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1. Volcanic Arc Granitoid
2. quartz-sericite-pyrite (QSP)
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1. Quaternary terraces (Qt)
2. Quaternary alluvium (Q)
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Fig. 3. Microscopic images of subvolcanic units in Hamech prospect area (XPL). A: Hornblende Diorite porphyry, B:

Hornblende-Biotite-Pyroxene Monzodiorite porphyry, C: Biotite-Hornblende Monzonite porphyry, and D: Diorite
porphyry. (Abbreviations: Pl: Plagioclase, Hbl: Hornblende, Bt: Biotite, Px: Pyroxene) (Siivola and Schmid, 2007)
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Fig. 5. Microscopic images of Hamech intrusive alteration. (XPL). A: Argillic alteration, B: Quartz-Sericite-Pyrite
alteration, C: Silicification, and D: Propylitic alteration. Abbreviations: Cly: clay minerals, Py: Pyrite, Ser: sericitic,
Qtz: quartz, Ep: epidote, Chl: chlorite and Cb: calcite and Si: silica, (Siivola and Schmid, 2007)
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Fig. 6. Vein-veinlet type mineralization in Hamech study area A: A view of the silicified directions with dispersed
pyrite and iron oxide mineralization in surface outcrops, and B: Goethite mineralization in the border of carbonate

veinlets that has filled space in a shear zone
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Fig. 7. Microscopic image of veinlet mineralization in Hamech study area (Reflected light with 10x magnification-
diameter of images: lmm) A: Galena and sphalerite, and B: Pyrite and chalcopyrite. Abbreviations: Sp: sphalerite, Gn:
galena, Py: pyrite and Ccp: chalcopyrite, Abbreviated minerals name from: Siivola and Schmid, 2007
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Fig. 8. Microscopic and macroscopic image of veinlet mineralization in Hamech study area A: Secondary calcite vein

with pyrite mineralization in the border. Calcite veinlets cut altered monzonite host rock, and B: Disseminate-veinlet
mineralization of pyrite in host rock
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Fig. 9. Classification of intermediate intrusive rocks and mafic bodies in Hamech prospect area (Middlemost, 1985;
Middlemost, 1994), and B: Al,O3/Na,O+ K,O (molar) vs. AlO3/(CaO+ K,0+Na,O) (molar) diagram in order

classification of intermediate intrusive rocks (Shand, 1948)
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Table 1. Major (Wt.%), trace and rare earth element (ppm) composition of Hamech intrusive rocks
Sample 2-1E 3E 16 E 97E 144 E 146 E 153 E
Longitude 58551.4  58°5511.1° 585511.1 58°5431.9 585729.5 58°5732.6 585809.7
Latitude  32246.8  3272350.7 322350.7 32°2312.1° 3224109 322410.1 32723479

Petrology Diorite Diorite Diorite Diorite Diorite Diorite Diorite
Wt.%
SiO: 60.83 58.65 59.29 58.83 60.08 59.87 57.28
TiO2 0.54 0.53 0.56 0.60 0.53 0.52 0.56
ALOs 15.10 15.71 16.10 15.78 15.71 15.88 15.37
FeO! 5.38 6.39 5.96 7.14 5.87 5.62 7.01
MnO 0.12 0.14 0.13 0.13 0.12 0.11 0.14
MgO 3.51 2.94 2.00 3.30 2.97 2.24 3.47
CaO 4.89 6.34 6.90 6.48 5.59 6.31 6.77
Na.O 3.21 3.13 3.18 3.18 3.49 3.24 3.24
KO 3.17 2.48 2.42 2.61 2.63 2.50 2.69
P20s 0.28 0.31 0.34 0.33 0.33 0.33 0.33
LOI 2.74 3.16 2.90 1.37 2.44 3.14 2.92
SUM 99.77 99.78 99.78 99.75 99.76 99.76 99.78
ppm
Ba 779 619 586 576 931 748 655
Rb 68 61 57 57 55 50 59
Sr 777 822 933 1109 945 903 893
Zr 96 77 &3 78 89 79 81
Nb 3.1 3 3.5 2.5 3 2.5 3.1
Ni 7 11 10 14 8 - 22
Co 13.3 13.3 13.0 17.5 12.3 11.2 16.1
Zn 108 99 84 80 82 - 79
Cr 15 23 18 23 14 - 14
Y 15.0 17.3 17.4 18.3 15.4 15.2 18.1
Cs 7.5 16.3 12 7.9 6.5 8.5 4
Ta 0.2 0.2 0.2 0.3 0.2 0.2 0.1
Hf 2.5 2.1 2.1 2.2 2.3 2.0 2.2
La 20.7 21.5 21.6 22.9 22.9 21.1 21.4
Ce 39.2 40.0 40.0 41.1 40.9 39.9 40.5
Pr 4.8 5.1 5.2 5.0 5.2 5.0 5.2
Nd 19.1 21.6 22.3 20.7 22.4 20.5 21.6
Sm 43 4.4 43 4.0 4.2 3.9 4.4
Eu 1.01 1.21 1.24 1.21 1.21 1.19 1.22
Gd 3.32 4.15 3.90 4.13 3.61 3.24 3.95
Tb 0.45 0.58 0.56 0.56 0.48 0.45 0.56
Dy 3.20 3.32 3.29 3.50 291 2.77 3.23
Ho 0.59 0.62 0.67 0.73 0.59 0.56 0.65
Er 1.76 2.02 2.01 2.03 1.73 1.51 2.06
Tm 0.25 0.31 0.29 0.30 0.28 0.23 0.29
Yb 1.76 2.09 1.86 2.15 1.90 1.75 1.91
Lu 0.28 0.31 0.36 0.32 0.32 0.26 0.34
(La/Yb)x  7.93 6.94 7.83 7.18 8.13 8.13 7.55
(Ce/Yb)n 5.76 4.95 5.56 4.94 5.57 5.90 5.48

EwEu* 0.81 0.86 0.92 0.91 0.95 1.02 0.90
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Table 1 (continued). Major (Wt.%), trace and rare earth element (ppm) composition of Hamech intrusive rocks
Sample 19E 50 E 55E 112 E 73 E 74 E
Longitude 585610.2° 585503.4 58°5514.6 58°5457.5 585335.5 585341.0
Latitude 32°2503.2° 322440.1° 3272428.6 32723239 3223212 32723203
Petrology Monzonite Monzonite Monzonite Monzonite = Gabbro Gab. Diorite

Wt.%
Si0; 59.79 58.17 56.62 57.23 45.90 51.80
TiO: 0.64 0.57 0.57 0.60 0.90 1.17
ALO; 16.25 16.02 15.48 15.72 13.88 13.31
FeO' 5.70 6.48 6.48 6.75 8.93 9.03
MnO 0.11 0.14 0.13 0.16 0.11 0.16
MgO 1.21 4.08 5.22 3.05 11.60 8.60
CaO 6.48 4.88 4.83 6.63 14.12 11.15
Na:0 3.35 3.12 3.55 3.85 2.41 2.79
K:O 4.00 3.21 3.16 2.58 0.27 0.15
P20s 0.45 0.32 0.34 0.39 0.07 0.10
LOI 1.76 2.84 3.41 2.80 1.66 1.63
SUM 99.74 99.83 99.79 99.76 99.85 99.89
ppm
Ba 696 593 676 517 13 13
Rb 92.3 76.2 69.1 535 8.7 3.6
Sr 959 665 746 1124 191 143
Zr 102.6 70.0 79.4 95.5 33.6 79.4
Nb 4.8 2.4 2.8 3.5 0.5 1.1
Ni 7 9 4 - 111 93
Co 11.7 14 14.9 16.4 39.3 37
Zn 65 80 62 80 31 63
Cr 3 8 20 17 421 286
Y 16.4 17.5 16.8 233 18.9 26
Cs 4.9 14.9 12.3 8.1 10.1 2
Ta 0.3 0.2 0.1 0.2 <0.1 <0.1
Hf 2.7 2 2.3 2.5 1.2 2.2
La 26.1 19.1 21.6 31.1 1.3 3.3
Ce 49.5 35.4 413 57.6 3.8 8.4
Pr 6.0 45 5.0 7.2 0.7 1.5
Nd 25.6 18.9 22.9 30.8 3.6 8.4
Sm 4.9 4.0 4.4 5.7 1.6 2.7
Eu 1.30 1.12 1.24 1.47 0.69 0.99
Gd 4.14 3.68 3.87 5.21 2.52 3.72
Tb 0.55 0.54 0.55 0.68 0.46 0.67
Dy 3.14 3.16 3.31 4.06 3.41 4.46
Ho 0.62 0.67 0.62 0.89 0.75 1.02
Er 1.64 2.06 1.86 2.74 2.00 2.82
Tm 0.27 0.29 0.29 0.36 0.30 0.41
Yb 1.81 1.88 1.98 2.58 1.89 2.79
Lu 0.27 0.31 0.32 0.39 0.32 0.40
(La/Yb)x 9.72 6.85 7.35 8.13 0.46 0.80
(Ce/Yb)x 7.07 4.87 5.40 5.77 0.52 0.78

EwEu* 0.89 0.89 0.92 0.83 1.06 0.96
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Fig. 11. A: Chondrite-normalized REE diagram for Hamech intrusive rocks (Boynton, 1985), and B: Primitive Mantle-
normalized REE diagram for Hamech intrusive rocks (Sun and McDonough, 1989)
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considering different geological conditions. In this type of mineralization, alterations vary markedly in different
deposits, due to change of geological conditions, (Sillitoe, 2010).
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Fig. 15. Position of important deposits in the region, which are in connection with porphyry systems (Hamech area

placed at the western end of Shah Soleiman Ali Mountains).
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Table 2. Comparison of important geological features of main regional deposits with Hamech prospect area. Used
references based on the number in the table, 1: (Abdi and Karimpour, 2013), 2: (Angeles et al., 2004), 3: (Malekzadeh
Shafaroudi et al., 2010), 4: (Malekzadeh Shafaroudi et al., 2015), and 5: (Samiee et al., 2016)

Target Name Mmegil}l’llzatlon Alteration Style Subvolcanic Rock As;\(/)lceitaatlion
QSP, propylitic, argillic, silicified Diorite porphyry to i
Hamech Porphyry Cu and carbonate zones Monzodirite porphyry Cu-Au
Porphyry Cu- argillic, advance argillic, propylitic Diorite to
1 s b )
Kuh-e-Shah Au, epithermal QSP, silicified Monzogranite, Syenite Cu-Au
Monzonite porphyry,
Sheikh Abad? Barr.en high-S QSP, pr.o.pyhtlc, argillic, silicified, Monzodloptf{ Cu-Au
epithermal sericitic and carbonate zones porphyry, Diorite
porphyry
Maher Abad®  Porphyry Cu-Au intermediate argllh.c/phylllc- Monzonite to Diorite Cu-Au-Mo
advanced argillic porphyry
potassic-intermediate argillic/phyllic- .
Khopik* Porphyry Cu-Au actinolite-sericite hydrothermal Diorite to Horpblende Cu-Au-Mo
. 1 Monzonite
breccia- supergene oxidation
] Diorite to
Khunik® High-S & Low- propylitic, argillic-silicified, sericitic Monzodiorite Au (As-Cu)
S Au epithermal
porphyry
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Introduction

The Hamech prospect area is located in the
eastern Iran, 85 kilometers southwest of Birjand.
The study area coordinates between 58°53°00 ” to
59°00°00" latitude and 32°22°30 " to 32°26°00"
longitude. Due to the high volume of magmatism
and the presence of geo-structure special
condition in the Lut Block at a different time, a
variety of metal (copper, lead, zinc, gold, etc.) and
non-metallic mineralization has been formed
(Karimpour et al., 2012). The studied area
(Hamech) includes Paleocene-Eocene igneous
outcrops which contain a wide range of
subvolcanic  bodies (diorite to  monzonite
porphyry) associated with mafic intrusives,
volcanic units (andesite), volcaniclastic and
sedimentary rocks.

Material and Methods

This study was done in two parts including field
and laboratory works. Sampling and structural
studies were done during field work. Geological
and alteration maps for the study area were also
prepared. 200 thin and 60 polished sections for
petrographic purpose were studied. The number of
200 thin sections and 60 polished sections were
prepared and studied in order to investigate
petrography and mineralogy. Major oxides (XRF
method- East Amethyst Laboratory in Mashhad),
rare earth elements and trace (ICP-MS method-
ACME Laboratory in Vancouver, Canada)
elements were analyzed for 13 samples that
included subvolcanic units and intrusive bodies.

Data processing and geological and alteration
mapping is done by the GCD.kit and Arcgis
software.

Discussion and Results

Based on lab work and XRF analysis, the rocks in
the area are composed of intrusive-subvolcanic
bodies and  volcanic  rocks (andesite,
trachyandesite and dacite) together with volcano-
classic and sedimentary rocks. Also, alteration
zones consist of a variety of argillic, silicified,
quartz-sericite-pyrite  (QSP), propylitic and
carbonate. Igneous rock textures are mainly
porphyritic for sub-volcanic and granular for
intrusive bodies. Phenocrysts mainly consist of
plagioclase and hornblende dominated with minor
of biotite and pyroxene. XRF studies and output
charts show that rocks include monzonite, diorite,
gabbro and gabbroic diorite. Intermediate
subvolcanic units (monzonite, diorite) and mafic
intrusives (gabbro and gabbroic-diorite) are
related to high-potassium calc-alkaline (K,O
between 2.42 to 4%) and tholeiitic (K>O between
0.15 to 0.27%) series, respectively. Subvolcanic
units belong to the I-type granitoid (Chappell and
White, 2001).

Mantle normalized , trace-element spider
diagrams display enrichment in LREE, such as
Rb, Sr, K, and Cs, and depletion in HREE, e.g.,
Nb, Ti, Zr that indicate magma formed in the
subduction zone. Nb depletion (less than 6 ppm,
between 0.5 to 5.2 ppm) in subvolcanic bodies
represents a volcanic arc granitoids (VAG)
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tectonic setting that is related to the subduction
zone (Pearce et al., 1984). Also, this reduction
shows that these rocks are derived of oceanic crust
(Wilson, 1989). Enrichment in LREE and
depletion of HREE with a low (La/Yb)x ratio in
the Hamech subvolcanic rocks (6/85 to 8/13)
could represent a low degree of mantle partial
melting (Wass and Rogers, 1980). Zr/Nb ratio of
more than 10 for Hamech rocks (between 21 and
35 for intermediate subvolcanic and 67 to 72 for
mafic bodies) indicates that parental magma has
minimal crustal contamination (Karimpour et al.,
2012). Sr enrichment (between 646 to 1124) and
low negative Eu anomaly (Eu/Eu* ratio between
0.81 to 1/02) show that plagioclase is rare (or is
not present) as residue mineral in the source and
melt conditions have been in oxidation state
(Tepper et al., 1993). Based on Sm/Yb vs. La/Sm
(Shaw, 1970) and Ce/YDb vs. Sm/Yb (Wang et al.,
2002) diagrams, parent magma is composed of 1
to 5% spinel-garnet lherzolite partial melting
(with small amounts of garnet) at a depth between
65 to 67 km (upper mantle) for subvolcanic units
and 5 to 20% spinel lherzolite partial melting
(depletion mantle-NMORB) with a depth of less
than 55 km for mafic bodies.

Suitable tectonic setting, existence of subvolcanic
units with intermediate composition, magnetic
activity with the nature of calc-alkaline and
oxidants, data from major and REE studies,
mineralization as disseminated and veinlets with
high secondary iron oxides in surface show
suitable conditions of porphyry and epithermal
mineralization in the Hamech prospect area.
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