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Fig. 1. Location of Cu porphyry and related epithermal deposits in Lut block. Location of Shah Soltan Ali area is
shown. (Karimpour et al., 2011)
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Fig. 4. A: Development alteration in Shah Soltan Ali area, B: QSP alteration in monzodiorite porphyry, C: Propylitic
alteration in hornblende diorite porphyry, D: Veinlet types in stockwork mineralization zone (monzodiorite porphyry),
E: Replacement of pyrite by goethite in disseminated mineralization, and F: Silicification + goethite vein. (Ca=Calcite,
Pl= Plagioclase, Chl= Cholorite, Hbl= Hornblende, Gth= Goethite, Py= Pyrite, Qz= Ouartz) (Whitney and Evans,

2010).
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Fig. 6. A: Valuse of Cu element in stream sediment samples of Shah Soltan Ali area, and B: Valuse of Zn element in
stream sediment samples of Shah Soltan Ali area (Geological survey of Iran, 2003)
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Table 1. Geochemical analyses of lithogeochemical samples in Shah Soltan Ali area

Sample X y Alteration Cu Zn Pb Sb As Au
ppm  ppm ppm ppm ppm  ppb
CN-3 320 26' 38" 580 57' 22" QSP + Carbonate 73 108 15 1.1 54.1 R
CN-6 320 27" 22" 580 57' 12" OSP + Carbonate 47 118 16 119 517 -
CN-11 320 27" 22" 580 57' 24" OSP + Carbonate 44 120 17 1.03 326 -
CN-21 320 25/ 54" 58° 58' 02" OSP 60 50 13 099 319 -
CN-22 320 26' 54" 58° 59' 51" OSP 72 70 10 1.11 31 -
CN-33 320 26' 08" 58°57' 41" Carbonate 31 256 29 118 113 -
CN-35 320 26' 13" 58° 58' 00" OSP + Carbonate 70 84 16 0.97 7.2 -
CN-43 32027 17" 58° 58' 15" OSP + Carbonate 4 84 16 1.08 391 50
CN-44 320 27' 54" 58°59' 02" Sericitic + Carbonate 31 27 70 20.5 278 110
CN-48 32027 10" 58° 58' 35" OSP + Carbonate 197 30 30 125 754 -
CN-50 320 27" 31" 58° 59' 37" OSP 95 135 30 3.34 47 -
CN-54 32027'35" 58° 58' 25" OSP + Carbonate 56 72 17 1.19 13 -
CN-58 320 27" 35" 58° 57 49" OSP + Carbonate 33 85 15 1 8.1 -
CN-60 320 28' 58" 58° 59' 00" Carbonate 70 66 20 1.1 15 5
CN-66 320 26' 36" 58° 57' 30" OSP + Carbonate 60 81 14 091 267 -
CN-69 320 26' 43" 58° 57' 39" OSP + Carbonate 33 78 13 1.05 287 -
CN-71 320 26' 45" 580 57' 42" OSP + Carbonate 30 58 12 093 187 -
CN-87 320 27" 22" 58° 57' 23" OSP + Carbonate 39 73 13 095  12.3 -
CN-112 320 28' 27" 58°59' 19" Carbonate 110 53 11 0.87 16 -
CN-124 32028 04" 58° 59' 03" Arailic + Alunite 82 42 31 124 639 -
CN-144  32029'11" 58° 59' 21" OSP + Carbonate 121 121 17 126 2038 -
CN-161 32°28'14" 58° 59' 31" OSP 42 57 11 1.02 274 -
CN-164 32°26' 20" 58° 59' 57" OSP 56 93 62 126  16.3 -
CN-166 32°26'33" 58° 59' 45" OSP + Silicification 304 271 69 1522 936 -
CN-168 320 25'56" 58° 59' 59" OSP + Silicification 454 279 13 184 358 -
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Table 2. Firre Assay analyses of Au elements from stockwork mineralization in Shah Soltan Ali area

Veinlete Sample X y Type Au(ppb)
Type | 320 26' 39" 58°59' 47" Py + Cpy Oxide 128
Type Il 32°26' 40' 58° 59' 46" Qt + Py £ Cpy 107
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Fig. 7. A: Dispersion of Cu element, B: Dispersion of Zn element, C: Dispersion of Sb element, and D: Dispersion of
Au element in litogeochemical samples of Shah Soltan Ali area on alteration map
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Table 3. Major (wt. %) and trace elements (ppm) analysis of Shah Soltan Ali intrusive rocks

Sample N18 N19 N24 N46 N47 N98 N102 N122 N128 N138
X 32029'14'  32029'14"  32°25'48"  32027'38"  32°27'07" 32028'11" 32028'03"  32028'07" 32027'46"  32°28'48"
Y 58959'23"  58959'24"  58°58'10" 58°58'54" 58°58'38" 58°59'50" 58°59'35" 58°59'18" 58°58'54"  58°59'17"
Rock
type 3 1 3 2 1 1 1 3 1 3
Sio, 58.92 59.79 58.22 59.6 57.88 53.62 54.05 55.47 53.12 55.42
TiO, 0.6 0.64 0.63 0.52 0.65 0.73 0.72 0.73 0.74 0.73
Al,O3 15.66 16.25 15.23 15.2 15.52 15.04 15.29 15.53 14.56 15.49
TFeO 6.38 5.7 6.04 5.6 6.23 8.38 8.37 8.5 8.33 7.51
MnO 0.11 0.11 0.1 0.12 0.1 0.13 0.12 0.13 0.17 0.13
MgO 3.99 1.21 2.99 2.1 3.82 5.86 5.35 5.62 7.08 4.69
CaO 55 6.48 5.49 4.7 5.35 7.29 6.79 7 6.65 6.97
Na,O 2.92 3.35 3.09 3.4 3.04 2.86 2.49 2.65 2.63 2.7
KO 3.09 4 3.86 3.8 3.09 3.77 3.09 3.42 3.35 3
P,Os 0.27 0.45 0.31 0.3 0.34 0.27 0.3 0.3 0.28 0.43
L.O.1 2.35 2.01 3.8 4.2 2.87 2.32 2.1 1.47 2.83 2.61
Total 99.79 99.9 99.76 99.54 98.89 100.26 98.67 100.42 99.74 99.68
Ba 792 696 749 - 1086 792 573 585 679 571
Cs 2.9 4.9 6.6 - 3.2 1 2.7 1.2 3.6 0.4
Hf 2.6 2.7 2.5 - 3.1 15 1.8 2 1.8 2.2
Nb 4.4 4.8 45 - 5.4 2 1.9 1.9 2 2
Rb 74.5 92.3 94.1 - 102.2 54.2 62.1 64.9 74.6 53.3
Sr 887.2 959.6 840.6 - 894.4 627.7 628.7 640.1 949.1 774.9
Ta 0.3 0.3 0.4 - 0.4 0.1 0.1 0.1 0.1 0.1
zr 98.1 102.6 94.2 - 109.6 57.3 61.9 59.7 59.4 68.1
Y 32 16 37 - 37 24 31 26 32 30
La 23.6 26.1 24.9 - 25.1 141 15.5 14.5 15.3 18
Ce 62.4 495 447 - 49.2 26.9 28.1 26 29 34.6
Pr 5.23 5.96 5.43 - 5.9 3.55 3.78 3.83 3.8 4.85
Nd 22 25.6 21.3 - 24 17 16.5 17.3 16 21.9
Sm 4.7 4.85 4.27 - 4.88 3.51 3.76 3.61 3.61 4.54
Eu 1.17 1.3 1.24 - 1.23 0.95 1.05 1.02 0.96 1.26
Gd 411 4.14 3.84 - 4.26 3.45 3.61 3.76 3.52 4.06
Thb 0.56 0.55 0.55 - 0.59 0.5 0.55 0.54 0.54 0.61
Dy 3.23 3.14 3.17 - 3.39 3.16 3.47 3.45 3.06 35
Ho 0.75 0.62 0.64 - 0.6 0.63 0.61 0.69 0.62 0.75
Er 2.22 1.64 1.89 - 1.98 1.75 2.05 2.08 1.84 2.24
Tm 0.29 0.27 0.28 - 0.29 0.27 0.3 0.31 0.29 0.33
Yb 2.09 1.81 1.82 - 1.89 1.84 1.96 2.12 1.91 2.08
Lu 0.35 0.27 0.25 - 0.3 0.31 0.32 0.3 0.29 0.35
Ratios
Eu/Eu* 0.81 0.89 0.94 - 0.82 0.87 0.83 0.85 0.82 0.90
La/Yb 7.61 9.72 9.22 - 8.95 5.17 5.33 4.61 5.40 5.83

N

1- Cpx diorite porphyry 2- Monzonite porphyry  3- Hbl — Cpx diorite porphyry
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Table 4. Comparison of Cu porphyry (Monzonitic type) with Shah Soltan Ali prospect area (Sillitoe, 2010; Seedorff

et al., 2005; Enns et al., 1995).

Specifications

Cu porphyry

Shah Soltan Ali prospect area

Tectonic setting
Magmatic series
Granitoide series I type

Rock type

Alteration zones

litocap alterations.

Mineralization

breccias
Sulfides (%) 3-10
Cu(%) 05-15
Au (ppm) <0.1

Subduction zones
Calc- alkaline to shoshonite series

Monzonite to Diorite

Potassic, QSP, Argillic, Propylitic and

Disseminated, Stockwork, Hydrothermal

Subduction zone
Calc - alkaline to shoshonitic series
I type
Monzonite porphyry, Monzodiorite
porphyry, Diorite porphyry
QSP, Propylitic, Argillic, Silicified,
Sericitic and carbonate zones
Disseminated, Stockwork, Hydrothermal
breccias, Vein
1-4
0.003 - 0.04
0.005- 0.128
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Introduction

The Shah Soltan Ali area is located 85 km
southwest of Birjand in the South Khorasan
province. This area is part of the Tertiary
volcanic-plutonic rocks in the east of the Lut
block. The Lut block is bounded to the east by the
Nehbandan and associated faults, to the north by
the Doruneh and related faults (Sabzevar zone), to
the south by the Makran arc and Bazman volcanic
complex and to the west by the Nayband Fault.
The Lut block is the main metallogenic province
in the east of Iran (Karimpour et al., 2012), that
comprises of numerous porphyry Cu and Cu-Au
deposits, low and high sulfidation epithermal Au
deposits, iron oxide deposits, base-metal deposits
and Cu-Pb-Zn vein-type deposits. The geology of
Shah Soltan Ali area is dominated by volcanic
rocks, comprised of andesite and basalt, which are
intruded by subvolanic units such as monzonite
porphyry, monzodiorite porphyry and diorite
porphyry.

Materials and methods

1. 170 thin sections of the rock samples as well as
25 polished and thin polished sections were
prepared for petrography, alteration and
mineralization.

2. Twenty five samples were analyzed for Cu, Pb,
Zn, Sb, Mo and As elements by the Aqua regia
method in the Zarazama laboratory in Tehran,
Iran.

3. Nine samples were analyzed for trace elements
[including rare earth elements (REES)]. As a
result of these analyses, trace elements and REE
were determined by inductively coupled plasma

mass spectrometry (ICP-MS) in the ACME
Analytical  Laboratories  (Vancouver)  Ltd.,
Canada.

4. Ten samples were analyzed for major elements
by wavelength dispersive X-ray fluorescence
spectrometry in the East Amethyst laboratory in
Mashhad, Iran.

5. Five samples were analyzed for Firre Assay
analysis in the Zarazma Laboratory in Tehran,
Iran.

6. The results of XRD analysis were used for 4
samples.

Discussion and results

Petrographic studies indicate that subvolcanic
rocks consist of diorite porphyry, monzonite
porphyry and monzodiorite porphyry. Based on
field and lab work several alteration zones such
as: quartz-sericite—pyrite  (QSP), propylitic,
argillic, silicified, sericitic and carbonate were
identified. Geochemical studies show that
intrusive units are metaluminous, high calcalkalic
to shoshonitic. These rocks belong to the I-type
granitoid (Chappell and White, 2001), and they
have formed in a volcanic arc granitoids (VAG)
tectonic setting (Pearce et al., 1984). Mantle-
normalized, trace-element spider diagrams display
enrichment in large ion lithophile elements, such
as Rb, Sr, K, and Cs, and depletion in high field
strength elements, e.g., Nb, Ti, Zr. Enrichment of
LREE versus HREE and enrichment of LILE and
depletion in HFSE indicate magma formed in the
subduction zone. Negative Nb and Ti anomalies
are recognized as a fingerprint of a subduction
process (Nagudi et al., 2003). All of the intrusive

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

DOI: 10.22067/econg.v9i1.61010



Journal of Economic Geology

Nadermezerji et al. 12

rocks have a weak negative Eu anomaly
(Eu/Eu*=0.82-0.94) (Tepper et al., 1993), and a
low ratio of (La/Yb)y. The magmatic source of
intrusive rocks had been generated from 1% to
5% of partial melting of garnet-spinel Iherzolite
(Aldanmaz et al., 2000). In the south area, four
types of mineralization such as: veinlet to vein,
disseminated, hydrothermal breccia  and
stockwork occur from which stockwork is the
most important type of mineralization. The
veinlets that were found within the stockwork
zone are:1l) pyrite + chalcopyrite, 2) quartz +
pyrite + chalcopyrite, 3) quartz * pyrite.
Compositional variations of elements within the
Shah Soltan Ali area are as follows: Cu = 30-454
(ppm), Zn = 27-279 (ppm), Pb = 11- 70 (ppm), Sh
= 0.9-152 (ppm), Au= 5-128 (ppb), As = 7-203
(ppm). There is a high concentration of Cu — Zn -
Au and Sb that is associated with the high density
of veinlets in the quartz-sericite-pyrite zone in the
southeast of Shah Soltan Ali area. Based on the
obtained data, the Shah Soltan Ali area is a part of
the porphyry Cu-Au deposit.
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