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Abstract

Known deposits are appropriate sites for investigating significant exploratory keys
that could be helpful in mineral exploration in corresponding regions or similar
areas. This study was performed to delineate hydrothermal alteration model and
some geophysical characteristics of the SarKuh porphyry copper deposit located
within the southern part of the central Iranian Cenozoic magmatic belt (CICMB).
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) im-
ages have been used to produce hydrothermal alteration map using a fractal-aided
spectral angle mapper (SAM) method. Airborne data were used to study magnet-
ic-radiometric properties of the deposit. Image processing of ASTER images and la-
boratory studies proved the presence of two types of phyllic ale ration called intense
and weak phyllic based on abundance of sericite mineral. It realized that radiometric
anomalies of “K, eTh and eU are limited to boundary of phyllic zone. Radiometric
ratios e.g. eTh/*K were good enough to enhance phyllic zone.
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1. Introduction

The SarKuh porphyry copper mine is situated within the southern part of the central
Iranian Cenozoic magmatic belt (CICMB) in southeast of the Sarcheshmeh porphyry
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copper deposit (Figure 1(a)). CICMB has a great potential for hosting Tertiary por-
phyry copper deposits in Iran. Porphyry type deposits are associated with hydrothermal
alterations such as phyllic, argillic, potassic and propylitic. The composition, mineralo-
gy, and texture of rocks are changed during hydrothermal processes. These changes can
be resulted in establishing different alteration zones that extend in vertical and lateral
directions for kilometers. Hydroxyl minerals are abundant in the phyllic, argillic and
potassic zones. At the same time, an oxide zone is developing over many of the por-
phyry bodies, which are rich in iron oxide minerals. These alteration minerals can be
detected by remote sensing techniques [1]-[8]. Short wavelength infrared (SWIR) im-
ages of the Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) have been used successfully for hydrothermal alteration mapping in recent
years in the southern part of the CICMB [3]-[8].

Variation in geophysical response of alteration zones is a fundamental measure that
is used in exploration of porphyry copper deposits. This zonality exhibits magnetic
properties which can be detected through aeromagnetic surveys [9]-[11]. Hydrothermal
alteration minerals contain *K, which is associated with K during the hydrothermal
processes, and is therefore an important component of fluids. Therefore, hydrothermal
alteration minerals (sericite, biotite, K-feldspars and many K-bearing clay minerals) can
be detected and mapped by using radiometric data [10]-[12]. Elevated potassium in the
sericite zone is often observed around the mineralization areas and also acid sulfate
conditions resulting from weathering of near surface sulfides can result in eTh mobili-
zation from host rocks and can precipitate with iron in gossan [13]. Several workers
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Figure 1. (a) The position of central Iranian cenozoic magmatic belt (CICMB); (b) Simplified geological map of the study area [16].
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have reported a decrease in magnetization and changes in “*K and the *’K/eTh ratio as-
sociated with hydrothermally altered zones [12], [14]. In addition, the application of
gamma-ray spectrometry for the recognition of potassic alteration by using the eTh/*K
ratio was reported [15].

The CICMB hosts porphyry copper deposits and is one of the main copper-bearing
regions in the world, with great potential for Cenozoic porphyry copper mineralization.
The southern part of the belt is considered as a rich region which contains familiar de-
posits such in Sarcheshmeh, Darrehzar, Nowchun, Sar-Kuh. Although, geophysical
characteristics of these deposits are assumed to be similar, it is possible to have some
differences. The present study aims to increase our knowledge about geophysical cha-
racteristic and its relationship to hydrothermal alteration of the Sar-Kuh porphyry
copper deposit. Thus, it helps to take another step to define a more complete explora-
tion model for porphyry copper deposit in southeast of (CICMB). To achieve this goal,
images of ASTER sensor are used to map hydrothermal alteration and data of a heli-
copter magnetic/electromagnetic/radiometric survey (HMER) acquired in 1990 by
Geonex Aerodat in the Kerman Province are utilized to investigate magnetic and ra-

diometric properties of the Sar-Kuh porphyry copper deposit.

2. Geological Setting

The Sar-Kuh porphyry copper deposit is located in the Kuh-e-Mamzar ridge, about 6
km west of Sarcheshmeh porphyry copper deposit. The geology is relatively simple. The
rocks consist of the upper Eocene volcanic-sedimentary complex, intruded by the large
Kuh-e-Mamzar pluton. Minor portions of the area are covered by Quaternary deposits
[16]. The intrusive rocks in the Sar-Kuh area represent the northern part of the large
and petrologically complex Kuh-e-Mamzar pluton. Hydrothermal alteration has taken
place mainly in the peripheral parts of the intrusive. The alterations consist of sericiti-
zation and argillization of feldspars; the dark minerals are chloritized and carbonatized,
infrequently epidotized [16]. Figure 1(b) shows simplified geological map of the study

area.

3. Materials and Methods

3.1. Sattelite Images and Image Processing Method

Level-1B (radiance at sensor) and cloud free ASTER images, acquired on 25 July 2001
were selected for this study. Pre-processing stage was applied using crosstalk correction
using the crosstalk correction software (CCS), atmospheric correction using fast line-
of-sight atmospheric analysis of spectral hypercubes (FLAASH) software and modifica-
tion of unusually low reflectance for ASTER band 5 [2], [6], [17], [18]. The images were
georeferenced to Universal Transverse Mercator (UTM) zone 40 North projection with
the World Geodetic System 1984 (WGS-84) as datum, using ground control points
from Google Earth® high resolution images. ASTER SWIR bands are positioned to de-
fine absorption features of common minerals that are typically formed by hydrothermal

alteration processes (Figure 2).
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Figure 2. Representative spectra measured from different alteration zones in the southern part of
the CICMB. (i) Argillic spectrum from Seridune prospect; (ii) Intense phyllic spectrum from Se-
ridune prospect; (iii) Intense phyllic spectrum from Sarcheshmeh mine; (iv) Propylitic spectrum
from Seridune prospect. SWIR bandwidths of ASTER sensor are shown on the figure.

Based on Figure 2, clay minerals in argillic zone show a strong absorption in band 6
and a shoulder in band 5. Muscovite (sericite) in phyllic alteration zone displays a
strong absorption in band 6 and reflections in bands 5 and 7. Propylitic assemblage that
contains mainly chlorite and minor amount of epidote shows a strong absorption in
band 8 and reflections in band 7 and 9 of ASTER (Figure 2). Given the characteristic
spectral features of alteration minerals in the ASTER SWIR bands, only bands 4 to 9
were utilized for spectral analysis using spectral angle mapper (SAM) method. The
method facilitates a rapid image classification based on calculation of the angle between
image spectra and reference spectra. SAM compares angle between the reference spec-
trum and each pixel spectrum vector in n-dimensional space, such that smaller angles
represent better matches between the two spectral sets [19]. The angle is the arc-cosine
of the dot product of the two spectra which is calculated based on Equation (1).

-1 Zinfliiri (1)
(zrie) ()

where 7; and r; are image and reference spectra respectively and nb is the number of

o = CO0S

bands. Each output class contains a set of pixels with spectral angle below a user-de-
fined threshold angle (in radians) [19].

The accuracy of classification of the Spectral Angle Mapping (SAM) is warranted by
choosing the appropriate threshold angles, which are normally defined by the user. Tri-
al-and-error and statistical methods are commonly applied to determine threshold an-
gles. The fractal-aided SAM method can determine less biased threshold angles for
SAM classification of multispectral images [7], [8]. In this research, threshold angle for
each reference spectra was determined based on RV-A fractal technique [7], [8]. Figure

3 presents the procedure of fractal-aided SAM method. Reference spectra of hydro-
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thermally-altered rocks were collected for SAM classification using the spectral digital
number (DN)-profiles from known locations in hydrothermal alteration zones in the
study area (Figure 4(a)). In fractal-aided SAM method, the first break in RV-A fractal
curve defines the value of threshold angle for supposed spectrum (Figure 4(b)).

3.2. Specifications of Airborne Geophysical Dataset

Geonex Aerodat Incorporated, on behalf of the Iranian National Copper Company,

p
N Importing SWIR
N . . ASTER bands and
ASTER images 1/) Preprocessing reference spectra
into SAM
Determining
ar:r;:szI;g , Producing rule
A i ing SAM
the RV-A fractal N 1mages using
method
- =
SAM classification
- N Hydrothermal
using the angles from / altgration maps
the previous step
L J

Figure 3. The procedure of SAM classification using less biased threshold angle(s)
produced by RV-A fractal model [8].
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Figure 4. (a) Reference spectra of major hydrothermal alteration zones extracted from ASTER images of Sar-Kuh area (ASTER
band’s widths are shown on the figure); (b) An example of RV-A fractal curve that was used for calculating threshold angle of
weak phyllic spectrum in Sar-Kuh area.
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Data

conducted a helicopter magnetic/electromagnetic/radiometric (HMER) survey over an
area of 7000 km? in Kerman Province in 1990 [10], [11]. The aim of the survey was
mainly to explore porphyry and vein-type mineralization in the Kerman region. The
survey was conducted at 200 m flight spacing and constant altitude over an average to-
pographic elevation of 60 m for the spectrometer, 45 m for the magnetometer and 30 m
for the electromagnetic coils. Data were processed by various filtering and enhance-
ment techniques for noise removal and data correction [20].

The total magnetic intensity map was prepared using reduced-to-pole (RTP) me-
thod. Ratio maps e.g. “°K/eTh, eTh/*K and also Equation (2) and Equation (3) obtained

from reference [21] were used to delineate the presence of hydrothermal alteration.
Kd(cell) = |:40 Kcounts(cell) - Ki(cell)]/Ki(cell) (2)
where

Ki(cell) = I:AO Kcounts(mapave.) - Thcounts(mapave.) :|/Thcounts(cell) (3)

3.3. Validation of Results

Validation of results was undertaken through field observations, global positioning sys-
tem (GPS) readings, collection of samples for thin section studies and XRD analysis (to
determine the concentrations of clay minerals). The spectra of representative samples
from hydrothermal alteration zones were measured using a Field Spec3® spectroradi-
ometer. Spectral analysis was carried out for mineral recognition based on reference
spectra from the USGS digital spectral library [22]. The methodology is schematically
presented in Figure 5.

4. Result and Discussion

Hydrothermal alteration exhibits significant development in the Sar-Kuh area. Figure 6
exhibits hydrothermal alteration map of Sar-Kuh area. Hydrothermal alteration follows
a concentric model that phyllic zone located in the center. Based on SAM results and

laboratory studies, phyllic zone is divided into two parts. Intense phyllic zone forms

Processing stage Products

ASTER images

Fractal-aided SAM method

Alteration map |

Interpretation

using auxiliary Alteration and

Magnetic intensity Reduce-to-pole conversion RTP map data (Field and geophysical
laboratory model
studies)
Radi tric dat Data Normalization and Radiometric
adiometric data producing ratio images maps
Figure 5. Schematic presentation of methodology.
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Figure 6. Hydrothermal alteration map of Sar-Kuh porphyry copper deposit by fractal-
aided SAM method.

central part surrounded by weak phyllic zone. Thin section studies proved that sericite
is characterized with more abundance in the intense phyllic zone. According to Figure
6, propyllitic zone forms the outer zone that contains chlorite, epidote and calcite as
typical minerals in propylitic zone. Argillic and potassic alteration were observed
through field studies and laboratory works but were not enhanced using ASTER images
due to their negligible extent.

Many hydrothermal alteration minerals contain *K, which is associated with K dur-
ing the hydrothermal processes. *)K is responsible for most gamma radiation emitted by
primary radioactive isotope of the Earth’s crust [11], [20]. Therefore, hydrothermal al-
teration minerals (sericite, biotite, K-feldspars and many K-bearing clay minerals) can
be mapped using radiometric data [11]. Figures 7(a)-(d) present radiometric anoma-
lies of *K, eTh, eU, and total counts respectively that all of them obey phyllic alteration
trend. According to Figure 7(c), eU anomaly is completely adjusted with boundary of
phyllic alteration zone that is not common in other main deposits such as Sarcheshmeh
and Darrehzar [23]. It means eU was not affected by hydrothermal processes to be mo-
bilized. Figure 6, Figure 7(b), Figure 7(e), Figure 7(f), and Figure 7(g) can be com-
pared to reveal that maximum values of eTh and eTh/*K and also minimum values of
“K/eTh and K are observed on the intense phyllic zone. Indeed, radiometric response
of eTh that is stronger compared with “°K does not agree with previous studies in the
region especially in the Sarcheshmeh porphyry copper deposit (Figure 7(e)).

Field observation revealed that weathering processes caused the magnetite content of
the rocks to be changed into hematite (Figure 8). Figure 9 shows RTP magnetic map of
the study area. Based on Figure 9, the vertical section along profile AB (Figure 6 and
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Figure 7. Distribution map of (a) “K, (b) eTh, (c) eU, (d) total counts, (e) Th/*K, (f) *K/Th, and K4 index in the Sar-Kuh area.

Figure 8. Weathering processes caused the magnetite content of the rocks to be
changed into hematite in the Sar-Kuh area, (a) and (b) an outcrop of phyllic altera-

tion, (c) and (d) thin section of phyllic alteration.

Figure 9) displays a gradually increase in susceptibility values from central phyllic zone
towards surrounding propylitic zone. Polished and thin section studies showed that the
content of magnetic in rock samples of propylitic zone is higher in comparison with
phyllic alteration zone.

Typical decrease in reduced-to-pole total values of magnetic intensity on phyllic al-
teration in Figure 10 is comparable with hypothetical magnetic model defined for

porphyry copper deposits (Figure 11).
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Figure 9. Reduce-to-pole (RTP) magnetic map of Sar-Kuh por-
phyry copper deposit.
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Figure 10. (a) Vertical section of hydrothermal alteration zone of Sar-Kuh area along profile AB in Figure 6; (b) Variation of

magnetic intensity along profile AB in Figure 9.

5. Summary and Conclusion

This study was performed to investigate airborne and spaceborne geophysical proper-
ties of the Sar-Kuh porphyry copper deposit which can be applicable in exploration of
porphyry copper deposits in the southern part of the CICMB. Hydrothermal alteration
zones of the deposit follow theoretical concentric model defined for porphyry copper
deposits. Image processing of ASTER SWIR bands using the fractal-aided SAM method
leads to discriminating two different phyllic alterations called intense and weak phyllic
based on abundance of sericite mineral. Thus, ASTER SWIR bands can be applied to
map hydrothermal alteration with more details using the fractal-aided SAM method.
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Magnetic anomaly caused by a hypothetical porphyry copper deposit. Text in the figure provides basic information

regarding rock types and mineralization [9], [24].

Almost all airborne geophysical properties such as magnetic intensity, *K, and eTh
anomalies were analogous with Sarcheshmeh and Darrehzar. But, a distinctive eTh
anomaly is seen on intense phyllic zone that overcomes *’K anomaly that does not con-
form to other main porphyry copper deposits in the area. Thus, the probability of hav-
ing high eTh and eTh/*K values or low *K/eTh and K4 values must be taken into ac-
count in the exploration of porphyry copper deposit in the southern part of the
CICMB.
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