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APPLICATION OF REMOTE SENSING IN
RESCUE ARCHAEOLOGY: THE RESULTS OF
THE TEST GEOMAGNETIC SURVEY ON THE

SITE OF MARJANSKO BRDO IN 2023

Ivan Ninc¢ié
Institute of Archaeology, Belgrade

e-mail: ivannincic.arh@gmail.com

Abstract: During the 2022-2023. rescue excavation campaign on the route of the future PoZarevac-
Veliko Gradiste-Golubac motorway, conducted by the Institute of Archaeology from Belgrade, stand-
ard practice included geophysical survey preceding excavations. This strategy proved to be time and
cost efficient, improving decision making in opening trenches. Shortly before the start of the three-
month-long large-scale excavations at the site of Marjansko brdo, the team from Institute of Archae-
ology, Belgrade, acquired a Bartington Grad601 fluxgate magnetic gradiometer and immediately
began testing the device. Several testing grids were surveyed in the zones that were not previously
prospected or excavated. The following article presents the data recorded in the survey compared
with the results of the subsequent excavations in an attempt to better understand basic interpretative
principles of magnetogram.

Key words: remote sensing, geophysics, rescue archaeology, magnetometry, magnetic prospecting.

Ancrpakt: Tokom Kamnarse 3aumumuux UCKOnAaéara Ha mpacu 6yoyhe 6pse caobpahajuuye
Toocapesay-Benuko [ paduwme-Tonyoay 2022-2023. 200une, rojy je cnposeo Apxeonowku
uncmumym Beoepada, cmandapOona npakca ykawyuueand je 2eo@usuuka CHUMAra Koja npemxooe
uckonasarsuma. Oea cmpameauja ce NOKA3AAA KAO eQUKACHA, y CMUCLY 8peMeHd U HO8Yyd,
nobomwasajyhiu  oonyuusarwe npu omseaparby conou. Henocpedno nped nouemax oOuUMHUX
mpomeceyHux uckonasara Ha aokaiumenty Mapjancko 6poo, exuna Apxeonouikoe uncmumyma
beoepao je nabasuna Bartington Grad601 guykchu maznemuu epaduomemap u 00OMax 3anodeind
mecmuparse ypehaja. Hexonuko mecm noma je CHUMMBEHO Y 30HAMA KOje HUCY PAHUje CHUMAHe uil
uckonasaue. 'V paoy he 6umu npedcmasmenu nooayu CHUMMbEHU MazHemomempom y nopehery
ca pe3yrimamuma UCKOnaeara y noKyulajy oa ce 60me pasyme]y OCHOGHU NPUHYUNU MYMAYersd
Maznemoepama.

KibyuHne peumn: damuncka oemexyuja, ceogpusuka, 3aumumna apxeoiozujd, mazHemomempuja,
MA2HemHa CHUMArbd.
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INTRODUCTION

Rescue excavation campaign on the route of the future Pozarevac-Veliko Gradiste-
Golubac motorway managed by the Institute of Archaeology from Belgrade lasted thor-
ough most 0£2022-2023, during which 14 locations with possible archaeological remains
were investigated. Before the excavations would start, geophysical prospection was ap-
plied on every location, in cooperation with Center for New Technologies Viminacium,
including mostly magnetometry, but also GPR method on several locations. Application
of remote sensing proved to be both cost-effective and time-saving, facilitating excava-
tion strategy development process, as well as productivity of digging. Even though these
methods are nothing new for archaeology and plenty of work has been written and pub-
lished (Aitken 1958; Aitken 1974; Fassbinder et al. 1999; Schmidt 2002; Aspinall, et al.
2008; David et al. 2008; Bevan 2012; Hahn et al. 2022; Bevan, Smekalova 2023), remote
sensing services are becoming more readily available in our country.

In the wake of these favorable experiences, the team from the Institute acquired
a Bartington Grad601 fluxgate magnetic gradiometer and testing of the new device was
planed for the excavations on the site of Marjansko brdo (Fig. 1). Test trenches done
the previous winter confirmed a multilayered archaeological settlement on the location,

The site of Marjansko brdo

Previously surveyed

New test grids

Fig. 1 — Site of Marjansko brdo with previously surveyed zones and new test grids.
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though, due to the specific nature of rescue excavations, it was only possible to inves-
tigate within the narrow plot of the road-to-be. Total length of the site was, therefore,
close to 500 m, but width of the expropriated area was mostly 65-75 m, with some
wider stretches, especially on the eastern part, where an intersection was planned. Since
magnetometry was previously done on large portions of the site, mostly northern strip,
the device was tested on the southern parts, with six smaller grids, as well as one on the
northern arm of the intersection. It is important to note that the core of the site is probably
situated north of the expropriated area, on the level ground with the highest elevation,
where numerous pottery shards were discovered by the accounts of the local people. Ter-
rain elevation drops gradually southwards, ending with ravine just south of the plotted
road route. Another essential factor for the survey is the multilayered nature of the site,
starting with the Roman layer below the surface and ending with the Neolithic stratum
up to 3.40 m deep. Additional features and contexts from Eneolithic, Bronze and Iron
Age were also documented, making stratigraphic sequence rather complex and challeng-
ing for magnetometric data interpretation.

METHODOLOGY

Instrument used in the survey was Bartington Grad 601 fluxgate gradiometer
hand-carried system, which utilizes two sensors mounted on a carrying bar. Gradiom-
eters use two or more spatially separated sensors to measure the gradient of the magnetic
field i.e, the difference between two sensors (Clark 1996: 70; Gaffney, Gater J 2003: 40;
Witten 2014: 88). Measured gradient represents intensity of the vertical downward direc-
tion of the Earth’s magnetic field, classifying Bartington Grad 601 as a vector magne-
tometer, which are typically insensitive to the diurnal variations of the Earth’s magnetic
field (Witten 2014: 87-88; Fassbinder 2016: 2), with vertical gradient being the most
commonly measured gradient in the vector magnetometer practice (Bevan 2006: 21).
Spacing of the dual sensor layout is 1 m, with an overall sensitivity of 0.03 nT/m. Posi-
tioning of the survey grids was done using a South Galaxy G1 GNSS Rover device with
an accuracy of <0.03 m and presented in the coordinate reference system WGS84 UTM
Zone 34N (EPSG: 32634).

Surveys were done in a total of seven grids. Device used requires setup of regular
10x10, 20x20, 30x30 or 40x40 m grid squares, and due to limited space available, both
because of the expropriation restrictions and the fact that a large portion of the site was
previously surveyed, six grids were done in 10x10 m configuration (Grids 1-4, 6-7) and
only one in 20x20 m (Grid 5), where space allowed. Surveying was done by walking
along the grids in a parallel pattern with 2 m intervals between the traverses to align with
the dual sensor spacing fixed at I m and record data at 1 line/m.
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RESULTS OF THE SURVEY

Seven surveyed grids were setup with intention to prospect site zones that were
not done earlier. Acquiring magnetometric image would then allow prioritization of cer-
tain areas in terms of excavating, which would in turn economize resource and time
expenditure. These zones include cultivated land in the NW part of the site, where inter-
section of the road will be, and southern strip of the road axis, where the terrain gradually
drops in elevation close to 2 m compared to the northern part. Around 20 m from the
southern edge of the plotted route, there is a ravine stretching in the NW-SE direction.
Terrain configuration is very important in this case since erosion and accumulation of
underground water could affect magnetometric image. Flooding with water can cause
pits that would normally appear as positive anomalies to leave a negative signal, or to
be undetectable entirely. Erosion, on the other hand, can cause detrital or deposition-
al remanent magnetization by filing pits and ditches with foreign material mixed with
water, which could randomize the magnetic signature of the feature (Witten 2014: 85;
Fassbinder 2016: 7-9). Another important aspect of this particular survey is the complex
heterogenous nature of the cultural stratigraphy. Simply put, magnetometry depends on
the magnetic contrast between the archaeological feature and the adjacent soil, ideally,
archaeologically sterile ground (Fassbinder 2016: 12-13). Distinguishing features on a
multilayered site where human presence through several millennia left its footprint on
the magnetic image can be more of a challenge, as it will be presented in further text.

Out of seven surveyed grids, three displayed interesting anomalies in the magnet-
ic image, with potential for archaeological investigation, while others revealed a more or
less homogeneous environment. Grids 4, 6 and 7 were therefore selected for test trenches
in order to determine the origin of anomalies, revealing a total of eight archaeological
features. These grids will be analyzed in further text mostly by anomaly description and
archaeological description, and by analytical interpretation to a lesser extent. Archaeo-
logical features will be described only in basic terms, leaving the more detailed analysis
for the site excavation publication.

Grid 4

Values of the magnetic vertical gradient of the Grid 4 range from -10 nT to +11 nT
(Fig. 2). In the middle eastern part of the grid there is a positive magnetic anomaly with
an epicentre of approximate size of 1.5x1 m, where measured vertical gradient is around
11 nT (Fig. 3). Rest of the anomaly spreads unevenly westwards. It could have been
caused by thermoremanent magnetization that occurs in archaeological kilns, fireplaces
and other instances where soil is exposed to high temperature (Fassbinder 2016: 7). In
this case, according to the size and uneven spread-out shape, it could have been caused by
dislocated pieces of Roman period burned ground from a fireplace, that were common on
the site in the layers close to surface. Another anomaly cluster, almost 4 m in diameter, is

136



1. Nin¢i¢ Application of Remote Sensing in Rescue Archaeology: The Results of the Test Geomagnetic...

located in the SW part of
the grid, with measured '

vertical gradient around
-10 nT. Southern part of
the grid was chosen to
be further investigated
by excavating with a
10x3 m trench (Trench
6), that was addition-
ally expanded westward
by 4 m, and 1 m south-
ward, from the 2 m mark
measuring from the SW
corner. In the zone of the
anomaly  excavations
uncovered two Roman
period and two prehis-
toric features, while the
eastern part of the trench p © ~
revealed none whatso-
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Fig.2 — Magnetogram of the Grid 4.

Fig. 3 — Grid 4 overlaid with Trench 6 and excavated features.

137



ETHo-KynTyponomku 360pHuK XX VI

Fig.4 — Features 6 and 10 (Archive, Institute of Archaeology, Belgrade).

ever. Both Roman period features were close to the surface: remains of a kiln floor with
a renewal layer (Feature 6), and a stone horseshoe shaped structure, approximately 1x1
m in size (Feature 10) (Fig. 4). Feature 12 was a large (=2x2.3 m) Bronze Age pit with
ceramic material that

disturbed the remains of
burned house daub of an
older Neolithic period
house (Feature 14) (Fig.
5). All of these features
should have left a posi-
tive magnetic signature
(Fassbinder 2016: 7-9),
though they are covered
with a zone of negative
magnetization,  which
can be associated with
erosion and accumula-
tion of water. Once again
it needs to be emphasized
that terrain gradually

drops southwards, thus e A
the elevation difference Fig. 5 — Features 12 and 14
between the northern and (Archive, Institute of Archaeology, Belgrade).
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Fig. 6 — Route of the old field road.

southern part of the gird is close to 0.5 m. Furthermore, SW corner of the grid is around
0.1 lower than the SE corner. Negative magnetization could also have been related to the
field road that ran just south of the Grid 4 (Fig. 6), but was leveled during the land clear-
ing in preparation for the road works.

Grids 6 and 7

Values of the magnetic vertical gradient of the Grids 6 and 7 range from -6 nT to
+11 nT (Fig. 7). As it is visible on the grid image, high intensity anomalies are mostly on
the Grid 6, reaching only easternmost edges of Grid 7. Rest of the Grid 7 is largely ho-
mogenous in magnetic signature, save for some negative signals further west. Test trench
(7x7 m) was, therefore, set up covering western and central part of the Grid 6 and eastern
part of the Grid 7 (Fig. 8). Large positive magnetization anomaly in the NW part of the
grid corresponds perfectly in size and shape to a prehistoric pit (Feature 35) discovered
during excavation. It is expected for pits, ditches etc. that are refilled by topsoil to gener-
ate positive magnetic anomaly (Fassbinder 2016: 8). Feature 35 is a large Bronze Age pit
(=2.5x1.8 m) filled with pottery, traces of ash and soot (Fig. 9).

Large negative anomaly in the SW corner of the grid (=3.3x2.7 m), irregular in
shape, roughly corresponds to Feature 36. Inside the feature that is roughly 2.5 m deep
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Fig. 7 - Magnetogram of the Grids 6 and 7.
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Fig. 8 — Grids 6 and 7 overlaid with Trench 8 and excavated features.

from the surface level, Neolithic period pottery was discovered, as well some dislocated
animal bones. Feature 25, on the other hand is a much smaller oval shaped feature, approx-
imately 1.20x1.25 m, and could be associated with a weak negative signal. The feature
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contained dark soil with
traces of soot and some
late La Tene pottery
along with dislocated
animal bones. Negative
magnetic vertical gra-
dient values could be a
result of accumulating
water that changes the
magnetization of the pit,
especially in the case of
a rather large Feature 36.
Similar to the situation in e ,
Grid 4, terrain elevation Fig. 9 — Cross section of the Feature 35

drops from north to the (Archive, Institute of Archaeology, Belgrade).

south around 0.70 m.

Feature 32 can’t be associated with any anomaly in the magnetic image. Oval fea-
ture is a Bronze Age pit that stretches into the southern cross section of the trench, with
an approximate size of 1.7x1.6 m. Bronze Age pottery, soot and remains of burned soil,
along with a few dislocated animal bones were discovered in the pit. Difficulties in cor-
relating Feature 32 with any anomalies could be attributed to the complex stratigraphy of
the site, or even to the temporary soil wetness that has be proven to render pits or ditches
magnetically untraceable (Fassbinder 2016: 9).

Large irregular shaped, almost rectangular, negative anomaly that was cut by the
eastern edge of the trench did not reveal archaeological features. Similar is the case of
the oval negative anomaly in the NE corner of the trench. Failure to register any features
in these zones could be due complex stratigraphy of the site, aggravating differentiation
of certain archaeological features and layers, but also due to some other unknown mag-
netization process. Especially interesting is the larger, almost rectangular anomaly, that
could indicate a spot of digging that was almost immediately refilled with the same soil;
a scenario that should generate a negative anomaly (Fassbinder 2016: 9).

CONCLUSION

Additional magnetometric test surveys done during the excavations on the Mar-
jansko brdo site proved to be useful in prioritizing digging in the zones where previous
prospecting has not been done. Grids allowed for zones to be more precisely investigated
with trenches, or even to be skipped if the magnetogram displayed a homogenous envi-
ronment, in order to put priority on a more promising section. Utilization of remote sens-
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ing in this manner treats excavating as the last means of archaeological investigation.
Nevertheless, magnetometry as a method is not without its own shortcomings, as it was
attested after comparing survey data with excavated trenches.

Two trenches excavated over three test grids uncovered a total of eight archaeo-
logical features. Feature 35, a Bronze Age pit, is the most prominent one, since it not
only corresponded perfectly with the size and shape of the anomaly, but also generated a
positive magnetic signal, as expected for a pit or a ditch. Features 6, 10, 12, 14, 25 and 36
seemed to be obscured by negative magnetic signals, while Feature 32 is untraceable on
the magnetogram. Negative magnetic signals, as well as the invisible feature, could be
attributed to the erosion and accumulation of water in the zones with the elevation drop.
Additional factor complicating interpretation of the magnetogram is the rather complex
site stratigraphy ranging from the Neolithic to Roman period. Regardless, utilization of
a remote sensing method such as magnetometry gave useful results, as well as valuable
experience for future prospection.
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WBan Hunruuh, Apxeononiku HHCTUTYT, beorpan

MNPUMEHA JAJBMHCKE JETEKIUJE Y 3AIITUTHOJ APXEOJIOTUJU:
PE3VIITATU TEOMATIHETCKOI' CHUMAKBA HA
JJOKAJIUTETY MAPJAHCKO BPJIO 2023. TOAUHE

[Ipumena najpUHCKE TETEKIHUje MOKa3aia Ce UCIUIATHBOM Y CMHCITY YIITENE Bpe-
MEHA U CPENCTaBa, OJIaKIIaBajyhu mpolec u3paae CTpaTeruje MCKOMaBama U MPOIyK-
THUBHOCT KOIlakha, TOKOM KaMIIalkhbC 3alITUTHUX apXCOJIOIIKUX HUCTpaXUBakba Ha Tpacu
Oynyher ayromyta [Toxxapean-Benuko [pagumre-I'ony6art, kojoM je pykoBoamo Apxe-
OJIOITKK MHCTUTYT beorpan Tokom 2022-2023. Bonehu ce MOBOJBHUM UCKYCTBUMA, THM
WHcTutyTa HabaBuo je (UIyKCHM MarHeTHW rpaguomerap Bartington Grad 601, uuje
j€ TecTHpame IUIaHMPAHO TOKOM HCKOIaBama Ha JOKaIuTeTy Mapjancko opmo. Cemam
0Jba je MOCTaBJLCHO Ca HAMEPOM Jia Ce MPOLICHE 30HE JIOKAJUTETa KOje HHUCY paHH]je
HCTpaXUBaHE, O]l KOjUX Cy TPH IMOKa3ajie 3aHUMJbHMBE aHOManuje. BpenHoctn marHeT-
HOT BEPTUKAIHOT I'pajijeHTa y 1mojby 4 u nospumMa 6-7 kperane cy ce o -10 nT mo +11
nT, omaocHo -6 nT mo +11 nT. Tect connme y oBuUM mojpuMa OTKpPHIIE CY YKYITHO OCaM
apxeoJyiomkux odjekara. O0jekar 35, jama u3 OpoH3aHOT 1004, je HajyneyarJbuBHja, jep
HE caMo J1a je CaBpIIIeHO OIroBapalia BEIMYNHH 1 00Ky aHOMalHje, Beh je reHepucana
Y TIO3UTHBAH MarHeTHU CHTHAJ, Kao IITO CE OUYCKUBAHO 3a jamy wwiu poB. [lox mehu u3
PHMCKOT TIEpHO/ia, KaMeHa KOHCTPYKIIHja, jaMe U3 MepHojia JaTeHa u OpoH3aHor 100a,
Kao 1 Kyha u jama U3 HeonuTa Jeyjy IPUKPUBEHO HETaTHBHIM MAarHETHUM CHTHAINMA,
JIOK ce oOjekar 32 He MOXKEe YOUMTH Ha MarHetorpamy. HerarTuBHM MarHeTHU CUTHAJIH,
Ka0 W HEBUJJBHBOCT 0O0jeKaTa, MOTY Cc€ MPUIHCATH €PO3UjU U aKyMYJIAIlUjH BOJE Y 30-
HaMa ca IajgoM HaJMOpcKe BucHHE. JomaTHu (akTop KOjU OTekaBa TyMadeHe MarHe-
TOrpama je TIPUINYHO CIOKEHa cTparturpaduja JoKaIuTeTa y pacoHy Ol HEOJIHUTa 0
puMcKkor nepuoza. [Ipumena MeTone NaJbUHCKE JEeTeKIdje, UIakK, JOHela je KOpHUCHE
pesyirTare, Kao U BpeJJHO UCKYCTBO 3a Oyayhe mpocrnexiyje.
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