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ABSTRACT

Hydrothermal alteration zones have highlighted role in prospecting mineral deposits. In this study and at the first stage, we
used image processing techniques on the Landsat-8 image which covered the Lar area located in southeastern part of Iran. We
applied the color composite, band ratio, Crosta and LS-Fit methods, high-pass directional filtering, and photolineament factor
methods. The color composite and band ratio methods clearly showed the hydrothermal altered areas of clay minerals and iron
oxides that are in compliance with the maximum amount of fractures. Both LS-Fit and Crosta methods enabled us to represent
and acknowledge the altered hydroxyl and iron-oxide minerals in the study region. Finally, the high-pass directional filtering and
photolineament factor methods were administered to map the geological structures and to determine the intense influences of
hydrothermal fluids location. In the second stage, based on field observation, we managed to determine hydrothermal alterati-
ons as silicic, potassic, argillic, propylitic and phyllic without any normal zonation of porphyry deposits. Altered and mineralized
area has an oval shape, with a NW-SE strike, mainly concentrated in the southwest of the Lar igneous complex. Mineralization
often occurs in syenitic to monzonitic intrusions and in association with silicic veins and veinlets. Consequently, the results of
image processing techniques showed high efficiency for mapping hydrothermal altered areas especially iron-oxide minerals
which are alteration products of hydrothermal sulfides. These methods enabled us to identify the first Cu-Mo porphyry system
in southeastern part of Iran before costly-detailed ground investigations.

Keywords: hydrothermal alteration mapping, Landsat-8, Crosta method, LS-Fit method, Lar Cu-Mo porphyry system, photoli-

neament factor.

oz

Maden yataklarinin aranmasinda hidrotermal alterasyon zonlari énemli rol oynamustir. Bu calismada ve oéncelikle, iran’in
glineydogusunda yer alan Lar bélgesinde Landsat-8 gériintisi ile gériintii isleme teknikleri kullanilmistir. Renkli karisim (color
composite), band orani, Crosta ve LS-Fit yéntemleri, yliksek geciren filtreleme ve fotocizgisellik yéntemleri kullanilmistir. Ren-
kli karisim ve band oranlan kil ve demir oksit mineralli hidrotermal bozunma alanlarinin en fazla kirklanmanin oldugu zonlara
karsilik geldigini acikgca ortaya koymustur. LS-Fit ve Crosta ydntemleri calisma alanindaki hidroksil ve demir oksit minerallerinin
yerlerinin saptanmasina yardimci olmustur. Sonucta, yliksek geciren filtre ve fotocizgisellik yéntemleri jeolojik yapilarla hidroter-
mal akiskanlarin en yogun oldugu zonlarin bulunmasinda kullaniimistir. ikinci asamada, porfirik yataklarda bir anormal zonlanma
gdstermeyen silisik, potasik, arjillik, propilitik ve fillik hidrotermal bozunmalarin saptanmasi ele alinmistir. Bozunmus ve mineralize
olmus alan KB-GD dogrultulu ve eliptik sekilli olup Lar magmatik karmasiginin glneybatisinda zenginlesmistir. Mineralizasyon
siklikla silisli damar ve damarciklara bagl siyenitik ve monzonitic sokulumlara baghdir. Dolayisiyla gériintii isleme teknikleri 6zel-
likle hidrotermal stilfitlerin bozunma (riinleri olan demir oksit minerallerinin haritalanmasinda cok etkili olmustur. Bu ydntemler
glineydogu iran’da masrafli ayrintili yer calismalar 6ncesinde ilk defa Cu-Mo porfiri sisteminin saptanmasini saglamistir.

Anahtar Kelimeler: hidrotermal bozunmanin haritalanmasi, Landsat-8, Crosta yéntemi, LS-Fit yéntemi, Lar Cu-Mo porfiri sistemi,
fotocizgisellik faktord.
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INTRODUCTION

The Iranian plateau is part of the Alpine-Himalayas
orogenic and metallogenic belt, which is one of the
major structural features of the earth (Moores and
Twiss, 1995). According to Berberian and King (1981)
Iran is composed of several distinct geological tec-
tonic zones (provinces) which are as follows: (1) Zag-
ros Fold Belt, (2) Sanandaj-Sirjan Zone, (3) Sahand-
Bazman Belt, (4) Central Iran, (5) Lut Block, (6) Alborz
Zone, (7) Kopeh-Dagh zone, (8) Sistan suture zone
(8S2), (9) Makran zone. All zones are associated with
the opening and closing of the Paleo-Tethys and
Neo-Tethys oceanic basins due to subduction and
collisional events in the northern to southern parts of
Iran (Berberian and King, 1981).

The Lar Cu-Mo mineralization is geologically situated
in the SSZ. The SSZ is a remnant of a Cretaceous
oceanic basin that extends as a N-S trending belt
over more than 700 km along the border between
Iran, Afghanistan, and Pakistan. Generally, the SSZ
igneous rocks are different in age, composition, and
genesis and can be divided on the basis of age as
follows: (1) Eocene calc-alkaline rocks of the accre-
tionary prism that are attributed to subduction of the
Lut block beneath the Afghan block (Camp and Girif-
fis, 1982). (2) Early Oligocene Zahedan calc-alkaline
I-, rare S-, and hybrid-type granitoids that are rela-
ted to subduction and collisional events in the area
(Camp and Giriffis, 1982; Sahebzadeh, 1996; Hosse-
ini, 2002; Boomeri et al., 2005; Kord, 2005; Sadeghi-
an, 2005; Sadeghian et al., 2005; Sadeghian and Va-
lizadeh, 2007; Rahnama-Rad et al., 2008; Ghasemi
et al., 2010; Moradi et al., 2014; Mohammadi et al.,
2016). (3) Oligocene to Middle Miocene alkaline and
calc-alkaline igneous rocks between the cities of Za-
hedan and Nehbandan (Camp and Giriffis, 1982). (4)
Quaternary volcanic rocks like Mount Taftan that are
related to the Makran active subduction of the Oman
oceanic lithosphere under the Makran zone and the
SSZ (Farhoudi and Karig, 1977).

Furthermore, the Lar Cu-Mo mineralization is geog-
raphically located in 20 km north of Zahedan, so-
utheast of Iran, adjacent to the Iran and Pakistan
border and close to the Saindak and giant Reko Diq
copper deposits of Pakistan (Figure 1). This minera-
lization was formed in the western and southwestern
part of an intrusive-extrusive igneous complex na-
med Lar mountain or the Lar igneous complex (LIC).
Although the LIC has been subject of several petrolo-

gical and geochemical studies (Chance, 1981; Bag-
heri and Bakhshi, 2001; Nakisa, 2002; Karimi, 2002;
Boomeri, 2004; Ghafari-Bijar, 2009; Farokh-Nezhad,
2011; Soltanian, 2013), remote sensing studies have
not previously been performed in the Lar Cu-Mo mi-
neralization and associated hydrothermal alterations.
Moreover, the Lar area has great potentials for mine-
ral explorations such as Cu, Mo, and Au concerning
some enormous copper reserves that are located in
Pakistan (like Saindak and Reko Dig).

Many ore deposits are first detected in the field by
the recognition of hydrothermally altered host rocks
and remote sensing studies are applicable in recog-
nizing hydrothermally altered rocks and exploration
of many ore deposits like epithermal gold, porphyry
copper, massive sulfide and uranium deposits (Da-
neshfar et al., 2006; Madani, 2009; Shalaby et al.,
2010; Pour and Hashim, 2013; Ciampalini et al.,
2013; Pour and Hashim, 2014; Pour et al., 2014; Ali
and Pour, 2014; Pour and Hashim, 2015a, 2015b,
2015c; Zhang et al., 2016; Safari et al., 2017; Gahlan
and Ghrefat, 2017). Since the main purpose of image
processing in the Lar area is the recognition of alte-
ration and related lineaments to the mineralization;
therefore, the processing methods were selected in
such a way that the spectral responses of the hydrot-
hermal alteration index minerals become more iden-
tifiable in outcrops. Among the various methods, we
used color composite, band ratio, both Crosta and
LS-Fit methods, high-pass directional filtering, and
photolineament factor to map the lithological uni-
tes, hydrothermal alterations (i.e. clay minerals and
iron oxides), and geological structures. Application
of these methods in the Lar area can help achieve
better results regarding exploration of mineralized
zones. In addition, this area has arid and semi-arid
climate; therefore, using the multi-spectral images of
Landsat is highly effective in hydrothermal alteration
mapping. As a result, these investigations set a goal
to acquire comprehensive and accurate information
to explore the potentially interesting areas of Cu-Mo
mineralization using Landsat data. Finally, geological
survey was carried out to check the results of remote
sensing with the geological reality of the Lar area.

Lithological units of the mineralized area

The Lar Cu-Mo mineralization geology consists of
flysch and volcanic rocks intruded by syenitic to mon-
zonitic rocks. The northeastern and eastern parts of
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Figure 1.Location map of the Lar Cu-Mo mineralization (Based on geological map of Middle East 1:5000000 from
Haghipour et al., 2009). The red dashed rectangle represents the SSZ (Sistan suture zone).

Sekil 1.

Lar Cu-Mo yataginin bulduru haritasi (1:5000000 6lcekli Orta Dogu jeoloji haritasindan, Haghipour et al.,

2009). Kirmizi kesikli ¢izgili dikdértgen Sistan kenet zonunu (SSZ) géstermektedir.

the mineralized area consist of unaltered intermedi-
ate igneous rocks and its southwestern and western
parts consist of the flysch-type rocks (Figure 2).

MATERIAL and METHODS

Data analysis and image pre-processing

In general, satellite remote sensing images have
widely and successfully been used for mineral ex-
ploration since the launch of Landsat in 1972 (Ab-
delsalam and Stern, 2000; Carranza and Hale, 2002;
Daneshfar et al., 2006; Madani, 2009; Pour and
Hashim, 2011a, 2011b; Pour and Hashim, 2012a,
2012b; Ciampalini et al., 2013; Ali and Pour, 2014;
Zhang et al., 2016; Ducart et al., 2016; Safari et al.,
2017; Gahlan and Ghrefat, 2017; Masoumi et al.,
2017). Landsat-8 also was also launched on February
4t 2013 from Vandenberg Air Force Base in Califor-
nia. It is an American Earth observation satellite and
joins Landsat-7 on-orbit, providing increased cover-
age of the Earth’s surface. It is a free-flyer spacecraft
carrying two sensors: the Operational Land Imager
(OLI) and the Thermal Infrared Sensor (TIRS). These
two instruments collect images for nine visible near-
infrared, and shortwave infrared bands, and two
long-wave thermal bands. They have high signal-to-
noise radiometer performance, allowing 12-bit quan-
tification of data, thus providing more bits for bet-
ter land-cover characterization. Landsat-8 provides

moderate-resolution imagery from 15 to 100 m of
the Earth’s surface and Polar Regions (US Geologi-
cal Survey, 2012; Pour and Hashim, 2015a).

In this study, image processing techniques were
applied using ENVI 4.5 and ArcGIS 10. A scene of
Landsat-8 data (path 157, row 39) including the Lar
area is used for this study. To obtain more accurate
information, pre-processing such as geometric and
radiometric corrections were performed by ENVI 4.5.
Geometric correction has been performed using gro-
und control points from topographic sheets. The root
mean square error (RMS) in the geometric proces-
sing was less than one pixel.

Image processing methods

In general, selection of the best color composite
images is useful for extracting meaningful informa-
tion about the lithologies and alteration zones in ore
mineral exploration. Band ratio technique is one of
the most applicable techniques used to detect the
hydrothermal alteration minerals such as clay, alu-
nite, and iron minerals (Goetz et al., 1983; Sabins,
1999; Di Tommaso and Rubinstein, 2007).

The band ratio method is used to reduce the brigh-
tness of the sun, topography, and spectral data de-
tection in images (Gupta, 2003). The selection of the
bands being used in the development of band ratio
images depends on the analysis of spectral charac-
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Figure 2. (a) Regional geological map of the Lar area (Based on Behrouzi, 1993), (b) Geological map of the Lar Cu-
Mo mineralization (modified from Kan Iran Engineering, 1999).
Sekil 2. a) Lar alaninin bolgesel jeoloji haritasi (Behrouzi, 1993°den) b) Lar Cu-Mo yataginin jeolojik haritasi (Kan

Iran Engineering, 1999°dan degistirilerek).

teristics of the surface material and the abundance
of this material is associated with the surroundings
(Thurmond et al., 2006).

Crosta method is widely used for mapping alteration
zones containing iron oxides and clay matrixes with
hydroxyl ions content in metallogenic provinces (Ab-
rams et al., 1997; Kaufman, 1988; Loughlin, 1991;
Bennett et al., 1993; Tangestani and Moore, 2001;
Crosta et al., 2003; Ranjbar et al., 2004; Amer et
al., 2010; Pour and Hashim, 2013). This technique
was proposed for the first time by Crosta and Moore
(1989), in order to indicate a specific purpose as ligh-
ter pixels than the other phenomenon in one of the
principal component images. This technique indica-
tes whether the materials are represented in bright
or dark pixels in the principal components according

to the magnitude and the sign of the eigenvector lo-
adings. This technique can be applied on four bands
of Landsat-8 data (Ali and Pour, 2014; Zhang et al.,
2016; Ducart et al., 2016; Safari et al., 2017; Gahlan
and Ghrefat, 2017; Masoumi et al., 2017).

LS-Fit method was used to map spectral signatures
of hydrothermal alterations (i.e. clay minerals and
iron oxides). This method performs a linear band pre-
diction using least squares fitting technique. It calcu-
lates the covariance of the input data and uses it to
predict the selected band as a linear combination of
the predictor bands (Haroni and Lavafan, 2007).



Moradi and Boomeri / Yerbilimleri, 2017, 38 (3), 275-294 279

RESULTS AND DISCUSSIONS

Landsat-8 image processing

Color composite

Digital images have been displayed as additive co-
lor composite. Different spectral bands of Landsat-8
data have been combined in RGB color system to
make color composite images (Crosta and Moore,
1989). In the area under consideration, color compo-
site of Landsat-8 bands 6, 4, 2 and 10, 7, 2 displayed
the best band combination for the identification of
rock types and alteration areas respectively (Figures
3 and 4).

By comparing of figures 2 and 3, the major lithologi-
es could be separated, showing the main lithological
units in the Lar area including igneous rocks, silicic-
lastic (flysch) rocks, travertines, and main focus of
alteration areas in northwestern part of the igneous
rocks. The flysch type rocks also could be recog-
nized by their bedding forms in western part of the
area in (Figure 3). At the same time, Figure 4 shows
another RGB image which enabled us to determine
silicic areas as pink color. It is clearly observed that

the silicic alteration is the most dominant alteration
in the Lar area.

Band ratio

In General, hydroxyl-bearing minerals are from the
most widespread products of alteration. An abun-
dance of clays and sheet silicates implies that high
absorption is in Band 7 and a very high reflectance
in Band 5 (Rowan et al., 1977; Sabins, 1997; Drury,
2001); therefore, a band ratio of 5/7 would yield very
high values for altered zones comprising dominantly
hydroxyl-bearing minerals. This feature of phyllosili-
cates has been used in numerous mineral explorati-
on investigations (Ranjbar et al., 2004). Using this ra-
tio leads to a better recognition of the clay minerals
as light tone in the study area (Figure 5). Iron oxide
minerals (such as limonite, goethite, and hematite)
are also quite a common constituent of alteration
zones associated with hydrothermal sulphide depo-
sits which have reflectance maxima within Landsat-8
band 4 and reflectance minima within Landsat-8
band 1. Hence, the iron oxide-bearing minerals can
be detected by the band ratio of 4/2. Applying this
ratio leads to a better distinction between hydrot-
hermally altered and unaltered rocks as light tone in
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Figure 3. Color composite of the Lar mineralized area (RGB 6: 4: 2); PES: Paleocene to Eocene siliciclastic rocks,
QV: Oligocene volcanic rocks; PQT: Pliocene to quaternary travertine, Q: Quaternary alluvial plains, el-

lipses: iron oxides.

Sekil 3. Lar yataginin renk kansim haritasi (RGB 6: 4: 2); PES: Paleosen-Eosen silisiklastik kayaglar; OV: Oligosen
volkanik kayaclari; PQT: Plio-Kuvaterner traverten; Q: Kuvaterner allivyon; elipsler: demir oksitler.
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Figure 4. Color composite of the Lar mineralized area (RGB 10: 7: 2) for determination of silicic area as pink color.
Sekil 4. Lar yataginda pembe renkte gdsterilen silisli bélgenin saptanmasi icin kullanilan renk kansimi (RGB 10: 7:

2) haritasi.
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Figure 5. Landsat-8 band ratio (5/7) image of the Lar mineralized area. Areas with abundant hydroxyl-bearing min-

erals are shown as bright pixels.

Sekil 5. Lar yataginda Landsat-8 band orani (5/7) haritasi. Parlak pikseller yogun hidroksilli minerallere karsilik gel-

mektedir.

the present area (Figure 6). Also, obtained false color
composite image shows hydroxyl-bearing and iron
oxide areas as brownish and yellowish color respec-
tively (Figure 7).

Crosta method (Selective principle component
analysis)

The principal component transformation (eigenvec-
tors and eigenvalues), described in Table 1, is perfor-

med using four bands of Landsat-8 as input bands
(bands 3, 5, 6, and 7). The component of PC2 (Table
1) indicates that the clay minerals have high absorpti-
on in band 7 and high reflection in band 5. Therefore,
pixels that have hydroxyl minerals will be lighter in
the final hydroxyl image (Figure 8). The same techni-
que is used on four bands of Landsat-8 (Bands 2, 3,
4, and 6) to enhance iron oxides. According to Table
2, iron oxide minerals have strong absorption feature
in band 4 and strong reflection in band2. These two
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Figure 6. Landsat-8 band ratio (4/2) image of the Lar mineralized area. Areas with abundant iron oxide minerals are
shown as bright pixels.

Sekil 6. Lar yataginda Landsat-8 band orani (4/2) haritas!. Parlak pikseller yogun demir oksitli minerallare karsilik
gelmektedir.
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Figure 7.False color composite image (RGB) of iron oxide image (red), hydroxyl image (blue) and the average of
these two images (green) showing hydroxyl-bearing minerals as brownish color and iron oxide minerals
as bright to yellowish colors.

Sekil 7. Sahte renklendirilmis (RGB) demir oksit (kirmizi) gériintdisd, hidroksil (mavi) gériintiisi ve bu iki gérintiiniin
ortalamasi (yesil), hidroksilli mineralleri kahverengi, demir oksitli mineralleri ise sarimsi veya parlak renkler-
de gbstermektedir.

bands have therefore higher loadings through PC3 color composite image in which hydroxyl-bearing
analysis and the pixels with more iron oxide mineral minerals and iron oxide minerals are shown as bright
abundant would turn out lighter in the final image (Fi- and dark blue colors, respectively (Figure 10).

gure 9). To gain better examination, we used a false
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Table 1.  Eigenvalues calculated for principal components of data for hydroxyl-bearing minerals on four bands of

Cizelge 1.L ig(rj%i;fB dért bandinda hidroksilli minerallerin ana bilesenleri icin hesaplanan aygen degerleri.
Band3 Band5 Band6 Band7

PC1 0.288 0.463 0.632 0.549

PC2 0.377 0.748 -0.419 -0.347

PC3 0.530 -0.295 -0.535 0.586

PC4 0.702 -0.369 0.371 -0.482

£
)
.
=}
=
5

[+2]
&

60°52'0"E

Figure 8.PC2 image of the hydroxyl-bearing minerals. Areas with abundant hydroxyl-bearing minerals are shown

as blue pixels.

Sekil 8.  Hidroksilli minerallerin PC2 gértintist. Yogun hidroksilli mineral alanlart mavi pikseller olarak gérilmektedir.

Table 2.  Eigenvalues calculated for principal components of data for iron oxide minerals on four bands of Land-

Cizelge 2.S aLtéi.dsat—8 dért bandinda demir oksitminerallerin ana bilesenleri icin hesaplanan aygen degerleri.
Band2 Band3 Band4 Band6
PC1 0.238 0.355 0.473 0.769
PC2 0.369 0.427 0.526 -0.635
PC3 -0.679 -0.309 0.662 -0.054
PC4 0.587 -0.771 0.243 0.024

LS-Fit method

We used this method to map spectral signatures
of hydrothermal alterations (i.e. clay minerals and
iron oxides), presented in Figures 11 to 13. Figure

11 illustrates an output image of the LS-Fit met-

hod indicating the distribution of clay alterations
(hydroxyl-bearing minerals) as blue pixels. This map
was created using two bands of 7 and 5. This met-
hod was also applied to find the iron-oxidations due
to its association with hydrothermal alterations. In
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Figure 9. PC3 image of the iron oxide minerals. Areas with abundant iron oxide minerals are shown as red pixels.
Sekil 9.  Demir oksitli minerallerin PC3 gériintiisi. Yogun demir oksitli mineral alanlari kirmizi pikseller olarak géril-

mektedir.
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Figure 10. PCA false color composite image of Landsat-8 (RGB: PC3, PC3+PC2, PC2) showing hydroxyl-bearing
minerals as bright pixels and iron oxide minerals as pink ellipses.

Sekil 10. Landsat-8 PCA sahte renkli gérintiisi (RGB: PC3, PC3+PC2, PC2) hidroksilli mineralleri parlak, demir
oksitli mineralleri ise pembe elipsler olarak géstermektedir.

this case, iron oxides show as red pixels that were
created using two bands of 4 and 2 (Figure 12). For
closer examination, we used a false color composite
image of Landsat-8 by LS-Fit method. In this ima-
ge, hydroxyl-bearing minerals and iron oxides are
shown as yellow and light blue pixels respectively
(Figure 13). Moreover, travertines are more highligh-
ted as white pixels.

High-pass directional filtering

In general, lineaments are not readily detectable on
satellite images. Some of them are more easily re-
cognized, according to the lighting conditions, the
presence of vegetation, and waterways; but other
complications could be revealed with image pro-
cessing techniques. To clarify these lineaments, we
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Figure 11. LS-Fit image of the Lar area show hydroxyl-bearing minerals as blue pixels.
Sekil 11.  Lar yataginin hidroksilli minerallerini mavi pikseller seklinde gésteren LS-Fit gériintiisd.
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Figure 12. LS-Fit image of the Lar area show iron oxides minerals as red pixels.
Sekil 12.  Lar yataginin demir oksitli minerallerini kirmizi pikseller seklinde gdsteren LS-Fit gértintiisd.

have to use special filtering. Although, there are se-
veral ways to filtering, directional and non-directional
are more applicable filters. In this study, we used
high-pass directional filtering (Table 3 and Figures
14 to 17), since directional filters can be used to de-
tect lineaments with particular trends and they are
applied in the study of geological lineaments. Gene-
rally, numbers in the cornell are selected in such a
way that the lineaments become clearer in a specific

direction (Table 3).

The full color band of Landsat-8 has been used to
enhance the lineament. As Wester (1992) sugges-
ted, filtered images (using above directional filters)
are combined with each other and obtained images
are transferred to the RGB systems. Then elongati-
on differentiation was performed and lineaments in
N-S, E-W, NW-SE, and NE-SW directions were cle-
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Figure 13. False color composite image (RGB) of hydroxyl image (red), iron oxide image (blue) and the average of
these two images (green) by LS-Fit method. Hydroxyl-bearing minerals, iron oxide minerals, and traver-
tines are shown as yellow, light-blue, and white colors respectively.

Sekil 13. LS-Fit yéntemi ile elde edilen hidroksil gérintist (kirmizi), demir oksit gérintisd (mavi) ve bu iki gériin-
tlindn ortalamasi (yesil). Hidroksilli mineraller sari, demir oksitli mineraller agcik mavi ve travertenler beyaz

renkte gérilmektedir.

Table 3. Direction filters of Landsat-8 in the Lar mineralized area.

Cizelge 3. Lar yataginda Landsat-8 dogrultu filtreleri.

N-S E-W NW-SE NE-SW
-1 1 -1 -1 -1 -1 -1 -1 -1 -1 1
-1 4 -1 1 4 1 4 -1 -1 4 -1
-1 1 -1 -1 -1 -1 -1 1 1 -1 -1

29°41'44°N

29°40'43"'N

60°520'E

60°53'0"E

Figure 14. N-S directional filtering of Landsat-8 in the Lar mineralized area.
Sekil 14.  Lar yatagi icin Landsat-8 gériintistinde K-G dogrultulu filtreleme.
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Figure 15. E-W directional filtering of Landsat-8 in the Lar mineralized area.
Sekil 15. Lar yatagi icin Landsat-8 gériintiistinde D-B dogrultulu filtreleme.
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Figure 16. NE-SW directional filtering of Landsat-8 in the Lar mineralized area.
Sekil 16. Lar yatagi icin Landsat-8 gértintisiinde KD-GB dogrultulu filtreleme.

arer on the obtained image. Eventually, lineaments
were drawn using these image on the whole of the
Lar area (Figure 18). Now, it is possible to use this
image for lineaments analyses and rose diagram-
ming as below:

There are abundant lineament systems in area under
consideration which are related to the tectonic events
of the s. In general, two dominant directions of linea-

ments can be easily identified as NW-SE and NE-SW
in Figures 18 and 19. Based on Figure 18, NE-SW
striking is composed of continuous lineaments in the
central to eastern and the NW-SE striking focuses
on the central and western part of the image where
the latter is in accordance with the Zahedan faulting
system. Moreover, associated lineaments with stre-
ams are interpreted to be fault controlled.
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Figure 17. NW-SE directional filtering of Landsat-8 in the Lar mineralized area.
Sekil 17. Lar yatagi icin Landsat-8 gériintiistinde KB-GD dogrultulu filtreleme.
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Figure 18. Interpreted lineaments from directional filtering images in the Lar mineralized area.
Sekil 18. Lar yatagi icin dogrultu filtrelerinden itibaren yorumlanan cizgisellikler.

Photolineament factor

Photolineament factor or PF is another method that
could be used for lineaments analysis. This method
is often applicable to explore groundwater and mi-
neral resources in crushed rocks. Lineaments are
associated with areas that bedrocks have a lot of
fractures. In general, these fractures are capable to
store and transfer large volumes of groundwater and
hydrothermal fluids. Calculation of photolineament
factor and spatial distribution studies of lineaments

are beneficial in ore mineral exploration and determi-
nation of the water storage and transfer areas. In this
method, parameters such as the number, lengths,
intersections, and directions of fractures have been
used for fracture analysis by the following equation
(Hardcastle, 1995): PF = (a/ A) + (b/ B) + (c/ C) + (d/ D).

A suitable cellular network was considered for line-
aments analysis and was plotted on the photolinea-
ment map and above formula parameters were se-
parately derived in each cell where a is the number
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Figure 19. Rose diagram by dominant trends of lineaments in the Lar mineralized area.
Sekil 19. Lar yatagi icin hakim cizgisellik dogrultularinin gil diyagrami.

of fractures in each cell; A is the average in each
map; b is fracture length in each cell; B is the ave-
rage in each map; c is the number of fractures inter-
section in each cell; C is the average in each map;
d is the number of direction sets in each cell; and D
is the average in each map. Then lineation contour
map was prepared with obtained values from above
equation in ArcGIS10 (Figure 20). Based on lineation
contour map, the mineralized and altered areas are
in compliance with high values of photolineament
factor.

Field Observations

According to the field observations (Figure 21), asso-
ciated hydrothermal alteration to the Lar mineraliza-
tion is mainly concentrated in the southwestern part
of the Lar igneous complex with NW-SE direction.
The alterations are often associated with tectonics
and they are more intense in direction of the main
fault zone. On the other hand, tectonics play a signi-
ficant role in the control of alteration and mineraliza-
tion focuses. Lateral extension of the alteration has
not been widespread and it had only small effects
around the fractures. Altered area is associated with
iron bearing areas. Generally, usual alteration zoning
which can be seen in the porphyry copper deposits
has not been formed in this area. According to the
microscopic sections, secondary potassium feld-
spar and biotites which form respectively from pla-

gioclase and amphiboles breakdown are frequently
observed. These phenomena suggest the existence
of potassic alterations. Nevertheless, the Lar deposit
rocks are high in potassium feldspar, but the rem-
nants of poly-synthetic twining of plagioclase can be
seen. Most of the ore zone lies within potassically al-
tered rocks and syenites. The other minor alterations
are propylitic, phyllic, and argillic (Figures 22- a to e).
The Cu-Mo mineralization occurs mainly as silicic ve-
ins in the syenitic to monzonitic rocks and is compo-
sed of chalcopyrite, bornite, molybdenite, enargite,
and magnetite as hypogene minerals and covellite,
chalcocite, hematite, limonite, malachite, and azurite
as supergene minerals (Figures 22-f to h). In gene-
ral, there are at least two main fault systems in the
Lar Cu-Mo mineralization with NW-SE and NE-SW
trends. The NW-SE system is mainly associated with
mineralization and has been displaced with younger
NE-SW system.

CONCLUSIONS

Numerous copper deposits are identified by widesp-
read alterations in both mineralized and surrounding
rocks of the deposits that are usually formed in tec-
tonized rocks. The tectonized rocks are transmitter
of the ore forming hydrothermal fluids. Hydroxyl-
bearing and iron oxide minerals are some of the most
common minerals in such environments which are
useful in the ore mineral exploration.
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Figure 20. Lineation contour map which represents the maximum compliance between mineralized areas and high

values of photolineament factors.

Sekil 20. Mineralize alanlarla fotogizgisellik faktérleri arasinda en fazla uyumu gdésteren cizgisellik kontur haritasi.

propylitic plutonic rocks with silicic veins

3

siliciclastic rocks (flysch) iron oxides

Figure 21. Field photographs of the Lar Cu-Mo mineralization.
Sekil 21. Lar Cu-Mo yataginin arazi resimleri.
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Figure 22. Photomicrographs of (a) silicic alteratién, (b)

potassic alteration, (c) phyllic alteration, (d) propylitic al-

teration, (e) argillic alteration, (f) chalcopyrite, (g) bornite, (h) molybdenite (Bn: bornite, Ccp: chalcopyrite,

Mol: molybdenite).

Sekil 22.  Mikroresimler: a) Silisik bozunma b) Potasik bozunma c) Fillik bozunma d) Propilitik bozunma e) Arjillik
bozunma f) Kalkopirit g) Bornit h) Molibdenit (Bn: bornit, Ccp: kalkopirit, Mol: molibdenit).

Since Landsat-8 images are applicable for the study
of the alterations, lineaments, and local controller
structures of the copper deposits, therefore, we used
it to study alterations and lineaments in the Lar Cu-
Mo mineralization. The color composite and band
ratio methods clearly showed the hydrothermal alte-
red areas in the southwestern part of the Lar igneous
complex. Certainly, both LS-Fit and Crosta methods
were useful to map spectral signatures of hydrother-
mal alterations (i.e. clay minerals and iron oxides).
The results from high-pass directional filterings and
photolineament factor methods illustrate that suffici-
ent correlation can be found between the alterations,
geological structures, and intense influential locati-
ons of hydrothermal fluids. Therefore, all methods

showed high efficiencies for mapping hydrothermal
altered areas especially iron-oxide minerals which
are in compliance with field observations. Therefo-
re, using different image processing techniques on
Landsat-8 images increases the validity of results
and also decreases the systematic errors during the
field studies in arid and semi-arid areas.
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