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Abstract: In recent years, a large number of studies have been carried out on determining geological
characteristics using remote sensing studies and their usefulness. The integrating satellite images and
terrestrial spectral data are used distinguishing lithologies in geological units. The use of remote sensing
images helps to save time and to reduce the cost of mapping works. In this study, the usability of ASTER
SWIR images in distinguishing rock types and in determination of contacts between lithological units in
Kosedag area between Zara and Susehri towns of Sivas Province. Syenitic, andesitic, basaltic and ophiolitics
rocks are cropt out in this area. Spectral signatures of the representative samples from these rock types were
measured via ASD spectroradiometer. The signatures were resampled to ASTER SWIR bandwidth as end
member. Matched filtering method was performed on the images for spectral classification. The results
showed that distinguishing of the mentioned rock types is possible and the boundaries between rock types on
the spectral images are mostly coincided with the boundaries on the 1:100.000 scale geological map of the
study area.
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Litolojik Haritalamada Spektral Simiflandirma: Eslesen Filtreleme Ornek

Calismasi

Ozet: Son yillarda, jeolojik dzelliklerin uzaktan algilama ile belirlenmesi ve yararliligi konusunda ¢ok sayida
calisma gerceklestirilmistir. Jeolojik birimler i¢indeki kaya tiirlerini ayirtlamak i¢in uydu goriintiileri ve yersel
spectral 6lgme verileri kullanilmaktadir. Uzaktan algilama goriintiilerinin kullanilmasi harita ¢aligmalarinin
maliyetini diiglirmekte ve zaman tasarrufu saglamaktadir. Bu ¢alismada, Sivas ili Zara ve Susehri ilgeleri
arasinda yer alan Kosedag yoresinde kayag tiirlerini ayirtlamak ve litolojik birimler arasindaki dokunaklari
belirlemek i¢in ASTER SWIR goriintiilerinin kullanilabilirligi arastirilmaktadir. Bu sahada, ofiyolitik,
andezitik, bazaltik ve siyenitik kayaglar yiizeylemektedir. Bu kayac tiirlerinden alinmig temsili 6rneklerin
spektral Ozellikleri/belirtegleri ASD spectroradyometre ile Olgiilerek belirlenmistir. Belirlenmis ozellikler,
referans spektra ASTER SWIR bant dalga boyu araliklarina yeniden 6rneklenmistir. Spektral siiflandirma
icin eslesen filtreleme (Matched filtering) yontemi uygulanmistir. Sonuglar, belirtilen kayak tiplerinin
ayitlanmasimnin miimkiin oldugunu ve aralarindaki sinirlarin inceleme alaninin 1/100.000 6lcekli jeolojik
haritasi lizerinde ¢izilmis dokunaklar ile ¢akigtigini gostermistir.

Anahtar Kelimeler: Uzaktan algilama, Zara-Susehri (Sivas), Jeoloji, ASTER, Eslesen Filtreleme.
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1. INTRODUCTION

Geological mapping is a process which is very
difficult and requires a long time, high cost study
on the field. Detection and classification of
lithological units spread over large areas due to
the development of remote sensing technology is
important for geological mapping and detecting of
hydrothermal alteration areas [1-3].

In satellite images of low spatial resolution, many
objects couldn’t be detected due to the
components of the scene are smaller than pixels
[4]. Extraction fractions related to pure features or
endmembers [5], many spectral unmixing [6]
techniques are used. Estimating and mapping the
total area covered by leafy spurge and found,
Williams and Hunt [7] used the mixture-tuned
matched filtering (MTMF) methodthe spectral
unmixing technique these to be very useful. Using
spectral information in spectral unmixing
techniques, spatial alteration in absolutely pristine
areas could be mapped [8].

This study was aimed to test the usability of
Matched Filtering (MF) which is one of the
spectral classification method to identify the
lithological characteristics of geological units and
determining the contact between them by using
the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) image ASTER is
one of remote sensors which is suitable in order to
geological mapping [3, 9-15]. ASTER is a

multispectral imaging sensor that measures
electromagnetic radiation emitted and reflected
from Earth’s surface and atmosphere in 14
spectral bands which include: three visible and
near infrared radiation (VNIR); six shortwave
infrared radiation (SWIR) bands; and five
recording thermal infrared radiation (TIR).

The study area is located between Zara-Susehri
Towns (Sivas Province), northeast of Central
Anatolia (Fig.1a). The study area is quite rich in
terms of geological unit diversity such as
magmatic, volcanic, sedimentary and ophiolitic
rocks namely; Late Cretaceous-Paleocene
Refahiye Ophiolithic melange, Eocene Kdsedag
Syenite, Eocene Karatas Volcanics and Miocene —
Pliocene terrestrial sedimentary rocks (Fig. 1b).
Late Cretaceous-Paleocene Refahiye Ophiolithic
Melange consists mainly of serpentinized
peridotitic rocks [16, 17]. The Eocene Kosedag
Pluton has syenitic and quartz syenitic
composition [18, 19]. The Eocene Karatag
Volcanics include lavas, tuffs and agglomerates of
basaltic, basaltic andesitic, trachytic, trachy-
andesitic, andesitic compositions [20]. The
presence of granitic, volcanic and ophiolitic rocks
and hydrothermal alteration products make the
area as remarkable in terms of ore prospecting
target area.
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Figure 1. a) Map of Turkey. b) Geological map of the close to the study area (modified after MTA geological maps and

[20]).

MATERIALS AND METHODOLOGY

It was collected representative samples of
geological units consist of syenite, andesite,
basalt and ophiolitic rocks. Petrographic
investigations were carried out this rock units
by polarizing microscopes in Cumhuriyet
University Geological Engineering
Laboratories. Spectral measurements were
carried out in Cumhuriyet University,
Geomatics Engineering Laboratories for each
representative rock samples via
spectroradiometer  with  self illuminated
contact probe lens. The spectoradiometer
measurements within the wavelenght range of
of 350-2500 nm were resampled to spectral
region ASTER SWIR bands to be used as
endmember (Fig 2). It is necessary to correct
the sensor properties for the known crosstalk
error, and this is also the initial processing of
the Aster image [21]. Operations such as
crosstalk adjustment, radiance calibration and
reflectance transformation are included in the
applications of imaging spectrometry analysis
to improve utility of atmospheric correction.
[22-24]. For this reason, atmospheric and
radiometric correction was applied on the

image to reduce the systematic errors on the
image to a minimum level and to reduce the
effects of negative scattering and absorption
of the atmosphere [6]. The atmospheric
correction of the remote sensing image was
performed with the values calculated by
Moderate Resolution Transmittance
(MODTRAN) algorithm. [25] (Fig.3) Many
types of spectral mixture analyses are used for
the spectral discrimination of materials in any
pixel [7, 26, 27]. In this study, Matched
Filtering (MF) was wused for spectral
unmixing. Matched Filtering is used for
deriving the proportions of the spectral
endmember for each pixel. MF is one of the
spectral classification method was used in
order to determine the boundaries and
characteristics of geological units. MF is also
a spectral classification method that
suppresses the response of the composite by
maximing the response of the reference
endmembers [28]. MF result was carried out
the syenitic, andesitic, basaltic and ophiolitic
rocks endmember. In figure 4, the colors of
units demonstrate on the legend.
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Figure 2. a,d,g,j) Samples of syenite, andesite, basalt and serpentized peridotite. b,e,h,k) thin sections of the rock samples.
c,f,i,l) Spectral signatures that were resampled to ASTER SWIR bands width.
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Figure 3. ASTER SWIR image (R:4, G:5:,B:6) that was Figure 4. Results of matched filtering (MF).
corrected radiometrically and atmospherically.
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3. DISCUSSIONS OF RESULTS AND
CONCLUSIONS

In this study, it was investigated to determine the
geology and contact zones of rocks between Zara-
Susehri (Sivas) by using ASTER SWIR image.
The descriptions of the basalt, andesite, syenite
and serpentine representative samples were
collected from the study area, were carried out on
the polarizing microscope in the laboratories.

The various rock types were demonstrated in
different colors on the matched filtering map.
According to the matched filtering results, the
detected areas of ophilite, basalt, andesite and
syenite are coincided with the areas on the
1:100.000 scaled geology map although they do
not completely cover the rock groups. We can list
the reasons of these results, classical geology
maps are not enough to validate the data in the
remote sensing classification of maps, since they
show the lithology of the area by formless
geometry, the changes caused by the atmospheric
and hydrothermal conditions on the rock surfaces,
presence of the rock groups including very variety
components and the fact that these components
are intricately intertwined. The results point out
that spectral unmixing methods such as MF could
be reduced time and cost of mapping works.

The most important disadvantage of this method
is the problem of spectral mixing. The most
incorrect assumption made with MF is the last
members selected to classify the image represent
the pure spectra of a reference material. The use
of hyperspectral images with higher spatial
resolution overcomes this problem.
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