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Fig. 1. A: Tarik Darreh area located in the northeastern Iran and in the Kopeh Dagh structural zone, (Adapted from
Aghanabati, 2004), and B: location of Torbat e Jam city and access roads to Tarik Darreh area
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Fig. 2. Geological map of Tarik Darreh area
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Darreh fault zone, and F: Fault breccias in adjacent of South Tarik Darreh fault zone
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Fig. 5. Photomicrographs of rocks from Tarik Darreh area (in crossed polarized light, XPL). A: Slate, B: Cordierite
hornfels, C: Gabbro, D: Diorite, E: Monzodiorite, F: Quartz diorite, G: Quartz monzodiorite, and H: Diorite porphyry
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Table 1. Representative major, trace and rare earth elements from plutonic rocks of Tarik Darreh area

0,00,b dilaie 5555 sloosys ST ol g SlaS o ol yolie Ul s Liales ) Jgoo

Type Gabbro
Sample T-7A 76 81 122 43
Latitude 35° 30" 06" 35°30" 11" 35° 30" 15" 35°30' 27" 35°29' 28"
Longitude 60° 42' 06" 60° 42' 33" 60° 42' 20" 60° 41' 57" 60° 46' 11"
SiO2 49.78 47.8 45.75 48.68 54.08
TiO: 0.562 0.817 1.008 1.217 0.597
ALOs 20.45 19.05 17.41 18.45 16.83
Fe:030 8.57 10.58 11.56 10.96 8.46
MnO 0.163 0.237 0.216 0.209 0.175
MgO 5.13 6.06 7.25 5.58 6.33
CaO 10.84 9.69 10.84 9.19 7.77
Na:0 2.31 2.49 1.71 2.73 2.6
KO 0.4 1.48 1.16 1.07 1.38
P20s 0.23 0.35 0.17 0.61 0.28
LOI 1.21 2.3 2.26 2.01 2.15
Total 99.65 100.9 99.33 100.7 100.6
K:0/Na;O 0.173 0.594 0.678 0.391 0.530
Mgt# 51.62 50.52 52.78 47.57 57.15
Ba (ppm) 200 1074 267 511 644
Rb <10 110 160 <10 <10
Sr 625 659 462 660 450
Zr 26 52 55 63 104
Ni 27 34 37 26 87
Co 43.7 34.6 50.1 39.7 30.6
Cr 55.7 42.6 99.3 64.4 269
Cs <0.2 2.4 4.7 <0.2 3.9
Ta <0.3 <0.3 <0.3 <0.3 <03
Th 2.5 3.8 3.9 3.7 8.4
U <0.1 <0.1 <0.1 0.8 1.1
\% 232 261 421 267 195
Y 7 14 11 31 20
La 13.2 28.8 16.6 35.8 25.8
Ce 26 46 30 84 52
Nd 9 25 15 40 20
Sm 2.05 3.99 3.05 8.4 4.64
Eu 1.4 0.8 0.7 1.8 1.1
Th 0.3 0.6 0.6 0.7 0.6
Yb 1.3 1.5 1.28 3.61 2.29
Lu 0.2 0.19 0.2 0.32 0.48
Sum REE 53.45 106.88 67.43 174.63 106.91
(La/Yb)n 6.846 12.945 8.743 6.686 7.596




AN da}m 6Lma5: §5J5J5)Jl (ST g g_s‘“"““?j) &SJLMJ&.MJ ‘g_s““L“‘“u“’“) (\Yaa ‘_JL..J) Y e)Lo..'fJ AY A.1>

0,00,b dilaie 5555 slooss S ol 5 looS o Lol yolie LT mls Lisles ) Jou asls

Table 1 (Continued). Representative major, trace and rare earth elements from plutonic rocks of Tarik Darreh area

Type Diorite
Sample 104 105 113 78 127 130
Latitude 35°29' 56" 35°29' 54" 35° 30" 04" 35° 30" 06" 35° 30" 06" 35°29' 53"
Longitude 60° 41’ 33" 60° 41’ 38" 60° 42" 22" 60° 42’ 40" 60° 42’ 00" 60° 42" 43"

SiO2 (%) 53.5 56.82 54.1 52.87 52.54 53.53
TiO: 0.714 0.633 0.806 0.721 0.787 0.774
ALOs 18.15 17.5 16.83 18.37 18.41 18.6

Fe203(9 9.11 7.94 9.16 7.72 10.03 9.29
MnO 0.191 0.146 0.169 0.228 0.188 0.168
MgO 3.88 2.78 4.11 4.38 4.62 4.56
CaO 5.34 5.28 7.38 8.93 7.84 7.56
Na.O 2.87 291 2.68 3.78 2.62 2.82
K>O 1.74 2.05 1.48 0.98 1.63 1.24
P20s 0.25 0.29 0.29 0.47 0.26 0.26
LOI 2.62 2.34 1.56 1.32 1.72 0
Total 98.36 98.69 98.56 99.77 100.6 98.79

K>0/Na;O 0.606 0.704 0.552 0.259 0.622 0.439
Mgt 43.15 38.42 44.43 50.28 45.08 46.66
Ba(ppm) 1010 727 482 511 537 451
Rb 110 110 150 90 150 100
Sr 472 492 468 727 446 431
Zr 106 214 75 98 85 98
Ni 14 10 23 13 13 26
Co 26.2 28.8 22 9.4 25.7 33.2
Cr 16.3 23.9 50.6 10.4 31.1 66.2
Cs <0.2 7.9 4 0.9 33 3
Ta <03 <03 <03 <03 <03 <03
Th 8.4 13.1 7.5 10 6.6 7
U 1.3 2.1 1.2 1.8 1.3 1.3
\% 218 160 208 237 343 217
Y 18 22 19 23 15 18
La 31 46.1 30.9 34.1 25.3 24.9
Ce 50 71 63 53 50 59
Nd 25 26 24 28 16 18
Sm 4.38 5.35 4.96 5.29 4.05 4.42
Eu 1.3 1.6 1.4 1.6 1.2 1.1
Tb 1.1 1.1 1.1 0.9 0.5 0.5
Yb 2.1 2.78 2.84 2.16 2.37 2.47
Lu 0.28 0.34 0.22 0.23 0.44 0.44
Sum REE 115.16 154.27 128.42 125.28 99.86 110.83

(La/Yb)n 9.952 11.18 7.335 10.644 7.197 6.797
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Table 1 (Continued). Representative major, trace and rare earth elements from plutonic rocks of Tarik Darreh area

Type Monzonite Diorite Dyke
Sample T-131 79 118 126 128
Latitude 35°29' 57" 35°30" 11" 35° 30" 05" 35° 30" 08" 35°29' 53"
Longitude 60° 41’ 48" 60° 42’ 37" 60° 42’ 02" 60° 42’ 02" 60° 42" 40"
SiO2 (%) 49.9 51.73 50.74 56.63 56.52
TiO2 1.118 0.681 0.675 0.468 0.541
ALOs 18.83 22.82 18.12 18.8 19.13
Fe203( 10.26 6.49 9.79 8.14 8.80
MnO 0.169 0.076 0.158 0.105 0.116
MgO 4.44 1.9 4.38 2.94 2.81
CaO 8.74 3.42 5.77 4.09 5.26
Na:O 3.37 4.94 3.08 3.32 3.17
KO 1.62 2.47 2.77 0.86 0.89
P20s 0.38 0.31 0.31 0.41 0.42
LOI 2.09 5.13 3.91 3.21 3.33
Total 100.9 99.98 99.7 98.98 101
K>0/Na;O 0.480 0.50 0.899 0.259 0.280
Mg# 43.54 34.29 44.36 39.16 36.27
Ba (ppm) 705 495 873 247 325
Rb 30 360 180 70 70
Sr 622 516 461 517 541
Zr 133 171 84 125 113
Ni 25 4 14 3 4
Co 28.6 <0.1 28.2 13.6 15.1
Cr 47 13.2 22.3 <0.5 <0.5
Cs 2 9.4 5.2 24 7
Ta <03 <03 <03 <03 <03
Th 8.5 13.6 6.6 8.2 7.5
U 1.3 1.2 2 2.5 2
\% 304 114 235 65 101
Y 23 8 20 16 17
La 38.5 69 28.7 33 30.4
Ce 79 94 59 68 68
Nd 23 48 20 27 25
Sm 6.12 5.2 4.51 4.27 4.54
Eu 1.6 1.6 1 0.9 1.4
Tb 0.9 0.9 0.7 0.5 0.5
Yb 3.16 0.98 2.63 2.69 2.67
Lu 0.34 0.11 0.23 0.42 0.45
Sum REE 152.62 219.79 116.77 136.78 132.96
(La/Yb)n 8.214 47.469 7.357 8.271 7.676
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Fig. 12. A: Cathodoluminescence (Cl) images of U-Pb dated zircon, circle with around 20 mpu show approximate
location of laser ablation beam, and B: Concordia plot indicates an average age of 215.5 + 0.9 Ma for the gabbroic rock

from Tarik Darreh area.
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Table 2. LA-ICP-MS method of U-Th- Pb dating results of zircons from the Tarik Darreh gabbroic rock

207 cor

206 208 207 204 206

I T T T i
FE24B063 0.0345 0.9% 0.0112 13% 0.0512 1.0% 0.00 46 219 2
FE24B064 0.0343 0.7% 0.0088 1.3% 0.0526 0.8% 0.01 51 217 2
FE24B065 0.0290 0.8% 0.0112 1.6% 0.0667 1.2% 0.04 26 181 1
FE24B071 0.0341 0.8% 0.0109 1.2% 0.0530 0.9% 0.01 59 215 2
FE24B072 0.0339 0.7% 0.0116 14% 0.0499 12% 0.00 21 215 2
FE24B073 0.0348 0.9% 0.0108 1.7% 0.0509 1.4% 0.01 22 220 2
FE24B074 0.0337 0.7% 0.0113 1.3% 0.0505 1.0% 0.00 31 214 2
FE24B075 0.0345 0.8% 00112 1.5% 0.0551 1.2% 0.00 26 217 2
FE24B076 0.0341 0.8% 0.0116 1.5% 0.0502 1.1% 0.00 25 216 2
FE24B077 0.0350 0.9% 0.0108 1.4% 0.0515 0.9% 0.00 40 222 2
FE24B078 0.0339 0.8% 0.0108 1.3% 0.0509 1.0% 0.01 90 215 2
FE24B079 0.0339 0.9% 0.0108 1.4% 0.0498 1.7% 0.00 57 215 2
FE24B080 0.0338 1.0% 0.0109 1.4% 0.0513 12% 001 42 214 2
FE24B081 0.0334 0.9% 0.0109 1.6% 0.0522 1.3% 0.01 35 211 2
FE24B082 0.0339 0.8% 0.0109 1.3% 0.0503 0.9% 0.00 68 215 2
FE24B083 0.0338 0.7% 0.0108 1.3% 0.0510 0.9% 0.01 28 214 2
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Introduction

The investigated area in northeastern Iran that is
known as the Tarik Darreh arsenopyrite-Au-W
prospecting target is situated in the Kopeh Dagh
zone (Fig. 1). Most of the study area is covered
with black slate rocks which most authors have
referred to as Upper Triassic with Norian age
(e.g., Behroozi et al., 1993). Plutonic rocks with
gabbro, diorite, and quartz diorite and
monzodiorite composition were introduced in the
slate rocks. The previous studies in the Tarik
Darreh are the preliminary report of arsenopyrite
with Au-W quartz lode mineralization carried out
by Taghizadeh (1965). Since then, the Geological
Survey of Iran (e.g., Alavi Naini and Mossavi-
Khorzughi, 2006) a few geologic companies and
the universities (Shafi Niya, 2002) and Ghavi et
al. (2013) have been studying in the area. In the
present study, we provide more information,
complete with new information about the geology
of the Tarik Darreh area.

Materials and methods

Expansive field geology surveying to draw a
geology map in 1:8000 scale and sampling from
plutonic rocks was performed and two main fault
system were distinguished in Tarik Darreh (Figs.
2 and 3). Thin section microscopic studies were
carried out following field investigations.
Magnetic susceptibility was measured with a

portable Model KT-10 and GMS-2 Fugro
instrument (precision of 0.0001 SI units).

Sixteen samples of intrusive bodies and dykes
were analyzed for major and trace elements using
4E-Reserch package (INAA, FUS ICP-OMS,
ICP-MS) at the Acme Lab (Canada). Gabbroic
units were selected for U-Pb geochronological
study. In the heavy liquid process, zircon crystals
were separated, hand-picked under microscope.
Zircon grains for Th-U-Pb dating were examined
by an Agilent 7700 quadrupole ICPMS at the
University of Tasmania (Australia).

Discussion and Results

Plutonic rocks in the Tarik Darreh area are in the
form of bodies and dykes. The plutonic bodies are
mostly gabbro, gabbro diorite, diorite (hornblende
pyroxene diorite, biotite hornblende diorite and
hornblende biotite diorite), biotite hornblende
monzodiorite, quartz diorite, and quartz
monzonite in composition. However, it is diorite
with granular textures as a common rock (Figs. 4
and 6). Other rocks as dyke have more hornblende
diorite composition with porphyritic textures.
Common mafic minerals in the plutonic rocks in
the Tarik Darreh include pyroxene, hornblende
and biotite. The alteration assemblages of uralite,
chlorite, calcite and sericite are very common
gabbroic-diorite rocks (Fig. 5). The plutonic rocks
have SiO, with values in the range of 46 to 56%
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(Table 1). Therefore, these rocks are intermediate
in composition. Most of these rocks also have
high K-calc-alkaline composition with
metaluminous characteristic (Fig. 7).

Enrichment in LREE relative to HREE, low
La/By ratio, enrichment in LILE and negative
anomaly of Eu, Ti, Zr, Y and Ba are shared in all
of the studied plutonic rocks and dykes (Figs. 8
and 9). All the plutonic rocks have low values of
magnetic susceptibility (less than 3x107 SI). Two
main systems of fault have affected the area (Fig.
10). Plutonic rocks from the Tarik Darreh area are
placed within the volcanic arc to within plate’s
environment in tectonic setting discrimination
diagrams (Fig. 11).

Zircon U-Pb dating results on the gabbroic rocks
are shown in Table 2. Zircon grains through
cathodoluminescence imaging show euhedral,
clear crystals with no visible heritage cores.
However, some of them have inclusions. Zircon
U-Pb dating indicates that the gabbroic rocks
formed at 215.5+0.9 Ma (late Triassic) (Fig. 12).
Thus, it is obvious that the country rock (called
Miankuhi Formation), must be older than the late
Triassic plutonic rocks rather than Norian age as
previously thought.

The variation of major elements with SiO; in the
plutonic rocks from Tarik Darreh (Fig. 13)
indicates that the primary magma of these
plutonic rocks underwent fractional crystallization
from gabbro to quartz monzodiorite. Geochemical
characteristics such as low ratios of (La/Yb)x
(<13), high contents of MgO (7%), high Mg# (57)
and high Sr (on average 572 ppm) indicate that
the magma of the studied rocks have probably
originated from partial melting of garnet-free
source from mantle or low continental crust.

However, the presence of slate as country rocks
suggest possible assimilation of country rocks that
indicate processes such as assimilation were more
likely to be responsible for the evolution of
plutonic rocks in the Tarik Darreh area.
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