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of Karaj formation and associated with volcanic lavas of basalt, andesite, basaltic andesite and 
trachyte that are all intruded by Oligocene intrusive bodies (Hirayama et al., 1966). Large mass 
magmatic outcrops have been occurred in Abhar sheet with alkali granite, granite, granodiorite, 
quartz monzonite, quartz monzodiorite, quartz syenite. Magmatic activities in area have been 
issued by tectonic activities including orogeny phases. Certainly Pyrenean orogeny is effective 
action in occurring of Eocene-Oligocene intrusive igneous rocks in the area (Mousavi, 2012). 
There are several metallic deposits and mines in terms of copper, gold, Pb-Zn and Iron ores. 

Fig. 1. a – Generalized geology map of Iran (Arian, 2011) The study area is shown in the square box. 
b – Geological map of studied area based on 1:1250000 geological map of Zanjan

3. Materials and methods

The aims of the paper are to perform Least Square Fit (LS-Fit), Minimum Noise Fraction 
(MNF) and band ratio to map zones of hydrothermal alteration on the ASTER (Advanced Spa-
ceborne Thermal Emission and Reflection Radiometer) satellite imagery data and delineation 
of high intensive copper anomalies using Number–Size (N-S) fractal method based on stream 
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sediments and lithogeochemical data for finding new prospects in copper mineralization in Ab-
har 1:100,000 sheet. ENVI and ArcGIS software packages were used for multi-spectral image 
interpretation and fractal modeling of geochemical data, respectively.

4. Result and discussion

4.1. Remote sensing interpretation

The ASTER is an advanced optical sensor comprised of 14 spectral channels that will provide 
scientific and also practical data regarding various field related to the study of the earth (Rowan 
& Mars, 2003; Moghtaderi et al., 2007; Yousefifar et al., 2011). Numerous factors affect the sig-
nal measured at the sensor, such as drift of the sensor radiometric calibration, atmospheric and 
topographical effects. Therefore, data set AST_L1B_010_8200745110108311331 in hierarchi-
cal data format (HDF) was used and radiance correlation such as wavelength, dark subtract and 
log residual by ENVI4.4 software which is essential for multispectral images, were employed.

4.1.1. Hydrothermal alteration zones� investigation

Many image analysis and processing techniques can be used to interpret the remote sensing 
spectral data (Mars & Rowan, 2006; Azizi et al., 2010; Poormirzaee & Mohammady Oskouei, 
2010; Beiranvnd Pour & Hashim, 2012; Oskouei & Busch, 2012). In this research, band ratio, 
Least Square Fit (LS-Fit) and Minimum Noise Fraction (MNF) methods were used on ASTER 
data for discrimination of alteration zones.

Band ratio
Band ratio is a technique where the digital number (DN) value of one band is divided by 

the DN value of another band. BRs can be useful for highlighting certain features or materials 
that cannot be seen in the raw bands. Similarly, the choice of bands depends on their spectral 
reflectance and positions of the absorption bands of the mineral being mapped (Inzana et al., 2003; 
Kujjo, 2010; Rajendran et al., 2012). For instance, to enhance a specific alteration mineral that 
hosts a distinct absorption feature, the most unique spectral ratio for that mineral is employed. In 
order to discrimination of iron oxide, argillic, phyllic, propylitic and silica ratios (3/1), (5×7/6×6), 
(7/6), (6+9/7+8) and (13/12) were used (Fig. 2). 

Least Squares Fitting (LS-Fit)
The technique assumes that the bands used as input values are behaving as the variables of 

a linear expression and the ‘y’ value of the equation, namely the predicted band information, gives 
us a calculated output value. This predicted band is what that band should be according to the 
linear equation. The minerals which are sensitive to a specific band are then differentiated from 
the features which are reflective to the other bands as well; just by taking the difference between 
the predicted values and the original values (Yetkin et al., 2004). Distribution of iron oxide was 
created by using all the 3 visible and near-infrared (VNIR) bands as the input bands and VNIR-
b3 as the modelled band. Also, argillic, phyllic and propylitic alterations were mapped by using 
residual band SWIR-b3, residual band SWIR-b2 and residual SWIR-b5. Moreover, silica zone 
was mapped by using residual band TIR-b3 (Fig. 3).
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Fig. 2. The iron oxide, argillic, phyllic, propylitic and silica images prepared based on band ratio method

Fig. 3. The iron oxide, argillic, phyllic, propylitic and silica images prepared based on LS-Fit method
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Minimum Noise Fraction
The Minimum Noise Fraction (MNF) analysis can identify the locations of spectral signature 

anomalies. This process is of interest to exploration geologist because spectral anomalies are 
often indicative of alterations due to hydrothermal mineralization. MNF involves two steps; in 
first step which is also called noise whitening, principal components for noise covariance matrix 
are calculated. This step decorrelates and rescales the noise in the data. In second step principal 
components are derived from the noise whitened data. The data can then be divided into two parts. 
One part associated with large Eigen values and the other part with near unity Eigen values and 
noise dominated images. Using data with large Eigen values separates the noise from the data, 
and improves spectral results (Beiranvnd Pour et al., 2011). MNF bands 2, 7, 5, 8 and 11 were 
used for iron oxide, argillic, phyllic, propylitic and silica alterations (Fig. 4).

Three types of alterations including argillic, phyllic, and iron oxide zones occurring at the 
NE and SE of Abhar 1:100,000 sheet, while the propylitic and silica zones are existed in the NW 
and SW parts of the studied area that all method accordance to each other.

Fig. 4. The iron oxide, argillic, phyllic, propylitic and silica images prepared based on MNF method

4.1.2. Lineament extraction

The lineaments usually appear as straight lines or “edges” on the satellite images which in 
all cases contributed by the tonal differences within the surface material. The knowledge and the 
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experience of the user is the key point in the identification of the lineaments particularly to con-
nect broken segments into a longer lineament (Sarp, 2005; Abarca, 2006; Weldemariam, 2009). 
Therefore, different combinations of three bands are examined and the best visual quality is 
obtained with a false color image utilizing three 7, 4, and 2 (in blue, green and red respectively). 
Moreover, filtering operations are used to emphasize or deemphasize spatial frequency in the 
image. The filtering operation will sharpen the boundary that exists between adjacent units. Stan-
dard GIS techniques have been carried out to help in the evaluation of the lineaments detected. 
Furthermore, hill-shade Digital Elevation Model (DEM) technique is effective in creating im-
ages that enhance geomorphologic features. Therefore, Hill-shades DEM with different azimuth 
direction and sun angle were used in this study and two NW-SE and NE-SE major trends were 
determined for structural features (Fig. 5).

Fig. 5. a – Lineament of studied area based on shaded relief. b – Rose diagram of studied area

4.2. Geochemical data analysis

In the studied area, 1131 stream sediment samples were collected for first stage of geochemi-
cal exploration and also, 121 lithogeochemical samples were collected from the area (Fig. 6). 
The samples were chemical analyzed by ICP-MS method for 42 elements especially for copper 
and gold. In this study, Number-Size (N-S) fractal method was utilized for High intensive Cu 
anomalies in the Abhar 1:100,000 sheet.

4.2.1. Number-Size fractal method

The Number–Size (N-S) method, which was originally proposed by Mandelbrot (1983), 
can be used to describe the distribution of geochemical populations without pre-processing of 
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4.2.3. Lithogeochemistry

After analysis of stream sediment data, lithogeochemical samples were collected from 
anomalous parts in central and northern parts of the area (Fig. 6). The N-S log–log plot for Cu 
show there are four geochemical populations, as shown in Fig. 8. Extreme intensity Cu anomaly 
is started from 6.3% Cu and located in central parts of the Abhar sheet. Additionally, anomalous 
parts derived via stream sediments and lithogeochemcal data in centre of the area were correlated. 
High intensive Cu anomalies (1.6-6.3%) were situated in the central and northern parts of the 
area (Fig. 8). Integration of remote sensing and geochemical data is shown in Fig. 9.

Fig. 8. a – Log–log plots from C–N method for Cu. b – Cu lithogeochemical population 
distribution map based on the C–N method

a

4.3. Ground �truth verification and ore mineralographical study

To evaluate the ASTER satellite data and discriminate geochemical anomalies, field-
geological observations have been validated. In almost all cases, field studies confirmed in 
showing real alteration zones and detection of area Cu mineralization by interpreted of remote 
sensing imagery and high intensive Cu geochemical anomalies (Fig. 9). In the field, alteration 
zones revealed by different band ratios, LS-Fit and MNF methods of the satellite data are well 
correlated with Cu mineralization that confirmed by N-S fractal method. The mineralogical as-
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Fig. 9. a – Integration of remote sensing and geochemical data in the Abhar sheet. b – Regional view of altera-
tion in the studied area. c – Iron oxide and silica rocks. d – Malachite (Ma) mineralization

c

Silica

d

c

b

Argillic
Silica Silica

Iron
Silica

Ma

semblages of the copper such as borniteand malachite were determined in the thin and polish 
sections. Chalcopyrite which are sometimes altered to magnetite and other iron oxides were also 
distinguished that illustration in Fig. 10.

Fig. 10. Results obtained by mineralographical studies in the Abhar area a – Assemblage of Chalcopyrite 
and bornite.. b – Magnetite with other iron oxides, malachite and gold particle. c – Society of copper 

and Zn-Pb mineralization which are chalcopyrite, galena and sphalerite

a b c 
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