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The Taktelar area is located in 140 Km northwest of Zahedan city in the
Sistan Suture Zone. In this area Eocene flysch-like rocks such as shale,
siltstone and sandstone are intruded and extruded by Oligocene-
Miocene plutonic, extrusive and sub-volcanic rocks. The igneous rocks
are dacite, andesite, and diorite porphyry and are mainly altered. The
mineralization in the Taktelar area occurs as dissemination and vein
types in sub-volcanic and sedimentary rocks. The disseminated
mineralization is characterized with wide formation of pyrite with or
without Cu minerals and vein mineralization includes malachite, galena
and Au-bearing silicic veins. The hydrothermal alterations are potassic,
phyllic, tourmalinitic, argillic, silicic and propylitic. The result of mass
change calculation shows enrichments of SiO, and depletion of other
elements in phyllic alteration zone. In argillic alteration zone, contents
of As, Mo, Zn, and Pb were enriched and other elements were depleted
or were not changed. The alteration zones with quartz stockwork veins
and enrichment of SiO; and K>O have the most enrichment of Cu and
Mo. The behavior of the elements in the propylitic alteration zone is
different and generally increasing of the main elements is more
significant. The ore-making elements have more enrichment in samples
with silica veins so that the highest enrichment of copper and
molybdenum occurs in rocks with higher SiO; and KO and quartz veins.
Generally, in most altered zones, contents of copper, molybdenum, lead,
zinc and arsenic show enrichment and rare earth elements show
depletion. Light rare earth elements show more depletion than heavy
rare earth elements, indicating their more mobility in hydrothermal
systems.
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EXTENDED ABSTRACT

Introduction

Alteration is characterized by mineralogical, and
textural changes in the wall-rocks through which
hydrothermal fluids circulate. There are several types
of hydrothermal alterations, depending on the nature
of the circulated fluid and wall-rocks and physico-
chemical conditions of the formation environment.
Although, the alteration types have been mainly
investigated in terms of their minerals, recently they
have been also described for geochemical
characteristics and mass changes (Maanijou et al.,
2012, Siahcheshm et al., 2014; Derakhshani and
Abdolzadeh, 2009). The main aim of this paper is to
study mass change and enrichment and depletion of
the different elements in altered rocks in the Taktelar
area. In addition, mineralogy and geochemistry of
the alteration types will be investigated.

Geology

The Taktelar area is located 40 Km northwest of
Zahedan city in the Sistan Suture Zone. This zone is
characterized by Cretaceous ophiolites of the Neo-
Tethys Ocean and Cretaceous to Eocene flysch-like
rocks that have been intruded by a range of calc-
alkaline to shoshonitic igneous rocks of subduction,
collision and post-collision settings (Camp and
Griffis, 1982). In the Taktelar and adjacent area,
Eocene flysch-like rocks such as shale, siltstone and
sandstone are intruded and extruded by Oligocene-
Miocene plutonic, sub-volcanic, volcanic and
pyroclastic rocks. The Oligocene plutonic rocks are
mainly related to shoshonitic syenitic and mozonitc
rocks (Piri, 2018).

Sub-volcanic rocks occur as stock and dikes and are
mainly post-collisional arc related, calc-alkaline
dacite and diorite porphyry. The volcanic rocks range
from basalt to dacite. The pyroclastic rocks are lithic
tuff and ignimbrites. The volcanic, sub-volcanic and
sedimentary rocks have been altered in the study
area. The study area has been affected by several
faults including NW-SE and N-S strike-slip and NE
and E-S faults.

Methods

Several samples were collected from outcrops and
cores of all rocks and alteration types. Thin, thin-
polish and polish sections of the samples were
studied by polarizing microscopes at the University

of Sistan and Baluchestan in Zahedan, Iran. Some of
them were analyzed by XRF (9 samples) and ICP-
MS and ICP-OES (12 samples) to measure main and
trace elements, respectively. The mass change of
these elements is calculated by the Grant (2005),
MacLean and Kranidiotis (1987) and MacLean
(1990) methods.

Result and discussion

The igneous rocks in the Taktelar are mainly
andesite, dacite and diorite porphyry that mainly
contain plagioclase, quartz, amphibole and biotite.
Other igneous rocks in this area are monzonite and
syenite that contain mainly plagioclase, orthoclase,
clinopyroxene, amphibole and biotite. The flysch-
type rocks are sandstone, siltstone and
metamorphosed shales (hornfels). The sedimentary
flysch-like rocks and stocks are extensively and
intensively altered and weakly mineralized. The
mineralization occurs as dissemination and vein
types. The alteration types are potassic, sericitic
(phyllic), tourmalinitic, argillic, silicic and
propylitic. The potassic alteration occurs in dioritic
to granodioritic stocks in the north part of the
Taktelar area and is characterized with orthoclase,
biotite and quartz-pyrite stockworks and little
malachite. The phyllic alteration including
tourmalinitic and sericitic alteration as the most
extensive alteration mainly occurs in dacite and is
characterized with sericite, quartz, pyrite, tourmaline
and clay minerals. The propylitic alteration occurs in
dikes and sedimentary and igneous rocks mainly in
marginal parts of the study area and is characterized
with epidote, calcite, chlorite, quartz and pyrite. The
argillic and silicic alterations are the most intensive
and extensive alteration around silicic and
mineralized veins in the Taktelar area. The
mineralized veins are important for exploration of
Au, Ag, Cu and Pb.

The Isocon and MacLean and Kranidiotis (1987)
methods monitor composition-volume relations by
the following equations: CA=M°/M*(C°+AC;) and
DCi=(CA/C%) of immobile element*CA-C9;,
respectively, where Ci is concentration of the species
i, O and A refer to original and altered rocks,
respectively, M©° and where M” represents
equivalent masses before and after alteration and A
means change. The results show enrichments of Cu,
Mo, Pb, Zn and As and depletion of REE in most
alteration zones. The alteration zones with quartz
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stockwork veins and enrichment of SiO; and KO
have the most enrichment of Cu and Mo.

Conclusion

Isocon diagrams and gain and lost histograms show
that the main, minor and rare earth elements were
mainly depleted while Cu, Mo, Pb, Zn, As were
usually enriched during alteration by hydrothermal

fluids. The most enrichment of Cu occurs in
amphibole-biotite diorite porphyry that was cut by
quartz stockworks. The SiO; and K20 were increased
in this type of rock that may be a character of potassic
alteration. The most depleted alterations in the
Taktelar area are phyllic and argillic alterations.
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Fig. 4. Geological map and NS profile of the Taktelar area based on Google Earth, field and petrography studies (ages

from Camp and Griffis, 1982)
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Fig. 5. Microphotographs of sedimentary rocks in the Taktelar (in XPL). A: a sandstone crosscutting by pyrite veinlet,
and B: Secondary quartz, pyrite, epidote and sericite in a siltstone. Abbreviations after Whitney and Evans (2010) (Lith:

lithic, Qz: Quartz, Py: pyrite).
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Fig. 6. Microphotographs of granular intrusive rocks in Taktelar area (in XPL). A: syenite, and B: monzonite.
Abbreviations after Whitney and Evans (2010) (Cpx: clinopyroxene, Pl: plagioclase, Bt: biotite, Or: orthoclase).
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Fig. 9. Microphotographs of alteration types in Taktelar area (in XPL). A: potassic alteration is characterized by biotite
grains and quartz microveinlets, B and C: phyllic alteration is characterized by formation of sericite, pyrite and quartz as
veinlets and dissemination, D: propylitic alteration is characterized by epidote-calcite microveinlets, E: argillic alteration
that is characterized with extensive formation of clay minerals and sericite, and F: silicic alteration is characterized with
different types of quartz in size and shape. Abbreviations after Whitney and Evans (2010) (Qz: Quartz, PI: plagioclase,

Tur: Tourmaline, Bt: biotite, Ser: sericite, Cal: calcite, Ep.: epidote).
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Table 1. Contents of major (wt.%) and minor (ppm) elements in igneous rocks of the Taktelar area

Samples T16 T3A T35 T65B T67E2 T25 T7C T65A T63A T246 T250 T251
Rocks D D D D D D D D D D D D
Alteration LA P P P P+Qwv AS AS Qv Qv K K K
Si0. 612 59.36 60.46 5751 61.77 6933 59.72 6408 6545 nd nd nd
TiOz 07 06 05 06 0.6 04 05 04 04 nd nd nd
ALOs 185 1697 1826 1804 17.83 1935 2473 1735 1677 nd nd  nd
FeO: 351 439 387 445 489 098 324 371 364 nd nd nd
CaO 41 528 419 487 23 031 195 363 297 nd nd nd
MgO 34 355 301 376 4 187 044 197 252 nd nd nd
MnO 02 015 01 01 0.1 01 01 01 01 nd nd nd
K:O 231 243 179 279 203 206 164 308 25 nd nd nd
Naz0 27 28 365 284 29 178 01 362 313 nd nd nd
POs 051 042 034 04 039 012 028 035 041 nd nd nd
LOI 285 375 383 468 317 303 691 174 101
Total  99.9 99.75 99.95 100 99.99 99.31 9957 100 99.87
Ag 01 01 01 03 0.2 01 01 01 01 08 02 02
As 6 48 56 123 65 7 348 52 92 200 49 165
Ba 950 1100 900 1000 800 356 458 1100 1200 538 808 823
Co 16 127 117 134 135 1 55 102 12 57 82 39
Cr 38 42 50 57 55 26 33 44 46 210 31 23
Cs 7 34 106 94 92 48 97 3 48 43 40 54
Cu 35 47 32 79 403 26 42 301 562 543 459 310
Hf 3 297 229 27 188 3 256 146 154 03 04 04
Pb 25 33 28 35 72 24 43 2042 45 182 44 95
Rb 100 107 89 136 86 145 118 99 98 64 105 126
Sc 11 102 85 109 113 59 7 92 89 30 60 50
Sr 711 8466 6567 5811 6101 4724 384 7211 7453 309 646 743
Ta 2 273 196 13 215 178 226 205 179 02 09 08
Th 21 2759 1649 194 252 2361 25 2297 2509 105 211 222
U 5 68 42 49 5.3 77 716 37 7 17 37 40
Y 11 141 127 127 135 117 123 119 124 45 124 72
Zn 48 131 157 149 299 38 382 133 194 1160 866 69.2
zr 64 68 60 78 46 74 54 22 23 90 140 140
La 65 58 39 44 48 52 50 52 49 198 418 414
Ce 91 94 67 79 82 83 82 84 81 356 712 727
Pr 8 1215 7.72 844 1042 1094 1013 943 1012 39 7.7 77
Nd 24 415 283 299 365 362 339 331 355 129 258 2458
Sm 55 668 48 499 597 531 541 528 557 20 41 33
Eu 15 1.83 132 138 162 11 136 151 153 04 09 06
Gd 42 506 363 358 448 372 408 368 394 21 50 40
Dy 21 339 265 271 319 266 284 253 28 09 25 16
Er 13 188 147 139 169 155 158 132 149 04 11 07
Yb 12 13 09 11 1.2 07 09 08 09 13 13 13
Tm 02 031 024 025 028 028 027 023 025 01 02 01
Lu 03 026 017 018 02 022 021 016 017 01 01 01
Mo 1 03 01 02 8 04 66 04 1 100 222 607
Nb 19 24 198 156 231 195 233 216 197 50 151 1238

(5SS 5 yls 6 a3 =QZV (St ;o — S 5T =AS (Sady 5 =P (o) 532D Olu s S =LA oSl =K

osls 0L =nd
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Table 2. Mass change content of major oxides (wt.%) and minor elements for altered rocks in Taktelar area

Samples T3A T35 T65B  T67E2 T25 T7C T65A  T63A
SiO2 3.34 -0.11 -2.38 2.72 491 -5.38 10.81 6.94
TiO2 -0.08 -0.25 -0.1 -0.13 -0.34 -0.29 -0.27 -0.27
Al203 0 0 0 0 0 0 0

Fe Oxides 1.26 0.4 1.04 1.55 -2.58 -0.63 0.49 0.44
CaO 1.28 -0.23 0.52 -2.08 -4.16 -2.72 -1.19 -0.6
MgO 0.46 -0.36 0.45 0.74 -1.62 -3.01 -0.63 -1.31
K20 0.33 -0.5 0.54 -0.21 -0.35 -0.85 0.53 0.97
Na:O 0.43 0.99 0.2 0.36 -1 -2.61 0.74 1.15

Ag 0.01 0 0.21 0.11 0 -0.01 0.01 0.01
As -0.78 -0.34 6.58 0.73 0.67 24.97 412 -0.47
Ba 246 -41 73 -122 -611 -542 370 220
Cu 16.1 -2.67 45.8 382.01 -10.21 2.38 583.3  285.08
Pb 10.88 3.29 10.8 49.5 -2.12 13.27 2451  2146.5
Rb 16.33  -10.07 39.09 -11.01 38.26 5.02 7.82 5.28
Sr 209 -47 -80 -261 -369 109 56
Th 9 -4.34 -1.16 5.08 151 1.25 6.6

Zn 94.4 110.6 104.4 261.4 -11.8 292.0 165.4 93.4
La -25.59 -20 -1533 -1542 -205  -11.09

Ce -23.3 -10.2 -6.15 -11.86 -18.02 -1.89

Mo -0.67 -0.9 -0.8 7.28 -0.62 4.87 0.1 -0.57
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Table 3. Mass change calculation (ACi) by MacLean and Kranidiotis (1987) method for the altered zones in Taktelar

Alteration LA P ACi AS ACi  Qzv  ACi AD OCi
SiO2 59.36 58.99 -4.21 6453 -9.68 63.77 3.13 nd nd
TiO2 057 052 -0.08 042 -025 045 -013 nd nd
Al2Os 1697 1815 0.00 22.04 0.00 17.32 0.00 nd nd
FeOt 439 416 -050 211 -277 408 -039 nd nd
CaO 528 453 -1.04 113 -441 297 -237 nd nd
MgO 355 339 -039 116 -266 283 -0.78 nd nd
MnO 015 010 -0.06 010 -0.07 010 -0.05 nd nd
K20 243 229 -029 185 -1.01 256 0.08 nd nd
Na20O 288 325 015 094 -216 324 0.29 nd nd
P20s 042 037 -024 020 -027 038 -004 nd nd

Ag 010 020 009 010 -002 013 003 036 046
As 480 895 357 2090 1129 697 203 13.80 16.45
Ba 1100 950 -212 407.0 -787 1033 -87.4 723 13.42
Cu 47.00 5550 4.89 3400 -20.8 422 366.6 436.8 625.7
Mo 030 015 -0.16 350 240 313 277 30.97 47.39
Pb 33.00 3150 -355 3350 -721 720 6723 107.0 1318
Rb 107.0 1125 -1.81 1315 -575 9433 -146 98.27 44.33
Sr 8466 6189 -268 428.2 -517 6922 -168 566.0 25.04
Th 2759 1795 -10.8 2431 -8.88 2442 -366 17.93 0.03
U 6.80 455 -255 743 -1.08 533 -157 314 -1.97
Zn 131.0 153.0 12.05 210.0 30.70 208.7 73.49 90.60 852
La 58.00 4150 -19.2 51.00 -18.7 49.67 -9.33 3433 -513
Ce 9400 73.00 -25.7 8250 -30.5 8233 -13.3 59.83 -1.86
Pr 12.15 808 -460 1054 -4.04 999 -236 643 -2.25
Nd 4150 29.10 -143 3505 -145 3503 -7.17 21.17 -8.90
Sm 6.68 490 -210 536 -255 561 ~-1.19 313 -1.86
Eu 183 135 -057 123 -088 155 -0.31 0.66 -0.81
Gd 506 361 -1.69 390 -206 4.03 -111 368 0.1
Dy 339 268 -08 275 -127 285 -059 166 -0.83
Er 188 143 -054 157 -067 150 -041 0.74 -0.74
Yb 1.30 100 -0.37 0.80 -068 0.97 -035 130 0.70
Tm 031 025 -0.08 028 -010 025 -0.06 010 -0.16
Lu 026 018 -010 022 -009 018 -0.09 0.08 -0.13

=nd c;J‘;Agvf)‘_;b‘bCﬁL)x)=sz QMSJT=A Lg‘_i:::_mij_w=s ‘%}J‘.’,=P LO[-«AJ?JJ'L«S=LAM-\_$O‘_-J§J C,..v.))i>=DA

03l ijb.
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