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Fig. 1. General geological map of NE Iran (Compiled from geological maps in different scales (Sahandi and Hosseini,
1990; Eftekharnezhad et al., 1974; Vaezipour et al., 1993; Afsharharb et al., 1987; Naderi Mighan and Torshizian,
1999; Behroozi, 1988)). Some of the most important ore deposits are shown in the map. The study area shown in
northeast of Kashmar city by black frame, at contact of Dorouneh fault in north of Lut block and south of Alborz and
Sabzevar zones, is located between Koh e Zar and Tanourjeh IOCG deposits.
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Fig. 2. Strike-slipe movement of Dorouneh and Taknar faults, sinistral simple shear occurrence and low angle and
compatible P and R shear fractures with faults movement and high angle and incompatible R' shear fractures in the
study area in northeast of Kashmar. Tension (T) lie in 45° angle (near staple to R fractures).
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Fig. 3. Principal faults and fractures depict in northeast of Kashmar by compilation of Landsat 7*, IRS and high-quality

GoogleEarth images and field studies. The study area is shown by frame (prospectable P, R and R’ fractures in Fig. 2
are shown in here). Also according to Fig. 2, regional tension must occur in the right angle to R fracrures.
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Fig. 4. Geological map of the study area in northeast of Kashmar in 1:20,000 scale. Pay attention to Alkali granite
intrusion trend which occur due to regional tension (compare to Figs. 2 and 3). Parallel dyke swarms intruded in

compatible to P fractures (compare to Figs. 2 and 3).
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Fig. 5. Summary diagram illustrating the fluid flow within and around a shear zone with regional compression
(Connolly and Cosgrove, 1999) and referring it to alteration and mineralization occurrence in northeast of Kashmar. In
this model, principal areas for mineralization are predicted in the space between two shear walls (between Dorouneh
and Taknar faults (RES area)). Probable areas for mineralization also correlate with highest fluid flow (Main fluid sink).
Bahariyeh, Uchpalang and Sarsefidal areas are located in crosscutting points between Dorouneh fault with minor faults,
areas with highest fluid flow (Main fluid sink) and most intensive alteration.
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Fig. 6. Processed Aster image of northeast of Kashmar area. Bahaiyeh, Uchpalang and Sarsefidal areas have highest
intense alteration. The positions of alterations are fully correlated with predicted areas in Fig. 7.
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Fig. 7. Alteration map of Kashmar in 1:20,000 scale. In intersections of secondary faults with principal Dorouneh
faults, hydrothermal fluid causes K-Si (advanced argillic + sericite + quartz) in Bahariyeh, Uchpalang and Sarsefidal
and Fe-Ba-Si-K (Fe-Ti oxides-quartz-chlorite-baritetsericitetepidote) and Ca-Fe-Ti-Si (calcic (chlorite-epidote-

calcite)-Fe-Ti oxides-titanite-quartz) alterations in Kamarmard area.
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Fig. 8. Distribution map of ore-bearing veins (base metal-sulfide veins and I0CG veins) in northeast of Kashmar. Base
metal-sulfide veins are concentrated in Bahariyeh and near to Dorouneh fault, while IOCG veins in Kamarmard area.
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Table 1. Analysis results of base metal-sulfide veins and IOCG veins in northeast of Kashmar. Samples of base metal-
sulfide veins are shown with (*) symbol.

Cu Au Pb (ppm) Zn Ag W As Fe Mn Ba
Sample  (ppm) (ppb) (ppm)  (ppm)  (ppm)  (ppm) (%) (ppm)  (ppm)
KM1 479 24 48 37 0.2 Yo 26 7 1087 75
KM3 52 55 32 57 1.2 1 27 5 303 269
KM4 614 178 122 25 2.7 1 103 8 387 475
KM6 6304 33 964 130 9.2 1 84 15 142 14
KM7 51 6 172 201 0.3 0 2 6 4639 1055
KM10 110 16 324 164 2 18 73 8 1255 1483
KM11 6265 1295 24 575 4 2 139 3 805 491
KM12 87 5 6169 95 7.4 7 6 1 645 437
KM13 1781 11 >10000  >10000  49.6 2 183 1 212 58
KM14 334 5 >10000 152 5.7 0 8 1 409 196
KM16 420 6 22 88 0.2 1 3 1 376 2283
KM17 1176 18 54 63 0.3 1 10 1 248 1236
KM18 955 5 877 183 5.1 5 7 3 547 2283
KM19 190 10 25 15 0.2 0 3 0 55 1020
KM20 227 3 70 32 0.2 2 8 1 320 2586
KM21 152 3 237 48 0.4 1 3 2 451 2748
KM22 414 28 5226 104 3.4 1 3 1 351 115
KM23 868 6 207 127 6.9 1 19 1 3177 2726
KM24 339 2614 4413  >10000 5.1 0 21 5 6137 76
KM25 1389 14963  >10000 >10000  22.2 <0.1 36 6 7366 44
KM27 264 6748 1578 2147 4.7 0 18 3 3418 61
KM105  >10000 64 487 1193 3.6 11 50 16 1415 111
BM6 4676 4 19 72 0 2 3 4 1247 66
BM3*  >10000 116 106 347 0.6 2 8 7 2630 133
BM5*  >10000 27 80 302 0.9 0 172 3 847 163
BM101* 593 69 6605 328 56.1 0 22 5 69 119
KM101* 1676 7 1472 384 15 1 15 1 6134 41
KM102* 143 7 79 90 1.1 17 25 5 7645 306
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Fig. 9. Paragenetic sequence for ore and gangues of ore-bearing silicified veins (base metal-sulfide veins and 10CG
veins) in northeast of Kashmar.
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Table 2. Dating analysis results of quartz monzonite of I-type intrusive rocks in northeast of Kashmar

Sample  U(ppm) Th(ppm) U/Th  2PbP%Pb  +(%) Pb”U  +(%) *®Pb/28U  #(%) Age
1 5.70 6.64 0.86 0.0485 7.3 0.0450 2.9 0.0067 29 432
2 1.70 1.30 1.31 0.0548 30.7 0.0557 6.7 0.0074 6.7 474
3 4.78 5.96 0.80 0.2071 11.3 0.2361 38 0.0083 37 530
4 4.88 2.59 1.88 0.0481 2.7 0.0419 2.4 0.0063 2.3 406
5 2.04 1.05 1.94 0.0485 3.0 0.0423 38 0.0063 38 406
6 1.52 1.12 1.36 0.0499 36 0.0434 4.8 0.0063 47 405
7 3.24 3.53 0.92 0.0485 5.0 0.0421 8.2 0.0063 82 404
8 1.56 9.10 0.17 0.0482 2.6 0.0417 1.3 0.0063 1.2 403
9 2.00 1.25 1.60 0.0479 12.0 0.0413 3.0 0.0063 29 402
10 1.63 1.23 1.33 0.0491 2.2 0.0423 1.3 0.0063 1.2 402

28 G led | s 65585 GleSiw RD-ST (lacgisil 4 Lo (q5555] slaosls 3 Jguar
Table 3. Isotopic data related to Rb-Sr isotopes for I-type intrusive rocks in northeast of Kashmar

Age *'Rb/®Sr *'Sr/*sr STco B oiei
Sample (Ma) RD (ppm) - Sr (ppm) 8 Rb/®sr uncertainty measured St/7Sr initial
BP-25 40 16.8 58.2 0.835 0.000007 0.706388 0.705914
BP-103 40 64.9 359 0.523 0.000010 0.705890 0.705593
SP-20 40 74.4 379 0.568 0.000007 0.705824 0.705501
SP-7 40 72.7 340 0.619 0.000014 0.706113 0.705761
BP-11 40 94.6 393 0.696 0.000007 0.705741 0.705346

875r/%8Sr= 0.710264+15 (conf. lim 95%, N=13). The initial ratio of ¥Sr/®Sr calculated using ®Rb/®Sr and (¥’Sr/%*Sr)m and age 40

Ma (age based on zircon)
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Fig. 10. Polished-section images of base metal-sulfide veins and IOCG vein samples in northeast of Kashmar: A, B:
Chalcopyrite and galena related to | and 11 paragenetic subgroup of base metal-sulfide veins, respectively; C to G are
related to I0OCG wveins: C, D: Chalcopyrite-chalcocite-covellite in | subgroup; E, F: Galena-pyrite and galena in Il
subgroup; G: Specularite in I11 subgroup. (Chalcopyrite: Ccp, Chalcocite: Chl, Covellite: Cov, Galena: Ga, Pyrite: Py,

Specularite: Spcul).
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Fig. 11. Copper geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 12. Gold geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 13. Zinc geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 14. Lead geochemical map of ore-bearing silicified veins in northeast of Kashmar
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Fig. 15. Plot of determined mean date of U-Pb isotopic data for I-type quartz monzonite sample in northeast of Kashmar
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Table 4. Isotopic data related to Sm-Nd isotopes for I-type intrusive rocks in northeast of Kashmar

Age  Sm Nd NdANd - NdAUNd
Sample  (Ma) (ppm) (ppm) - Sm/*Nd measured initial Nd/™"Nd eNdi
BP-25 40 4.70 22.4 0.127 0.512688 0.512655 0.348400 1.33
BP-103 40 5.87 28.9 0.123 0.512654 0.512622 0.348402 0.69
SP-20 40 5.70 29.8 0.116 0.512667 0.512637 0.348102 0.98
SP-7 40 4.54 22.5 0.122 0.512534 0.512502 0.348408 -1.65
BP-11 40 5.43 27.9 0.118 0.512606 0.512575 0.348102 -0.22

3Nd/A**Nd= 0.5121015+74 (conf. lim 95%, N=12). The initial ratio of “*Nd/***Nd calculated using *’Sm/***Nd and (**Nd/**Nd)m
and an age of 40 Ma (age based on zircon) €Ndi, initial eNd value
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Fig 16. Position of I-type intrusive rocks in northeast of Kashmar in (**Nd/***Nd)i vs. (®"Sr/*/Sr)i diagram. MORB,
subduction and continental crust (Zindler and Hart, 1986). The rocks locate between Tertiary subduction and

continental crust (near to subduction).
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Introduction

The study area is located in central part of the Khaf-
Kashmar-Bardeskan belt which is volcano-plutonic
belt at the north of the Dorouneh fault in the north of
Lut block. The north of the Lut block is affected by
tectonic rotation and subduction processes which
occur in the east of Iran (Tirrul et al., 1983). The
magmatism of Lut block begins in Jurassic and
continues in Tertiary (Aghanabati, 1995). Karimpour
(Karimpour, 2006) pointed out the Khaf-Kashmar-
Bardeskan belt has significant potential for I0CG
type mineralization such as Kuh-e-Zar, Tannurjeh,
and Sangan (Karimpour, 2006; Mazloumi, 2009).
The data gathered on the I-type intrusive rocks
include their field geology, petrography, U-Pb
zircon dating and Sr—Nd isotope and also alteration
and mineralization in the study area.

Materials and methods

- Preparation of 150 thin sections of rock samples
for study of petrography and alteration of the
intrusive rocks.

- Magnetic susceptibility measuring of intrusive
rocks.

- U-PDb dating in zircon of I-type intrusive rocks by
Laser-Ablation Multi Collector ICP-MS method.

- Sr-Nd analysis on 5 samples of I-type intrusive
rocks by Multi-Collector Thermal lonization Mass
Spectrometer (TIMS) VG Sector 54 instrument.

- Mineralography and paragenetic studies of ore-
bearing quartz veins and geochemical analysis for 28
samples.

- Production of the geology, alteration
mineralization maps by scale: 1:20000 in GIS.

and

Results
Oblique subduction in southern America initiated an
arc-parallel fault and shear zones in the back of

*Corresponding authors Email: karimpur@um.ac.ir

continental magmatic arc (Sillitoe, 2003). Because
of this event, pull-apart basins were formed and
high-K to shoshonitic calc-alkalinel- and A-type
magmatism occur (Sillitoe, 2003). Most important
deposits accompany with this magmatism are Au-Cu
deposits types and Fe-Skarns (Sillitoe, 2003). We
have similar scenario to Neotethys subduction.
Khaf-Kashmar-Bardeskan volcano-plutonic belt is
located between Neotethys suture and Alborz-
Sabzevar Back- arc (Asiabanha and Foden, 2012).
We suggest Khaf-Kashmar-Bardeskan volcano-
plutonic belt forms at the arc-parallel fault and shear
zones in the back of continental magmatic arc. In the
basis of all evidences (Shear zone system, high-K to
shoshonitic calc-alkaline I- and A-type magmatism,
typical alterations related to upper zones of 10CG
deposits and 10CG mineralization), we suggest
I0CG (Au-Cu) mineralization in Kashmar.

Discussion

On the basis of former regional (Muller and Walter,
1983) and local structural studies (this research),
regional compression causes sinistral strike-slip
movements of Dorouneh and Taknar faults, shear
zone, pull-apart and Riedel fractures (P, R and R’
types) in the study area. These events cause magma
intrusion and circulation of hydrothermal fluids. On
the basis of geology, geochemistry and magnetic
susceptibility measuring of intrusive rocks, several
high K to shoshonitic calc-alkaline to alkaline I-type
and one A-type intrusive rocks are intruded in
Kashmar area. Swarm dykes are the youngest and
the agent for alteration and mineralization. U-Pb
dating related to quartz ~monzonite  body
(preventative sample for I-type intrusive rocks
which are older than A-type series) show 40 Ma
(Middle Eocene) for this rock group in Kashmar.
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The mean of initial ®'Sr/®Sr and “*Nd/*Nd are
0.705-0.707 and 0.5135-0.5126 for I-type series,
respectively. engq amounts for I-type series are in
negative to positive limit ranges (-1.65 to 1.33).
These amounts show subduction source with
contamination to continental crust.

Two type alteration and mineralization occur in
Kashmar: 1) primary alterations (advanced argillic+
sericite+ silicification) which are synchronous with
sulfide base-metal wveins (chalcopyrite+ pyritex
galenat quartzt chloride) and 2) Lateral alterations
(carbonatization+ Fe-oxides+ silicification+
epidotization+ chloride+ sericite+ barite) which are
synchronous with 10OCG veins (specularite+
chalcopyrite+ pyritex galenat sphaleritex baritex
siderite + etc.). Primary centralized and sulfide base-
metal veins in crosscutting points between Dorouneh
fault and minor faults. Bahariyeh, Uchpalang and
Sarsefidal areas are located in these crosscutting
points. Tourmaline (demorterite) +chloride fill the
fractures in the intrusive rocks of southern part of
area next to the Dorouneh fault occasionally. Lateral
alteration synchronous with 10CG veins occur in
Kamarmard area. Geochemical data of all veins
show Cu, Pb, Zn anomalies (>1%) in two type veins,
Au anomalies (to about 15 ppm) only in I0CG
veins, Mn anomalies in two type veins and Ba
anomalies in IOCG veins.

Alteration and mineralization in the world-class
IOCG deposits identified by sodic-calcic and
potassic (hydrothermal actinolite and biotite) and
magnetitex gold in deep parts (Sillitoe, 2003) and
advanced argillic+ pyrite+ sericite+ toulrmaline
(demorterite) in shallow parts (Ray and Dick, 2002).
Generally, alteration in the study area is similar to
shallow parts of world-class 10CG deposits.
Tanourjeh is a IOCG deposit next to the northwest
of the study area. In Tanourjeh, the gold-bearing
magnetite is synchronous to potassic alteration
(hydrothermal biotite) and other alterations are
advanced argillic, silicification and sericite. These
characteristics are similar to deep parts of world-
class I0CG deposits. Bahariyeh, Uchpalang and
Sarsefidal have similarities to alterations in
Tanourjeh. Considering Tanourjeh lie in the lower
level rather to Bahariyeh, Uchpalang and Sarsefidal,
we believe they erosion surface in Tanourjeh is
lower. Kamarmard lies in the highest erosion surface
in the study area. Alterations and Mineralization as
similar to Kuh e Zar I10CG deposit
(specularite+chalcopyrite+gold) which is next to the

Kamarmard area in Northeast of study area. In
Bahariyeh-Uchpalang areas we can see only one
IOCG vein but in Sarsefidal area exist several IOCG
vein. Because of current surface in Bahariyeh-
Uchpalang areas is lower than Sarsefidal current
surface in Sarsefidal is lower than Kamarmard, we
believe that 1I0CG vein in Bahariyeh-Uchpalang
area have been eroded. We Believe to two
circulation of oxidized Fe-bearing hydrothermal
fluid in Kashmar. During the first circulation,
Potassic alteration and gold-bearing magnetite
bodies in depth and primary alterations with sulfide
base-metal veins was formed. At the second
circulation, lateral alterations and I0OCG veins was
formed at the near of paleo-surface.
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