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Fig. 1. Access roads to study area
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Fig. 2. The 1:20000 geological map of Nakhileh area (Baghrifar et al., 2018)
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Fig. 3. A) Fine and scattered Py particles inside the diorite. B) Large patches of epidote within green andesites.
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Fig. 4. A) Transformation of plagioclase into sericite and calcite. B) Conversion of ferromagnesian minerals to epidote
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Fig. 5. A) Fine and scattered Py particles inside the diorites. B) Zoning of plagioclase in diorites.
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Fig. 6. RGB: 468, for propylitic and argillic alterations separation at ASTER images.
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Fig. 7. A) Spread of iron oxides. B) Propylitic spread. C) Phyllic spread.
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Fig. 9. a) Chalcopyrite (Ccp) and sphalerite (Sp). b) Pyrite (Py). ¢) Amorphous pyrite (Py) within chalcopyrite (Ccp). d)
sphalerite (Sp). (based on Whitney and Evans, 2010).



YA

1FF leanl g 5l YV o5losds 1 0590 (60 1,5 (b oy 9 o8 (slaAsSl

=
=
o
[T-1
[
Loy
o
o

3357227 N

53 ol 0315 5158 13T i ) (528590 Sy 515 5
S0 SBaym 0 9 5 0 o Logas blia il (S
@ ogmlianST Jelge 550 cde 4y baaxly cnl o
ks Syl 5 g8 oilen b ol glans]
]....L? o oS bl ) puzes (V) JSS) iloas
wla gl JUoul e 4y wilazs )3 )18 LS gl T
S s 5 by T owilo B clo b o 6T o supilgus

O JS0) 05 50 0090 2950

lw o -Y-Y
5 pRialesl Sl 5 Ghae slagw,n bl
e S Setlisn 5 Syl Gl T ws)lidle
s dnlllae 550 0dgae (O S0 (5l ygul I
s I Sld sl ST ey Bl 4 T 51 g
sl 5 (21 ST 2aS Jls (ie &1 (izpon
(Ve JSE) Wigdge onyd oaiSTy Ojga 8 od
Srdyg Sy ails oo slaasly (ST gl T

485163 E 486090 E 486554 E 487017 E
Legend Symbols

Argillic [ Fe-Oxides — Drainage

Phyliic B Silicic — Faut e e Wi
BB Propylitic

(VP oo ol ylSon g 435 y8L) Al 0090 (5L yguanl T (58 yuns aitiis Ve S
Fig. 10. The alterations spread map of nakhileh area (Bagherifar et al. 2021)

ol g (51 SIS JUoni 31 oilo Bl Ui i g Camgyler 31 5,67 N S
Fig. 11. Traces of jarosite and dissolution pores that are left from the dissolution of sulfide minerals
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Table 1. Results of XRF analysis from 25 samples of fresh and non-altered rocks

Sample SiO> ALO3 TiO> *Fe,03 MnO CaO MgO KO0 NaxO P,0s SOs Cr203 LOI TOTAL K20/Na20
NKH-1 64.72 17.13 0.8 522 0.19 1.56 0.7 3.57 4.57 0.17 0.2 0.01 1.12 99.96 0.78
NKH-2 58.25 18.21 0.72 8.63 0.1 1.13 0.58 3.46 5.72 0.32 0.13 0.01 2.66 99.92 0.6
NKH-3 53.22 17.92 | 0.55 13.83 0.03 1.55 0.31 32 6.57 0.36 0.11 0.01 221 99.87 048
NKH-4 59.35 17.44 | 0.85 9.84 0.04 1.12 0.34 5.15 3.68 0.21 0.05 0.01 1.78 99.86 139
NKH-5 62.98 17.12 | 0.55 521 0.01 1.75 0.17 235 7.33 0.18 0.05 0.01 2.16 99.87 0.32
NKH-6 56.83 172 0.55 945 0.05 2.17 253 329 4.71 0.2 0.11 0.01 2.7 99.8 0.69
NKH-7 52.24 19.45 | 0.64 7.72 0.19 6.94 3.25 1.62 4.79 0.25 0.05 0.01 2.82 99.97 033
NKH-8 68.35 12.31 0.23 8.89 0.46 227 0.58 1.52 3.77 0.09 045 0.01 1 99.93 0.4
NKH-9 65.54 1472 | 0.46 351 0.05 2.64 1.45 4.83 4.31 0.11 0.15 0.01 215 99.93 1.12
NKH-10 472 17.29 | 0.89 11.31 0.24 7.66 7.42 1.12 4.34 0.18 0.05 0.01 227 99.98 0.25
NKH-11 61.19 16.51 0.39 4.6 0.13 4.55 1.99 251 4.95 0.22 0.05 0.01 276 99.86 0.5
NKH-12 65.42 155 0.34 294 0.08 3.64 1.44 1.82 543 0.16 095 0.01 3.11 100.8 033
NKH-13 74.56 12.62 | 0.32 1.95 0.02 0.67 03 3.11 5.07 0.05 0.09 0.01 1.07 99.84 0.61
NKH-14 52.79 1447 | 0.74 10.05 0.18 8.79 8.42 053 22 0.16 024 0.05 1.52 100.1 0.24
NKH-15 47.05 18.47 | 0.95 9.18 0.18 10.43 6.4 1.02 3.05 0.16 0.05 0.01 293 99.88 033
NKH-16 51.34 17.14 | 0.88 8.99 0.17 8.71 4.82 1.18 3.46 0.22 0.05 0.01 293 99.9 0.34
NKH-17 54.92 1598 | 0.78 9.16 0.18 8.45 4.58 1.08 234 0.23 0.05 0.01 2.19 99.95 0.46
NKH-18 535 16.21 0.75 9.34 0.21 8.52 4.57 053 2.08 0.21 0.11 0.01 398 100 0.25
NKH-19 59.55 16.26 | 0.56 6.62 0.07 4.36 3.26 293 3.86 0.22 0.09 0.01 2.19 99.98 0.75
NKH-20 56.74 15.63 | 0.68 7.1 0.18 7.25 3.61 1.56 3.85 0.19 0.13 0.01 2.85 99.78 0.4
NKH-21 59.8 18.44 | 0.52 4.51 0.09 2.87 2.03 1.62 8.36 0.29 0.05 0.01 1.36 99.95 0.19
NKH-22 52.56 16.99 | 0.76 9.64 0.21 891 534 0.65 223 0.17 0.05 0.01 231 99.83 0.29
NKH-23 60.15 16.71 05 554 0.14 522 251 236 4.55 0.23 0.05 0.01 1.97 99.94 051
NKH-24 58.68 18.48 | 0.52 4.93 0.1 3.16 231 1.84 7.75 0.3 0.09 0.01 1.8 99.97 0.23
NKH-25 56.7 15.65 | 0.68 6.9 0.18 72 3.65 1.52 3.78 0.19 0.13 0.101 2.8 99.48 0.4
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Fig. 12. A) The position of the intrusive rocks of Nakhileh area in the classification of Cox et al, 1979, B) The position
of the extrusive rocks of Nakhileh area in the classification of Le Bas et al, 1986
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Fig. 13. Variation of some major and minor elements versus of SiO:2 variations

Spider plot — REE chondrite (Nakamura 1974)

Spider plot - NMORB (Sun and McDonough 1989)
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Abstract

Nakhilab (Nakhileh) area is located in the southeast of Iran and 145 km northwest of Zahedan.
Sedimentary units of the flysch zone of eastern Iran and porphyry and andesite diorite units are the most
important lithological units. All the existing lithological units in this area have been affected by the
shearing movements of Nosratabad and Kahorak faults, which have caused the creation of tensile
structures in the area and probably facilitated the penetration of diorite units. Field and laboratory studies
showed that the most abundant lithology in the area is hornblende diorite porphyry intrusions and the
most important mineralization has occurred there, and the most abundant main minerals are semi-shaped
plagioclase crystals (60-75 percent), Hornblende (5-10%), biotite (3-5%), quartz and clinopyroxene
(about 5%). Chalcopyrite, pyrite, bornite, and covellite are abundant minerals in the mineralography
studies. In the paragenesis sequence, pyrite, chalcopyrite, and sphalerite minerals are in the early stages
(hypogene) and bornite, chalcocite, and covellite are secondary minerals and supergene stage. RS
studies indicate the presence of argillic, propylitic, phyllic, and iron oxide alterations. Geochemical
investigations showed that the igneous rocks range from gabbro to granodiorite and the chemical
composition of igneous rocks ranges from basic, to medium to acidic, which are mainly diorite, andesite,
granodiorite, and gabbro respectively. The amount of LREE enrichment is more obvious than that of
HREE, these features indicate that the igneous rocks belong to subduction zones. All the samples studied
in this area are located in the arc and the environment of the post-collision of the continental margin.

Keywords: Nakhilab, Remote sensing, Alteration, Mineralogy, Geochemistry

Introduction

The Nakhilab (Nakhileh) area is located in
southeastern Iran, in Sistan and Baluchestan
Province, 145 kilometers northwest of
Zahedan city, at a geographical location of
37'18°30" to 15'19°30” north latitude and
58'51°59" to 05'53°59” east longitude.
According to the division of the major
sedimentary-structural zones of Iran (Agha
Nabati, 2004), this area is located tectonically
on the border between the eastern Iranian
flysch zone and the Lut block. Since the
Kahorak fault (the southwestern branch of the
southern part of the Nehbandan fault) separates
sharply the lithological units of the western
area from the Lut block, it seems that this area
is part of the eastern Iranian flysch zone.
Mineralogical and petrographic studies
indicated the presence of porphyry igneous
rocks of diorite and quartz diorite in the
Nakhileh area. Since this area, based on
preliminary evidence and studies and the

presence of various types of argillic, propylitic,
sericite and gossan alteration rich in copper
mineralization and the presence of anomalies
of gold mineralization, can be classified as a
porphyry copper deposit, therefore, using
economic geological knowledge, this research
tries to help in better and more accurate
exploration of this deposit by utilizing new
findings in geology, mineralogy, remote
sensing, alteration and geochemistry.

Materials and Methods

Using ASTER and LANDSAT satellite images
and special processing software such as ENVI
4.5 Win, and with the help of RGB and SAM
techniques, the lithologies and alterations in
the area were distinguished. Also, suitable
samples from fresh and less altered rock units
were analyzed by XRF to determine the main
oxides with a detection limit of 0.5 to 0.05
weight percent and minor and trace elements
with ICP-MS by ZarAzma Mineral Analysis
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Company, with a detection limit for trace
elements between 0.01 ppm and 1 ppm.
Analysis of selected samples from altered units
to separate and identify clay minerals was
performed by XRD in the laboratory of the
Geological Organization of Tabriz Branch.

Results and Discussion

In order to observe the altered zones in this
area, the RGB=468 band combination was first
used. In this band combination, the minerals
related to the propylitic zone are observed in
the upper and lower parts of the area in dark
and light green, the minerals related to the
argillic zone are observed in pink in the central
part of the area, and the carbonates are
observed in yellow to brown. By applying
spectral angle mapping methods to OLI sensor
data, areas with iron oxides can be better
distinguished and identified due to the higher
number of VNIR bands compared to the
ASTER sensor. Also, by applying the SAM
method to ASTER sensor data, areas with
phyllic alteration indicator minerals (sericite),
propylitic indicator minerals (epidote, chlorite,
and calcite), and argillic indicator minerals
(kaolinite) were well revealed.

Mineralization is mainly seen in diorite and
andesite units and two forms: disseminated and
veinlet. In the studied samples, minerals such
as pyrite, chalcopyrite, and sphalerite are
present as primary minerals, and minerals such
as bornite, chalcocite, and covellite are present
as secondary minerals. Pyrites are seen with a
rounded appearance and decomposed states,
which indicates the priority of their formation
over other minerals. Accordingly,
chalcopyrites were formed in later stages, and
finally, sphalerites.

The results of XRD analyses of these rocks
showed that the most important clay minerals
formed in this alteration are mainly kaolinite,
montmorillonite, illite, pyrophyllite, and a
smaller amount of palygorskite. Propylitic
alteration with the presence of chlorite and
large epidote indicator minerals is seen in
green andesite units. The presence of epidote
and chlorite in the altered rocks indicates a
temperature of about 220 to 340 degrees
Celsius. These units and their related propylitic

alteration in this area lack important and
valuable mineralization. The main
mineralization is observed in the phyllic
zone.The chemical composition of igneous
rocks ranges from basic to medium to acidic,
which are, in order of abundance, diorite,
andesite, granodiorite, and gabbro. REE
elements in all samples show enrichment
compared to their values in the chondrite
composition, and the enrichment of LREE is
more obvious than that of HREE. These
features indicate that the igneous rocks belong
to subduction zones. Using the TiO2 vs. A1203
diagram, all samples in the study area are
located in the arc and continental margin
environment and belong to post-collisional
conditions.

Conclusions

The Nakhilab (Nakhileh) area is located in the
tectonic environment between the two strike-
slip faults of Kahorak and Nosratabad. It is
under the influence of the S1 tensile
component, which has facilitated the
penetration of intrusive masses in the area.The
chemical composition of igneous rocks in the
area is basic, medium to acidic, and is mainly
composed of diorites, andesites, granodiorite,
and gabbro, in order of abundance.The two
hornblende-diorite porphyry units and their
output equivalents, red and green andesites, are
the most abundant petrological units in the
area, with the green andesites undergoing
propylitic alteration and lacking significant and
economic mineralization.One of the most
important and widespread alterations in the
area is the argillic alteration, which mainly
coincides with the porphyry diorite units and
includes the most important mineralizations in
the area.Chalcopyrite and sphalerite were
formed in the hypogene stage, and bornite,
chalcocite, and covellite minerals were formed
in the supergene stage.The enrichment of
LREE is more obvious than that of HREE, and
the interpretation of the tectonic setting
diagrams also shows that the igneous rocks
belong to subduction zones, and all the samples
of the studied area are located in the continental
margin arc environment and post-collisional.



