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The spectral and spatial properties of the advanced spaceborne thermal emission and reflection
radiometer (ASTER) data can be used in detailed lithological and hydrothermal alteration mapping
related to copper and gold mineralization, particularly the shortwave infrared radiation subsystem
where hydrothermal alteration minerals have diagnostic spectral absorption features. This paper
reviews the technical characteristics of ASTER data and related image processing techniques
applicable to ASTER data for lithological and hydrothermal alteration mineral mapping. The
hydrothermal alteration zones associated with porphyry copper deposit, such as phyllic, argillic and
propylitic, can be discriminated from one another by virtue of their spectral absorption features, which
are recognizable by ASTER special bands. The differentiation and identification of phyllic zone are
important for exploring porphyry copper mineralization as an indicator of the high potential area with
economical mineralization of copper. In this way, we attempt to demonstrate how ASTER remote
sensing data can identify and discriminate the hydrothermal alteration zones and lithological units in a
regional scale. It is therefore concluded that remote sensing techniques are viable options for
geological applications, offering reliable and relatively low cost methods, and could be utilized further
to other virgin regions for lithological mapping and for initial steps of mineral exploration.
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INTRODUCTION

The advanced spaceborne thermal emission and
reflection radiometer (ASTER) is a high spatial, spectral
and radiometric resolution multispectral remote sensing
sensor on national aeronautics and space administration
(NASA) earth observing system AM-1 (EOS AM-1) polar
orbiting spacecraft. It was launched in December 1999.
EOS AM-1 spacecraft operates near polar orbits at 705
km altitude. The recurrent cycle is 16 days. The ASTER
instrument is a cooperative effort between the Japanese
Ministry of Economic Trade and Industry (METI) and
NASA. It has three separate instrument subsystems which

*Corresponding author. E-mail: mazlanhashim@utm.my or
profmhashim@gmail.com. Tel: +607 -5530666. Fax: +607-
5531174,

provide observations in three different spectral regions of
electromagnetic spectrum, including visible and near
infrared radiation (VNIR), shortwave infrared radiation
(SWIR) and thermal infrared radiation (TIR). The VNIR
subsystem has three recording channels between 0.52
and 0.86 um and an additional backward-looking band for
constructing digital elevation models (DEMs) with spatial
resolution of 15 m. The SWIR subsystem has six
recording channels from 1.6 to 2.43 um, at a spatial
resolution of 30 m, while the TIR subsystem has five
recording channels, covering the 8.125 to 11.65 pum
wavelength region with spatial resolution of 90 m. ASTER
swath width is 60 km (each scene is 60 x 60 km?) and is
useful for regional mapping, but cross-track pointing
capability extends the total viewing to 232 km. ASTER
sensor can acquire approximately 600 scenes daily
(Fujisada, 1995; Abrams and Hook, 1995; Yamaguchi et
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Table 1. Technical characteristics of ASTER data (Fujisada, 1995; Yamaguchi et al., 1999).

bsystom Bandrumber  SPeOOTGe  Fodomeric  puawe  sate | Sera
1 0.52 - 0.60
VNIR 2 0.63-0.69 NE Ap < 0.5% < 4% 15m 8 bits
3N 0.78-0.86
3B 0.78-0.86
4 1.600-1.700  NE Ap <0.5%
5 2.145-2.185  NE Ap<1.3%
6 2.185-2.225  NE Ap<1.3% ,
SWIR <4% 30m 8 bits
7 2.235-2.285  NEAp<1.3%
8 2.295-2.365  NEAp<1.0%
9 2.360-2.430  NEAp<1.3%
10 8.125 - 8.475 < 3K(200-240K)
11 8.475 - 8.825 < 2K(240-270K)
TIR 12 8.925-9275  NEAT<0.3k < 1K(270-340K) 90 m 12 bits
13 10.25 - 10.95 < 2K(340-370K)
14 10.95 - 11.65

Stereo base-to-height ratio

Swath width

Total coverage in cross-track direction by pointing
Coverage interval

Altitude

MTF at Nyquist frequency

Band to band registration

Peak power
Mass
Peak data rate

0.6 (along-track)
60 km

232 km

16 days

705 km

0.25 (cross-track)
0.20 (along-track)

Intra-telescope: 0.2 pixels
Intra-telescope: 0.3 pixels

726 w
406 kg
89.2 Mbps

Band number 3N refers to the nadir pointing view, whereas 3B designates the backward pointing view.

al.,, 1999; Abrams, 2000; Yamaguchi et al., 2001). The
technical characteristics of ASTER data are indicated in
Table 1. ASTER provides data useful for studying the
interaction among the geosphere, hydrosphere,
cryosphere, lithosphere and atmosphere of the earth from
the geophysical point of view. To be more specific, wide
range of science investigations and applications includes:
(1) geology and soil; (2) land surface climatology; (3)

vegetation and ecosystem dynamics; (4) volcano
monitoring; (5) hazard monitoring; (6) carbon cycle and
marine ecosystem; (7) hydrology; (8) aerosol and cloud;
(9) evapotranspiration rate; and (10) land surface and
land cover change (Fujisada, 1995). ASTER standard
data products are available ‘on-demand’ from the Earth
Remote Sensing Data Analysis Center (ERSDAC, Japan)
and the EROS data center (EDC, USA). Basically, all the



ASTER captured data are processed to generate Level-
1A data product. It consists of unprocessed raw image
data and coefficients for radiometric correction. The
Level-1B (radiance-at-sensor) data product is a re-
sampled image data generated from the Level-1A data by
applying the radiometric correction coefficients. Level-2B
data products of physical parameters including surface
radiance data with nominal atmospheric corrections
(Level-2B01), surface reflectance data contains
atmospherically corrected VNIR-SWIR data (Level-2B07
or AST-07), surface emissivity data with MODTRAN
atmospheric correction and a temperature-emissivity
separation (TES) algorithm (Level-2B04) are generated
on the basis of user request. Level-4B data product is
also generated under the user request from the along-
track stereo observation in the near infrared channel
(band 3N and 3B) in order for the construction of digital
elevation models (DEMs). Level-3A is a geometrically
well-corrected orthorectified ASTER standard data
product with ASTER-driven DEM, which is radiometrically
equivalent to Level-1B radiance-at-sensor data (Gillespie
et al., 1998; Yamaguchi et al., 1999; Abrams, 2000;
Yamaguchi et al., 2001; Ninomiya, 2005, 2003a, b, c).
Recently, two new crosstalk-corrected ASTER SWIR
reflectance products had been released, which include:
(1) AST-07XT SWIR reflectance data product available
‘on-demand’ from ERSDAC and EDC (lwasaki and
Tonooka, 2005) and (2) RefL1b SWIR reflectance data
product complied and introduced (Mars and Rowan,
2010). The AST-07XT SWIR reflectance data product is
similar to AST-07 surface reflectance data that consist of
VNIR and SWIR bands, except that the crosstalk
correction algorithm and atmospheric correction (non-
concurrently acquired MODIS water vapor data) have
been applied (lwasaki and Tonooka, 2005; Biggar et al.,
2005; Mars and Rowan, 2010). RefL1b and AST-07XT
reflectance  datasets have crosstalk correction;
differences between these datasets should be caused by
the addition of the radiometric correction factors and use
of concurrently acquired water vapor data in the
atmospheric correction of the RefL1b data (Mars and
Rowan, 2010). During scene acquisition of ASTER data,
there is optical ‘crosstalk’ effect caused by stray of light
from band 4 detector into adjacent band 5 and 9
detectors on SWIR subsystem. Such deviations from
correct reflectance result in false absorption features and
distortion of diagnostic signatures and consequently
misidentification of spectroscopic results. Fortunately,
ASTER cross-talk correction software is available in
www.gds.aster.ersdac.or.jp (Kanlinowski and Oliver,
2004; Iwasaki and Tonooka, 2005; Hewson et al., 2005;
Mars and Rowan, 2006, 2010).

Since 2000, ASTER data have been widely and
successfully used in lithological mapping and mineral
exploration, because of their characteristics of the
spectral properties and the diversity of standard data
products (Hewson et al., 2001; Rowan and Mars, 2003;
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Rowan et al., 2003; Junek, 2004; Hellman and Ramsey,
2004; Galva™o et al.,, 2005; Vaughan et al., 2005;
Hubbard and Crowly, 2005; Rowan et al., 2005; Mars and
Rowan, 2006; Rowan et al., 2006, 2010; Ducart et al.,
2006; Qiu et al.,, 2006; Di Tommaso and Rubinstein,
2007; Khan et al., 2007; Moghtaderi et al., 2007; Kruse
and Perry, 2007; Sanjeevi, 2008; Moore et al., 2008;
Tangestani et al., 2008; Khan and Mahmood, 2008; Azizi
et al., 2010; Amer et al., 2010; Aboelkhair et al., 2010;
Gabr et al., 2010; Kratt et al., 2010). ASTER is the first
multispectral  space-borne instrument that allows
discrimination and identification of hydrothermal alteration
minerals in the SWIR region of electromagnetic spectrum
(Abram and Hook, 1995). Moreover, the ASTER VNIR
and TIR data can provide capability for the remote
identification of vegetation and iron oxide minerals in
surface soil and mapping carbonates and silicates,
respectively (Bedell, 2001; Ninomiya, 2003a; Rockwell
and Hofstra, 2008). Accordingly, this paper reviews the
application of ASTER data for lithological mapping and
the identification of hydrothermal alteration mineral zones
for the exploration of porphyry copper and epithermal
gold deposit.

PORPHYRY COPPER DEPOSIT

Porphyry copper deposits are associated with volcanic-
plutonic arcs in subduction environments and
paleosubduction zones (Pirajno, 1992). There are several
analogous of porphyry copper belts in subduction tectonic
setting of the world, such as the Andean Volcanic Belt in
Western South America, the Urumieh-Dokhtar Volcanic
belt in Iran, Northern Sulawesi in Indonesia, Carpathian-
Balkan in Central and South Europe, Yulong-Yunna
(Himalaya) in China, Mulong in NSW Australia (Singer et
al., 2005). Porphyry copper deposits are usually located
within or near plutonic intrusions, formed typically below
depths of one kilometer which mostly have rocks of
Mesozoic to Cenozoic age (Titley, 1972; Jacobsen,
1975). Porphyry copper deposits, in contrast to other
hydrothermal  deposits, invariably are associated
genetically with porphyry plutons localized along island
and continental-arc strike-slip fault system (Titley and
Beane, 1981; Carranza and Hale, 2002a). The crustal
deformation present near subduction zones may play a
significant role in allowing plutons to passively rise to
shallow crustal levels (Wolfe, 1988; Tosdal and Jeremy,
2001). Felsic plutonic rocks ranging in composition from
quartz monzonite to granodiorite are common ore hosts.
However, this type of mineralization can occur in dioritic
to syenitic rocks (Rowins, 1999). Porphyry copper
deposits are generated by hydrothermal fluid processes
that alter the mineralogy and chemistry of the
composition of country rocks (Hunt and Ashley, 1979;
Ferrier and Wadge, 1996; Ferrier et al., 2002). This
alteration can produce distinctive mineral assemblages
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Figure 1. Hydrothermal alteration zones associated with porphyry copper
deposit (Modified from Lowell and Guilbert, 1970; Mars and Rowan, 2006).
(A) Schematic cross section of hydrothermal alteration mineral zones, which
consist of propylitic, phyllic, argillic, and potassic alteration zones. (B)
Schematic cross section of ores associated with each alteration zone.

with diagnostic spectral absorption features in the visible
near-infrared through the short-wave infrared (0.4 to 2.5

regions. Landsat TM/ETM* data have been used for
mineral exploration, because of the two SWIR bands

pm) and/or the thermal-infrared (8.0 to 14.0 pm) (bands 5 and 7) which were used to detect hydrothermal
wavelength regions (Abrams et al., 1983; Abrams and alteration mineral assemblages associated with
Brown, 1984; Spatz and Wilson, 1995). These absorption epithermal gold and hydrothermal porphyry copper

features are generated by vibrational processes due to
over tones and combination tones of fundamental
hydroxyl groups (Hunt and Salisbury, 1974, 1975, 1976;
Hunt, 1977). Porphyry copper deposits typically occur in
association with hydrothermal alteration mineral zones,
such as phyllic, argillic, potassic and propylitic (Lowell
and Guilbert, 1970) (Figure 1). A core of quartz and
potassium-bearing minerals is surrounded by multiple
zones which contain clay and other hydroxyl minerals
with diagnostic spectral absorption features in SWIR
portion of electromagnetic spectrum. Furthermore, at the
same time an oxide zone with extensive iron oxide
minerals is developing by virtue of supergene alteration
processes over porphyry copper bodies. Iron oxides are
one of the important mineral groups that are associated
with hydrothermally altered rocks, and are rendered to
characteristic yellowish or reddish color to the altered
rocks, termed gossan (Sabins, 1999; Abdelsalam and
Stern, 2000; Xu et al., 2004). Iron oxide minerals have
low reflectance in visible and higher reflectance in near
infrared wavelength region (Hunt and Salisbury, 1974;
Hunt, 1977). These hydrothermal alteration minerals with
diagnostic spectral absorption properties in visible near-
infrared through the short-wave infrared can be identified
by multispectral remote sensing data as a guide in the
initial step of porphyry copper exploration. Remote
sensing multispectral sensors with sufficient spectral and
spatial resolution such as TM/ETM® and ASTER are
capable of delineating these spectral absorption features,
thus can be used to detect and remotely identify these
hydrothermal alteration mineral zones in well-exposed

mineralization (Rowan et al., 1977; Podwysocki et al.,
1984; Crosta and Moore, 1989; Okada et al., 1993;
Sabins, 1996, 1997; Van der Meer et al., 1997; Ruiz-
Armenta and Prol-Ledesma, 1998; Abdelsalam and
Stern, 2000; Tangestani and Moore, 2002; Carranza and
Hale, 2002b; Kusky and Ramadan, 2002; Inzana et al.,
2003; Perry, 2004; Yujun et al., 2007). The broad
configuration of bands 5 and 7 of TM/ETM" in the short
wave infrared portion just allows the recognition of
hydrothermal alteration sites, without providing the
essential spectral resolution to discriminate specific
alteration zones and minerals, a very important task in
searching for high potential prosperous mineralized
alteration zone (Gabr et al., 2010).

The six spectral bands of the ASTER SWIR
subsystems were designed to measure reflected solar
radiation in order to distinguish Al-OH, Fe, Mg-OH, Si-O-
H and CO; absorption features (Fujisada, 1995; Abram
and Hook, 1995). Therefore, the ASTER SWIR reflective
bands are capable to identify hydrothermal alteration
mineral assemblages that include: (1) mineralogy
generated by the passage of low PH fluids (alunite and
pyrophylite); (2) AI-Si-(OH) and Mg-Si-(OH)-bearing
minerals including kaolinite and mica and chlorite groups;
(3) Ca-Al-Si-(OH) bearing minerals including epidote
group and also carbonate (calcite and dolomite) as a
group (Huntington, 1996). Previous studies have
demonstrated the identification of specific hydrothermal
alteration minerals, such as alunite, kaolinite, calcite,
dolomite, chlorite, talc and muscovite, as well as mineral
groups, through analysis of ASTER SWIR data which have
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Figure 2. (A) ASTER spectral bands in the wavelength of the electromagnetic spectrum, (B)
the comparison of ASTER spectral bands with Landsat-7 TM/ETM* (Pieri and Abrams, 2004).
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have been proven wusing in situ field spectral
measurements (Hewson et al., 2001; Rowan and Mars,
2003; Rowan et al., 2003; Crosta and Filho, 2003;
Hubbard et al., 2003; Junek, 2004; Hellman and Ramsey,
2004; Wickert and Budkewistsch, 2004; Galvao et al.,
2005; Mars and Rowan, 2006, 2010; Rowan et al., 2006;
Ducart et al., 2006; Di Tommaso and Rubinstein, 2007;
Sanjeevi, 2008; Azizi et al., 2010; Gabr et al., 2010; Kratt
et al.,, 2010). Figure 2 shows the location of ASTER
spectral bands in the wavelength of the electromagnetic
spectrum and the comparison of spectral bands between
Landsat-7 TM/ETM" and ASTER. ASTER SWIR spectral
properties are unprecedented multispectral data for the
discrimination of hydrothermal alteration mineral zones
associated with porphyry copper mineralization.
Accordingly, the broad phyllic zone is characterized by
illite/muscovite (sericite) that indicate an intense Al-OH
absorption feature centered at 2.20 ym coinciding with
ASTER band 6, and the narrower argillic zone including,
kaolinite and alunite that display a secondary Al-OH
absorption feature at 2.17 um corresponding with ASTER
band 5. The mineral assemblage of the outer propylitic
zone is epidote, chlorite and calcite that exhibit
absorption features situated in the 2.35 ym that coincide

with ASTER band 8 (Figure 3) (Hunt, 1977; Hunt and
Ashley, 1979; Crowley and Vergo, 1988; Clark et al.,
1990; Spatz and Wilson, 1995; Dalton et al., 2004; Mars
and Rowan, 2006; Rowan et al., 2006). The differentiat-
ion between alteration zones and the identification of
phyllic zone are important in the exploration of porphyry
copper mineralization, because phyllic zone can be an
indicator of high potential prosperous area with
economical mineralization of copper ore shell (Figure 1)
(Lowell and Guilbert, 1970).

LITHOLOGICAL AND ALTERATION MINERAL

MAPPING BY ASTER DATA

The use of ASTER multispectral data in mineral
exploration and lithological mapping has increased in
recent years due to spectral characteristics of unique
integral. ASTER bands is highly sensitive to hydrothermal
alteration minerals, especially in SWIR region and the
possibility of applying the diversity of image processing
techniques, ‘on-demand’ data availability with low cost
and broad coverage for regional scale mapping. Here, we
review image processing techniques applicable on ASTER
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Figure 3. Laboratory spectra of muscovite, kaolinite, alunite,
epidote, calcite and chlorite resampled to ASTER band
passes. Spectra include muscovite, typical in phyllic alteration
zone, with a 2.20 uym absorption feature; kaolinite and alunite,
which are common in argillic alteration zone, have 2.17 ym
secondary absorption features and epidote, calcite and
chlorite, which are typically associated with propylitic
alteration zone and display 2.35 pym absorption features
(Mars and Rowan, 2006).

data for lithological and hydrothermal alteration mineral
mapping as follows.

Hewson et al. (2001) simulated the ability of the
ASTER multispectral data for geologic and alteration
mineral mapping in Mountain Fitton, South Australia. This
test site has been previously surveyed by visible-
shortwave hyperspectral automatic modal selection
(AMS) (HyMap) and thermal infrared multispectral
scanner (TIMS) data sets and several field campaigns
collecting relevant spectral measurements. Hewson et al.
(2001) applied decorrelation stretch on simulated ASTER
bands 3-2-1 so as to the delineation of the drainage and
vegetation and band 13-12-10 for the identification of
quartz rich areas, respectively. They also implemented
mixture tuned matched filtering (MTMF) technique on the
simulated ASTER SWIR bands to obtain spectrally
unmixed end members related to the rich areas of
hydrothermal alteration mineral assemblages. Derived
results showed good accuracy in comparison with in situ
field spectral measurements and HyMap and thermal
infrared multispectral scanner’s outputs collected
previously.

Rowan et al. (2003) evaluated the capability of the
ASTER data for mapping the hydrothermally altered rocks

and the country rocks in the Cuprite mining district in
Nevada, USA. They used matched filtering (MF)
technique for the identification of the surface distribution
of hydrothermal alteration minerals. Results indicated that
spectral reflectance differences in the nine bands in
visible near-infrared through the shortwave infrared (0.52
to 2.43 ym) can provide subtle spectral information for
mapping and the discrimination of main hydrothermal
alteration mineral zones. They identified silicified zone,
opalized zone, argillized zone and the distribution of
unaltered country rock units which in comparison with
airborne visible/infrared imaging spectrometer (AVIRIS)
results demonstrate good agreement. Rowan and Mars
(2003) used ASTER data for lithological mapping in
Mountain Pass, California, USA. They applied relative
absorption-band depth (RBD), matched filtering (MF) and
spectral angle mapping (SAM) techniques for the
differentiation of calcitic, granodioritic, gneissic, granitic
and quartzose rocks. The output results showed similarity
between the patterns of the mapped rock units with
geologic map of the study area. Yamaguchi and Natio
(2003) proposed the spectral indices for lithological
discrimination and mapping of surface rock types by
using ASTER short wave infrared (SWIR) bands. These
consisted of alunite index, kaolinite index, calcite index
and montmorillonite index that can be calculated by linear
combination of reflectance values of the five SWIR
bands.

ASTER has a total of 14 spectral channels; but with
spectral ratioing among these selective bands, more
lithologic and mineralogic indices and more accurate
results can be derived from ASTER image. Ninomiya
(2003 a, b) defined vegetation index and mineralogic
indices for ASTER VNIR and SWIR bands and lithologic
indices for ASTER TIR bands with considering spectral
absorption features of vegetation and different minerals
and rocks in ASTER spectral channels. These indices are
listed as follows:

Stabilized Vegetation Index (StVI) = band3 | bandl (1)
band?2 | band?2

OHbmnmgMWmdmmmMSmdm(OHD:[MMd7leM4} (2)

band6 || band 6

Kaolinite Index (KLI) = [_band4 }[ band 8} @)
band5 || band6

Alunite Index (ALI) = {_ba"‘” :H:band 7} 4

band5 || band$8

Calcite Index (CLI) = band6 | band9 )

band8 || band8
#
Quartz Index (QI) = (band11* bandl11) ©)

bandl0*bandl?2



Carbonate Index (CI) = M (7)
band 14
band12
Mafic Index MI) = 8
afic Index (MI) and 13 (8)

These defined indices are applied on ASTER Level-1B
radiance at the sensor data in Cuprite district in Nevada,
USA; Yarlung Zangbo ophiolite zone, Tibet; Beishan
mountains area, China; North-western Gansu province,
China and ophiolite zone in Oman (Ninomiya, 2002,
2003c, 2004). These indices provided accurate
information for vegetation, mineral and lithological
mapping, and showed the distribution of selected
minerals and rocks, satisfactorily. Produced map results
indicated excellent spatial coherency and correlate well
with the published geology map of the study areas.
Crosta et al. (2003) employed principal component
analysis (PCA) over ASTER VNIR and SWIR bands for
targeting of key alteration minerals associated with
epithermal gold deposits in Los Menucos, Patagonia,
Argentina. PCA was applied to selected subsets of four
ASTER bands according to the position of characteristic
spectral absorption features of key hydrothermal
alteration mineral end members, such as alunite, illite,
smectite and kaolinite in the VNIR and SWIR regions of
electromagnetic spectrum. Obtained results revealed that
PCA technique can extract detailed mineralogical
spectral information from ASTER data for producing
abundance images of selected minerals. Thus, this
technique can be employed for the identification of
hydrothermal alteration minerals in the exploration of
precious and base-metal deposits. Volesky et al. (2003)
distinguished the propylitic alteration zone and gossan
associated with massive sulfide mineralization from the
host rock by ASTER (4/2, 4/5 and 5/6) band ratio image
in the Neoproterozoic Wadi Bidah shear zone, South-
western Saudi Arabia. Xu et al. (2004) identified
hydrothermal alteration mineral zones around gold
deposits using ASTER data in the North-eastern part of
Laizhou region, China. They used PCA technique and
band ratio of 3/2, 4/1 and 4/6 for the delimitation of
vegetation, iron oxide and clay minerals, respectively.
Hewson et al. (2005) generated maps of AlI-OH and
Mg-OH/carbonate minerals and ferrous iron content from
ASTER SWIR data as well as a map of quartz content
from ASTER TIR data for the Broken Hill-Curnamona
province of Australia. Rowan et al. (2005) evaluated
ASTER band ratio and relative absorption band depth
(RBD), matched filtering (MF) and spectral angle
mapping (SAM) techniques for lithological mapping of
ultramafic complex in the Mordor Pound, NT, Australia.
They identified subtle information for the classification of
felsic and mafic-ultramafic rocks, alluvial-colluvial
deposits and quartzose to intermediate composition
rocks. This classification was based on spectral absorption
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features of Al-OH and ferric-iron mineralogical groups for
felsic rock, ferrous-iron and Fe, Mg-OH mineralogical
absorption features in mafic-ultramafic rock in the ASTER
VNIR+SWIR data and Si-O spectral features for diversity
of ultramafic complex and adjacent rocks, such as mafic-
ultramafic, quartzose to intermediate composition rocks,
alluvial-colluvial deposits and quartzite unite in ASTER
TIR data, respectively. Ninomiya et al. (2005) applied
quartz index (Ql), carbonate index (Cl) and mafic index
(Ml) on ASTER-TIR ‘radiance-at-sensor’ data for
detecting mineralogic or chemical composition of
quartzose, carbonate and silicate rocks in Mountain
Yushishan, China and Mountain Fitton, Australia. These
lithologic indices could discriminate quartz, carbonate
and mafic-ultramafic rocks which were compatible with
published geologic map and field observation. They also,
suggested that these lithologic indices can be one unified
approach for lithological mapping of the earth, especially
in arid and semi-arid regions.

Galvao et al. (2005) implemented the spectral angle
mapping (SAM) technique on the ASTER SWIR bands to
investigate the spectral discrimination of hydrothermally
altered minerals in a tropical savannah environment in
the Northern portion of Gious state, central Brazil.
Results showed the efficacy of ASTER SWIR data in
discriminating areas of altered minerals from the
surrounding vegetation environment. Gomez et al. (2005)
estimated the 9 ASTER bands for geological mapping in
the Western margin of the Kalahari Desert in Namibia.
They realized principal component analysis (PCA) and
supervised classification on visible near infrared and
short wave infrared ASTER bands. The processing of
ASTER data demonstrated validation of the lithological
boundaries defined on previous geological map and also
provided the information for characterizing new litho-
logical units, which were previously unrecognized.

Rowan et al. (2006) identified distribution of
hydrothermally altered rocks consisting of phyllically,
argillically and propylitically altered zones based on
spectral analysis of VNIR+SWIR ASTER bands, as well
as hydrothermally silicified rocks were mapped by TIR
ASTER bands in the Reko Diqg, Pakistan Cu-Au
mineralized area. Qui et al. (2006) employed spectral
angle mapping (SAM), spectral feature fitting (SFF) and
linear spectral unmixing (LSU) techniques on 14 ASTER
bands for geological mapping in the Neoproterozoic
Allagi-Heiani suture, Southern Egypt. These techniques
have proved to be useful tools in geological mapping.
Mars and Rowan (2006) developed logical operator
algorithms based on ASTER defined band ratios for
regional mapping of phyllic and argillic altered rocks in
Zargros magmatic arc, lran. The logical operator
algorithms have illustrated distinctive patterns of argillic
and phyllic alteration zones associated with Eocene to
Miocene intrusive igneous rocks, as well as known
porphyry copper deposits.

Ducart et al. (2006) applied mixture tuned matched
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filtering (MTMF) technigue on ASTER SWIR data to
provide regional and local information of the spatial
distribution of hydrothermal alteration zones at the Cerro
La Mina epithermal gold prospect, Patagonia, Argentina.
The main identified alteration zones, such as advanced
argillic, argillic and silicic, showed a satisfactory
correlation of the spatial distribution with achieved field
spectroscopy data. Zhang and Panzer (2007) employed
the matched filtering (MF) technique on EO-1 Hyperion
and ASTER data to extract abundance images for gold-
associated lithological mapping in South-eastern
Chocolate Mountain, California, USA. The assessment of
matched filtering score index indicated ASTER has good
capability in discrimination and classification of rock
types. Although, the Hyperion data can produce better
accuracy than ASTER, but the lithologic information
extracted from ASTER image data is mostly similar with
Hyperion results and the better availability and vast
spatial coverage make it more suitable for regional scale
lithological mapping.

Di Tommaso and Rubinstein (2007) used band ratio
and band combination and spectral angle mapping (SAM)
techniques for mapping hydrothermal alteration minerals
associated with Infiernillo porphyry copper deposit by
ASTER data in the San Rafale Massif, Southern
Mendoza Province, Argentina. They detected illite,
kaolinite, sericite and jarosite through analysis of SWIR
bands and surface silica and potassic alteration zone by
TIR bands, respectively. Yujun et al. (2007) delineated
the hydrothermal alteration anomalies for predicting Cu-
Au mineral resources by ASTER data in Oyu Tolgoi,
Mongolia. The spectral angle mapping (SAM) and
principal component analysis (PCA) techniques are used
for alteration anomaly extraction. Gad and Kusky (2007)
resolved geological mapping problems by using new
ASTER band ratio image 4/7, 4/6 and 4/10 for lithological
mapping in the Arabian-Nubian shield, the Neopro-
terozoic Wadi Kid area, Sinai, Egypt. These ASTER band
ratios mapped the main rock units including gneiss and
migmatite, amphibolite, volcanogenic sediments with
banded iron formation, meta-pelites, talc schist, meta-
psammites, meta-acidic volcanics, meta-pyroclastics
volcaniclastics, albitites and granitic rocks. Khan et al.
(2007) used principal component analysis (PCA),
minimum noise fraction (MNF) on VNIR + SWIR ASTER
data for lithological mapping in Muslim Bagh ophiolite
complex, Pakistan. The PCA discriminated metamorphic
sole, sheeted dike complex, basalt and cherts, diabase
dikes and gabbro bodies. The MNF transformed data
detected sedimentary units, metamorphic sole, laterite,
depleted harzburgite and diabase dikes/sills.

Zhang et al. (2007) evaluated ASTER surface
reflectance (AST-07) data for gold-related lithological
mapping and alteration mineral detection in the South
Chocolate Mountains area, California, USA. PCA
transformation applied on mineralogic indices include the
OH bearing altered minerals index (OHI), kaolinite index

(KLI), alunite index (ALI) and calcite index (CLI) for
delineating alteration zones. The constrained energy
minimization (CEM) technique (a subpixel unmixing
algorithm) detected alunite, kaolinite, muscovite and
montmorillonite by using ASTER VNIR and SWIR surface
reflectance data and reference spectra from the ASTER
spectral library. Moghtaderi et al. (2007) used ASTER
data for distinguishing sodic-calcic, potassic and silicic-
phyllic alteration patterns associated with hydrothermal
iron oxide deposits in the Chadormalu paleocrater, Bafq
region, Central Iran. The alteration minerals identified by
implementing false color composite (FCC), decorrelation-
stretch, minimum noise fraction transform (MNF),
correlated filter and mathematical evaluation method
(MEM) techniques on ASTER data.

Massironi et al. (2008) processed the ASTER data for
geological mapping and granitoids detection in the
Saghro massif, Eastern Anti-Atlas, Morocco. False color
composites (FCC), band ratios, and principal component
analysis (PCA) employed on VNIR/SWIR and TIR data
for detecting major lithological contacts and mineralized
faults. The supervised maximum-likelihood classifications
(MLL) and spectral angle mapping (SAM) were carried out
on VNIR/SWIR data for discriminating granitoid rocks.
Rockwell and Hofstra (2008) used ASTER thermal
infrared emissivity data for the identification of quartz and
carbonate minerals in Northern Nevada, USA. Quartz
index (Ql) and carbonate index (Cl) were implemented on
ASTER Level 2 surface emissivity (Level-2B04) data for
geologic mapping and mineral resource investigations.
Mapping hydrothermal quartz and carbonate rocks at
regional and local scales have considerable economical
attention for ore deposit exploration, because these rocks
can be host rock for wide range of metallic ore deposit
types.

Tangestani et al. (2008) evaluated ASTER Level-1B
‘radiance-at-sensor’ and surface reflectance (AST-07)
data for alteration zone enhancement associated with
porphyry copper mineralization in Northern Shahr-e-
Babak, Iran. Directed principal component analysis
(DPCA) and spectral angle mapping (SAM) techniques
detected illite, chlorite and muscovite minerals. Sanjeevi
(2008) investigated the potential of linear spectral
unmixing (LSU) technique over ASTER VNIR/SWIR data
for targeting and quantification of mineral content in
limestone and bauxite rich areas in Southern India. The
results, not only target limestone and bauxite accurately,
but also estimate the quality of these deposits. Moore et
al. (2008) mapped mineralogical alteration associated
with gold deposits by using ASTER Level 1A data in the
Takab area, North-west Iran. They applied selective
principal component analysis, relative absorption band-
depth and matched filtering methods for argillic and silicic
alteration mapping.

Amer et al. (2010) suggested new ASTER band ratios
(2+4)/3, (5+7)/6 and (7+9)/8 for mapping ophiolitic rocks
(serpentinites, metagabbros and metabasalts) in the



Central Eastern Desert of Egypt. Principal component
analysis (PCA) was also applied for discrimination
between ophiolitic rocks and grey granite and pink
granite. The achieved results from field works verified the
accuracy and potential of these techniques for lithological
mapping in arid and semi-arid regions. Kratt et al. (2010)
analyzed ASTER VNIR and SWIR band combinations
using decorrelation stretch algorithm for identifying areas
of hydrothermally altered rock and tufa deposition in
Pyramid Lake, Nevada, USA. Aboelkhair et al. (2010)
used ASTER Level 1B ‘radiance-at-sensor‘and Level
2B04 ‘surface emissivity’ TIR bands for mapping albite
granite in the Central Eastern Desert of Egypt. Running
band ratio and band combination and quartz index (Ql)
allowed the discrimination of albite granite from other
rock types in the study area.

Gabr et al. (2010) detected areas of high potential gold
mineralization using ASTER surface reflectance (AST-07)
data in Abu-Marawat, North-eastern Desert of Egypt.
Spectral discrimination between high-potential and low-
potential areas of gold mineralization recognized by
implementing of PCA transformed mineral indices, a
band ratio derived from the image spectra (4/8, 4/2 and
8/9 in RGB), constrained energy minimization (CEM) and
spectral angle mapping (SAM) techniques. The results of
field investigations proved the accuracy of these image
processing techniques. Mars and Rowan (2010)
assessed two new ASTER SWIR surface reflectance
data products, namely RefL1b and AST-07XT for
spectroscopic mapping of rocks and minerals. Results
indicated that these new ASTER products are more
capable than previous ASTER products in discriminating
hydrothermal alteration minerals and mineral groups
without using additional spectral data from the site for
calibration.

Pour et al. (2011) discriminated hydrothermal alteration
zones associated with porphyry copper mineralization
using ASTER data in Urumieh-Dokhtar volcanic belt,
South-eastern Iran. They applied spectral mapping
techniques; including spectral angle mapper (SAM),
linear spectral unmixing (LSU), matched filtering (MF)
and mixture tuned matched filtering (MTMF) on
shortwave infrared radiation (SWIR) bands of ASTER.
Spectral mapping techniques discriminated the phyllic,
argillic and propylitic alteration zones, as well as
highlighting the phyllic zone as indicator of high-potential
area of Cu mineralization. Pour and Hashim (2011)
investigated the spectral transformation of ASTER bands
using principal component analysis (PCA), minimum
noise fraction (MNF) and band ratioing methods in two
major copper mining districts of South-eastern Iran. PC
images and associated statistics factors yielded by PCA
transformation were detected vegetation and iron oxide
minerals using the visible and near infrared radiation
(VNIR) bands, clay minerals in the shortwave infrared
radiation (SWIR) bands and silicate rocks in the thermal
infrared radiation (TIR) bands of the ASTER data,
respectively. The PCA results were verified by comparison
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with obtained results by minimum noise fraction and band
ratio methods and also prior knowledge about the study
area.

CONCLUSIONS

This paper reviews the application of ASTER remote
sensing data in mineral exploration aspects for mapping
and for identification of lithology and hydrothermal
alteration minerals related to porphyry copper and
epithermal gold mineralization. Unprecedented spectral
characteristics of ASTER multispectral data provide and
improve the remote sensing information for
reconnaissance stages of mineral exploration. The
applicability of diversity of image processing techniques
on ASTER data allows the extraction of substantial
information which is useful for geological applications.
The availability and diversity of ASTER standard data
products make them the best remote sensing data for
exploration geologists. It is well-known that the porphyry
copper deposit is characterized by: (1) the presence in
subduction tectonic setting; (2) permanent association
with volcanic-plutonic arcs and (3) occurrence in
association with hydrothermal alteration mineral zones.
These significant characteristics can be marker for
exploration of porphyry copper deposits; especially,
recognizing hydrothermally altered rocks by their
diagnostic spectral absorption signatures in shortwave
infrared region of electromagnetic spectrum through
ASTER remote sensing data is considered to be of prime
importance. Hydrothermal alteration zones associated
with porphyry copper deposit, such as phyllic, argillic,
potassic and propylitic can be discriminated from one
another by their spectral absorption features which are
recognizable by ASTER special bands. The
differentiation between phyllic, argillic and propylitic
zones, which can be presented in many geologic environ-
ments associated with porphyry copper mineralization,
can be critical in the initial steps of copper exploration.
With respect to surface hydrothermal alteration mineral
mapping for porphyry copper exploration, the identifi-
cation of phyllic zone as an indicator of high potential
prosperous mineralized lithologic unit is important.
Techniques and achievements reviewed in this paper can
further introduce the usefulness of ASTER data for future
exploration of porphyry copper deposits. Currently,
porphyry copper deposits with low grade copper and
broad in scope provide nearly three-quarters of world’s
Cu in world metal market. They are also significant host
for gold and molybdenum which are extracted as
precious by-product.
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