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Abstract

The study area is located on the Urumieh-Dokhtar Magmatic Assemblage of
Iran, in the west of Ardestan between the East longitude 52°1' to 52°18' and
the North latitude 33°17' to 33°27'. Remote sensing techniques are suitable for
studying the alterations occurring in the igneous terranes. The alteration
zones are well illustrated by implementation of the principal component
analysis and the Crosta methods and Spectral Feature Fitting on ASTER data.
In order to identify the lineaments, both Landsat-8 satellite imagery and
GDEM-ASTER data are used in spatial processing. Using directional filtering
and automatic extraction of lineaments, a tectonic lineaments map is pre-
pared. Then alteration maps, tectonic lineaments map and 1:100,000 geology
map are used to identify areas with high potential of Cu mineralization.

Keywords

Principal Component Analysis, Crosta Method, Spectral Feature Fitting,
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1. Introduction

The study area is located in Ardestan region. This region, due to the presence of
a large part of the Urumieh-Dokhtar volcano belt (Iran copper belt and gold
metallogeny zone) as well as the Sanandaj-Sirjan zone (iron, gold, lead and zinc
metallogeny zone of Iran), has a lot metallic and non-metallic mines. Due to the
lack of systematic discovery and compliance with global standards, the province
has high potential for unknown metal deposits even at ground level [1]. It uses
ASTER-OLI satellite data and spectral methods for detecting alterations in this
area for the first time. Due to the fact that the Urumieh-Dokhtar belt is a metal-
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logenic belt, study on alterations can lead to the exploration of new metal depo-
sits.

The best guideline for detecting the copper mineralization is high density of
fractures inside or around the intrusions [2]. Faults and fractures can affect mi-
neralization by leading magma and hydrothermal fluids to shallower levels, and
accumulate or concentrate metal elements [3]. Lineaments play an important
role in the initial exploration of geological structures for the identification of
minerals [4]. Therefore, areas with good mineral potential are associated with
high density of faults and fractures. The study and processing of satellite data in
identifying complications such as rock type, contacts, linear and circular struc-
tures, alteration and iron oxide zones can be used directly for the identification
of mineral deposits [5]. One of the advantages of remote sensing technique is to
identify a wide range with high precision and low costs [6]. Therefore, remote
sensing and satellite image processing techniques play an important role in the
exploration of mineral deposits. In this study, we identify the alteration zones
with high potential for Cu mineralization using remotely sensed image
processing methods.

Porphyry copper deposits typically occur in conjunction with hydrothermal
alteration zones. In fact, a quartz nucleus is surrounded with potassium miner-
als, such as Orthoclase with multiple zones including clay and other hydroxyl
group minerals with spectral absorption properties detected in the short-wave
infrared spectrum of the electromagnetic spectrum [7] [8] [9]. In some cases, an
oxide zone has been expanded with supergene alteration processes with iron
oxide minerals, which is located above the porphyry system. Iron oxides are one
of the most important mineral groups that have changed hydrothermally and are
accumulated and are particularly converted to altered (yellow or red) stones
which are called the Gossan [10]. Hydrothermal alteration minerals with de-
tectable absorption spectral properties, especially at infrared wavelengths near
infrared wavelengths, can be used in the early stages to identify porphyry copper
deposits as a guide.

In order to prepare a map of alterations and find points with Cu mineral po-
tential, the area of Orumieh-Dokhtar in the west of Ardestan city is selected. The
study area is located in the quadrangle of 1:100,000 Ardestan geological map and
between 52°1' and 52°18' Eastern latitude and northern latitude 33°17' to 33°27'
(Figure 1), in the vicinity of the strike-slip Qom-Zefreh fault. Preliminary li-
brary studies show that this region has a high Cu mineral potential in relation to
alteration. The rock masses in the study area are located in west of Ardestan (ex-
tracted from the geological map of Ardestan 1:100,000) and are mainly as fol-
lows: andesite, andesitic basalt, tuff breccia, ignimbrite with some shale and py-
ro-clastic stone (this rock mass occupies a large part of the studied area), dacite,
rhyodacite and locally rhyolitic tuff, gray to light graytuff breccia and ignimbrite.

Other lithologies in this area contain Porphyritie andesite, alteration zones,
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Figure 1. Location of study area in the Qom-Zefreh fault zone.

sandstone, nummulitic limestone, siltstone, marl, andesitic lava, granite and
grano- diorites (in small quantities), most of which are related to the period Eo-
cene and, to a lesser extent, Cretaceous, Eocene-Oligocene, Oligocene-Miocene

and Miocene.

2. Materials and Methods

Considering the proper spectral resolution of the ASTER images, especially in
the short-wave Infrared spectral, and the suitability of this spectral range for the
identification of alteration minerals and the separation of hydrothermal altera-
tion zones, we can use these data to draw up a map of alterations. Landsat-8 sa-
tellite images can also be used due to an acceptable spectral resolution for de-
tecting locations of iron oxide minerals, Gossan Zones and hydroxyl-containing
minerals (Figure 2). Also Landsat-8 satellite images are also be used to identify
the lineament, with the appropriate ASTER resolution (16-bit). In this study, the
L1T ASTER images March 11, 2008 and Landsat-8 images, July 26, 2014 are
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Figure 2. ASTER and OLI processing steps and mapping techniques flowchart.

used, both of which are covered with clouds less than 10% and the given DEM
images in 2011 is used. The geological map of Ardestan that prepared with
1:100,000 scale under the supervision of the Geological Survey of Iran by Emami
et al. in 2000, is used.

2.1. Alteration Zone Detection

Principal Components Analysis is a technique that converts remote sensing data
(which is highly correlated to each other) to more independent, smaller, more
compact and more interpretable data [11]. Crosta’s method is also a kind of
principal components analysis in which bands that are sensitive to target pixels
(typically 4 bands) are selected, and then by observing the statistical file obtained
by this method and observing the difference between the bands, the best band of
the PC is chosen to display the phenomenon (Tables 1-5). The purpose of this
method on OLI data is to detect iron oxide and Gossan. For this purpose bands
2,4, 5, 6 are used to generate a PC image that features sharp absorption at band
2 and reflection at band 4 for indicating Iron oxide, and bands 2, 3, 4, 6 are used
to generate a PC image that features sharp absorption at band 3 and reflection at
band 6 for indicating Gossan [12] [13]. The aim of this method on ASTER im-
ages is to detect Propylithic, Argillic and Phyllic alterations zones. For this pur-
pose, bands 1, 3, 5, 8bands are used to generate a PC image that features absorp-
tion at band 8 and reflection at band 5 for indicating Propylitic alteration zone
(Chlorite, Epidote), bands 1, 4, 6, 7 are used to generate a PC image that features

absorption at band 6 and reflection at band 4 for indicating Argillic alteration
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Table 1. Correlation between ASTER and PC bands for Epidote representation.

Axis PC1 PC2 PC3 PC4
ASTER Bl 0.947296 0.298160 0.020182 0.115426
ASTER B3 0.978254 0.177071 —-0.036598 —-0.101616
ASTER B5 0.973816 —-0.203029 —0.094829 0.038324
ASTER B8 0.983543 —0.146489 0.104930 -0.013176

Table 2. Correlation between ASTER and PC bands for Kaolinite representation.

Axis PC1 PC2 PC3 PC4
ASTER B1 0.903518 0.428100 -0.018877 -0.005377
ASTER B4 0.991147 —-0.098893 —0.085405 0.023515
ASTER B6 0.992776 —-0.072644 0.031129 —-0.090272
ASTER B7 0.994117 -0.037719 0.078522 0.064361

Table 3. Correlation between ASTER and PC bands for Muscovite representation.

Axis PC1 PC2 PC3 PC4
ASTER B1 —0.940572 —0.318448 -0.117780 0.006622
ASTER B3 —-0.974500 -0.197699 0.105922 —-0.006730
ASTER B5 —-0.979850 0.186021 -0.021618 —0.069449
ASTER B6 —0.981260 0.182265 —-0.004023 0.062389

Table 4. Correlation between OLI and PC bands for Iron oxide representation.

Axis PC1 PC2 PC3 PC4
OLI B2 0.876551 0.463749 0.126848 —-0.022447
OLI B4 0.988166 0.128862 —-0.056984 0.060618
OLI B5 0.994495 0.024391 -0.092055 —-0.043713
OLI B6 0.975530 —-0.212103 0.057885 0.001860

Table 5. Correlation between OLI and PC bands for Gossan representation.

Axis PC1 PC2 PC3 PC4
OLI B2 0.897818 0.426595 —-0.107072 0.021803
OLI B3 0.979760 0.195226 0.015888 —-0.041286
OLI B4 0.991171 0.087835 0.097432 0.019304
OLI B6 0.967158 —-0.252288 -0.030910 0.001082

zone (Kaolinite, Montmorillonite), and 1, 3, 5, 6 bands are used to generate a PC
image that features sharp absorption at band 6 and reflection at band 5 for indi-
cating Phyllic alteration (Sericite) [14] [15].

Spectral Feature Fitting (SFF) is a technique that uses peak or peaks of absorp-
tion in the entire spectral pixel curve and by comparing it (its location and geo-

metry) with the reference spectrum (mineral spectrum library) it uses mineral or
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the target phenomenon to identify given phenomenon [16] [17]. The SFF me-
thod is only performed on ASTER images. This method is performed on the ba-
sis of USGS spectrum library to display the index minerals including Epidote,
Chlorite, Kaolinite, Montmorillonite, and Muscovite, to identify Propylithic, Ar-
gillic and Phyllic alteration zones respectively. The mapping of the alterations

obtained in this study is presented in Figure 3.

2.2. Lineament Mapping

A directional filter with a kernel size = 3 x 3 and angles of 0, 45, 90, 135, 180,
225, 270, and 315 is performed on OLI images. Then, to reduce the dimensions
of the data, the PCA conversion on the images obtained from each angle is per-
formed in order to minimize the dimensions of the data and to collect the most

information in a band.

A 598000 ““°° 603500 "°0° 609000 70 614500 7" 620000 70"

3700000 "0
3700000 "0

3695000 """
3695000

o
(=
(=4
(=
(<]
©
[32]

3690000 7000

3685000 "°°
3685000 "

598000 *"°""" 603500 7" 609000 *°°°" 614500 "0 620000

. N Kilometers
I ronoxide || Argilic 0 1 2 4 6 8

CI Gossan - Propilitic

|| Phyliic

Figure 3. Hydrothermal alteration zones on OLI image, RGB: 432.
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Two groups of hill shade images are also obtained from DEM images with a
45-degree angle and Azimuth’s angles of 0, 45, 90, 135 (as the first group) and
180, 225, 270, and 315 (as the second group). Then, by the difference between
the average of the first group and the average of the second group, an image is
obtained. This image is used to extract the lineament and the lineament is ex-
tracted well. The map of the lineament and the density of the lineament are

shown in (Figure 4).

3. Results

As it is shown in the mapping the alterations (Figure 3), two Argillic and Phyllic
alteration zones are highly interrelated and the Propylitic zone is present in a
small amount around them, which is indicative of Propylitic system in the re-
gion. Also, the high density of the lineament interrelating with Argillic and Phyl-
lic alterations that represent a circular structure in this region, increases the
probability of mineral potential. By integrating the mapping of the alterations
and mapping the density of the lineament with the geological map of the region,
a compilation map is created to identify the mineral potential areas. Subse-
quently, mineral potential areas are determined by implementing multi-criteria
decision making, Analytical Hierarchy Process (AHP) method on three criteria:
lithology, alteration and lineament density. In decision making AHP method for
this study, three main criteria that are directly related to mineralization are con-
sidered. Each of the main criteria is effective by several sub-criteria. For example
alteration has two sub-criteria: 1) High accumulation (full zonation of altera-

tions) 2) Low accumulation (incomplete zonation of alterations), (Table 6,
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Table 6. The weight value for criterion and sub-criterion.

Weight
0.625
0.238
0.136

Weight

0.226

0.194
0.161

0.129

0.097

Weight
0.263
0.204
0.178
0.142
0.107
0.071

Weight
0.528

0.077

Criterion

Lithology

Alteration

Lineament
Sub-criterion: Lithology types

Rhyodacite, Dacite, Rhyolitic tuff-Andesitic basalt,
Andesite, Acidic volcanics (rhyolite-dacite)-Porphyritie
andesite and Dacitic andesite

Hydrothermally altered zone
Altered andesitic lava-Rhyolite-Rhyodacite tuff and ignimbrite
Granite, Granodiorite

Alternation limestone and Andesitic lava-Young and
Low level traces Old and High level
traces-Recent alluvium-Old and Young fans

Sub-criterion: Lineament density
Very high density
High density
Middle density
Low density
Very low density
No density
Sub-criterion: Alteration
High accumulation

Low accumulation

AHP value

AHP value

0.14125

0.12125

0.100625

0.080625

0.060625

AHP value

0.062594

0.048552

0.042364

0.033796

0.025466

0.016898

AHP value

0.071808

0.010472

Table 7 and Figure 5). In field surveys, the points identified by spectral pro-

cessing are sampled (Figure 6 and Figure 7), and from these samples, thin sec-

tions are prepared. In the study of thin sections, Feldspar (with alteration effects)

can be seen in the background of clay (Figure 8(a)), in these sections, Sericite
and Epidote also are well visible (Figures 8(b)-(d)). Therefore, the study of thin

sections confirms the accuracy of the alteration spectral processing performed in

this study.

4. Conclusion

e Table 7 shows the highest AHP values for different areas. These values are

the sum of the multiplication of the criteria with sub-criteria of each area.

Areas with the highest AHP values show high potential for Cu mineraliza-

tion.
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Figure 7. Images of rock units from two sampling points: (a) point C (altered volcanic
rock), (b) point D (the feldspar, altered to sericite).

Figure 8. Fourth in-section images of the study: (a) XPL 100x; Feldspar with alteration
effects in the context of clay related to the sampling point C; (b) XPL 100x; Epidote in al-
tered context from the sampling point A; (c) PPL 100x; Plagioclase altered to sericite in
the fine grains context related to the sampling point D; (d) PPL 40x; The fine grain tex-
ture is altered, sampling point H.

Table 7. Highest AHP values for different areas.

AHP-value 0.275652 0.26161 0.255652 0.255422 0.246854 0.24161

e The use of ASTER images due to the proper spectral resolution, especially in
the spectral range of SWIR, for the presentation of clay minerals and alterna-
tion zones and OLI data, also has spectral resolution suitable in the VNIR
spectral range that is very useful for the appearance of iron oxide minerals
and Gossan zone. Therefore, it is better to use both types of data to explore
mineral resources (especially metal deposits).

e In order to visualize the lineament, the hill shade images and directional fil-
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tering are used and at the end of the lineaments that are common in both
methods, are used to produce a map of the lineament. In this study, these two
methods are very useful due to viewing the image from different angles.

In this study, due to the identification of the circular structure in the region
and the concentration of points with mineral potential on it, the importance
of these types of structures in identifying areas with mineral potential areas

was emphasized.
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