.61 6.17
CaO 1.09 1.14 1.19 1.22 1.24 1.94 1.83 1.88 1.93 1.36
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Na,O 2.28 2.27 225 221 217 181 191 1.86 1.80 212
K.0 0.02 0.03 0.03 0.03 0.03 0.04 0.05 0.05 0.04 0.04
BaO 0.02 0.03 0.04 0.02 0.00 0.03 0.03 0.02 0.01 0.01
F 0.00 0.05 0.10 0.07 0.04 0.11 0.16 0.19 0.22 0.13
H,0 358 357 3.56 358 359 3.44 3.39 3.39 3.38 3.40
B.O: 1039  10.42 1044 1045 10.45 1012 1006 1008 1010  10.05
O=F 0.00 0.02 0.04 0.03 0.02 0.05 0.07 0.08 0.09 0.06
Total 10203 10190 10177 10175 10173 10145 10131 10120 101.08 101.15
Si 6.06 6.02 5.97 5.97 5.96 6.03 6.05 6.02 5.99 6.05
Ti 0.41 0.24 0.06 0.06 0.05 0.11 0.13 0.13 0.12 0.08
B 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Al 5.30 5.43 555 5.61 5.67 495 4.86 493 5.00 4.90
Fe?* 1.94 1.82 1.70 1.70 1.70 2.43 258 2.48 2.38 261
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
Mg 1.75 1.72 1.69 171 1.74 1.72 1.60 1.65 1.69 1.59
Ba 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.19 0.20 0.22 0.22 0.22 0.36 0.35 0.35 0.35 0.25
Na 0.73 0.72 0.70 0.70 0.69 0.60 0.60 0.60 0.59 0.71
K 0.01 0.01 0.01 0.01 0.01 0.01 0.10 0.05 0.01 0.01
OH 4.00 3.97 3.94 3.96 3.98 3.94 3.93 3.90 3.87 3.92
F 0.00 0.03 0.05 0.04 0.02 0.06 0.09 0.10 011 0.07
AI(Y) 0.00 0.01 0.02 0.03 0.04 0.06 0.03 0.06 0.09 0.06
Mg(Y) 1.03 113 1.23 1.24 1.25 050 031 0.42 052 0.35
Al(Z) 5.30 5.42 5.54 559 5.63 481 476 4.80 485 479
Mg(2) 0.70 058 0.46 0.42 0.37 1.19 1.24 1.20 1.16 1.22
Mg/(Mg-+Fe) 0.47 0.49 050 0.50 051 0.41 0.38 0.40 0.42 0.38
Xuacancy 0.07 0.07 0.08 0.08 0.08 0.03 0.05 0.05 0.05 0.04
Xvacaney+Na 0.80 0.79 078 0.78 0.77 0.64 0.65 0.64 0.64 0.75
R1 0.92 0.92 0.92 0.92 091 0.96 0.95 0.94 0.94 0.96
R2 058 0.49 0.40 0.35 0.30 0.88 0.92 0.89 0.85 0.96
R3 5.85 5.74 5.63 5.69 5.74 5.10 5.03 5.09 5.16 5.00
R1+R2 461 4.46 431 433 435 5.10 5.13 5.07 5.02 5.16
Xvacancy! (Xvacancy*Na) 3.69 0.09 0.10 0.10 0.10 0.05 0.07 0.08 0.08 0.05
Mg* 3.28 430 4.03 4.04 4.05 4.23 442 3.96 353 3.10
Al* 6.12 4.86 5.17 5.14 5.12 4.97 482 5.24 5.58 5.92
Na* 0.74 0.84 061 0.61 0.61 0.68 0.85 0.64 0.66 0.72
Na*+Al* 0.09 6.25 6.38 6.43 6.48 5.78 5.73 5.78 5.84 5.77
Mg*+Ca 6.12 3.70 355 358 3.60 4.38 4.40 435 430 437
FeO/(FeO+MgO) 3.84 216 0.64 0.65 0.65 0.72 0.75 0.73 0.72 0.74
Fe+Myg 3.69 354 3.39 3.41 3.43 4.14 418 413 4.07 4.20

End member Dravite Dravite Dravite Dravite Dravite Dravite Schorl Schorl Schorl Schorl
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Sample No. C6 C7 C8 C9 C10 R6 R7 R8 R9 R10
SiO, 35.10 34.95 34.80 34.49 34.17 36.22 36.31 36.40 36.52 36.64
TiO, 0.28 0.27 0.26 0.30 0.33 0.26 0.27 0.28 0.27 0.26
Al,O3 23.77 23.32 22.86 23.15 23.44 30.60 29.97 29.33 29.59 29.84
FeO 19.63 20.10 20.56 20.19 19.82 10.49 10.88 11.27 11.09 10.91
MgO 5.72 5.63 5.54 5.58 5.62 7.11 7.17 7.22 7.16 7.09
CaO 0.78 0.78 0.77 0.88 0.98 0.78 0.84 0.89 0.91 0.92
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Na,O 2.44 2.45 2.45 2.37 2.28 2.19 2.26 2.32 2.26 2.19
KO 0.04 0.04 0.04 0.04 0.04 0.02 0.03 0.03 0.03 0.03
BaO 0.00 0.01 0.01 0.01 0.00 0.05 0.04 0.03 0.03 0.02
F 0.04 0.05 0.05 0.03 0.00 0.03 0.04 0.05 0.06 0.07
H,O 3.42 341 3.40 3.42 3.43 3.64 3.62 3.60 3.61 3.61
B,0s 9.99 9.92 9.85 9.91 9.97 10.60 10.56 10.51 10.55 10.59
O=F 0.02 0.02 0.02 0.01 0.00 0.01 0.02 0.02 0.03 0.03
Total 101.22 100.90 100.58 100.74 100.90 101.99 101.95 101.91 102.03 102.15
Si 6.10 6.06 6.01 6.07 6.13 5.94 5.99 6.03 6.02 6.01
Ti 0.03 0.03 0.04 0.04 0.05 0.03 0.03 0.04 0.04 0.04
B 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Al 4.80 4.76 4.72 4.72 4.73 5.85 5.74 5.64 5.74 5.83
Fe 2.83 2.88 2.93 2.97 3.00 1.41 1.55 1.69 1.56 1.43
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.49 1.48 1.46 1.46 1.46 1.67 1.71 1.76 1.73 1.71
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.14 0.15 0.15 0.17 0.18 0.15 0.16 0.17 0.19 0.21
Na 0.83 0.78 0.74 0.75 0.75 0.72 0.73 0.74 0.73 0.72
K 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
OH 3.97 3.94 3.91 3.95 4.00 3.99 4.00 4.00 3.98 3.96
F 0.02 0.01 0.00 0.01 0.01 0.01 0.03 0.04 0.04 0.04
AI(Y) 0.04 0.03 0.03 0.07 0.11 0.09 0.06 0.03 0.02 0.01
Mg(Y) 0.17 0.09 0.01 0.06 0.10 1.53 1.48 1.42 1.45 1.47
Al(Z2) 4.72 4.66 4.60 4.63 4.65 5.80 5.73 5.65 5.70 5.75
Mg(Z) 1.28 1.34 1.40 1.38 1.35 0.20 0.27 0.35 0.30 0.26
Mg/Mg+Fe 0.35 0.34 0.33 0.33 0.33 0.54 0.53 0.51 0.53 0.55
Kvacancy 0.02 0.06 0.10 0.08 0.05 0.12 0.10 0.08 0.07 0.07
Kyacancy+Na 0.85 0.85 0.84 0.82 0.81 0.84 0.83 0.82 0.80 0.78
R1 0.97 0.93 0.89 0.91 0.94 0.87 0.89 0.91 0.92 0.93
R2 1.06 1.14 1.22 1.16 1.09 0.17 0.23 0.28 0.19 0.10
R3 4.84 4.80 4.76 4.78 4.79 5.89 5.79 5.68 5.79 5.89
R1+R2 5.30 5.29 5.29 5.34 5.40 3.96 4.16 4.36 4.22 4.07
Kvacancy/ (Xvacancy+Na) 0.02 0.07 0.12 0.09 0.07 0.15 0.12 0.10 0.09 0.09
Mg* 3.28 3.28 3.34 3.28 3.28 3.38 341 3.89 4.36 3.28
Al* 6.12 6.12 5.68 6.12 6.12 5.77 571 5.25 4.79 6.12
Na* 0.74 0.74 0.70 0.74 0.74 0.70 0.75 0.75 0.75 0.74
Na*+Al* 5.70 5.62 5.54 5.56 5.58 6.64 6.55 6.45 6.55 6.64
Mg*+Ca 4.44 4.47 451 4.56 4.60 3.21 3.40 3.59 3.45 3.31
FeO/FeO+MgO 0.77 0.78 0.79 0.78 0.78 0.60 0.60 0.61 0.61 0.61
Fe+Mg 4.32 4.36 4.40 4.43 4.46 3.08 3.27 3.45 3.30 3.15
End member Schorl Schorl Schorl Schorl Schorl Dravite Dravite Dravite Dravite Dravite
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X=Ca, Na, K (X-Vacancy)

Yj Li, Mg, Fe**, Mn*, Al, Cr*, V¥ Fe*,
Ti*

Z= Mg, Al, Fe*", V¥, cr®

T=Si, Al, (B)

B=B

V=0H, O, (F)

W=0H,F, O

Slatod )0 (S 5 Dl (s 2 Sl
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