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Abstract. This paper deals with the use of satellite Quick-
Bird images to find traces of past human activity in the an-
cient territory of Hierapolis (Turkey). This is one of the most
important archaeological sites in Turkey, and in 1988 it was
inscribed in the UNESCO World Heritage list. Although
over the years the archaeological site of Hierapolis has been
excavated, restored and well documented, up to now the ter-
ritory around the ancient urban area is still largely unknown.
The current research project, still in progress, aims to search
the area neighbouring Hierapolis believed to have been un-
der the control of the city for a long time and, therefore, ex-
pected to be very rich in archaeological evidence. In order
to investigate a large area around the ancient Hierapolis and
discover potential archaeological remains, QuickBird images
were adopted.

Results from satellite-based analysis allowed us to find
several unknown rural settlements dating back to early Im-
perial Roman and the Byzantine age. Two significant test
sites were focused on in this paper in order to characterize
the different spectral responses observed for different types
of archaeological features (shadow and soil marks). Principal
Component Analysis and spectral indices were computed to
enhance archaeological marks and make identification easier.
The capability of the QuickBird data set (panchromatic, mul-
tispectral channel, PCA and spectral indices) in searching for
archaeological marks was assessed in a quantitative way by
using a specific indicator.
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1 Introduction

Over the years, investigation of archaeological heritage and
ancient landscapes have been widely addressed by using re-
mote sensing technologies, available from ground, air and
space. Aerial photos and geophysical prospection have been
the most common remote sensing data source used by ar-
chaeologists for detecting and mapping new sites. More
recently, satellite remote sensing data from active and pas-
sive sensors have been adopted in archaeological context for
searching for larger areas. Different imaging instruments
have been applied to a wide range of archaeological inves-
tigations, such as, (i) Landsat Multispectral Scanner (MSS)
and Temathic Mapper (TM) (Behnaz and Samani, 2006), (ii)
SPOT (Clark et al., 1998), (iii) ASTER (Altaweel, 2005),
(iv) CORONA (Goossens et al., 2006; Beck et al., 2007).
Nevertheless, until the availability of the Very High Reso-
lution (VHR) data, the application of multispectral satellite
imagery for archaeological investigations was limited due
to the low spatial resolution of early satellite sensors, such
as Landsat MSS (90 m), TM (30 m), or Spot (10 m). The
low spatial resolution did not provide sufficient precision to
search for archaeological sites and obtain a detailed spatial
characterization of subsurface or exposed ancient remains.
For this reason, satellite imagery was generally applied to
paleo-geographic environment studies, human ecology and
landscape archaeology (Parry, 1992; Drake, 1997; Sheets
and Sever, 1998; White and Asmar, 1999).

The current VHR satellite images with spatial resolutions
comparable with those obtained from aerial photos is a cost
effective technology for the identification of potential archae-
ological features, as well as for the documentation and the
management of archaeological sites (Lasaponara and Masini,
2007; De Laet et al., 2006).
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Fig. 1. Location of the study areas.

In this study, QuickBird data were used to support the ar-
chaeological research performed in the territory of Hierapo-
lis of Phrygia (South west Turkey) which, up to now, has
not been extensively or systematically investigated. Among
the large amount of archaeological evidence revealed by the
satellite data, two significant test sites were focused on in this
paper. For both of them, a data fusion algorithm was applied
to merge the spatial and spectral capability of QuickBird pan-
cromathic and multispectral channels. Moreover, Principal
Component Analysis (PCA) and spectral indices were also
computed to further enhance archaeological marks and facil-
itate their identification.

2 Study area

The investigations were performed in two significant test ar-
eas located in the ancient territory of Hierapolis of Phrygia
situated near Pamukkale and Denizli which are about 200 km
East of Izmir (Fig. 1a). The ancient urban area stretches over
a travertine shelf looking onto the broad and fertile valley of
the Ç̈urüksu, the ancient river Lykos, one of the tributaries
of the Meander. The shelf rises steadily towards the East.
On the western side there is a sharp drop towards the plain
below. The steep slope is covered by white calcareous for-
mations, produced by the springs whose waters emerge from
the central area of the city.

Archaeological investigation identified four subsequent
periods of the historical development of the city: (i) from its
foundation in the 3rd century BC until the devastating earth-
quake in 60 AD, (ii) the Flavian period until the earthquake
in the middle of the 4th century AD, (iii) the early Byzantine

period, and (iv) the last period after a destructive earthquake
in the middle of the 7th century AD, when Hierapolis went
into decline.

Beginning in 1957 Hierapolis has been brought back to its
ancient splendour (D’Andria, 2003) by the Italian Archaeo-
logical Mission (D’Andria and Caggia, 2007), which, over
the years, has excavated and restored the ancient city and the
surrounding large necropolises.

Since 2003 archaeological surveys based on the use of
QuickBird panchromatic imagery have been in progress in
the urban area (Scardozzi, 2007; D’Andria et al., 2008) and
in the subsequent years (2005) has also extended to cover the
neighbourhood of the ancient city (Scardozzi, 2007b).

In this paper we focused on (Fig. 1) the hilly relief on the
North of Hierapolis and East of the village of Karahayit. This
area has been characterized by an intense human activity as
attested to by epigraphic sources (D’Andria, 2003).

3 Quickbird satellite based analysis: data, rationale
and tools

3.1 Data set

The QuickBird data used for this study (Cata-
log ID:10100100041F7700) were acquired on the
25th March 2005 at 9 a.m. The QuickBird dataset, made
up of one panchromatic at 0.6-m resolution and four multi-
spectral images (from blue to near infrared bands) at 2.4-m
resolution, were taken with an off nadir View Angle of 4.9
degrees, this assures a limited geometric distortion.

3.2 Rationale basis and data processing

Archaeological features can be described as geophysical and
chemical spatial anomalies that tend to form geometric pat-
terns according to the spatial morphology (structure and lay-
out) of the exposed or buried archaeological remains. On the
basis of their typical characteristics, archaeological marks
are generally classified as (i) shadow-marks, (ii) soil marks,
and (iii) crop marks.

1. Soil-marks can appear on bare soil as changes in colour,
texture, grain size and/or moisture content.

2. Crop marks can be evident for vegetated areas, covered
by crops or weeds. They can appear as differences in
height or colour in crops/weeds which are under stress
due to lack of water or deficiencies in other nutrients.
They can be formed both as negative marks above wall
foundations and as positive marks above pits and ditches
(Wilson, 1982).

3. Shadow marks can be seen as variations in micro-
topographic relief. Such slight differences in ground
levels tend to cast shadows when the sun is low. Such
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marks can be seen best if the satellite scene is acquired
early (as in the case of Hierapolis) or late in the day.

The different marks linked to the presence of buried or ex-
posed archaeological remains could be detected using satel-
lite images by exploiting specific spectral channels or their
numerical combinations (spectral indices).

According to soil spectral signatures, the Quickbird red
channel has been found to be capable of revealing soil marks
(Lasaponara and Masini, 2005). Whereas, according to the
vegetation spectral behaviour, the Quickbird near-infrared
(NIR) channel has been found to be capable of enhancing
crop-marks (Lasaponara and Masini, 2007), as already veri-
fied for other satellite data (Fowler 2002).

Finally, the capability of Quickbird data to capture the
presence of shadow marks is strongly dependent on the ac-
quisition time of the satellite scenes. Early morning or late
afternoon satellite pictures may capture the slight shadows
originating from micro-topographic relief when the sun is
low. The presence of micro-topographic relief, could be
much more evident in the Quickbird panchromatic or red im-
ages (Lasaponara and Masini, 2005).

A significant improvement in enhancing buried and/or ex-
posed ancient remains could be achieved by using differ-
ent data processing techniques, such as Principal Component
Analysis (PCA), spectral indices, and data fusion. Figure 2
shows the flow-chart we propose to enhance the archaeolog-
ical features.

The PCA is a linear transformation which decorrelates
multivariate data by translating and/ or rotating the axes of
the original feature space, so that the data can be represented
without correlation in a new component space (Richards,
1989). In order to do this, the process firstly computes the
covariance matrix (S) among all input spectral channels, then
eigenvalues and eigenvectors ofS are calculated in order to
obtain the new feature components.

covk1, k2=
1

nm

n∑
i=1

m∑
j=1

(
SBi,j,k1−µk2

) (
SBi,j,k2−µk2

)
(1)

wherek1 andk2 are two input spectral channels, SBi,j is the
spectral value of the given channel in rowi and columnj , n

is the number of rows,m is the number of columns,µ is them
ean of all pixel SB values in the subscripted input channels.

The percent of total dataset variance explained by each
component is obtained by Eq. (2).

%i = 100∗
λi

k∑
i=1

λi

(2)

whereλi are the eigenvalues ofS.

Fig. 2. Flowchart of the methodology.

Finally, a series of new image layers (called eigenchan-
nels or components) are computed (Eq. 3) by multiplying,
for each pixel, the eigenvector ofS for the original value of a
given pixel in the input bands.

Pi =

∑
i=1

Pkuk,i (3)

where:

Pi indicates a new image layer in componenti,

k is the number of input band,

Pk is the spectral value for bandk

uk,i is the eigenvector element for componenti in input
bandk,

A loading, or correlationR, of each componenti with each
input channelk can be calculated by using Eq. (4).

Rk,i = uk,i (λi)
1
2 (vark)

1
2 (4)

where vark is the variance of input channelk (obtained by
reading thekth diagonal of the covariance matrix).

The major portion of the variance in a multi-spectral data
set is associated with the first component, whereas later com-
ponents contain less of the total dataset variance. They may
represent information variance for a small area or what is
essentially noise and, in this case, it must be disregarded.
Some problems can arise from the fact that eigenvectors can-
not have a general and universal meaning since they are ex-
tracted from the series itself.

In order to enhance the presence of archaeological fea-
tures, we also considered spectral indices obtained by com-
bining different spectral bands. The spectral indices are
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Table 1. Site 1: Separability Spectral Indicators computed for the panchromatic, the image fused channel and the spectral indices products.
The highest values of SSI are observed for red channel NDVI and PCA2.

Hierapolis site 1 mask pattern 1 (bitmap size=4 pix) mask pattern 2 (bitmap size=2 pix)

Channel/product ∗ µ σ 1µ SSI=1µ(σ1+σ2) µ σ 1µ SSI=1µ(σ1+σ2)

1-BLUE F 57.3 3.09 –1.8 0.294 55.1 2.61 –4.1 0.743
S 59.1 3.03 59.2 2.91

2-GREEN F 55.6 4.23 –2.5 0.298 53.2 2.89 –5.6 0.837
S 58.1 4.15 58.8 3.8

3-RE F 45.9 5.66 –3.5 0.315 41.9 3.71 –8 0.942
S 49.4 5.46 49.9 4.78

4-NIR F 94.4 4.44 1.2 0.145 94.8 3.11 1.3 0.213
S 93.2 3.82 93.5 3

5-PAN F 61.6 3.39 –1.4 0.197 59.4 2.48 –3.5 0.615
S 63 3.73 62.9 3.21

6-NDVI F 171.9 8.01 5 0.321 177 5.74 10.5 0.885
S 166.9 7.56 166.5 6.13

7-ALBEDO F 116.5 5.26 –1.9 0.189 113.5 3.2 –5.6 0.712
S 118.4 4.79 119.1 4.66

8-SR F 40.6 5.93 3.5 0.316 44.4 5.03 7.7 0.831
S 37.1 5.15 36.7 4.24

9-Green NDVI F 160.6 5.91 3.4 0.300 163.5 4.33 6.7 0.769
S 157.2 5.41 156.8 4.38

10-PCA1 F 136 4.82 2 0.211 138.8 3.08 5.5 0.723
S 134 4.66 133.3 4.53

11-PCA2 F 114.6 10.99 –6.8 0.319 108.2 7.96 –13.7 0.839
S 121.4 10.3 121.9 8.36

12-PCA3 F 130.5 9.44 3.7 0.214 134.9 6.56 9.1 0.716
S 126.8 7.87 125.8 6.15

13-PCA4 F 133.7 10.17 –0.7 0.035 139.7 10.28 1.8 0.096
S 134.4 9.57 137.9 8.55

∗ F: features; S: surrounding

quantitative measures of surface properties; they attempt to
quantify brightness, moisture, biomass cover, or vegetative
vigour. Usually, the numerator is a spectral band charac-
terized by a high reflective energy for the given material,
whereas the denominator is a band covering an absorption
feature. In particular, vegetation indices are mainly derived
as a ratio between near-infrared and red reflectance.

Equation 5 is the simple ratio SR calculated using NIR and
RED bands. SR values for bare soils generally are near 1; as
the amount of green vegetation increases in a pixel the SR
increases. Generally, very high SR values are around 30.

SR= ρNIR/ρRED (5)

One of the most widely used indices is the Normalized
Difference Vegetation index (NDVI) obtained by using the
following equation:

NDVI = (ρNIR − ρRED)/(ρNIR + ρRED) (6)

The NDVI operates by contrasting intense chlorophyll pig-
ment absorption in the red against the high reflectance of

leaf mesophyll in the near infrared. The normalization of
the NDVI reduces the effects of variations caused by atmo-
spheric contamination.

The NDVI is indicative of plant photosynthetic activity
and has been found to be related to the green leaf area in-
dex and to the fraction of photosynthetically active radia-
tion absorbed by vegetation. High values of the vegetation
index identify pixels covered by substantial proportions of
healthy vegetation, whilst disease or stressed vegetation ex-
hibits lower NDVI values.

The NDVI has been successfully used in archaeological
applications to enhance crop marks for both homogeneous
vegetation covers (Lasaponara and Masini, 2006) and sparse
herbaceous plants (Masini and Lasaponara, 2006).

The calculation of the NDVI value could be sensitive to a
number of perturbing factors including atmospheric, cloud,
soil, and anisotropic effects. A number of derivatives or al-
ternatives to NDVI have been proposed in the scientific liter-
ature to address these limitations. In this paper, we consider
the “Green”NDVI, obtained from Eq. 7. The “Green”NDVI.
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Table 2. Site 2: Separability Spectral Indicators computed for the panchromatic, the image fused channel and the spectral indices products.
The highest values of SSI are observed for panchromatic, PCA1 and Albedo.

Hierapolis site 2 mask pattern 1 (bitmap size=4 pix) mask pattern 2 (bitmap size=2 pix)

Channel/product ∗ µ σ 1µ SSI=1µ(σ1+σ2) µ σ 1µ SSI=1µ(σ1+σ2)

1-BLUE F 53.9 1.73 0.5 0.154 54 2.15 0.2 0.049
S 53.4 1.51 53.8 1.9

2-GREEN F 50.6 1.95 1.2 0.334 50.8 2.13 0.7 0.174
S 49.4 1.64 50.1 1.9

3-RE F 39.7 2.22 0.8 0.186 39.4 2.83 0.4 0.072
S 38.9 2.08 39 2.75

4-NIR F 85.6 6.3 3.7 0.310 87 5.41 2.5 0.220
S 81.9 5.63 84.5 5.96

5-PAN F 56.5 2.85 2.7 0.480 56.9 2.24 2.2 0.422
S 53.8 2.77 54.7 2.97

6-NDVI F 174.2 5.63 1.2 0.109 175.6 5.95 1 0.081
S 173 5.34 174.6 6.33

7-ALBEDO F 104.1 5 3.9 0.408 104.9 4.24 2.4 0.271
S 100.2 4.56 102.5 4.63

8-SR F 42.1 4.76 1 0.110 43.2 5.11 0.8 0.076
S 41.1 4.35 42.4 5.36

9-Green NDVI F 160.3 4.8 1.2 0.132 161 4.96 1 0.100
S 159.1 4.32 160 5.01

10-PCA1 F 147.1 4.2 –3.4 0.421 146.1 3.46 –2.2 0.306
S 150.5 3.88 148.3 3.72

11-PCA2 F 113.8 8.33 –2.3 0.147 112.3 8.65 –1.7 0.097
S 116.1 7.27 114 8.86

12-PCA3 F 143.4 8.67 –3.5 0.218 144.5 7.69 –2.6 0.160
S 146.9 7.42 147.1 8.59

13-PCA4 F 134 9.93 3.7 0.203 136.8 11 3.4 0.185
S 130.3 8.28 133.4 7.41

∗ F: features; S: surrounding

exhibits a wider range than the original NDVI and is, on av-
erage, at least five times more sensitive to chlorophyll con-
centration.

“Green”NDVI=(ρNIR−ρGREEN)/(ρNIR+ρGREEN) (7)

whereρNIR andρGREEN are the reflectance in NIR and
green channel respectively.

Results of several studies (see for example, Gitelson and
Merzlyak, 1996) pointed out that the maximum sensitivity
of reflectance coincides with the maximum absorption of
chlorophyll for a wide range of leaf greenness (from com-
pletely yellow to dark green leaves).

Finally, we also consider albedo, computed from Eq. 8.
The albedo is an indicator of the surface darkness. The em-
pirical approximation of the surface albedo was provided by
Saunders (1990):

ALBEDO = (ρNIR + ρRED)/2 (8)

whereρNIR andρRED are the reflectance in NIR and red
channel, respectively.

Albedo is referred to the measure of a given land surface
to reflect solar radiation back towards space. Albedo is the
ratio of the amount of solar radiation reflected from a surface
to the total amount reaching that surface. Surface materials
that appear to be light-coloured in the visible spectrum have
generally high solar reflectance. Whereas dark-coloured ma-
terials have low solar reflectance. Snow, for instance, has a
high albedo because it reflects higher than 85% of incom-
ing sunlight. While vegetation and dark soil reflect less than
20%. The solar radiation reaching an object on earth includes
visible and ultraviolet light and infrared radiation. For appli-
cation in archaeological context, it is expected that variation
in the colour and composition of the surface material could
be better appreciated using albedo than single spectral chan-
nel.

In this study, in order to evaluate the capability of the avail-
able data set, the investigations were performed considering
both single spectral channels and their numerical combina-
tions. All of them were first investigated individually and
then combined by using a data fusion algorithm to integrate
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Fig. 3. Site 1: image processing, ground truth and archaeological reconnaissance which allowed to discover a farm dating back between
the early Imperial Roman and the proto-Byzantine age. In particular:(a) panchromatic image;(b) red channel image (2.40 m);(c) red data
fusion product;(d) PCA2 product;(e) photo of the site which put in evidence micro-relief traces (shadow-marks) and soil marks produced
by incoherent surfacing materials (tiles and pottery);(f) RGB composition (R=pan;G=red;B=PCA2) and survey of marks of archaeological
interest.
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Fig. 4. (a)panchromatic image of site 1,(b–c) with two mask patterns, 1 and 2 (see Table 1), respectively with size of 4 and 2. For each
channel and enhancement product SSI between features (bright tone mask) and their surrounding (dark tone mask) has been computed.

Fig. 5. (a)panchromatic image of site 2,(b–c) with two mask patterns, 1 and 2 (see Table 2), respectively with size of 4 and 2, for which
SSI has been assessed. For each channel and enhancement product SSI between features (bright tone mask) and their surrounding (dark tone
mask) has been computed.

the geometric detail of the panchromatic with the spectral in-
formation of the multispectral images.

Panchromatic, image fused channels, and the spectral in-
dices including the PCA components were numerically eval-
uated by using a specific indicator, called Spectral Separabil-
ity Index (SSI) (Masini and Lasaponara, 2006). The SSI is
computed considering the contrast between the archaeologi-
cal features and their surroundings. It is computed by Eq. 9:

SSI= 1µ(σ1 + σ2 (9)

where1µ, σ1, σ2 are respectively the average spectral dif-
ferences and standard deviation observed for two masks, one
referred to archaeological features and the second related to
their surrounding.

4 Results

The analysis of satellite Quickbird data has allowed us to de-
tect signs of intensive occupation of the territory. A number
of potential archaeological evidence has been identified, an-
alyzed and verified by the field survey. This has contributed
to a detailed reconstruction of the historical development of
the territory from prehistoric times to the modern period. In
this paper, we focus on the Imperial Roman to the Byzan-
tine age. Relating to this period, several rural settlements

(farms) were found in a large area around Hierapolis. Dur-
ing the Roman and Byzantine periods the whole area and its
settlements were under the administration of the city. Some
of these farms were constructed with small blocks extracted
from nearby travertine quarries. On the ground the visible re-
mains of these ancient farms were sometimes negligible, but
the processing of the satellite images highlighted the traces
of buried walls. External perimeter and internal structures of
the ancient buried edifices were successfully identified and
spatially characterized by Quickbird images. In this paper
we focus on two test sites (herein indicated as 1 and 2) which
are detailed in Sects. 4.1 and 4.2.

4.1 Site 1: remote sensing data and in situ archaeological
survey

Test site 1 is located at around 2 km North of Hierapolis (see
Fig. 1) in a bare area sparsely covered by spontaneous plants
of medium height. Due to the absence of significant vegeta-
tion cover, only the panchromatic and red channel allowed us
to discriminate spatial anomalies of potential archaeological
interest; thus confirming the results obtained in similar sites
in Southern Italy (Masini and Lasaponara, 2006). Figure 3a–
b show QuickBird panchromatic and red channel at spatial
resolution of 0.6 m and 2.4 m respectively. The red data fu-
sion product (0.6 m) better enhances archaeological marks
related to a potential buried building with a rectangular shape
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Fig. 6. Site 2: image processing, ground truth and archaeological reconnaissance which allowed to discover a farm dating back between
the early Imperial Roman and the proto-Byzantine age. In particular:(a) panchromatic image;(b) PCA1 product;(c) photo of the site;(f)
panchromatic image with marks of archaeological interest which allowed to reconstruct the plan of the ancient farm.

of about 25×20 m. (see Fig. 3c). A significant enhancement
of these marks was obtained by using the PCA (see Fig. 3d)
and the spectral indices (Eqs. 5 to 8). Figure 3f shows an
RGB composition (R=pan; G=red; B=PCA2) and archae-
ological marks that were confirmed by in situ analysis (see
Fig. 3e).

The capability of the considered data set (panchromatic,
multispectral channel, PCA and spectral indices) was as-
sessed in a quantitative way by using the SSI computed us-
ing Eq. 9 (in Sect. 3.2). Higher SSI values indicate higher
spectral separability of the archaeological features compared
to their background. The evaluation was performed for two
different masks: (i) one having a width size of two pixels
(Fig. 4b) and (ii) the second having a width size of four pix-
els (Fig. 4c). Table 1 shows the SSI values (the most signif-
icant results are in bold). The SSI values obtained from the
two masks are in accordance with each other. In particular,
the higher values of SSI are obtained from red, NDVI and the
second PCA component.

The field survey confirmed the archaeological interest of
the detected features and allowed us to characterize them.

In particular on the eastern side, the field survey put in ev-
idence that the identified archaeological marks were micro-
relief traces (shadow-marks) that appeared to be in connec-
tion with some stone elements partly exposed on the surface
(such as a jamb of a door).

Whereas, the western side was characterized by soil-marks
produced by incoherent surfacing materials (tiles and pot-
tery). Between the western and eastern sides a slight depres-
sion was observed on the ground. It was probably referable
to a court or a large store for agricultural products (with big
dolia).

In the middle of the southern side of the edifice, a thresh-
old of a door (1.65 m. large) was found. The photo in
Fig. 3e shows micro-relief traces (shadow-marks) and soil
marks produced by incoherent surfacing materials (tiles and
pottery).

In conclusion, the integration of the QuickBird data pro-
cessing with ground truth allowed us to reconstruct the plan
of buried structures referable to a farm, dating back to a pe-
riod between Imperial Roman and the early Byzantine age.
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4.2 Site 2: remote sensing data and in situ archaeological
survey

Another buried building, here indicated as site 2, was also
discovered by means of the integration of satellite and field
survey. The area of archaeological interest is situated on a
slight relief about 450 m. North to the necropolis of Hierapo-
lis (Fig. 1). The site exhibits surface characteristics similar
to those observed for site 1.

The processing of Quickbird images was performed, as in
the case of site 1, according to the flow chart shown in Fig. 2.
Panchromatic, single channels, data fusion products, PCA
components and spectral indices were analysed. The capa-
bility of the considered data set was assessed in a quantita-
tive way by using the SSI computed for two different masks
(1 and 2) having different width sizes (four and two pixels
respectively) as previously performed for site 1 (see Fig. 5a–
c). Table 2 shows the SSI values for both the two consid-
ered masks. The SSI computed for the panchromatic is much
higher than the SSI values computed for all the other imagery
(see Table 2 and Fig. 6a). Significant results were only ob-
tained from the first PCA component (Fig. 6b). This is in
perfect accordance with the fact that the first PCA compo-
nent provides a map very close to the brightness and similar
to the panchromatic scene.

The panchromatic was used to discriminate potential ar-
chaeological features. The detected features were related to
(i) the perimeter of a buried building, having a rectangular
shape (38 m long and 22 m wide in the South-East/North-
West direction); (ii) an internal division inside the same
building and (iii) other potential features located on the
Southeast side probably referable to buried structures.

The ground truth confirmed the archaeological interest of
the identified features (Fig. 6c–d). In particular, the fea-
tures related to the perimeter of the building were the typical
micro-relief anomalies (shadow marks). Whereas, the inter-
nal division was given by remains of a wall visible on the
surface by a few centimetres.

Finally, the finding of fragments of travertine blocks, tiles,
coarse ware anddolia permitted us to attribute the building
to a farm and to date it to a period between Imperial Roman
and the early Byzantine age.

5 Conclusions

In this paper satellite QuickBird images were used to sup-
port archaeological investigations in the ancient territory of
Hierapolis of Phrygia in the South East of Turkey. Pan sharp-
ening, spectral indices and PCA were adopted to enhance the
archaeological features. Two rural farms dating back to the
Hellenistic to the Byzantine age were found around Hierapo-
lis. The ground truth confirmed the archaeological interest of
the detected features.

The capability of the considered data set (panchromatic,
multispectral channel, PCA and spectral indices) in detecting
archaeological features was assessed in a quantitative way by
using a specific indicator.

Results from the numerical evaluation showed that: (i)
Soil marks were better discriminated by the red data fusion
product, the second PCA component and NDVI; (ii) panchro-
matic image was able to better enhance shadow marks.
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