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Abstract
The paper presents the most important results of the Romanian-Hungarian aerial archaeological project, i.e.
the intensive topographic research of the Middle Mureş Valley. Situated between the mountains, in the widen-
ing valley section various aged/high terraces were formed, providing proper conditions for human habitats.
Beside the already documented stone buildings from the Roman period, observed due to the negative crop
marks – especially in 2013 – positive crop marks of settlements datable before and after the Roman period
were observed in large variety. The simultaneous examination of the geomorphological conditions underlined
significant differences between the prehistoric and Roman strategies of settlement establishment.

Introduction

The results of the research,1 which started in 2009 based on a constant collaboration of three
institutions – the Institute of Archaeological Sciences of the Eötvös Loránd University (Buda-
pest), Mureş County Museum (Târgu Mureş) and Museum of Unification from Alba Iulia
were published on several occasions.2 One of the main objectives of the program was the
adaptation of the methods successfully applied earlier in Hungary, namely the transposition
of the surveying technique elaborated for the monocultural agriculture of the mountainous,
morphologically very diverse Transylvanian landscape, with varied cultivation endowments.

The employment of aerial surveys in the archaeological research of the region is not without
antecedents: earlier, a British-Romanian project focused on the Mureş Valley,3 while the east-
ern  limes of Dacia was mapped by another Hungarian-Romanian collaboration.4 Significant
new results were also obtained in the research of the south-eastern Transylvanian territories.5

1 1 This work was supported by a grant of the Romanian Ministry of Education, CNCS–UEFISCDI, project number PN-II-
RU-PD-2012-3-0316 and the research projects of the Hungarian Scientific Research Fund (OTKA 688824/778325, 1118058).

1 2 Czajlik et al. 2011; Berecki et al. 2012; Berecki et al. 2013.
1 3 Oltean – Hanson 2001; Hanson – Oltean 2003; Oltean 2007.
1 4 Pánczél et al. 2011.
1 5 Sófalvi 2013a; Sófalvi 2013b.
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Based on the earlier topographic data available for the Transylvanian Basin6 several known
archaeological sites (mostly fortifications, barrows, Roman sites and medieval monuments)
were documented during the flights. During navigation the list of coordinates and the GE
overlays were simultaneously used for the recognition of sites.

Technical background

The airplane used for the aerial photography in our project is a CTSW type ultra light plane
supplied by the Aero Consulting Co. from Deva every year, the pilot is Simion Câmpean. A
Nikon D300 camera with a Nikkor ED 24/70 objective and a Canon EOS 7d camera with EF
24–105mm f/4L IS USM objective were used. The coordinates were recorded with a Garmin
GPS, directly transferred into the RAW file. For the identification and mapping of the photos
taken from the air, László Rupnik used the references of Google Earth combined with the
Third Military Survey (1869–1887) and all the data were provisionally stored in a Google
Earth layer and Excel files.

The first surveyed area was the Transylvanian Plain, which is rather unknown from the as-
pect of archaeological topography. Later, the researched region was highly expanded, this
area extended in the Mureş Valley at Deva and the Southern Carpathians, towards Cluj at
the confluence of the Someşul Cald and Someşul Rece rivers, to the north up to the Gherla–
Dej–Reghin line, to the east in the Ciuc Basin and along the Olt River to the Bârsa Basin,
and to the south in the valleys of the Târnave Rivers. In 2009 the survey was undertaken in
the surroundings of Satu Mare, while in 2012 small reconnaissance flights took place in the
Romanian Banat. In the Mureş valley two base airports were used: Târgu Mureş and Deva.
Thus, a 400×300 km area could be covered (Fig. 1).

Based on the more than 90 hours of flights performed between 2009 and 2013 (Zoltán Czajlik
86; Sándor Berecki 7) it can be concluded that the possibilities of identifying crop marks are
the best on the middle course of the Mureş River, explainable partially by the relatively large
plot agriculture. It should be noted that in the Transylvanian Plain – at Fântânele (Bistriţa-
Năsăud County, Hung. Szászújős) for example – and in south-eastern Transylvania, in the
valley of the Olt River, crop marks were observed in pastures and meadows as well.

The early summer flights – relevant in the case of crop mark identification – were made on
different dates: between 26th and 28th June in 2009; between 8th and 10th June in 2010; on
22nd and 23rd June in 2011, between 17th and 19th June in 2012 and between 2nd and 4th
July in 2013. Besides the early summer period, further flights took place in the early spring
(23rd March 2012) and autumn (6th–7th October 2012, 13th–14th November 2013). Hitherto,
the best circumstances were observed in July 2013, during the flight, just prior to the harvest
time, in terms of the number of identified archaeological sites and their extent as well as the
possibilities of their interpretation.

It should be underlined that the Transylvanian crop marks are burdened by numerous prob-
lems even in good conditions.7 Among them, the earlier mentioned8 mosaic pattern, a result

1 6 In the data collection several colleagues from the Transylvanian institution were involved (Gabriel Rustoiu from the
Museum of Unification, Alba Iulia; Mariana Egri from the Babeş-Bolyai University, Cluj-Napoca; Aurel Rustoiu from
the Institute of Archaeology and Art History, Cluj-Napoca; Iosif Vasile Ferencz from the Museum of Dacian and Roman
Civilisation, Deva and Sándor József Sztáncsuj from the National Szekler Museum, Sfântu Gheorghe), whom hereby
we would like to thank.

1 7 Oltean 2007, 20–21.
1 8 Czajlik et al. 2011, 12.
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of the narrow plot agriculture is well known, as well as the non-archaeological growth and
colour disparities caused by the uneven fertilizing. It  is  less known, however,  that even
though the Mureş River Valley is one of the most appropriate areas in terms of aerial photo-
graphy, the effect of the geological background and the disturbance inflicted by the altering
alluviums of the Mureş River causes many difficulties.

Geomorphology of the middle course of the Mureş River

It is a well known archaeological topos that the Mureş Valley is one of the most important nat-
ural communication routes leading to the inland of the fully enclosed Transylvanian Plateau.
The settlements of the various prehistoric cultures took advantage of both the potential pro-
vided by the ‘commercial routes’ of the valley and the richness in raw materials and minerals
of the surrounding mountains. At the end of the Late Iron Age and in the Roman period the
importance of the middle valley section seems to increase, which most probably can be con-
nected to the appreciation of the role of the roads leading through the Southern Carpathians.9

The advantage of the conventional aerial archaeological research, unlike all other modern
methods, is given by the possibility of the researcher to accommodate in the physical sense
with the landscape, as he/she is able to fly over the valleys and can search for and locate the
plateaus appropriate for settlement establishment or peaks suitable for fortifications, etc.
Therefore, the research requires not only archaeological but also geographical, geomorpho-
logical and hydrographical knowledge; at the same time it is able to bring new results for
both archaeology and the mentioned auxiliary disciplines.10

Geomorphological particularity observed during the aerial topographical research is the per-
manence of certain sections of the riverbed in historical times (several onetime settlements
can be found today immediately on the riverside) while in other cases – especially at the con-
fluence of the main tributaries like the Arieş and the Sebeş rivers – remarkable changes of the
riverbed and traces of alluvial fans emerged. However, smaller meander divagations can be
observed on the entire researched section and – as mentioned in the introduction – by giving
an inhomogeneous background this phenomenon makes  the aerial archaeological observa-
tions difficult. Nonetheless, archaeological sites were identified some times “above” the silted
riverbed wreckages  (Fig. 2); furthermore it cannot be excluded that beneath/amid the silts
there could be entirely concealed sites. The fact that in the Mureş Valley there are several set-
tlements with both Neolithic and Iron Age traces – for example Turdaş (Hunedoara County,
Hung. Tordos)11 – confirms the hypothesis concerning the relative stability of the Mureş River.
According to the present experiences this would mean that in the historical times probably no
major meander migrations should be taken into account, the river had its present course,
which does not exclude frequent changes of the tributaries’ bends and the estuaries.

This should be connected to the – already mentioned12 – capability of the Mureş River to
transport  and deposit  sediments,  which caused geomorphologic  changes influencing the
choices of the specific sites for habitation in historical times. During the earlier surveys sig-
nificant differences between the positive and negative crop marks have been observed in

1 9 cf. also Oltean 2007, 30.
1 10 For general geographical background see: Andó 1995, especially 1–15, figure 4.
1 11 Luca 2012.
1 12 Berecki et al. 2013, 88.
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favour of the latter, explained with the alluvial sediments meaning the preponderance of
clays against the sandy soils.13 We have not made similar observations; however it is obvi-
ous that while the prehistoric sites (and settlements from other periods characterized by
sunken featured buildings) are visible due to positive crop marks, the stone architecture of
the Roman period can be traced by negative crop marks. Because the field confirmation of
the age of the sites is a next step of the project, the two types of crop marks are going to be
discussed separately.

Examples for positive crop marks

The fortified settlement from Uroi–Măgura Uroiului (Hunedoara County, Hung. Arany) has
been documented in several cases. The fortification of the northern part of the prehistoric site –
sectioned during the archaeological campaigns from 2006 and dated to the Early and Late Iron
Age14 – was sighted during the aerial surveys in June 2009, when the ditch of the fortification
was marked by the vegetation.15 During the documentation in 2013 on the southern terrace of
the hill, on the pasture overlooking the Mureş River traces of pits were observed (Fig. 3).

In the outskirts of the village Folt (Hunedoara County, Hung. Folt) several archaeological
sites are known. On the right bank of the Mureş River, on the second terrace, close to the
road leading to Geoagiu, Middle Bronze Age (Wietenberg culture), Early Iron Age, Roman
and Migration period finds are known, while 150 m south of this site further Roman discov-
eries  are  mentioned.  North  of  the  village  where  the  creek  crosses  the  road  leading  to
Geoagiu, traces of a Roman settlement were documented.16 In 2013 pits indicating the exis-
tence of a settlement were observed by following the edge of the northern terrace. The steep
edge of the terrace is clearly visible on the photograph, which in spite of the small farming
plot allowed the observation of settlement traces (Fig. 4).

At Şibot (Alba County, Hung. Alkenyér), on the left bank of the river, in the wide terrace-island
lying in the middle of the Mureş valley, the identification of an extended settlement was
possible due to the tracking of the alluvial terrace-margins. The site could be the same with
the one identified through field walking and still not researched – a settlement with findings
from the Copper Age (Coţofeni culture) and Early Medieval period.17 Probably because of
the thick alluvial stratum specific to the Mureş Valley the archaeological features are only
visible on the alluvial terrace-margin, exposed to erosion (Fig. 5).

The archaeological features were observed in the same conditions near Aiud (Alba County,
Hung. Nagyenyed),  at the place called Cetăţuie,  Cetatea Tinoasă,  Sárvár or Sárvárdomb,
known from the 19th century (Fig. 6). The impressive plateau is situated on the first terrace
of the Mureş River, 3 km south-east of the city, between the present riverbed and the back-
water of the river. Here, traces of settlements from several periods were recorded; however
the researches were limited to a small scale rescue excavation.18 On the photographs, at the
highly eroded edge caused by the land cultivation, positive crop marks indicating archaeo-
logical features were observed. The findings revealed due to the disturbances caused by the

1 13 Oltean 2007, 20–21.
1 14 Pescaru 2007, 287.
1 15 Berecki et al. 2013, Plate V/1.
1 16 Luca 2005, 69–70, nr. 173; Luca 2008, 75–76, nr. 173; with further bibliography.
1 17 Moga – Ciugudean 1995, 180–181, nr. 179/2.
1 18 Moga – Ciugudean 1995, 20–21, nr. 3/3.
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gravel quarry in the 1970s were dated to the Neolithic, Copper Age (Coţofeni culture), Middle
Bronze Age (Wietenberg culture), Early Iron Age (Basarabi culture), Roman and Migration
period.

At Lancrăm (Alba County, Hung. Lámkerék) the traces of newly recorded settlements ob-
served at the external curve of the silted meanders of the Sebeş River, tributary of the Mureş
River, should be linked to the riverbed, still active in those times. The captures show not
only the interfering effect of the geological background, but also warn about the possibility
of meander relocations in historical times (Fig. 7).

At Beldiu (Alba County, Hung. Marosbéld) a low terrace formed by the meanders ensured
the conditions of establishing the settlement indicated by the sunken featured buildings of a
previously unknown site  (Fig. 8). The same situation was observed at Mihai Viteazu (Cluj
County, Hung. Szentmihály), where 8–10 similar buildings were detected on the territory of
a newly identified site (Fig. 9).

The site recorded at Luncani in 2009 (Cluj County, Hung. Aranyosgerend), which later proved
to date from the Early Migration Period,19 already draws the attention upon the possibility of
identifying the complex settlements structure in the valley of the Arieş River. The northern-
most example known in the present is the eastern periphery of the industrial zone of Turda
(Cluj County, Hung. Torda), where traces of sunken features were recorded (Fig. 10). This is the
area where the Roman cemetery of Potaissa is known 2.7 km south of the military camp, along
the Turda–Mihai Viteazu road, where several sarcophagi and brick graves were unearthed.20

Examples for negative crop marks: Roman settlement features

The military camp of Micia and the surrounding settlement  (Fig.  11) are situated on the
shores of the Mureş River at Veţel (Hunedoara County, Hung. Vecel). According to the ear-
lier and present archaeological excavations several construction phases have been identified.
The site was intensively researched by aerial archaeological methods as well, and a signifi-
cant part has already been mapped.21 Due to the modern farming the negative marks of the
roman buildings occur only in smaller parcels, therefore the plan can be periodically up-
dated and broadened with newer details  (Fig. 12). During the aerial surveys performed in
2013 a few features were documented in the south-eastern side of the camp; among them a
building was firstly  identified with several  compartments,  apparently  paved floor  and a
semicircular apse. In addition, a section of the northern rampart of the camp with the traces
of at least two semicircular side towers could be observed. The situation is similar in the
case of the auxiliary camp and settlement of Germisara (Hunedoara County, Cigmău, Hung.
Csigmó, administratively Geoagiu, Hung. Algyógy), which is also built on the higher terrace
of the river. The site itself is well known and mapped data are also available. 22 The military
camp situated on the high terrace of the right riverbank at Războieni-Cetate (Alba County,
Hung. Székelyföldvár) belongs to the same category of Roman castra found elsewhere in the
Mureş Valley. Similarly to the examples of Micia and Germisara, due to the previous aerial
archaeological survey a significant part of the plan has already been discovered.23

1 19 Czajlik et al. 2011, plate 3.
1 20 Crişan et al. 1992, 402, nr. Turda/48.
1 21 Oltean 2007, 156–158, figure 5.28.
1 22 Oltean 2007, 158, figure 5.29; Berecki et al. 2013, 95, plate IX.
1 23 Oltean 2007, 158, figure 5.30; Berecki et al. 2013, 95, plate VIII.
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Besides the Roman military settlements known from the 19th century, particular interest
was given to civilian settlements. In the vicinity of Geoagiu, on a higher terrace, traces of a
previously unknown building complex were documented (Fig. 13). The dwellings were lying
approximately 800 m north of the Roman road (also visible on Google Earth) heading north–
east from the vicus of Germisara. According to the narrow plot system the plan of the fea -
ture can only be partially defined; nevertheless it can be assumed that a Roman villa might
have been documented. Regarding its position it can be mentioned that the building com-
plex was established at the entrance of the valley connecting the Mureş Valley with the Ro-
man baths and cult centre of Geoagiu-Băi (Hunedoara County, Hung. Feredőgyógy).

South of Sibişeni (Alba County, Hung. Sibisány), in the proximate vicinity of the motorway,
positive anomalies of pits and other archaeological features, together with negative crop
marks of walls belonging to buildings of a Roman villa emerged (Fig. 14). Traces of a Roman
settlement have already been mentioned in this area;24 furthermore, rescue excavations pre-
ceding the construction of the motorway were carried out in the surrounding area. Similarly
to the case of Geoagiu, the settlement was placed at the entrance of a small watercourse,
protected from the inundations of the Mureş.

In the vicinity of Oarda (Alba County, Hung. Alsóváradja) traces of buildings with a more
simple structure, compared to the previously mentioned ones emerged.25 The geographical
position is similar: a higher terrace at the confluence of two watercourses. However, its dat-
ing would be accurately defined by means of field surveys; according to its ground plan we
assumed that this building complex belongs to the Roman period. Some buildings have been
clearly overlaid by other stone structures, therefore the place must have been inhabited in at
least two periods. The presumption is supported by the fact that numerous Roman finds are
known from the territory and surroundings of the village (Fig. 15).26

The already  known and  the  newly  identified  sites  or  site-details  presented  above  were
recorded without exception on the middle course of the Mureş River, between Deva and the
estuary of the Arieş River, as well as in the valley of the Arieş River up to the surroundings
of Turda. Besides this region – as in the earlier years – no crop marks could be observed in
2013, and since the vegetation background did not change radically, this could be argued by
the variation of the geomorphologic background.

The region covered by the present survey corresponds to the one defined by geomorpholo-
gists as the Mureş–Arieş River Corridor. This corridor includes the section of the valley of
the Mureş River between the Arieş River and the estuary of the Strei River,27 to which – in
concordance with the aerial topographical observations – the section of the valley of the Arieş
River up to Mihai Viteazu was attached.28 Regarding the western border, the aerial archaeo-
logical observations extend it with at least 10 km westwards, while the geomorphological bor-
der can only be “flexibly” defined.29 As it is underlined by the geomorphological analysis, the
particular character of the Mureş–Arieş River Corridor is emphasized by two factors: firstly,
it is the only section of the Mureş River in Transylvania which, based on the steep gradient

1 24 Moga – Ciugudean 1995, 209, nr. 213/10.
1 25 The site was already published, see: Oltean 2007, 126–130, Figure 5.8–9.
1 26 Moga – Ciugudean 1995, 132, nr. 125/1–2; Figure 11.
1 27 Pandi – Horváth 2012.
1 28 Costea 2009, 7, Figure 1.
1 29 Pandi et al. 2013, 97–98.
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and water velocity, has a lower course character; secondly, this low gradient section has a
large area at the valley bottom.30 Thus, this long, wide and low gradient valley bottom from
the middle course – locally – offered similar conditions for the foundation of habitats and
agricultural activity which remind of the westernmost section of the Mureş River from the
edge of the Great Hungarian Plain (Fig. 16).

Ioana Oltean31 observed that the plains occupy a relatively limited area, all of them have allu-
vial origins and they developed along the Mureş and its main tributaries. Some of the ter-
races date from the Pleistocene, but the lower ones are from the old Holocene.32 Therefore,
during the research of the Mureş Valley special attention was given to the study of the
plateaus  and  terraces  appropriate  for  human  habitation  (Fig.  17).  Without  intending  to
present the detailed relationships of the morphologically and geologically different terrace
levels and habitation periods, it should be mentioned that – referring back to the cited ob-
servations of Oltean33 – the existing experiences indicate that the non-Roman settlements
characterised by positive crop marks can be found from the small hills to the lower terraces in
every geomorphological situations, while the Roman sites, traced due negative crop marks of
stone structures were observed until now – except a part of Germisara – mostly on the higher
terraces of the Mureş and Arieş Rivers.

The military occupation of the Mureş–Arieş River Corridor in Roman times was necessary
in order to the control the roads leading into the Transylvanian Basin as well as the raw ma-
terials (iron, gold, silver, copper, salt, etc.) of the surrounding mountains. The appearance of
the military camps on flood-free terraces situated in the vicinity of water courses and of the
settlement in the same areas shows the changes, the uniformisation of the earlier diverse
strategy of settlement establishment. Their connection to the alluvial filling process of the
downstream type areas observed also by aerial archaeological methods necessitates detailed
field investigations. The modern GPS-based field walking, the geophysical prospection of
certain areas and the detailed geomorphological surveys are indispensable for the further
topographical research of this interesting valley section.
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 1. The investigated area with the sites documented between 2009 and 2013 (L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 2. The alluvial fan of the Sebeş River at Sebeş with traces of archaeological features younger than the riverbed marks (Photo: Z. Czajlik, 23rd June 2011).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 3. Positive crop marks on terraces. Traces of pits at the fortified settlement from Uroi–Măgura Uroiului (Photo: Z. Czajlik, 2nd July 2013).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 4. Positive crop marks on terraces. Settlement traces at Folt (Photo: Z. Czajlik, 2nd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 5. Positive crop marks on terraces. Settlement traces at Şibot.
(Photo: Z. Czajlik, 2nd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 6. Positive crop marks of the fortification ditch at Aiud.
(Photo: Z. Czajlik, 3rd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 7. Positive crop marks at the meanders. Settlement traces at Lancrăm (Photo: Z. Czajlik, 3rd July 2013).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 8. Positive crop marks at the meanders. Settlement traces at Beldiu (Photo: Z. Czajlik, 3rd July 2013).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 9. Traces of an extended settlement consisting of semi-sunken dwellings in a land before harvest at Mihai Viteazu
(Vizentúl) (Photo: Z. Czajlik, 3rd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 10. Crop marks of settlement or cemetery features at Turda.
(Photo: Z. Czajlik, 3rd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).

476



Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 11. The Roman military camp and the settlement of Micia (Veţel) (Photo: Z. Czajlik, 2nd July 2013; interpretation L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 12. The Roman military camp and the settlement of Micia (Veţel)
(Photo: Z. Czajlik, 2nd July 2013; interpretation L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 13. Traces of the Roman road and settlement features at Geoagiu in lands with differently cropped cereals
(Photo: Z. Czajlik 2nd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 14. Positive and negative growth anomalies south to Sibişeni, north to the motorway
(Photo: Z. Czajlik, 2nd–3rd July 2013; interpretation (using GE-imagery): L. Rupnik, May 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 15. Roman(?) buildings in the vicinity of Oarda (Photo: Z. Czajlik, 3rd– 4th July 2013).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 16. Characteristic floodplain and terrace features in the Mureş–Arieş River Corridor (Photo: Z. Czajlik, 2nd July 2013; interpretation Balázs Nagy and László Rupnik, October 2014).
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Z. Czajlik – S. Berecki – L. Rupnik: Aerial geoarchaeological surveys (2009–2013)

Fig. 17. Archaeological sites identified in 2013 based on the crop marks from the Mureş–Arieş River Corridor (L. Rupnik, May 2014).
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