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ABSTRACT

This papepresents the raults of a study on théleolithic landscape of the Sopot culture in

GKS FFNBIF 2F 7112080GAyIl Ay 91FadSNy {ftlg@2yArel
using aerial archaeology, which was further confirmed and chronologically deterrbyed
YIAySi2YSGiNEE SEOIGIiA2y&as |yR FTAStR -adNBSe
Dubrava, where a drone was used to acquire vertical photographs to capture a detailed
orthophoto of the feature in a maturing crop. The captured data revealed thestidice
archaeological features that affect the rate of plant growth, as observed on detailed digital
surface models. The implications of this observation are discussed in the paper, including its
potential use on a larger level with ALS data or aeriat@iy@phs taken by the state geodesic

service to create DSM models of wider areas.
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Introduction

Thelate Neolithic landscape of tharea2 ¥ 7 | { 2 @ O (n/SKvonijahas in 9eceatycambeen
intensively studied through various research projects. A vast network of settlements sit@bed
kilometers apart was uncovered thanks to aerial archaeotogyl- t I FF GA 6 SG Ff ®X HnanunZ
2019) The most strikig common characteristic that all of thedeA (sl¥u@ & the presence of at least one,
but usuallydouble ormultiple circular ditches that encompasses part of the settlement and ar&@8Dm
AY RALYSGSN 6200 e sitést werg Rr@riconfinged anld theanologically determined
by magnetometry, excavations and field survélisese sites are attributed to the Sopot culturegaat of
widerlate Neolithic groun the Balkangresent in eastern Croatia with most C14 dates placing it betw
5200 and 440Gal BC. By using an integrative approach, new patterns were identified while previous
research as well as observed phenomena at selected sites washeated. The attribution to the late
Neolithic period was confirmed by archaeologifak O} @I GA2y & 2y GKS airdisSa 2F D:
Topole, Preslating Ugljara andhe site, KA OK A a (KS &ddzoa2aSO0G 2F GKAa LI LIS
sites the presence of late Neolithic artifactsas confirmed by field surveyé ~ 2 O R® A ¥ f2818) | f &
Due to the large number of potential settlements some of the sites were studied in more detail than the
others, and the geophysical surveys with a magnetometer proved crucial in providing an additional layer
of detail to the archaeolo@ £ Ay GSNLINBGFGA2Y 2F (GKS AYRAQGARdzZ f &
revealed not only vast settlement areas but also individual features within the data which could potentially
be attributed to ditches, houses, pits and multiple other undefiriedtures.The data presented in this
paper concerns one of the sites from this viage Neolithica SG G f SYSy i ySig2N)J¢c GKS a
Dubrava.

Methods
Aerial recanaissance

¢CKS aA0S ¢2YF OF yOA 5 dzo NI éhlaeiabsurdeypfojedid Bast@roSkatonNad S R |
conductedin 2015using an aerplane anda UAUnmanned aerial vehicle) ~A f 2S3 g Y € F FIF (A
the initial observation (Fig. 1), the analysis of theilade satdlite images from Google Earth and
orthophotos from the Croatian State Geodetic Administration showed thatHMeosure 1 is visible on
almost all availablémages ands even recorded as a slight elevation on the Croatian topographic map
1:5000. Addibnalanalysiof images confirmethe presenceof two additional enclosures. Source material
is available alttps://moprens.ffzg.unizg.hr/The typical late Neolithic pottery and lithic artifacts collected
during the archaeological field survey confirmigg attribution of the site to the late Neolithic period
6~20A0 YEAAYROAG SiG Ff®dZ Hampo o
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Figure 1-! NOKF S2t 23A0Ff FSIddNBa& GraArotsS | & cOmBayl N & |
FYR ¢2YXENIRMOAF T Ly {SNaNEROIGTA 2RIORYRODBOISED | f X

Magnetic survey

The aim othe magnetic survey was to confirm the presence of the enclosures aasteltollect data
on the internal structure and organization of this late Neolithic sitee ompanyGmp prospectio from
.SNIAY Ay O22LNIGA2Y 6AGK ! NOKS2f 23201t ! 3SyidgNT
of the site in February 2021 and May 20ZRe A NBR G & dzZNIIS& A yan&@&eaof10Bhafstng A y Of dz
the 10probe fluxgate gradiometer array LEA MAX combined with a &Y¥8Spositioning system and
movedbyan ATM. KS CI NBAGSNI CO9w9: /hbcpn FfdzEIFGS INIRAZYS)
GKS @SNIAOFE O2YLRY S ydiwitheaF accurécy of 9.1 iNINaro@gMeyer2¢23)i A O FA S
The survey in 2022 continued with7-probe fluxgate gradiometer mounted on a cart and moved by the
operator. The magnetic surveys susséully confirmed the presence of the two enclosu@®1 & TD3)
and multiple other features, such as pits, postholes, houses and even a l#iigeo@al ditch stréching
acrossone of the enclosuregFigure 2)Further work should include a GPR survay work on similar
structures in lower Austria has shown promgsiresults (Wallner et. al. 2022).
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Archaeological excavation

The largeellipsoidalditch raised suspicioraboutits attribution to the late Neolithic period because it was
cutting through one of the enclosurgand its shape resembled features common in later periadd
usually attributed to Roman timesTo provide precise chronologicalttribution, a smakscale test
excavation was conducted in May 20@2 a segmenbf the ellipsoidaditch. The \fshaped ditch feature
was confirmed through excavatiorend the material recovered from the ground was exclusively from the
late Neolithic period. Although the largertch feature appears to be superimposed over the circular
enclosures (Figure 2)he nature of the magnetometer surveys makeddérd to differentiate features
stratigraphicallyFassbinder 2016and this fact should beonsideredn future research.

UAV Ortophoto

5dzZNAy 3 NBOSyid FASER g2N] 02y RdzOG S RDubirara we Kided ¥ A NA&
to get a more detailed aerial view of the area and the archaeological features identified by previous aerial
archaeology interpretations. A drone was engddgo acquire a set of vertical photographs over a large
area where two distincNeolithic enclosures were visible. The goal was to capture a detailed orthophoto
of the feature in a maturing crop, since the area was targeteduidher geomagnetisurveydater in the
season.



Figure 3 above: oblique aerial photo of the TD1 enclosure as a soilmark taken during the 2022 survey;
below left: orthophoto of TD1 and TD3 soilmarks during the 2023 survey; below right: enclosure D1 on
state geodesic archivahotograph, taken in 2021.

Results

DSM 2022

A DJI Mavic 2 Pro was used to acquire 595 verticalggnaphs (5472x3648 pix) from a flight altitude of
260m, the overlap between images was 90% and the final 3D modeg@msferenced usingg GNSS
device on the ground. The images were processed in Agisoft Metashafessionalising the Reference
preselection mode in the Alignment phase, and the generated DSM (digital surface model) has a resolution



of 14.8 cm/pix. The captured data revealetthe targeted feature as a cropmark in a field of maturing
industrial peasbut theY 2 R S f Q arevaatkaNgmhll@iferences the height of the growing crops. The
different levels of plant growth correspond to subsurface archaeological features, whigm perfectly
correspond to the archaeological features recognized previously on different aerial photograghdata
wasacquiredin May 2022(Supplement X, Agisoft Report DSM_22.pdf)

DTM 2023

A second drone survey and a DTM (digital terraimdel) generation was conducted in early March
2023. The crops were at this point removed from the fields. The goal was to get a gboghmto of the
soilmark for the enclosures. Because of the potential photientation problems due to the fact thani
some cases images with no distinct features can yield poor resudtslecided to sacrifice some of the
resolution for a good result. Theismarks visible on the onbphoto are one of the best representations
2T (GKS Sy Of 2 a d2ubrava onderialtirdagds.ONeyig2d a DJI Mavic 2 Pro to acquire 354
photographs from a flight altitude of 340m, the overlap between images was 90% and the final 3D model
wasgeareferenced using a GNSS device on the grolihd.resulting DTM has a mdstion of 18.5cm/pix.

The DTM of the fields without crops also revealed the distinct ditches surrounding the features TD1 and
TD3, with the same slight elevations visible in the middle of the enclosures as was the case with the earlier
DSM recorded when crops were pegs in the field.(Supplement Z; Agisoft Report_ DTM_23.pdf)



Figure4 ¢ above: DTM 2023, enclosures TD1 and TD3 visible as slight elevations and ditches as
depressions in the soil on the digital terrain modsjow. DSM 2022enclosures TD1 and TD3ikle as
slight elevations and ditches as depressions in the crops on the digital surface model



