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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,
which is shown in northeast of Kashmar city by black frame, is located between Koh e Zar and Tanourjeh IOCG

deposits at contact of Dorouneh fault in north of Lut block.
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Fig. 3. Processed Aster satellite image. Bahariyeh, Uch Palang and Sarsefidal have most stroge alteration.
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Fig. 4. Alteration map of Kashmar. Argillic, Silicification and Sericitic focused on intersected points of Dorouneh fault
with minors faults (Bahariyeh, Uch Palang and Sarsefidal areas), and Hematite-Carbonate-Chlorite-Silicification

focused on Kamarmard area.
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Fig. 5. Various alterations in Kashmar area: A: Argillic alteration and Silica caps in Bahariyeh, B: quartz-Serisite
alteration in Tuff, C and D: hand-specimen and microscopic image of no vuggy silica caps, E: Hematite-Carbonate-
Silicification alteration in Dacite, F: Chlorite alteration in Lithic crystal tuff matrix, and G: filling of Amygdaloidal

caves with Epidote in Hornblende diorite.(Abbreviations (Schmid et al., 2007): Qtz:Quartz, Ser: Sericite, Pl:Plagioclase,
Fe-Oxd: Irone Oxides, Cb: Carbonate, Ep: Epidote, Chl: Chlorite)
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Fig. 6. Alteration-mineralization map of Kashmar.Quartz-Chalcopyrite£pyrite veins occurs in Argillic, Silicification
and Sericitic alteration zone, but Specularite-rich, Quartz-Galena, Barite veins and hydrothermal breccia occur in
Hematite-Carbonate-Chlorite-Silicification alteration zone.
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Fig. 7. Mineralization in Kashmar: A, B and C: hand-specimen, microscopic image and Shaddadi working on
Chalcopyrite-quartzt+Pyrite veins in Bahariyeh area, D and E: hand-specimen and microscopic image of Specularite-rich
veins, F: hand-specimen of quartz-Galena vein with comb texture and chert in center of vein; G: Barite blades in barren
barite veins, H and J: Field image, hand-specimen and microscopic image of hydrothermal breccias in Kamarmard

peak (Abbreviations (Schmid et al., 2007): Ccp: Chalcopyrite, Qtz: Quartz, Mal: Malachite, Px: Pyroxene, Gn: Galena,
Cov: Covolite, Cc: Chalcocite, Py: Pyrite)
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Table 1. Geochemical analysis results of various veins of Kashmar

Cu Au Pb (ppm)  Zn (ppm) Ag Cd As Fe Sb Fe
Sample  (ppm)  (ppb) (ppm)  (ppm)  (ppm) (%)  (PPM) (%)
KM1* 479 24 48 37 0.2 0 26 7 1 7
KM3* 52 55 32 57 1.2 1 27 5 1 5
KM4* 614 178 122 25 2.7 <0.1 103 8 1 8
KM6* 6304 33 964 130 9.2 <0.1 84 15 8 15
KM7* 51 6 172 201 0.3 0 2 6 0 6
KM10* 110 16 324 164 2.0 <0.1 73 8 14 8
KMI1* 6265 1295 24 575 4.0 <0.1 139 3 15 3
%
KM12* 87 5 6169 95 7.4 0 6 1 2 1
*
KM13* 1781 11 >10000 >10000 49.6 153 183 1 112 1
*
KM14* 334 5 >10000 152 5.7 1 8 1 2 1
sk
KMI16* 420 6 22 88 0.2 <0.1 3 1 0 1
%
KM17* 1176 18 54 63 0.3 0 10 1 2 1
*
KM18* 955 5 877 183 5.1 1 7 3 1 3
*
KN£<19* 190 10 25 15 0.2 <0.1 3 0 0 0
KM20* 227 3 70 32 0.2 0 8 1 0 1
%
KM21* 152 3 237 48 0.4 <0.1 3 2 0 2
k
KM22%* 414 28 5226 104 34 1 3 1 0 1
k
KM23* 868 6 207 127 6.9 1 19 1 11 1
*
Kl\f24* 339 2614 4413 >10000 5.1 181 21 5 2 5
*
KM25%* 1389 14963 >10000 >10000 222 250 36 6 3 6
kk
KM27* 264 6748 1578 2147 4.7 15 18 3 1 3
sk
KMI105  >10000 64 487 1193 3.6 4 50 16 3 16
skeskoskosk
Bl\f6** 4676 4 19 72 0.0 <0.1 3 4 0.0 4
*
BM3**  >10000 116 106 347 0.6 1 8 7 0.6 7
kk
BMS5** >10000 27 80 302 0.9 2 172 3 0.9 3
sk
Bl\gi()l 593 69 6605 328 56.1 0 22 5 56.1 5
Kl\fl()l 1676 7 1472 384 1.5 4 15 1 1.5 1
*
KM102 143 7 79 90 1.1 0 25 5 1.1 5

ok

(*) Spcularite-rich veins, (**)Quartz-Galena veins, (¥***)Hydrothermal breccias, (****)Chalcopyrite-Quartz veins.
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Table 2. Summerized results of fluid inclusion studies on various quartz veins in Kashmar

Vein type Mineral Th(°C) Tm(°C) NaCl Density
(Wt% equiv.) (g/cm3)
Chalcopyrite - Quartz Ouartz 307-470 -13.8to-11.2 15.18-17.61 0.87-0.90
Specularite — rich vein Quartz 328-428 -14.0to0-10.2 14.15-17.80 0.87-0.90
Hydrothermal Breccia Quartz 333-530 -142t0-12.8 16.71-17.96 0.89-0.90
-13.1t0 -10.2 14.15-17.00 0.86-0.89

Quartz - Galena

Quartz - Barite ~ 245-460
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Histogram of salinities of fluid inclusions of various quartz veins of Kashmar
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Fig. 14. Salinity-Th diagram for fluid inclusion of Kashmar. Probable trends for fluid evolution from Shepphered et al.,
1985: trend 1: Mixting of A fluid with cooler and lower-salinity B fluid, 2 and 3 trens: mixing of A fluid with others
fuild with various salinities and similar temperature, trend 4: increasing of salinity because of boiling, trend 5: cooling
of fluid, trend 6: necking of fluid inclusions, and trend 7: leakage of fluid inclusions in heating.
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Fig. 16. A to C: General modeling of formation and evolution of Sabzevar magmatic belt and Kashmar magmatism in
KKBB (revised after Rossetti et al., 2014 and Shafaii Moghadam et al., 2015).
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Introduction

The study area is located in the central part of the
Khaf- Kashmar- Bardaskan volcano-plotunic belt
(briefly KKBB). Several I0CG deposits such as
Tanourjeh Au-bearing magnetite deposit and Kuh-
e-Zar Specularite-rich Au deposit have been
explored in KKBB. Geology, alteration,
mineralization, geochemistry and fluid inclusion
results in Kashmar suggest the I0OCG type Au-
bearing magnetite mineralization. These 10CG
deposits at KKBB form at an active continental
arc related to SSZ-type Sabzevar oceanic
subduction.

Materials and methods

Use of Landsat 7*, IRS and Aster satellites.
Petrography and alteration Studies in 150 thin
sections of volcanic and intrusive rocks.

Sampling of ore-bearing quartz vein and
mineralography.

Preparation of 28 geochemistry samples by the
chip composite method of ore-bearing quartz vein
and analyzing them in the ACME laboratory by
Agua Regia 1DX1.

Fluid inclusions studies of 14 samples of quartz
and barite related to the ore minerals of ore-
bearing quartz vein by THMG600 stage of Linkam
company.

Results

Magmatic events in Kashmar occur at Paleocene-
Eocene and include: (1) old mafic - intermediate
volcano-plutonic series; (2) felsic volcanic and
granitoids; and (3) parallel swarm dykes which
are youngest (Almasi et al., 2016).
Geochemically, Kashmar rocks are metaluminous
to highly peraluminous and Tholeitic to calc-
alkaline and shoshonitic in composition (Almasi
et al., 2016). The field characteristics, together
with isotope and geochemical analyses show that
all rock types are essentially co-magmatic and
post-collisional I-type (Almasi et al., 2016).
Alteration of Kashmar is described in two ways:
(1) intense ellipsoidal-linear Argillic-
Sillicification and low sericitic with Silica caps
and with medium widespread and propylitic
alterations in triple regions, next to Dorouneh
fault; and (2) Medium Hematite-Carbonate-
Chlorite-Silicification alterations in Kamarmard
heights. In parts of near the Doruneh fault,
sometimes fractures of rocks are filled with
tourmaline (Dumortierite type) and iron oxides.
Kashmar surface mineralization is described in
the  ore-bearing quartz veins.  Principal
mineralization textures are layered, comb and
Brecciation. The most important types of veins
are those containing Chalcopyrite - Quartz veins,
Specularite-rich  veins — Quartz-Galena veins
accompany with hydrothermal Breccias. Barren
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barite wveins also exist in the region. The
Chalcopyrite - Quartz veins occur on the main
fracture zone and next to the Argillic alterations
and silica cap in three regions (Bahariyeh, Uch
Palang and Sarsefidal). Hydrothermal Breccias,
Spicularite- rich veins, Quartz - Galena and barite
veins occurred within Hematite- Carbonate-
Chlorite-Silicification alterations in the
Kamarmard area. Geochemistry of veins indicates
anomalies of gold, copper, lead and zinc in them.
Most enrichments of gold are accompanied with
copper, lead and zinc and they occurs in
hydrothermal Breccias and then specularite- rich
veins. Gold values up to about 15 ppm and Cu, Pb
and Zn each to > 1%.

Temperature — salinity studies of fluid inclusions
of ore-bearing Quartz veins in Kashmar show the
fluid temperature and salinity values in all veins
are close together. Temperatures are moderate to
relatively high and between 245° C and 530 ° C
and salinities are relatively low to moderate and
between 14 to 18 (wt% NaCl). Maximum and
minimum of temperatures and salinities are
related to fluid inclusions of hydrothermal
Breccias and Quartz-Galena vein. Co-existence
between two-phase liquid-vapor rich fluids and
single-phase gas fluids in the veins indicate that
conditions were close to boiling, and maybe a
little boiling occurred, which strengthened with
brecciaing of rock and view rare CO,-bearing
fluid inclusion in veins on the Kamarmard peak.
Non-existence of vuggy Quartz in silica caps in
the region shows this issue. The frequency of
oxide minerals (Specularite, Barite), H,O-NaCl-
CaCl, system, and the low amounts of sulfide
minerals in Kashmar, all represent the oxidized
conditions of hydrothermal fluid and the impact of
CO,-bearing chloride complex in transport, non-

interference of meteoric waters and precipitation
of metallic elements with reducing of temperature.

Discussion

Most important IOCG deposits of south America
(Candelaria, Mantoverde and Raul Condstable)
have Au-bearing massive magnetite bodies
accompanied with Potassium (actinolite, biotite
and K-feldspar) alterations with high temperatures
(500-700 © C) and salinities (>40%wt NaCl) at
deepest parts (Sillitoe, 2003). At the upper levels,
there are magnetite changes to hematite (Specular)
and the possibility of coarse calcite (+ silver
mineralisation). Hematite zone may display
hydrothermal/tectonic brecciation. The hematite-
rich veins tend to contain sericite and/or chlorite,
with or without K-feldspar or albite, and to
possess alteration haloes characterized by these
same minerals. Both the magnetite- and specular
hematite-rich IOCG veins contain chalcopyrite
and generally subordinate Pyrite (Fuller et al.,
1965).
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