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Introduction

Tourmaline is a borosilicate mineral with general formula of
XY3Z6[T6015](BO3);V3W. Experimental studies demonstrate a wide range
of stability for tourmaline-supergroup minerals to record different
geological processes. They occur in metamorphic, granitic pegmatites, and
clastic sedimentary rocks and are associated with hydrothermal activities
(Dutrow and Henry, 2011; Slack and Trumbull, 2011). Textural and
compositional features of tourmaline can be used as an indicator of
environment in which it crystallized. Tourmaline from porphyry deposits
generally show a. frequently crystal zoning, b. development from Fe-rich
to Mg-rich, and c. total Mg content is ~2 apfu in copper deposits and 1-2
apfu in Au deposits (Baksheev et al., 2012). It is believed that the world-
class Dashkasan gold deposit records the transformation of porphyry to
low-sulfide epithermal (Richards et al., 2006). The Dashkasan gold deposit
located in the Kurdistan Province can be a significant region for better
understanding the origin and the evolution of ore-forming fluids using
chemistry of tourmaline. For the present study, we also tried to apply fluid
inclusions data on quartz-tourmaline-pyrite veins from the Dashkasan
deposit.

Materials and Methods

SX100 Electron Probe Micro Analysis (EPMA) at the

Polished-thin sections of various tourmalines of the Iran Mineral Processing Research Center, Karaj. Fluid

Dashkasan deposit were examined using a Cameca inclusion studies were performed on quartz crystals of
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quartz-tourmaline-pyrite veins. The microthermometric
parametes of fluid inclsions were measured by
Linkam-THMS-600 stage at the University of Isfahan.

Results and Discussion

The Dashkasan gold deposit with 52 Mt of oxidized
ore and average grades of 1.77 g/t Au is hosted by the
Middle-Miocene porphyritic dacite/rhyodacite and
dacitic breccia rocks. The main minerals are quartz, K-
feldspar, hornblende and biotite mainly altered.. This
deposit is characterized by the transition from the
porphyry to the epidermal system with the presence of
tourmaline minerals in phyllic and silicification
alteration associated with gold veins. As petrographic
examination shows tourmaline occurs as disseminated,
vein/veinlet, and breccia textures in three types: Tur-1
occurred as needle shape in dacitic rocks associated
with phyllic alteration; Tur-2 crystallized as radial
shape mainly coexisting with silicification; and Tur-3
with elongated shape is present in dacitic breccia with
phyllic alteration.

Mineral Chemistry

The geochemical composition of three types
tourmalines points to the nature and the evolution of
ore-forming fluids. Electron microprobe analyses of
the studied tourmalines indicate that the Tur-1 and Tur-
3 are dravite, and the Tur-2 is dravite to schorl in
composition and they belong to alkaline group. The
third type, unlike the other two, is characterized by
poor zoning and higher values of Na, K, Fe, Mg and
lower values of Ca. On Fe-Ca-Mg ternary diagram,
they plotted in the Ca-poor metapelites,
metapsammites, and quartz-tourmaline rocks host.
Magmatic genesis inferred from the higher
Fe/(FetMg) ratio for Tur-1 and Tur-2, while this ratio
in the Tur-3 is different and shifted towards
hydrothermal source.

Microthermometric Study

Richards et al. (2006) present the fluid inclusion
assemblages from quartz-tourmaline veins in
sericitized wall rocks in the Dashkasan deposit
consisting of hypersaline and rare vapor-rich inclusion.
They have homogenization temperatures of 246° to
360 °C, yielding salinities of 34.4 to 46.1 wt% NaCl
equiv. (Richards et al., 2006). Fluids inclusions studies
on quartz-tourmaline-pyrite veins related to transition
between stage-1 and stage-2 of mineralization in the
Dashkasan shows a salinity values from 15.9 to 16.8

wt% NaCl equiv. and homogenization temperature
values between 185° to 254 °C.

Conclusions

On the basis of optical and scanning electron
microscopy, three tourmaline types(Turs -1,-2 and -3)
in the Dashkasan deposit, can be distinguished. Despite
the lack of zoning in Tur-1 and Tur-2, the third type
displays the poor zoning. The first-and the third-types
of tourmalines are dravite (Mg-rich), whereas the
second-type is dravite to schorl in composition.
Magmatic genesis is reflected by higher X(Fe+Mg) and
FeO/(MgO+FeO) ratios for the first two types. While
these ratios in the Tur-3 is different and shifted toward
hydrothermal source. To sum up, the occurrence of
quartz-tourmaline-pyrite veins in the Dashkasan
deposit is due to the existence of a fault system under
the physicochemical performance of the ore-
mineralized fluid by a sudden depressurization and
probably gradual mixing with shallow water.
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Table 1. Some tourmaline species for determining fluid characteristics (Dutrow and Henry, 2018).

Species X) (Y3) (26) T6O1s (BO3)3 V)3 (W)
Alkali group
Schorl Na Fe?* Als SisO18 (BO3)3 (OH)3 OH
Dravite Na Mgs Al SiO1g (BO3)3 (OH)3 OH
Oxy- dravite Na AlbMg AlsMg Si6O1s (BO3); (OH); O
Elbaite Na LiisAlis Ale Si6O1s (BO3)3 (OH)3 OH
Povondraite Na Fe’t Fe’'s SisO1s (BO3)3 (OH)3 (¢}
Calcic group (BO3)3 (OH)3
Liddicoatite Ca Li2Al Al SicO1s (BO3)s (OH)s OH
X- site vacant group (BO3)3 (OH)3
Magnesio- foitite o* MgrAl Als SisO18 (BO3)3 (OH)3 OH

* X- site vacancy (O)
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Figure 1. A) Structural map of northwest Iran and position of Dashkasan deposit between UDMA and
Sanandaj- Sirjan zone (modified after Mohajjel et al. (2003)); B) Geologic map of the Dashkasan gold

deposit (modified after Zarkuh mining company (Richards et al., 2006)).
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Figure 2. Reflected- light photomicrographs of
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corner); B) Intergrowth of stibnite and pyrite with
quartz in dacite host- rock, C) Around of the galena
mineral changed to the cerussite.
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Figure 4. Photographs of hand-specimen and field samples of various tourmaline structures in the
Dashkasan gold deposit. A) Tourmaline vein in the hosted by dacite porphyry; B) Tourmaline stockwork
structure in the altered host dacite porphyry; C) Brecciated dacite porphyry clasts in the tourmaline
groundmass; D) Tourmaline in the groundmass of coarse and fine dacite porphyry (matrix supported). The
tourmaline vein/veinlets in A, B photos, and dacite clasts are marked with red arrows.
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Figure 4. Cross-polarized light (XPL) photomicrographs of various tourmaline types in the Dashkasan

deposit. A) First-type of needle tourmalines

the phyllic alteration; B) Second-type of radial

tourmalines in the silicification alteration; C) Third-type bladed tourmaline within a quartz-pyrite vein in
the altered host dacite; D) Tourmaline- pyrite vein in the phyllic alteration groundmass.
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Figure 5. Polarized light (PPL) and back-scattered electron microscopy (BSE) images of different types

of tourmaline in the Dashkasan gold deposit. A, D) First type of the needle tourmaline; B, E) Second type
of the radial tourmaline; C, F) Zoning in the third type of the bladed tourmaline.
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Table 2. Microprobe electron data of the first type tourmaline crystals of porphyry system with empirical formula
(atoms per formula unit, apfu) based upon a 31 anion (O, OH) and total Fe*2.

Point No. Spl Sp2 Sp3 Sp4

Sp6 Sp7 Sp8 Sp9  Spl0  Spll Spl2

SiO2 39.1 37.9 39.6 386

TiO2 0.42 0.51 039 0.61

38,6 36.1 379 359 386 366 378
1.00 039 049 040 059 032 0.61
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Table 2. Continued.

Point No. Spl Sp2 Sp3 Sp4 Sp5 Sp6 Sp7 Sp8 Sp9 Spl0  Spll Spl2

ALO3 3230 31.80 33.20 32.00 31.90 3220 32.00 33.00 3330 31.20 32.60 33.80
FeO 7.90 8.70 7.70 800 810 7.60 870 830 9.10 890 860 8.00
MnO 0.10 0.09 0.11 0.09 008 008 012 012 0.11 0.06 0.03 0.08
MgO 6.70 6.90 690 700 690 680 680 730 660 690 6.60 7.10
CaO 0.90 1.70 1.10 1.30  1.40 1.10 1.70 1.60 1.90 1.50 1.70 1.40
Na:0 1.70 1.60 1.40 1.60  1.60 1.60 1.50 1.50 1.50 1.60 1.40 1.50
K20 0.04 0.02 0.02 003 0.05 0.04  bdl bdl 0.01 0.01 0.01 0.01
BaO 0.03 0.01 bdl bdl 0.02 0.07 0.05 002 002 003 0.02 0.01
B203 1141 1091 1120 1071 1090 1099 1079 11.07 1081 1094 10.50 11.10
Total 100.57 100.13 101.60 99.40 99.56 100.01 99.16 100.32 99.64 100.29 98.36 100.40
Si 6.16 6.03 6.13 610 607 610 588 595 576  6.13 5.81 591
Ti 0.05 0.06 0.05 007 006 0.12 0.05 0.06 005 007 004 0.07
Al 6.00 5.96 6.06 597 599 599 614 610 630 584 625 6.23
Fe** 1.04 1.16 1.00 1.06  1.08 1.00 1.19 1.09 1.22 1.18 1.21 1.05
Mn 0.01 0.01 0.01 0.01  0.01 0.01 002 002 002 0.01 0.00 0.01
Mg 1.57 1.64 1.59 1.65 1.64 1.60 1.65 1.71 1.58 1.63 1.65 1.65
Ca 0.15 0.29 0.18 022 024 019 030 027 033 026 031 0.23
Na 0.52 0.49 042 049 049 049 047 046 047 049 046 046
K 0.01 0.00 0.00 0.01 0.01 0.01 0.00 000 000 000 000 0.00
B 3.00 3.00 3.00 300 300 300 300 300 300 300 300 3.00
Al (T) 0.00 0.00 0.00 000 000 000 012 005 024 000 019 0.09
Al (Z) 6.00 5.96 6.0 596 599 599 600 600 600 584 6.00 6.00
Al (Y) 0.00 0.00 0.06 000 000 000 002 005 007 000 006 0.13
Mg(Y) 1.57 1.60 1.59 1.61 1.62 1.59 1.65 1.71 1.58 1.47 1.65 1.65
Mg (Z) 0.00 0.04 0.00 004 0.02 0.01 0.00 000 000 0.17 000 0.00
Mg/Mg+Fe 0.60 0.59 0.62 061 060 0.61 0.58  0.61 0.56 0.58 058 0.61
Xvacancy 0.32 0.22 040 028 026 031 0.23 027 020 025 023 031
Xvacancy+Na 0.84 0.71 0.82 077 0.75 0.80 070 073 067 074 069 0.76
Ri 0.67 0.78 0.60 071 0.73 0.68 077 073 079 075 076  0.69
R: 2.63 2.81 260 272 273 262 285 2.81 282 28 286 271
Rs3 6.06 6.05 6.12 606 607 6.15 6.21 6.18 637 593 631 6.32
Ri+R2 3.30 3.59 3.21 343 346 329 362 354 3.6l 3.57  3.63 3.40
Xvacancy/(XvacancyTNa) 0.38 0.31 049 036 035 039 033 037 030 034 033 041
Mg* 2.58 2.75 256 265 266 250 281 276 277 275 282  2.64
Al* 6.10 6.09 6.15 6.10 6.11 623 624 622 640 598 633 637
Na* 0.53 0.50 042 050 050 050 047 046 050 050 046 046
Na*+Al* 6.63 6.58 6.57 660 662 673 6.71 668 687 647 680 6.83
Mg*+Ca 2.73 3.04 274 287 290 268 310 3.02 310 3.0l 313 287
FeO/FeO + MgO 0.54 0.56 053 053 054 053 056 053 058 056 057 0.53
Fe/(Fe + Mg) 0.51 0.54 0.50 050 0.53 050 050 050 050 0.51 045  0.51
Fe/Mg 0.66 0.71 063 064 066 062 072 064 077 072 073 0.63
Na/(Na + Ca) 0.77 0.63 070 069 067 073 062 063 059 066 060 0.66
Fe + Mg 2.62 2.80 259 271 272 261 2.84 280 280 28I 2.9 2.7
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Table 3. Microprobe electron data of the second type tourmaline crystals of porphyry system (at. %) with empirical
formula (apfu) based upon a 31 anion (O, OH) and total Fe*2.

Sample No. Spl Sp2 Sp3 Sp4 Sp5 Sp6 Sp7 Sp8 Sp9  Spl0 Spll  Spl2  Spl3
SiO: 383 381 381 379 379 377 388 381 374 389 379 392 38.70
TiO2 0.60 0.65 0.76 0.77 048 043 0.60 030 085 047 047 037 0.70
ALO3 29.7 30.2 31.0 302 278 29.8 313 319 305 310 315 318 27.9
FeO 12.00 9.70 9.30 11.2 14.00 1190 870 790 1050 920 930 750 10.30
MnO 0.07 0.06 0.05 0.08 0.07 0.07 0.02 0.06 0.09 0.06 007 0.06 0.18
MgO 6.10 7.40 6.70 6.60 6.60 630 6.80 6.80 640 690 7.00 720 8.56
CaO 200 190 190 2.00 1.70 190 180 1.60 2.10 1.80 2.10 1.40 1.51
Na;O 147 178 135 136 1.58 1.70 146 1.67 130 141 147 1.64 2.07
K20 0.04 0.09 0.05 0.04 0.04 0.04 0.08 0.01 0.05 0.06 0.05 0.04 0.05
BaO 0.02 0.01 0.06 0.02 0.02 0.04 0.01 0.02 bdl 0.02  0.02 bdl bdl
B:03 10.84 10.89 10.87 10.87 10.69 10.77 1097 10.87 10.78 1097 1094 11.02 10.85
Total 101.12 100.57 100.08 101.25 100.86 100.61 100.53 99.21 99.97 100.77 100.80 100.23 100.82
Si (apfu) 6.14 6.07 6.08 6.05 6.16 6.07 6.14 6.09 6.03 6.15 6.02 6.18 6.20
Ti 0.07 0.08 0.09 0.09 0.06 0.05 0.07 0.04 0.10 0.06 006 0.04 0.08
Al 5.61 5.67 584 569 532 566 584 6.01 579 578 510 5091 5.27
Fe?* 1.61 129 124 150 1.90 1.60 1.15 1.06 142 122 124 099 1.38
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.02
Mg 146 1.76  1.60 1.57 1.60 .51 1.61 1.62 154 163 166 1.70 2.04
Ca 0.34 032 033 034 030 0.33 031 028 036 031 036 024 0.26
Na 046 0.55 042 042 0.50 053 045 052 041 043 045 050 0.64
K 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01 0.02 0.01
B 3.003.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Al (T) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al (Z) 5.61 5.67 584 569 532 5,66 584 6.00 579 578 590 591 5.27
Al (Y) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Mg(Y) 1.06 146 143 126 092 1.17 144 162 133 141 156 1.60 1.31
Mg (Z) 039 033 0.17 031 0.68 034 0.16 0.00 0.21 022 0.10 0.09 0.74
Mg/Mg+Fe 048 0.58 0.56 0.51 046 049 058 061 052 057 057 0.63 0.60
X- vacancy 0.19 0.11 0.15 023 0.2 0.13 023 021 022 025 0.18 025 0.8
X- vacancy+Na 0.65 0.66 0.57 0.65 0.70 0.66 0.68 0.73 0.63 0.68 0.63 0.75 1.44
Ri 0.80 0.87 0.74 0.76 0794 086 0.75 0.79 0.77 074 081 0.74 0.91
R: 3.07 3.06 284 3.08 3.51 3.13 276 2.68 297 285 290 2.69 3.45
R3 5.70 577 596 581 540 573 593 6.05 593 585 597 596 5.38
Ri+R2 3.87 393 359 384 430 398 351 347 373 359 371 343 4.35
Xvacaney/(XvacaneytNa) 029 0.17 026 035 0.29 020 034 029 035 037 028 033 0.55
Mg* 3.00 298 275 299 345 3.0 2.69 265 286 280 285 2.64 2.36
Al* 5.75 583 6.01 587 544 576 598 6.08 6.00 589 6.01 599 6.43
Na* 047 057 043 043 051 0.54 046 052 042 044 046 051 0.65
Na*+Al* 622 639 645 630 595 630 645 6.60 642 633 647 6.50 6.09
Mg*+Ca 334 330 3.08 333 375 340 299 292 323 310 320 2.88 3.62
FeO/FeO + MgO 0.66 0.57 0.58 0.63 0.68 0.65 056 054 0.62 057 057 051 0.55
Fe/(Fe + Mg) 0.15 0.70 0.16 092 0.99 023 034 046 058 050 098 0.50 0.50
Fe/Mg 3.06 3.05 284 3.7 3.50 312 276 2.67 295 284 289 268 0.64
Na/(Na + Ca) 0.57 0.63 056 055 0.63 0.62 054 0.65 053 059 056 0.68 0.71

Fe + Mg 3.06 3.05 284 3.07 3.50 312 276  2.67 295 284 289 268 3.42
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Table 4. Microprobe electron data of the third type tourmaline crystals of epithermal system with empirical formula
(apfu) based upon a 31 anion (O, OH) and total Fe*.

Point No. Spl Sp2 Sp3 Sp4 Sp5 Sp6 Sp7 Sp8 Sp10 Spl0 Spll
SiO2 40.10 39.2 39.8 39.20 4030  40.30 40.40  40.60 40.70 41.10 41.00
TiO2 0.47 0.98 0.32 0.63 1.10 0.37 0.77 0.67 0.47 0.31 0.29
ALO3 35.00 31.0 35.8 32.6 31.5 349 325 335 33.8 34.6 352
FeO 3.23 5.58 2.80 5.57 5.18 3.49 5.08 5.27 4.58 3.74 3.46
MnO 0.19 0.11 0.15 0.18 0.10 0.15 0.17 0.12 0.20 0.27 0.13
MgO 8.07 8.52 7.69 7.85 9.01 7.74 7.75 7.04 7.42 7.47 7.53
CaO 0.04 0.32 0.06 0.16 0.30 0.08 0.17 0.11 0.11 0.05 0.01
Na:0 2.26 2.66 2.22 2.60 2.49 2.45 245 2.60 2.32 2.11 1.88
K20 0.03 0.11 0.03 0.05 0.05 0.03 0.06 0.08 0.03 0.02 0.03
BaO 0.02 0.02 0.03 0.04 0.01 0.05 0.01 0.01  bdl 0.02 0.03
B203 1135 11.01 1132 11.08 11.25 11.35 1121 1130 1130 1138 11.40
Total 100.74  99.45 100.19 9992 101.28 100.86 100.56 101.36 100.93 101.05 100.93
Si (apfu) 6.14 6.19 6.10 6.14 6.22 6.16 6.26 6.26 6.25 6.27 6.25
Ti 0.05 0.12 0.04 0.07 0.13 0.04 0.09 0.08 0.05 0.04 0.03
Al 6.31 5.77 6.47 6.01 5.73 6.29 5.93 5.94 6.12 6.22 6.32
Fe** 0.41 0.74 0.36 0.73 0.67 0.45 0.66 0.66 0.59 0.48 0.44
Mn 0.03 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.04 0.02
Mg 1.84 2.00 1.76 1.83 2.08 1.77 1.79 1.80 1.70 1.70 1.71
Ca 0.01 0.05 0.01 0.03 0.05 0.01 0.03 0.02 0.02 0.01 0.00
Na 0.67 0.81 0.66 0.79 0.75 0.73 0.74 0.76 0.69 0.62 0.56
K 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01
B 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Al (T) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al (Z) 6.00 5.77 6.00 6.00 5.73 6.00 5.93 5.94 6.00 6.00 6.00
Al (Y) 0.31 0.00 0.47 0.01 0.00 0.29 0.00 0.00 0.12 0.22 0.32
Mg(Y) 1.84 1.77 1.76 1.83 1.80 1.77 1.72 1.70 1.70 1.70 1.71
Mg (Z) 0.00 0.24 0.00 0.00 0.28 0.00 0.07 0.06 0.00 0.00 0.00
Mg/Mg+Fe 0.82 0.73 0.83 0.72 0.76 0.80 0.73 0.73 0.74 0.78 0.79
X vacancy 0.31 0.11 0.32 0.17 0.19 0.25 0.21 0.20 0.28 0.36 0.44
XvacancytNa 0.98 0.92 0.98 0.96 0.94 0.98 0.95 0.96 0.97 0.98 0.99
Ri 0.68 0.89 0.68 0.83 0.81 0.75 0.78 0.79 0.72 0.64 0.56
R2 2.28 2.76 2.14 2.58 2.75 2.23 2.47 2.48 2.31 2.21 2.17
R;3 6.39 5.92 6.52 6.11 5.90 6.34 6.05 6.04 6.19 6.27 6.36
Ri+R2 2.96 3.63 2.81 3.40 3.55 2.97 3.23 3.26 3.02 2.84 2.72
Xvacancy/(XvacancyTNa) 0.32 0.12 0.33 0.18 0.20 0.26 0.22 0.21 0.29 0.37 0.44
Mg* 2.23 2.64 2.10 2.50 2.62 2.19 2.38 2.40 2.26 2.18 2.14
Al* 6.42 6.00 6.54 6.16 5.98 6.37 6.11 6.09 6.23 6.29 6.39
Na* 0.68 0.84 0.67 0.80 0.76 0.73 0.74 0.77 0.70 0.63 0.56
Na*+Al* 7.10 6.83 7.21 6.96 6.74 7.11 6.86 6.86 6.92 6.92 6.95
Mg*+Ca 2.23 2.69 2.11 2.54 2.67 2.20 241 2.42 2.28 2.18 2.14
FeO/FeO + MgO 0.29 0.40 0.27 0.42 0.37 0.31 0.40 0.40 0.38 0.33 0.31
Fe/(Fe + Mg) 0.47 0.40 0.48 0.44 0.47 0.44 0.44 0.46 0.53 0.44 0.52
Fe/Mg 0.22 0.38 0.20 0.40 0.32 0.25 0.37 0.37 0.35 0.28 0.26
Na/(Na + Ca) 0.99 0.94 0.99 0.97 0.94 0.98 0.96 0.98 0.97 0.99 0.99
Fe + Mg 2.25 2.74 2.12 2.56 2.74 2.21 2.45 2.47 2.29 2.18 2.15
bdl: below detection limit

Ri=Na+K+Ca

Ro=Mg+Fe"+Mn+Fe"+Cr+V+Ti+Al
Rs=Al+Fe**+Mg+1.33Ti
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Figure 9. A, B) Microscopic photographs of two phases of fluids inclusions (liquid+ gas); C) Three phases (liquid+
gas+ solid) in the host of quartz crystals in the quartz-tourmaline-pyrite vein of the Dashkasan deposit.
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Table 5. Microthermometric results of primary fluid inclusions in quartz mineral of quartz- tourmaline- pyrite veins

from the Dashkasan deposit.

F.I type Tmice(°C) Te (°C) Th (°C) Salinity (wt.% NaCl eq.) Density (g/cm?)
L+V -123 -53.6 238 16.24 0.95
L+V -124 -52.7 225 16.33 0.96
L+V -12.1 -529 242 16.05 0.95
L+V -12.7 -534 250 16.61 0.94
L+V - 125 -53.0 218 16.42 0.97
L+V -12.4 -53.6 226 16.33 0.96
L+V -12.0 -535 230 15.95 0.95
L+V - 125 -534 225 16.42 0.96
L+V -12.8 -533 218 16.40 0.97
L+V -12.9 -534 189 16.79 1.00
L+V -12.8 -529 208 16.70 0.98
L+V -12.7 -52.6 230 16.61 0.96
L+V -12.6 -53.1 221 16.51 0.97
L+V -12.2 -53.0 224 16.14 0.96
L+V -12.0 -534 235 15.95 0.95
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homogenization temperature and presentation density curves (based on gr/Cm?) in it (Wilkinson, 2001);

B) Binary diagram of temperature- pressure (Bodnar,
Dashkasan deposit in the isobar curves lower than 50 bar.

1983) and position of fluid inclusions in the
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Table 6. Characteristics of tourmalines from the Dashkasan gold deposit.

Type Host- Rock Alteration Style Size (mm) X(FetMg) FeO/(FeO+MgO) Related To
Turmaline- 1  dacite phyllic needle 0.1-0.3 0.6~ 0.6~ porphyry
Turmaline- 2  dacite, andesite silicification ~ radial ~ 0.2- 0.3 2.82~ 0.6~ porphyry
Turmaline- 3  dacite, breccia phyllic bladed 0.2-0.6 0.3~ 0.4~ hydrothermal
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