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Sazetak

Owo je izujestaj o rexultatima geofizickog istraivanja
zvedenog na antickom lokalitetn Duklja, blizu Podgori-
ce, # Crnoj Gori, od 15. do 31. oktobra 2007. Opisuje
primijenjenn metodologiju i prikazuje rezultate, uz inter-
pretacije i diskusije.
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Summary

This report presents the results of the geophysical survey
carried out at the ancient site of Doclea, near Podgorica
in Montenegro from 15-31 October 2007. It describes
the methodology applied and presents the results with
interpretation and discussion.

Plate. 1: A view of the Roman basilica at Doclea (photo: S. Hay)

1. Uvod

Program geofizickog istrazivanja na nalazistu Du-
klja, kao zajednicki projekat The British School at
Rome (BSR) i Archaeological Prospection Servi-
ces of Southampton (APSS) zapocet je 15. okto-
bra 2007. Istrazivanje (od 15. do 30. oktobra) je
preduzeto u ime Gradonacelnika i Glavnog grada
Podgorice, pod rukovodstvom JU Muzeji i gale-
rije Podgorice, kao dio Sireg projekta ,,Nova an-
ticka Duklja®. Cilj istrazivanja je bio da se otkrije
stepen ostataka drevnog rimskog grada Duklje,
kroz lociranje i kartografiju podpovrsinskih arhe-
oloskih odlika, zarad ocuvanja i razvoja nalazista
kao nacionalnog nasleda, kao i da se ukaze na po-
tencijalna podrucja za iskopavanja.
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1. Introduction
From15-300ctober2007aprogramof geophysical
survey commenced at the site of Doclea as a joint
research project between The British School at
Rome (BSR) and the Archaeological Prospection
Services of Southampton (APSS). The survey
was undertaken on behalf of the Mayor and
Council of Podgorica under the direction of
the Museum of Podgorica as part of the wider
‘New Ancient Doclea’ project. The aim of the
survey was to discover the extent of the remains
of the ancient Roman town of Doclea through
locating and mapping the presence of subsurface
archaeological features, for the purpose of
preserving and developing the site as a national
heritage site, and where possible to help pinpoint
potential areas for excavation.



1.1 Lokacija

Drevni rimski grad Duklja nalazi se 4 km sjeverno
od glavnog grada Crne Gore, Podgorice, u slivu
dvije velike rijeke, Zete 1 Morace, u ravnoj niziji
ispresijecanoj dubokim kanjonima. Sa zapada se
granici sa Zetom, na jugu sa Moracom a sa sje-
vera sezonskim rjecicama koje teku sa Piperskih
brda (vidi tab. 1). Duz isto¢ne strane, gdje priroda
nije obezbijedila odbranu, grad je zasti¢en sa dva
velika jarka. (Wilkes 1969, 363). Postojeci arheo-
loski ostaci su u velikoj mjeri u centralnom dijelu
nalazista, mada je ono za Sta se zna da je posto-
jalo, prema nekim starim proracunima, unisteno
zeljeznicom 1 putem koji vodi kroz centar gradske
zone. Podrudje okruzeno gradskim zidovima u
Duklji pokriva priblizno 24 hektara.

1.1 Location and Background

The ancient Roman town of Doclea lies 4km due
north of Montenegro’s capital city Podgorica, at
the confluence of two major rivers, the Zeta and
Moraca, on a flat plain that is delineated by deep
river-cut gorges. It is bound to the west by the
Zeta, to the south by the Moraca and to the north
by a seasonal river that runs off the Piperi Hills
(see fig, 1). Along the eastern edge, where nature
has not provided defences, the town is protected
by two large ditches (Wilkes 1969, 363). The
standing archaeological remains are to be found
largely in the central area of the site, although
some of what is known to have existed through
antiquarian accounts has since been destroyed by
a railway line and road that cross the middle of
the town area. The area bounded by the city walls
at Doclea is approximately 24 hectares.

DOCLEA

Podgoricy

PODGORICA /|

Fig. 1: Location of Doclea, extracted from Google Maps®©, Carta del Littorale Adriatico Studio EM.B.
Bologna®©, and Yahoo Maps©
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1.2 Geologija

Dukljaleziu visoko kre¢njackoj zoni u Crnoj Gori.
Vise zone oko nalazista se sastoje od karbonskih
stijena iz doba Jure — kre¢njaka i dolomita. Niza
zona, gdje je nalaziste, sastoji se od cetiri sloja na-
slaga, konglomerat sljunkovitog sloja. Duklja lezi
na naslagama §ljunka nastalog nestankom glecera
u najmladem dobu razvoja Zemlje, nagomilanog
u lako erozivan omotac. Postoji vidljiv dokaz na
ivicama nalazista kako su tri rijeke erodirale i usje-
kle plato na kome je sagraden rimski grad. Kamen
koiji je koristen za gradnju prvenstveno je lokalni
krecnjak, sa finim ukrasnim komadima napravlje-

nim od bijelog kamena iz Spuza, grada sjeverno
od Duklje.

1.3 Arheoloski uvod

Duklja je dobila ime po ilirskom plemenu koje je
naseljavalo jugoistocno podrucje danasnje Crne
Gore. Dokleati se prvi put pominju u djelu Plinija
Starijeg, koji kaze da su u Avgustovim Ilirskim
ratovima, 35. godine prije nove ere, porobljeni i
morali da placaju danak. Ali, vjerovatno je ovo
podrucje bilo pod rimskom vlaséu od 168. godi-
ne prije nove ere i rata sa Gentijusom (Pliny Naz.
Hisz. 111, 143; Livy xiv. 20).

Prvi dokaz okupacije nalazista datira iz prvog vije-
ka prije nove ere. Grad se od tada razvijao po vaz-
nosti 1 velicini, sve dok nije dobio status opstine
tokom prvog vijeka nase ere (Munro e /. 1896,
13). Najvjerovatnije je ova prava na opstinu dao
car Vespasijan, jer ogroman broj spisa nosi ime
Flavijusa (Wilkes 1969, 261; Munro e a/. 1896,
14). Prema dokazima iz spisa (vidi tab.2), takode
se misli da je Duklja bila centar idolopostovanja
prema Imperiji za Juznu Dalmaciju - postoji samo
jedan zapis u kome se pominje era Cezara.

Dokazi sa iskopavanja nekropole na jugoistoku 1
zapadu pokazuju da je bilo trgovinskih veza izme-
du Duklje 1 podrucja oko Rajne, Sjeverne Afrike,
Grcke 1 naravno Italije. Plinij posebno ukazuje na
cuveni planinski ov¢ji sir sa podrucja oko Duklje,
koiji je bio na visokoj cijeni u Rimu.
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1.2 Geology

Doclealies in the High Karst zone of Montenegro.
The higher areas around the site consist of Upper
Jurassic carbonate rocks - limestone and dolomite.
The lower region where the site is situated consists
of quaternary sediments, a conglomerate of gravel
strata. Doclea lies on the deposit of gravel left by
the passage of a glacier in the quaternary period
which conglomerated into an easily eroded gravel
layer. There is visible evidence at the edges of the
site showing how the three rivers have eroded and
undercut the plateau that the Roman town is built
on. The building stone of standing structures
is predominantly the local limestone, with finer
decorative pieces made from white Spuz stone
from the town of the same name, to the north

of Doclea.

1.3 Archaeological background

The town of Doclea is named after the Illyrian
tribe that inhabited the southeasterly region of
present day Montenegro. They are first mentioned
in literature by Pliny the Elder in relation to
Augustus’ Illyrian Wars in 35 BC, when they were
conquered and made to pay tribute. But it is likely
that the area had been under Roman power since
c.168 BC and the war with Gentius (Pliny Naz
Hist. 11, 143; Livy xiv. 206).

The first evidence of occupation on the site dates
to around the 1% century BC, and the town grew
in importance and size from this point onwards,
until it was awarded municipinm rights some time
in the 1* century AD (Munro e al. 1896, 13). It
is most likely that these municipium rights were
awarded by the emperor Vespasian, inferred from
the large proportion of inscriptions that bear
the name of Flavius (Wilkes 1969, 261; Munro ez
al. 1896, 14). Based upon the evidence provided
by inscriptions (see Fig.2), it is also thought that
Doclea was the centre for Imperial worship
for Southern Dalmatia as it has the only extant
inscription that mentions the ara Caesaris.

Evidence from the excavations of the necropoli
in the south east and west show that there were
trading links between Doclea and the area around
the Rhine, North Africa, Greece and of course
Italy. Pliny makes special mention of a famous
alpine sheep’s cheese produced in the area around
Doclea that was highly prized in Rome itself.
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Fig.2: Inscription mentioning ara Caesaris (source: CIL 13636)

Prije nego Sto ¢e poceti ovo istrazivanje, u rim-
skom gradu su identifikovane zgrade: dva hrama,
forum i bazilika, javna kupatila, moguce jedna pri-
vatna kucca i par kasnih antickih crkvi.(vidi tab.
3). Nazalost, od njihovog otkri¢a bilo je neop-
hodno da se izgradi Zeljeznica kroz nalaziste, koja
djelimi¢no presijeca kupatilo i potpuno pokriva
Dijanin hram.

Prior to this season of investigation, the buildings
so far identified of the Roman town consisted of
two temples, the forum and basilica, public baths,
with possibly one private house and a pair of late
antique churches (see Fig. 3). Unfortunately, since
their discovery it has been necessary to build a
railway line across the site which partially cuts the
bath house and completely obscures the Temple
of Diana.
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Fig. 3: Plan of known structures at Doclea (source: Munro 1896)

Rimski grad Duklja je nastavio da se razvija, 1 po-
stoji dokaz znacajnog rasta na kraju prvog i po-
cetkom drugog vijeka nase ere. Grad je pretrpio
veliki zemljotres 518. godine nase ere, koji je iza-
zvao ogromnu Stetu, a nedugo nakon toga Avari
su izazvali jos jedan talas razaranja. Medutim, po-
stoji dokaz koji govori da Duklja dalje funkcioni-
$e kao znacajna naseobina, do sedmog vijeka nase
ere, posto je postojala biskupija Duklje sve do
602. godine nase ere (Munro ez al. 1896, 19).

1.4 Ciljevi istraZivanja

Cilj ovog istrazivanja je da se testira odgovor ar-
heologije na geofizicko istrazivanje. Prethodno
istrazivanje na ovom nalazistu bilo je fokusirano
na ostatke foruma i bazilike, a ovo ima za cilj da
definiSe velicinu i granice izgradenog rimskog
grada i da proizvede plan njegovog rasporeda.

%’hmrwes

200 matres
=

DOCLEA
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The Roman town of Doclea continued to develop,
and there is evidence of significant growth at the
end of the 1 and beginning of the 2™ centuries
AD. The city suffered a great earthquake in
AD 518, which must have caused considerable
damage, and not long after this the Avars led
another wave of destruction. However, there is
evidence to suggest that Doclea still functioned
as a significant settlement until the 6th and 7
centuries AD, as there was still a bishop of cvitas

Doclea as late as AD 602 (Munro ef al. 1896, 19).

1.2 Aims of Survey

The aim of this survey was to test the response of
the buried archaeology to geophysical survey. The
previous research on this site has concentrated
around the extant remains of the forum and
basilica, and this survey was intended to try and
define the extent and limits of the built up Roman
town and produce a plan of its layout.



2. METODOLOGIJA

2.1 Metodologija istraZivanja

Postoji veliki broj geofizickih tehnika dostupnih
za arheolosko istrazivanje; one koje se najvise
koriste ukljucuju magnetometriju, otpornost i ge-
oradar. Medutim, magnetometrija (vidi Tabla. 3)
je izabrana kao najefektnija tehnika za upotrebu
na ovoj lokaciji, iz nekoliko razloga. To je brza i
efikasna tehnika koja, mjerenjem manjih promje-
na u magnetnom polju zemlje, vodi do otkrivanja
mnogih razli¢itih vrsta sprava, ukljucujuéi peci za
pecenje cigala, ognjista, rerne, jarkove i zidove,
posebno gdje su se keramicki materijali ili tufa ko-
ristili u konstrukciji (Gaftney ez @/1991, 6: Scoller
et al. 1990, 362). No, treba naglasiti da na rezultate
istrazivanja magnetometra mogu ozbiljno uticati
podrucja modernih smetniji i prisustvo crnih me-
tala. (Geoscan Istrazivanje 1996).

Istrazivanje treba izvesti za relativno kratko vrije-
me, 1 pokriti veliko podrucje, koje bi potencijalno
moglo sadrzati gradevinske strukture isto kao 1
kanale i odvode. Magnetometar ovo omogucava,
dok bi sa otpornoscu ili georadarom trebalo puno
viSe vremena.

2.2 Strategija istraZivanja

Za geofizicko istrazivanje, mreza 30 x 30m je po-
stavljena koris¢enjem Leica TC 805 total stanice
(Sl 2). Mreza je postavljena duz najduze moguce
osnovne linije na podrucju istrazivanja, orijentisa-
na tako da bi istrazivanje preslo preko potencijal-
nog arheoloskog nalaza (zasnovano na stoje¢im
strukturama) na oko 30°.

Topografsko istrazivanje je izvela dr Laura Bara-
tin i tim sa Facolta di Scienze Ambientali, Univer-
ziteta u Urbinu, snimanjem nalaza unutar reljefa
(zgrade 1 putevi), kako bi istrazivanje bilo tacno
geo-povezano.

Istrazivanje magnetometrom je izvedeno korisce-
njem Bartington Grad601-2 dualni redni Twin
Fluxgate gradiometar (vidi Sl 3 i 4). Podaci su
sakupljani u intervalima od 0.25 m duz traversi
svakih 0.5 m unutar 30 x 30 mreza, dozvoljavajuci
7,200 ocitavanja po mrezi, i dajuéi visoku rezolu-
ciju za otkrivanje arheoloskih ostataka. Ocitavanja
su snimana pomocu Grad-01 Data Logger.

2. METHODOLOGY

2.1 Survey Method

There are a number of geophysical techniques
available for archaeological prospection, the most
commonly employed include magnetometry,
resistivity and georadar. However, magnetometry
(see Plate. 3) was chosen as the most effective
technique for use on this site for various reasons.
Itis a swift and efficient technique which works by
measuring minor changes in the earths magnetic
field, leading to the detection of many different
types of features including kilns, hearths, ovens,
ditches and walls, especially where ceramic
material or tufa have been used in construction
(Gaftney et al1991, 6: Scoller et al. 1990, 362).
However, it should be noted that the results of a
magnetometer survey can be severely affected by
areas of modern disturbance and in the presence
of ferrous material (Geoscan Research 1996).

The survey needed to be carried out in a relatively
short time, and covered a large area, which could
potentially contain built structures as well as cut
ditches and drains. Magnetometer survey allowed
this, where resistance or georadar would have
been too time consuming,

2.2 Survey Strategy

For the geophysical survey, grids of 30 x 30m
were set out using a Leica TC 805 Total Station
(Plate. 2). The grid was established along the
longest possible base line in the survey area which
was oriented so that the survey would cross the
line of potential archaeological features (based on
the standing structures) at about 30°.

A topographic survey was carried out by Dr Laura
Baratin and a team from the Facolta di Scienze
Ambientali at the Universita di Urbino, to record
features within the landscape such as buildings
and roads enabling the survey to be accurately
georeferenced.

The magnetometer survey was undertaken using a
Bartington Grad601-2 Dual Array Twin Fluxgate
Gradiometer (see Plates 3 and 4). The data was
collected at intervals of 0.25m along traverses
every 0.5m within 30 x 30 grids, permitting 7,200
readings per grid to be collected, therefore giving
a high resolution for detecting archaeological

secccee.



Prekomjerne moderne rusevine na, ili blizu povr-
sine zemlje mogu uticati na rezultate, ¢ak i da one-
moguce istrazivanja na odredenim podrudjima.

Ovo se desilo na mnogim djelovima ovog nalazi-
sta. Zbog velikih naslaga kamenja, jaraka od pret-
hodnih iskopavanja, modernih metalnih struktura
kao sto su telegrafski stubovi i piloni, isto kao 1
velikih zeljeznickih $ina kroz nalaziste, nije bilo
moguce istraziti mnoge djelove nalazista. Mnogi
napori su ucinjeni oko ovih razli¢itih prepreka da
bi se uvecalo potencijalno podrudje za istraziva-

nje.
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remains. The readings were recorded by using a
Grad-01 Data Logger. The Bartington Grad601-
2 in some circumstances is able to detect buried
features up to a depth of 3m (Bartington
Instruments 2007).

Excessive modern debris and disturbance on or
near the ground surface can affect the results, and
make it impossible to survey certain areas.

This was the case in many areas of this site where
large rock piles, field boundaries, past excavation
trenches and modern metallic structures such as
telegraph poles and pylons, as well as the large
railway track through the site, meant many areas
have remained unsurveyed. Every effort was
made to work around these various obstacles in
order to maximise the potential area available for

survey.



3. REZULTATI ISTRAZIVAN]JA

3.1 Magnetometar

Napomena: Linije koristene za identifikovanje
objekata u interpretaciji rezultata ne odnose se di-
rektno na velicinu samog objekta, ve¢ samo na ja-
¢inu magnetnog odgovora objekta koji je snimljen
magnetometrom u odnosu na geologiju podrudja.

Pogledaj slike:

Tab.4: Ukupni rezultati magnetometrije naskali

Tab.5: Ukupni rezultati magnetometrije u boji
Tab.6: Interpretacija ukupnih rezultata magnetometrije
Tab.7: Area A Rezultati megnetometrije na skali
Tab.8: Area A Rezultati magnetometrije u boji
Tab.9: Area A Interpretacija rezultata magnetomettije
Tab.10:Area B Rezultati megnetometrije na skali
Tab.11: Area B Rezultati magnetometrije u boji

Tab.12: Area B Interpretacija rezultata magnetomettije

3.SURVEY RESULTS

3.1 Magnetometer

Note: The lines used to identify the features
on the interpretation of results do not directly
relate to the size of the feature itself, only to the
strength of the magnetic response of an object
as recorded by the magnetometer relative to the
geology of the area.

See Figures:

Fig4: Overall Magnetometry Results Greyscale
Fig.5:Overall Magnetometry Results Colour

Fig,6: Overall Magnetometry Results Interpretation
Fig.7: Area A Magnetometry Results Greyscale
Fig8: Area A Magnetometry Results Colour

Fig9: Area A Magnetometry Results Interpretation
Fig.10: Area B Magnetometry Results Greyscale
Fig11: Area B Magnetometry Results Colour
Fig12: Area B Magnetometry Results Interpretation

Plate. 3 : Bartington Grad 601-2 with operator (photo: S.Hay)

........
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Istrazivanje magnetometrom je bilo uspjesno u
identifikovanju objekata ispod povrsine, i arheo-
loskih i modernih.

Istrazivanje je bilo koncentrisano na dva podrucja
na istoku i zapadu nalazista. O ova dva podruc-
ja ¢e se ovdje govoriti odvojeno - podrucje A 1
podruc¢je B. Podrucje dostupno za istrazivanje
je odredeno stoje¢im arheoloskim ostacima, ali
1 mjestima ograni¢enim ranijim iskopavanjima,
velikim naslagama kamenja i metalnim pilonima.
Podrucja gdje su prepreke ucinile istrazivanje ne-
mogucim, oznacena su plavom bojom u interpre-
taciji.

The
in  identifying

successful

both

magnetometer survey  was

sub-surface  features,

archaeological and modern.

The survey of the site was concentrated in two
areas in the east and west of the site. These
two areas will be discussed separately in this
interpretation as Area A and Area B. The area
available for the survey was determined by the
standing archaeological remains, but in places
restricted by previous excavation trenches, large
rock piles and metal pylons. The areas where
obstacles made it impossible to conduct the
survey have been highlighted in blue on the
interpretation.

Plate 4: Magnetometry survey in Area A, north of the forum and basilica (photo: L. Pett)

Podrucje A: Istocno podrucje

Istoc¢ni dio na kome se vréilo istrazivanje se na-
lazilo izmedu stojecih ostataka foruma i bazilike
i gradskih zidina.Citavo nalaziste je bilo otvore-
no za javnost 1 postoji dokaz nedavnih aktivno-
sti na nalazistu, potvrden rastrkanos¢u modernih
rusevina na djelovima nalaziSta. Ova rastrkanost
se pokazuje u istrazivanju kao Sirenje dipolarnih
anomalija. [M1] + [M2]

18

Area A: East Area

The east portion of the survey was situated
between the standing remains of the forum and
basilica and the town walls. The whole site has
been open to the pubic and there was evidence of
recent activity on the site as attested by scatters of
modern debris in parts of the site. These scatters
show up in the survey as spreads of dipolar

anomalies [M1] + [M2].
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Zemlja u Duklji oko foruma i bazilike se koristi
trenutno za uzgajanje ovaca i koza, a mozda je ra-
nije koris¢ena za druge poljoprivredne svrhe. Po-
¢evsi od isto¢nog kraja Podrucja A, postoji grupa
linearnih anomalija [M3], [M4] + [M5] ozna-
cenih zelenom bojom koje idu na istok-zapad.
Sve linije prate istu orijentaciju, razlicitu od one
poznate arheologiji. One su takode prilicno ne-
jasnog oblika, pa se ovi lineari ne odnose na po-
kopane strukture, ve¢ mozda predstavljaju proslu
kultivisanost ili podjelu zemlje. U odnosu na ove
linjje, jaca anomalija [MG6] prati svrstavanje po
desnim uglovima do vjerovatnih oznaka brazdi.
Na osnovu ovih svrstavanja, moguce je da je ovo
otkri¢e bivsa granica polja. Linije brazdi prekri-
vaju podrucje ocrtano ovom granicom, gradskim
zidovima i putem. Ova pretpostavka je pojacana
postojanjem granice na istom svrstavanju [M7]
koje je vidljivo iznad povrsine i odstranjuje mo-
gucénost pogresne slike sa magnetometra, a ovdje
je oznacena odsustvom ocitavanja.

Zakopane strukture u Duklji su dobro reagova-
le na magnetometriju. Na zapadu ovog podrucja
se nalazi linearna negativna pojava [M8] prateci
LI - Z.8.Z, djelimi¢no vidljiva iznad povrsine i
jasno prati put postoje¢ih drevnih gradskih zi

na. Ova pojava je dobar primjer kako se zakopane
strukture izgradene od lokalnog krecnog kamena
pojavljuju naspram pozadinske geologije. U dru-
gim podrucjima gdje postoje pojave koje se poka-
zuju kao negativna ocitavanja, moguce je reci da
su napravljene od istog materijala kao postojeci
zidovi.

Krec¢udi se ka istoku, postoji mala anomalija [M9]
od dvije kratke linije koje se spajaju pod pravim
uglovima: ovo bi trebalo da bude ugao zgrade ili
sobe. Ona prati istu orijentaciju kao stojeci ostaci
na nalazistu, ¢ineci vjerovatnim povezanost ove
djelimi¢ne pojave sa poznatim rimskim ostacima.

Nastavljajuci istocno, postoji grupa efemeralnih
linearnih anomalija [M10], od pravilno odvojenih
povezanih pojava, postoje dvije linije koje prate
S.S.I1.-]J.Z., 1 dvije druge linije, i1 jedna kratka li-
nija, vertikalna u odnosu na ove. Ovaj kompleks
se izgleda nastavlja ispod osnovnog zida [M12] i
moze biti viden kako se nastavlja u linearni [M11]
koji se pojavljuje sa druge strane. Pravilnost ano

The land at Doclea around the forum and basilica
is currently used to graze sheep and goats and may
have been subject of other agricultural practices at
earlier times. Starting at the eastern most end of Area
A, there is a group of linear anomalies [M3], [M4]
+ [M5] marked in green and running east-west.
The lines all follow the same otientation, one which
is different to that of the known archaeology. They
are also quite indistinct in form which suggests that
these linears do not relate to buried structures and
may instead represent past cultivation or division of
the land. In association with these lines, the stronger
anomaly [M6] follows an alignment at right angles
to the probable plough marks. On the basis of this
alighment it is possible that this feature is a former
field boundary. The plough lines cover the area
delineated by this boundary, the town walls and the
road. This hypothesis is strengthened by the existence
of a surviving boundary [M7] on the same
alighment that is visible above the surface and is so
much in evidence that it precluded the possibility
of traversing it with the magnetometer and is here
marked by the absence of readings.

The buried structures at Doclea responded well
to magnetometry. In the west of this area lies a
linear negative feature [M8] running ESE-WNW
which is partially visible above the surface and
clearly follows the route of the existent ancient
town walls. This feature acts as a good example
to demonstrate how the buried structures built
of local limestone are showing up against the
background geology. In other areas where there
are features showing up as negative readings, it
is plausible to suggest that they are built of the
same material as the existing walls.

Moving west to east, there is a small anomaly
[M9] of two short lines joined and at right
angles to each other: this would appear to be
the corner of a building or room. It follows the
same orientation as the standing remains on the
site, making it probable that this partial feature is
associated with the known Roman remains.

Continuing east, there is a group of ephemeral
linear anomalies [M10] that consist of regularly
spaced interrelated features, there are two lines
running NNE-SSW, and two long lines, and one
short line perpendicular to these. This complex
seems to continue beneath the substantial NNE-
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malija na zapadnoj strani foruma [M10] poka-
zuje da su iz rimskog perioda. Relativna slabost
ocitavanja pokazuje da su zidovi bili mnogo ma-
nji ili izgradeni od manje osjetljivog materijala,
ili, vjerovatnije, da su arheoloski nalazi zakopani
dublje u ovom dijelu nalazista. Moguce je da je
ovaj kompleks iz ranije faze gradenja od one na
postoje¢im strukturama na ovom nalazistu, kao
sto je [M12].

Veliki zid koji se vijerovatno nalazi na vrhu ranije
faze gradenja [M12] daje veoma jak negativan si-
gnal. Ovaj zid je djelimicno vidljiv na povrsini. Na
ovom podrudju moze biti povezan sa djelimi¢no
iskopanim zidom [M13] I.JI. od [M12] koji je
iste sirine i nivoa. Kada se uporede sa podacima
sa istrazivanja, jasno se vidi da su ova dva zida
nastavci onih vidljivih u stoje¢im strukturama do
J.J.Z. koja su snimljena prilikom istrazivanja gra-
denja.

Na podrucju odvojenim sa dva veca zida u ovom
dijelu nalazista [M12] + [M13] postoji par line-
arnih pojava u J.Z. uglu [M14], opet pod pravim
uglovima jedna prema drugoj, gdje izgleda da se
formira zatvoren prostor, vjerovatno soba, sa
uporednom veli¢cinom sa sobom koja se nalazi
iznad, odmah do J.Z..

Takode, na ovom podrucju postoje linearne ano-
malije [M15] + [M16] koje prate Z.S.Z.-1.].1. stva-
rajudi jak pozitivni signal duz ivica dva iskopana
kanala. Vjerovatno oznacavaju postojanje kanala,
vise nego arheologija. Oko ivica sjevernog kanala
java, koji se mogu odnositi na seriju paralelnih
zidova ili vjerovatno sobe. Poremecaji izazvani
iskopavanjem na ovom podrucju ¢ine teskim do-
nosenje bilo kog ¢vrstog zakljucka o tome da li
ova ocitavanja predstavljaju zakopane arheoloske
predmete, ili poremecaje izazvane iskopavanjem.

Prema S.Z. stojec¢ih kompleksa zgrada, postoji se-
rija regularno odvojenih diskretnih pojava sve u
liniji [M17], na suprotnom redu postoje tri slicne
anomalije [M18] koje prate S.I.-].].Z., paralelno sa
[M12]. Oblik anomalija i razmak izmedu govo-
re da mogu postojati rupe ili osnove za stubove.
Jacina ocitavanja blize ih povezuje sa jacim zido-
vima [M12] + [M13] i moguce je da ove pojave
predstavljaju stubiste. Medutim, posebno anoma-
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SSW wall [M12] and can be seen to continue in

the linear [M11] that emerges on the other side.
The alignment and regularity of the anomalies to
the west of the forum [M10] suggest that they
are of Roman date. The relative weakness of the
readings suggests either that the walls were a lot
smaller or built out of a less responsive material,
or more likely that the archaeology is buried
deeper in this part of the site. It is possible that
this complex is of an earlier building phase to
that of the existing structures on the site, such

as [M12].

The large wall possibly sitting on top of an eatlier
building phase [M12] gave a very strong negative
signal. This wall is partially visible on the surface.
In this area it can be linked with the partially
excavated wall [M13] ESE of [M12] that is of
the same width and alignment. When compared
with the survey data it is clear that these two walls
are continuations of those visible in the standing
structures to the SSW that have been recorded by
the building survey.

In the area delineated by the two larger walls in
this portion of the site [M12] + [M13] there are
a pair of linear features in the SW corner [M14],
again at right angles to each other that seem to
form an enclosed space, possibly a room, of a
comparable size to the room that is in existence
above ground immediately to the SW.

Also in this area there are linear anomalies [M15]
+ [M16] running WNW-ESE that create a strong
positive signal along the edge of two excavated
trenches. It is likely that these results denote the
existence of the trenches, rather than archaeology.
Around the edge of the northernmost trench
there is a more convincing set of negative linear
features, which may relate to a series of parallel
walls, or possibly a room. The disturbance caused
by the excavation of this area makes it difficult
to make any firm conclusions about whether
these readings represent buried archaeological
features, or represent the disturbance caused by

excavation.

To the NW of the standing building complex,
there are a series of small regularly spaced discrete
features all in a line [M17], on the opposite
alignment there are three similar anomalies [M18]
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lije na sjeveru u ovoj pojavi mogu biti izazvane
modernim rusevinama, povezano sa susjednim
modernim zgradama.

Prema S.Z. foruma, postoji grupa pojava koje pra-
te rimsku orijentaciju, serija negativnih linija koje
¢ine dva zatvorena podrucja. Medu ovim negativ-
nim anomalijama je grupa pozitivno zakrivljenih
linearnih pojava [M20] koje sijeku, ili su presje-
cene negativhim anomalijama [M19]. Prema S.I.
ovog kompleksa, na 1.S.1.-Z.].Z. liniji, je jaka ne-
gativna pojava [M21] koja se nastavlja nakon gra-
nice [M7] ivjerovatno pokazuje period postojece
granice na povrsini. Linija ove pojava je takode
drugacija od bilo koje druge postojece arheoloske
pojave, §to govori da pripada drugacijoj fazi.

Postoji velika i nejasna pozitivha pojava [M22]
koja ide od J.I. ugla foruma u pravcu S.8.1.. Mo-
guce je da ovo takode predstavlja stariji granicni
marker. Na Sciottijevoj mapi iz 1907. postoji linija
oznacena na ovoj lokaciji, koja bi mogla biti gra-
nica polja. Ili, red ove anomalije podrzava teori-
ju da bi ovo moglo da predstavlja nastavak ulice
koja ide S.S.I. duz samog foruma. Postoji dokaz
pjesacke zone poplocane ogromnim krec¢njackim
blokovima duz ove LJ.I. ivice foruma, jasno vid-
ljiva na povrsini.

U krajnjem S.I. dijelu ovog podrudja, postoji mala
[M23] koja vodi
J.J.I. od postojeceg stajaceg gradskog zida. Mada
je ova linija u razli¢itom redu prema drugim iden-
tifikovanim rimskim strukturama, c¢injenica da je

efemeralna linearna anomalija

ova pojava u pravom uglu u ovom dijelu gradskog
zida, moze znaciti da je na neki nacin povezana
sa zidom.

Postoji mali skup povezanih pojava [M24] u S.I.
uglu ovog nalazista. Negativne linearne anomalije
bi najvjerovatnije predstavljale zidove, dok koncen-
tracija pozitivnih ocitavanja unutar podrucja oivi-
¢enih zidovima pokazuje da je materijal sa velikim
magnetnim svojstvima koncentrisan unutar zidova
od kre¢njackog kamena. Moguce je da se ova jaka
ocitavanja odnose na podni omotac koji je opstao
unutar zidova, ili sruseni omota¢ koji se sastoji od
cigli i/ili ploca. Ovo je obrazac u rezultatima koji se
ponavlja i na drugim mjestima na nalazistu.

Duz modernog puta postoji negativna linearna
anomalija [M25] koja prati liniju puta. Ova po-
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running NNE-SSW, parallel to [M12]. The shape
of the anomalies and their spacing suggests that
they may be post holes or column bases. The
strength of the readings links them more closely
with the more robust walls of [M12] + [M13] and
itis possible that these features representa portico.
However, particularly the northern anomalies in
this feature may be caused by modern debris in
association with the adjacent modern building,

To the NW of the forum there is a group of
features that follow the Roman orientation, a
series of negative lines that form two enclosed
areas. Amongst these negative anomalies are a
group of positive curved linear features [M20]
that cut, or are cut by, the negative anomalies
[M19]. To the NE of this complex, on an ENE-
WSW alignment, is a strong negative feature
[M21] that clearly continues over the boundary
[M7] and it is likely that this feature therefore
post dates the existing boundary above ground.
The alignment of this feature is also different to
any of the existing archaeological features which
suggest it belongs to a different phase.

There is a broad and indistinct positive feature
[M22] that runs from the SE corner of the
forum in a NNE direction. It is possible that
this too represents an older boundary marker.
On the 1907 Sciotti Map there is a line marked
in this location, which could possibly be a field
boundary. Alternatively, the alignment of this
anomaly supports the theory that this could
represent a continuation of the street that runs
NNE alongside the forum itself. There is evidence
of a walkway paved with large limestone blocks
along this ESE edge of the forum that is clearly
visible on the surface.

In the extreme NE portion of this area is a small
ephemeral linear anomaly [M23] running SSE
from the existing standing town wall. Although
this line is on a different alignment to the other
identifiable Roman structures, the fact that this
feature is at right angles to this section of the town
wall may mean that it is in some way associated
with the wall.

There is a small cluster of associated features
[M24] in the NE corner of the site. The negative
linear anomalies would most likely represent
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java mogla bi biti stvorena ili izgradnjom puta, ili
bi mogla biti odgovor na nase istrazivanje na pri-
sustvo puta.

Zapadno od modernog puta postoji kompleks
negativnih pojava [M26] od linija koje vode
2.8.2.-1].1, i dvije povezane anomalije L-oblika
koje bi mogle definisati prostorije. Ove prosto-
rije su smjestene unutar vece ograde, vjerovat-
no definisane prethodno pomenutom pojavom,
[M25], povezane sa dvije jako negativhe anoma-
lije [M27] pod pravim uglovima jedna ka drugoj
koje se pojavljuju na juznoj strani [M26]. Dokaz
da ovo moze biti dio iste pojave lezi u sli¢nosti
jacine ocitavanja i linije i pozicije pojave.

Unutar podrucja vjerovatno definisanim poja-
vama [M26] + [M27] postoji druga grupa ano-
malija koje vjerovatno cine stalnu pojavu [M28].
Ovi rezultati su slabije opisani na ovom podrucju,
vjerovatno prikazujuci nesto od materijala koji ne
odgovara dobro na magnetometriju, ili je zakopan
dublje. Podudarnost linija u ovom setu anomalija
sa poznatom rimskom arheologijom govore da je
rije¢ o slicnim fazama gradenja. Iako slaba, oci-
tavanja su negativna, sto odgovara rezultatima sa
ostalih djelova nalazista koje identifikuju zakopa-
ne rimske strukture.

Na podrucju S.I. od foruma postoje tri pravouga-
one anomalije [M29], [M30] + [M31]. Istocna
anomalija [M29] je prili¢no stvarna 1 definisana je

sa tri negativne linearne pojave koje mogu pred-
stavljati kre¢njacke zidove. Jacina 1 varijacija oci-
tavanja unutar ovih anomalija navodi na zaklju-
¢ak o prisustvu materijala koji daje jak magnetni

26

walls, while the concentration of positive readings
within the area delineated by walls is indicative
that a material of a high magnetic property is
concentrated within the limestone walls. It is
possible that these strong readings relate to a
surviving floor layer within the walls, or a collapse
layer consisting of brick and/or tile. This is a
pattern in the results that is repeated elsewhere
on this site.

Alongside the modern road there is a negative
linear anomaly [M25] that follows the alignment
of the road. This feature could either have been
created with the construction of the road, or
it could be the response of our survey to the
presence of the road.

West of the modern road there is a complex of
negative features [M26] that consist of a line
running WNW-ESE, and two associated L-shaped
anomalies that could define rooms. These rooms
look to be situated within a larger enclosure
possibly defined by the aforementioned feature,
[M25], in conjunction with two strongly negative
anomalies [M27] at right angles to each other that
appear to the south of [M26]. The evidence that
these may be part of the same feature lays in the
similarity in the strength of the readings and the
alighment and position of the features.

Within the area possibly defined by features
[M26] + [MZ27] there are another group of
anomalies that probably form a continuous
feature [M28]. The results are less well defined
in this area, possibly suggesting that this feature
is constructed of materials that do not respond
well to magnetometry, or are buried deeper. The
congruity of thealignmentof this setof anomalies
with the known Roman archaeology suggests
that these features are of a similar building phase.
Although faint, the readings are negative, which
fits with the results from the rest of the site that
identify buried Roman structures.

In the area to the NE of the forum there are
three rectangular anomalies [M29], [M30] +
[M31]. The eastern-most anomaly [M29] is quite
substantial and is defined by three negative linear
features that may represent limestone walls. The
strength and variation of the readings within
these anomalies is suggestive of the presence of
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signal, vjerovatno cigla ili crep. Magnetometar
mozda bira signal sa poda unutar zgrade ili je to
sruseni omota¢ od cigle ili crijepa. Sli¢na analiza
se moze primijeniti u pojavama na zapadu [M30]
+ [M31], mada su rezultati prividni.

Juzno od velike hrpe kamenja, postoji jos jedna
slaba linearna pojava [M32], u istoj liniji sa line-
arnom pojavom na jugu [M33]. Obje pojave su
malo drugacije od ostale poznate rimske arheo-
logije.

Izmedu ove dvije pojave postoji jedna zatvorena
anomalija [M34], o ¢ijim karakteristikama obli-
ka sa ostalim pojavama je ve¢ govoreno [M24],
[M29], [M30] + [M31]. Ovo je pravougaona po
java, jaka ocitavanja govore da postoji zgrada gdje
je srusen zid od cigli ili crijepa, ili ¢vrsta podna
povrsina.

Dalje ka jugu, postoji pojava [M35] koja se sastoji
od jedne duge linearne anomalije, sa dvije krace
linije koje idu vertikalno. Orijentacija je u skladu
sa poznatim rimskim pojavama, pa je ova pojava
vjerovatno iz istog perioda.

Podrucje B: Zapadno podrucje

Nakon zavrsetka podrucja oko foruma $to je vise
bilo moguce, istrazivanje je preslo na potencijalne
arheoloske ostatke na podrucju zapadno od Zelje-
znicke pruge.

Istrazivanje je bilo uspjesno i na ovom podrucju.
Bilo je vise modernih narusavanja u ovom dijelu
nalazi$ta, zbog metalnih pilona i cijevi duz citavog
podrudja istrazivanja. Gdje je bilo moguce, poku-
$ali smo da odrzimo pogodnu razdaljinu od ovih
modernih pojava da bi ogranicili njihov efekat na
rezultate. Efekti ovih modernih upada se mogu
vidjeti kao veoma jaka ocitavanja na zapadnoj
strani ovog podrucja, najocitiji bitni pozitivni re-
zultati su sa dva metalna pilona [M36] + [M37],
i dipolarni rezultat sa cijevi koja ide od zapadne
ivice ovog nalazista. [M38].

Manje osjetljivi, ali jednako vazni su naslage stije-
na i granicnici polja koji su presijecali ¢itavu po-
javu interpretacije [M39] i [M40]. Jasno je kako
se ove duge strukture ravnaju sa podrucjem koje
nismo mogli da istrazujemo a koje je dio iste po-
jave. U centralnom dijelu podrucja postoji grupa
slabih anomalija [M41] koje su sli¢ne u obliku 1
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a material that gives a strong magnetic signal,

possibly brick or tile. The contained nature of
this feature suggests the magnetometer may be
picking up the signal of an in situ floor within
a building, or it is a more generalised collapse
layer of brick and/or tile. A similar analysis could
apply to the features to the west [M30] + [M31],

although the results are more insubstantial.

Moving south of the large rock pile, there is
another faint linear feature [M32], which is on
the same alignment as the linear feature to the
south [M33]. Both of these features are on a
slightly different orientation to the rest of the
known Roman archaeology.

Between these two features there is an enclosed
anomaly [M34], which shares characteristics
with the other features already discussed [M24],
[M29], [M30] + [M31]. This is a rectangular
feature, with contained strong readings suggesting
there is a building within which there is a collapse
layer of brick or tile, or a solid floor surface.

Moving south again, there is a further feature
[M35] that consists of one long linear anomaly,
with two shorter lines running perpendicular. The
orientation is consistent with the known Roman
features making it plausible that this feature is
from the same period

Area B: West Area

After completing as much of the area around the
forum as possible, the survey moved to explore
the potential for archaeological remains in the
area to the west of the railway line

The survey continued to be successful in this
area. There was more modern disturbance in this
part of the site, with metal pylons and pipelines
cutting across the survey area. Where possible
we tried to keep a suitable distance from these
modern features in order to limit their effect on
the results The effect of these modern intrusions
can be seen in the very strong readings visible
in the west side of this area, most notably the
substantial positive results from the two metal
pylons [M36] + [M37], and the dipolar result
from a pipeline that follows the western edge of
the site [M38].
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prostorno pojavama identifikovanim kao moguce
obradive povrsine u podrucju A, 1 zato su takode
ovdje identifikovane kao poljoprivredne pojave.

U sjevernoj sekciji podrucja B postoji pojas ukr-
Stanja pozitivnih 1 negativnih ocitavanja koji obli-
kuju pomalo zaobljenu i zailjenu pojavu [M42].
Oblik ove pojave koja je bez strukture i jacina
ocitavanja nam govore da ovo moze biti geoloska
anomalija. Sli¢na je po karakteru pojava na jugo-
zapadu podrucja B [M43], veliki i zamasan skup
pozitivnih 1 negativnih ocitavanja koja vjerovatno
predstavljaju geolosku anomaliju.

Plate. 5: View of Area B, looking east across the River Zeta
(photo. S. Hay)

Postoji kompleks uskih linearnih anomalija pod
pravim uglovima jedna prema drugoj [M44]. Ne-

gativna vrijednost ocitavanja nam govori da ove
pojave predstavljaju zidove napravljene od krec-
njackog kamena, hipoteza potkrijepljena njiho-
vom pravilnom strukturom i orijentacijom. Ove
pojave prate istu liniju kao 1 gradski zid koji jos
uvijek stoji i ocrtava S.Z. stranu ovog podrucja
nalazista. Stojeci zid se nalazi na vrhu jaruge koju
je probila rijeka, u sli¢noj poziciji prema rimskim
zidovima dalje prema istoku. Orijentacija rimske
arheologije moze biti promjenljiva na ovom po-
drucju zahvaljujuci geografskim preprekama.

Na ovom podrucju postoji takode pravolinijsko
uredenje pojava [M45] u istoj liniji kao [M44].
J.Z. linearna pojava ove grupe je u liniji sa vidlji-
vim modernim grani¢nicima polja na nalazistu i
mogu zato predstavljati samo zakopani nastavak
ove granice, dok sjeverna linearna pojava pred-
stavlja grani¢nik polja koja je jos uvijek vidljiva na
povrsini. Anomalije na S.I. ovog kompleksa prate
orijentaciju stajaceg zida koji stoji na 90° ka stu-
bistu postojeceg gradskog zida na ovom podruc-
ju. Negativna ocitavanja su ovdje prilicno nejasna
i amorfna, 1 mogu predstavljati efekte zida na
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Less responsive, but equally intrusive were the
rock piles and field boundaries that crossed the
entire site. Where possible these were traversed
and the results have been marked as agricultural
features on the interpretation [M39] and [M40].
It is clear from how these long structures align
with the areas we could not survey that they are
part of the same features. In the central portion
of the site there are a group of faint anomalies
[M41] that are similar in form and spacing to the
features identified as possible cultivation marks in
Area A, and are therefore also identified here as
agricultural features.

In the north section of Area B there is a band
of matching positive and negative readings that
form a slight curved and tapering feature [M42].
The unstructured shape of this feature and the
strength of the readings suggest this may be a
geological anomaly. It is similar in character to
the feature in the south west of Area B [M43],
a broad and unsubstantial band of positive and
negative readings that also probably represent a
geological anomaly.

There is a complex of narrow linear anomalies
at right angles to each other [M44]. The negative
value of the readings suggests these features
represent walls constructed from limestone, a
hypothesis backed up by their regular structure
and orientation. These features follow the same
alighment as the town wall that is still standing
and delineates the NW side of this area of the
site. The standing wall is situated at the top
of the ravine carved by the seasonal river, in a
similar position to the Roman walls further to the
east. The orientation of the Roman archaeology
could be shifting in this area due to geographical
constraints.

There is also in this area a large rectilinear
arrangement of features [M45] on the same
alighment as [M44]. The SE linear feature of
this group is aligned with visible modern field
boundaries on site and may therefore represent
merely a buried continuation of this boundary,
while the northern linear feature represents a
field boundary that is still partially visible on the
surface. The anomalies in the NE of this complex
follow the orientation of a standing wall which
exists at 90° to the portion of the town wall
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kraju podrudja. Citav kompleks [M45] izgleda da
se uklapa u modernu vidljivu strukturu podrudja,
kao $to su granicnici polja i zidovi, vise kao dokaz
podpovrsinskih rimskih ostataka.

Postoji rasutost pozitivnih anomalija preko ovog
sjevernog dijela podrucja B na [M46], [M47] i
[M48]. Ocitavanja znace da je ovo izazvano zako-
panim materijalima jaceg magnetnog signala nego
sto su strukture od krecnjackog kamena koje cine
veliki obim pojava na ovom podrucju. Moguce je
da predstavljaju moderne prepreke, ili zakopane
arheoloske pojave napravljene od zapaljivog ma-
terijala kao sto je cigla ili crijep.

Krecéudi se juzno, postoji pojava u obliku L [M49]
negativne magnetne vrijednosti. To moze biti po-
vezano sa granicnikom polja, oznacen zelenom
bojom, sa kojim se granic¢i. Medutim, ja¢ina i vri-
jednost negativnih ocitavanja u ovoj anomaliji, za-
jedno sa svojom orijentacijom nam govori da po-
stoji mala mogucnost da je to rimska arheologija.

Blizu centralnog dijela podrucja B postoji veoma
velika 1 karakteristicna pojava [M50], koja uklju-
¢uje pravougaonu ogradu priblizno 15m x 5m, sa
cetiri jednake prostorno 1ijednako jake cirkularne
anomalije unutar. Orijentacija je uglavnom ista kao
[M44] + [M45], dok jacina pozitivnih ocitavanja
nam govori da ovo nije struktura od kre¢njackog
kamena, ve¢ je napravljena od materijala sa jakim
magnetnim signalom. Ova pojava ne prati rimsku
liniju i pokazuje pozitivha ocitavanja, posto su zi-
dovi od krec¢njackog kamena u rimskoj fazi stalno
na nalazistu. Gdje je bilo moguce ovo je predeno,
a rezultati su oznaceni kao poljoprivredni negativ.
Uzimajuéi u obzir ova dva faktora, nevjerovatno
je da je ova pojava povezana sa rimskom fazom
naselja u Duklji.

J.I. dio podru¢ja B je bogat podpovrsinskim
strukturama. Negativne vrijednosti ocitavanja
koje definiSu anomalije su slicne po vrijednosti
onim ocitavanjima o kojima se ve¢ diskutovalo u
podrucju A. Vjerovatno je da su strukture u po-
drucju B koje se pojavljuju kao negativna pojava,
takode izgradene od istog materijala, krecnjackog
kamena.

Jedna grupa zgrada se moze jasno razlikovati,
ukljucujuéi oznacene strukture [M51], [M52],
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extant in this area. The negative readings here are
rather vague and amorphous, and may represent
the effects of the wall at the end of the area. The
whole complex of [M45] seems to fit in to the
modern visible structures on the site, such as field
boundaries and walls, rather than as evidence of
subsurface Roman remains.

There is a scatter of positive anomalies across
this northern portion of Area B at [M46], [M47]
and [M48]. The readings mean that these are
caused by buried materials of a higher magnetic
signal than the limestone structures that make up
the bulk of the features in this site. It is possible
they represent modern disturbance, or buried
archaeological features made of a fired material
such as brick or tile.

Moving south, there is an L-shaped feature [M49]
of negative magnetic value. It could be associated
with the field boundary, marked in green, which
it abuts. However the strength and value of the
negative readings in this anomaly, along with its
orientation suggest there is a slight possibility that
it is buried Roman archaeology.

Close to the central section of AreaB thereisavery
large and distinctive feature [M50], comprising a
rectangular enclosure of approximately 15m x 5m,
with four evenly spaced and equally strong circular
anomalies contained within it. The orientation is
broadly the same as [M44] + [M45], while the
strength of the positive readings suggests that
this is not a limestone structure, but is made of
a material with a higher magnetic signal. This
feature does not follow the Roman alignment,
and is showing up as positive readings whereas
the limestone walls of the Roman phase are
consistently negative. Taking in to account these
two factors, it is unlikely that this feature is related
to the Roman phase of settlement at Doclea.

The SE part of Area B is rich in subsurface
structures. The negative values of the readings
that define the anomalies are similar in value to
those readings already discussed in Area A. It is
likely that the structures in Area B that show up
as negative features are also constructed from the
same material, limestone.

One group of buildings can be clearly discerned,
comprising the structures labelled [M51], [M52],
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[M53], [M54], [M55] i [M56]. Nukleinski ka-
rakter ovih pojava nam govore da one razlikuju
pravougaoni izolovan blok koji mjeri priblizno 70
x 80 metara. Postoji broj zatvorenih zgrada gru-
pisanih oko moguceg dvorista. Mnoge od struk-
tura imaju veoma velika pozitivha ocitavanja u
podrucju unutar zidova, na pr. u [M51], [M52],
[M53] + [M56]. Materijal otkriven unutar ovih
zgrada ima ja¢i magnetizam nego onaj u zidovi-
ma kod obliznje geologije. Podru¢ja koncentrisa-
nih pozitivnih signala mogu zato predstavljati ili
pod unutar soba, ili sruseni omotac krova i zidova
koji vode do grupe cigala i crepova unutar zidova
zgrade. U S.I. uglu ovog izolovanog dijela, posto-
ji detaljna grupa pojava koja pokazuje jos jedno
dvoriste [M56], okruzeno sa najmanje tri velike
zgrade sa sjevera 1 istoka, sa serijjom manjih soba
ka jugu i zapadu, odvajajudi interno dvoriste u pri-
bliznim mjerama 10 x 20 m.

Juzni dio ovog izolovanog dijela je podijeljen ve-
likom stijenom koja zaklanja odnos izmedu dvije
grupe linearnih pojava [M54] + [M55]. Ove dvi-
je grupe pojava formiraju jednu veliku zgradu, ili
mozda dvije odvojene strukture odvojene zidom
koji lezi ispod grani¢nika polja.

Postoji jos jedna grupacija povezanih pojava u J.I.
uglu podrucja B [M57], [M58], [M59], [M60]
+ [M61]. Citav ovaj dio podruéja je veoma jako
narusen, ogromnim nanosima betona na povrsini
1 povremenim sagradenim betonskim struktura-
ma koji se vjerovatno odnose na upotrebu nala-
ziSta u ratno doba. Uprkos ovom narusavanju,
moguce je definisati neke ubjedljive pravolinijske
pojave. Lokacija ove grupe pojava u odnosu na
prethodno diskutovane grupacije je sugestivna,
predstavljajuéi drugi moguci izolovani blok. Po-
stoji uski pojas zemlje izmedu ova dva izlovana
dijela, koji moze predstavljati pravac puta koji se
spaja sa decumanus maximus. Ne postoji anomalija
u rezultatima magnetometra, $to vodi direktno do
zakljucka; medutim, upadljiv nedostatak bilo koje
druge anomalije u ovom podrucju definisanim sa
dva moguca izolovana dijela ¢ini prisustvo puta
veoma vjerovatnim. Orijentacija ovog hipotetic-
kog puta bi znacila susret sa decumanus pod pravim
uglovima.

Juzno od glavnih rimskih kompleksa zgrada se
nalaze male, proste pojave, ukljucujuci dvije pa-
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[M53], [M54], [M55] and [M56]. The nucleated
character of these features suggests that they
comprise a rectangular zzsula block measuring
approximately 70 x 80 metres. There are a number
of enclosed buildings grouped around a possible
courtyard. Many of the structures have very high
positive readings in the area within the walls, for
example at [M51], [M52], [M53] + [M56]. The
material detected within these buildings is of a
higher magnetism than that of the walls and
surrounding geology. The areas of concentrated
positive signals could therefore represent either an
in situ floor within the rooms, or a collapse layer
of the roof and walls leading to a deposit of brick
and tile within the walls of the building. In the
NE corner of this insula, there is a detailed group
of features that show another courtyard [M56],
surrounded by at least three large buildings to the
north and east, with a series of smaller rooms
to the south and west delineating an internal
courtyard measuring approximately 10 x 20 m.

The south side of this znsula is bisected by a
large rock built field boundary that obscures the
relationship between two groups of linear features
[M54] + [M55]. These two groups of features
may form a single large building, or maybe two
separate structures that are separated by a wall
that lies beneath the field boundary.

There is another grouping of interrelated features
in the SE corner of Area B [M57], [M58],
[M59], [M60] + [M61]. This whole portion of
Area B is very heavily disturbed, by large deposits
of concrete on the surface and occasional built
concrete structures possibly relating to wartime use
of the site. Despite this disturbance it is possible
to define some convincing rectilinear features.
The location of this group of features in relation
to the previously discussed grouping is suggestive
of this representing a second possible insula
block. There is a narrow strip of land between
these two /nsulae that may represent the course of
a road running up to meet the decumanus maximus.
There is no anomaly in the magnetometer results
that leads to this conclusion directly, however the
conspicuous lack of any other anomaly in this
area defined by two possible zusulae makes the
presence of a road highly likely. The orientation
of this hypothesised road would mean it would
meet the decumanus at right angles.
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ralelne linearne pojave [M62] koje, izgleda, ¢ine
pravougaonu ogradu koja prati istu orijentaciju
kao rimski ostaci.

Zapadno postoji finalna negativna linearna poja-
va [M63] pod malo kosim uglom prema ostalim
pojavama. Moze biti da [M62] + [M63] su obje
slabe pojave zbog toga $to su dublje pod zemljom
na ovom dijelu nalazista, ili mozda prosto pred-
stavljaju efemerniju arheolosku pojavu.

4. Diskusija i zakljucci

Istrazivanje je bilo uspjesno u identifikovanju
podpovrsinskih pojava, i modernih 1 arheoloskih.
Moderne zgrade na nalazistu, piloni i granicnici
polja, ogranicili su podrucje dostupno za istrazi-
vanje 1 povremeno ometali mogucnost otkrivanja
zakopanih arheoloskih pojava.

Najznacajnije 1 najlakse identifikovane pojave ot-
krivene tokom ovog istrazivanja su sigurno iz rim-
skog perioda. Orijentacija rimskih ostataka iznad
zemlje ¢ini laksim identifikaciju struktura ispod
zemlje, koje su vjerovatno iz istog perioda.

Podrucje A

Ocekivalo se da ¢e podruéje A dati neke vazne
strukture. Mada su se neke znacajne pojave mogle
identifikovati isto¢no i zapadno od foruma i ba-
zilike, one su manje definisane nego bilo gdje na
nalazistu. Munro zapaza da je nalaziste bilo stalno
eksploatisano od lokalnog stanovnistva, koje je
koristilo rimske ostatke kao izvor za veliko kame-
(Munro 1896, 11). Vjerovatno je
blizina ostataka visokog profila znacila da je ovo

nje za gradnju

podrucje privlacilo veéu paznju i zato je bilo vise
narusavanja od vecine drugih podrudja na nalazi-
stu. Poslednje aktivnosti su doprinijele ovoj tvrd-
nji, kao i to da je podrudju sjeverno od foruma
zbog jarkova. bilo nepogodno za istrazivanje.

Podrucje B

Zapadno od zeljeznickih $ina ima nekoliko zna-
c¢ajnih struktura. Velika cijev dijeli zapadnu stranu
nalazista. Arheoloski ostaci su koncentrisani na
istocnom dijelu ovog podrucja, blize Zeljeznickim
sinama.

Priroda gradskog kompleksa govori da su najo-
dredenije zgrade u podrucju B izolovani blok, a
istrazivanje moze otkriti vth drugog izolovanog

To the south of the main building complexes
of roman buildings are a couple of small simple
features, including two parallel linear features
[M62] that seem to form a rectangular enclosure
that follows the same orientation as the Roman
remains.

To the west there is a final negative linear feature
[M63] at a slight oblique angle to the other
features. It may be that [M62] + [M63] are both
fainter features due to being buried deeper at this
end of the site, or they may simply represent a
more ephemeral archaeological feature.

4. Discussion and Conclusions

The survey was successfulinidentifying subsurface
features, both modern and archaeological. The
modern buildings on the site, pylons and field
boundaries, restricted the area available for survey
and occasionally obstructed the possibility of
revealing buried archaeological features.

The most significant and easily identifiable
features discovered over the course of this
survey are almost certainly of Roman date. The
orientation of the Roman remains above ground
makes it easier to identify those structures below
ground that are likely to be of the same period.

Area A

It was expected that Area A would yield some
important structures. Although some significant
features could be identified to the east and west of
the forum and basilica, they are less well defined
than elsewhere on site. Munro remarks that the
site has been consistently exploited by the local
population, who have used the Roman remains
as a quarry for large building stone (Munro 1896,
11). It is likely that the proximity to the high
profile remains has meant that this area has been
subject to greater attention and therefore greater
disturbance than the more removed atreas of the
site. Recent activity has contributed to this bias, as
much of the area north of the forum was made
unsuitable for survey by excavated trenches.

Area B

To the west of the railway track the majority of
the area yielded few significant structures. A large
pipeline bisects the west side of the site. The
archaeological remains are concentrated in the



bloka na jugu, uprkos znacajnim ometanjima be-
tonskih konstrukcija. Nazalost, podrucje izmedu
ovih novih otkri¢a i stojeéih ostataka je uveliko
prekriveno putem, zeljeznicom ili deponijom
smeca.

Zgrade koje ¢ine ovaj izolovani dio su veoma jasne
1 dobro definisane, posebno Sirenje jakih pozitiv-
nih ocitavanja unutar negativnih zidova govore da
vjerovatno postoje na podnoj povrsini, ili u po-
rusenim ciglama i crijepovima. Dobra ocuvanost
ovih ostataka je vjerovatno djelimi¢na zbog uda-
ljenosti izmedu ovog podudja i vidljivih struktura
foruma, bazilike i gradskih zidova. Plan zgrada u
ovom izolovanom dijelu vodi, ne do odredenog
zakljucka, koliko do funkcija u ovom podrucju.
Izolovani dio bi jednako mogao obuhvatiti kako
privatne, tako i javne zgrade. Relativna blizina
gradskom centru, medutim, mogla bi sugerisa-
ti da bi one, ako ne javne strukture, mogle biti
privatne strukture visokog statusa. Rezultati ovog
istrazivanja pokazuju mogucnost da se vidi iza
gradskog centra 1 javnih zgrada, i da se otkriju pri-
vatne Cetvrti.

eastern portion of this area, closer to the railway
track.

The contained nature of the building complex
suggests that most definite buildings in area
B are an insula block, and the survey may have
discovered the top of a second zusula block to the
south, despite significant disturbance by concrete
constructions. Unfortunately the area between
these new discoveries and the standing remains is
largely covered by the road, railway and rubbish

dump.

The buildings that make up this zusula are very
clear and well defined, and the particular spread
of strong positive readings contained within the
negative walls suggests that there is very likely to be
in situ floor surfaces, or significant collapse layers
of brick and tile. The good preservation of these
remains is probably in part due to the distance
between this area and the visible structures of
the forum, basilica and town walls. The plan of
the buildings in this insula leads to no definite
conclusion as to the function of this area.

Plate. 6: Roman column used in a field boundary (photo: S.Hay)
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Istrazivanje je sigurno identifikovalo ve¢inom za-
padni dio grada. Postoji veoma ocigledno ogra-
ni¢enje u vezi dokaza za zgrade u podrucju B.
Nepovezana priroda ovog ogranicenja govori da
predstavlja istinsku Sirinu rimskog grada. Izmedu
izgradenog podrucja grada, 1 ivice grada na kojoj
su gradski zidovi 1 rje¢ni kanjoni, postoji veliko
nerazvijeno podrucje. Moguce je da se ova zemlja
koristila za poljoprivredne aktivnosti koja se de-
s$avala unutar gradskih zidina, $to bi bacilo svjetlo
na to kako je grad Duklja funkcionisao u anticko

doba.

Zakljucak je da je istrazivanje dosta osvijetlilo pret-
hodno nepoznati dio drevnog grada Duklje. Re-
zultati su pokazali kako se magnetometrija moze
koristiti za brzo otkrivanje Sirine i karaktera pod-
povrsinskih ostataka. U Duklji, gdje je prethodni
fokus studija bio potpuno na, ili monumentalnim
zgradama gradskog centra, ili na nekropolu, ovo
istrazivanje je pocelo da identifikuje potencijalne
privatne kuce, saznanje koje je od velike vaznosti
za razumijevanje oblika 1 funkcije municipio Duklje
tokom rimskog perioda.

Plate. 7: The River Zeta (photo: S.Hay)

5. Preporuke

Jedan od ciljeva ovog istrazivanja je da testira od-
govor podzemne arheologije u Duklji u odnosu
na tehniku geofizickog istrazivanja. Kao $to je
receno, istrazivanje je donijelo neke veoma im-
presivne rezultate u ovom preliminarnom dijelu
radova.

U svjetlu ovih rezultata, prva preporuka mora si-
gurno biti prosirenje magnetometrijskog istrazi-
vanja da bi se pokrilo ¢itavo dostupno podrucje
drevnog grada. Do sada, samo gradski centar je
detaljno ispitan, i ovo istrazivanje je pokazalo po-
tencijal Sireg dijela grada, stvarajuci oblik i formu 1
identifikujuéi moguéa podrucja stanovanja. U isto
vrijeme, nastavak topografskog istrazivanja bi bio
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The insula could equally comprise domestic as
well as public buildings. The relative proximity
to the civic centre however, could suggest that if
not public structures, then they could be private
structures of high status. The results of this
survey show that there is potential to see beyond
just the civic centre and the public buildings, to
discover the domestic quarters.

The survey certainly seems to have identified
the western-most extent of the town. There is a
very obvious limit to the evidence for buildings
in Area B. The abrupt nature of this limit would
suggest that it represents the genuine extent of
the Roman town. Between the built up area of the
town, and the edge of the area delimited by the
town walls and river gorges, there is a large area
of undeveloped land. Potentially this land could
have been used for agricultural activity that took
place within the walls of the town itself, which
could shed light on how the town of Doclea
functioned in antiquity.
In conclusion, the survey has successfully
brought to light a previously unknown portion
of the ancient town of Doclea. The results
have shown how magnetometry survey can be
utilised to swiftly reveal the extent and character
of subsurface remains. At Doclea where the
previous focus of study has been fully on either
the monumental public buildings of the civic
centre or the outlying necropoli, this survey has
begun to identify potential domestic buildings,
knowledge of which is vital to understanding
the form and function of the municipio of Doclea
during the Roman period.

5. Recommendations

One of the aims of this survey was to test the
response of the buried archaeology at Doclea to
the technique of geophysical survey. As has been
discussed above, the survey yielded some very
impressive results in this preliminary season of
work.

In light of these results, the first recommendation
must surely be to extend the magnetometry survey
to cover all of the available area of the ancient
town. So far, only the civic centre of the town
has been investigated in any great detail, and this
survey has shown the potential for planning the



osnova za razumijevanje konteksta geofizickih re-
zultata.

Drugo, mora se jako brinuti o zastiti podzemne
arheologije, jednako kao o istorijskim ostacima.
Imajudi ovo u vidu, dalje geofizicko istrazivanje je
imperativ, prvenstveno u ve¢ ¢istim podrucjima,
da bi se definisala velicina nalazista kao cjeline 1
identifikovala najvitalnija podrucja za zastitu.

Medutim, ovo podrucje ¢e biti ograniceno veli-
kim koli¢inama otpada i detritusa, Sto moze ome-
tati magnetometrijske rezultate. Predlozili bismo
da se ulozi napor i da se nalaziSte ocisti gdje je
moguce, da bi podrucje dostupno za istrazivanje
bilo maksimalizovano.

Iskopavanje bi bilo korisno; rezultati ¢e doc¢i do
geofizickih istrazitelja 1 pomo¢i im da bolje razu-
miju rezultate originalnog istrazivanja. Interpreta-
cija geofizickih istrazivanja je Cesto privremena i
mnogo toga se moze dobiti iz integrisanog pri-
stupa.

6. Izjava o naknadi

Dok se trudilo da se osigura da interpretaci-
ja istrazivanja predstavi ta¢nu indikaciju prirode
podpovrsinskih ostataka, svaki zakljucak izveden
iz rezultata formira subjektivno ispitivanje poda-
taka. Geofizicko istrazivanje rukovodi kolekcijom
podataka koji se odnose na varijacije po formi i
prirodu tla. Ovo moze otkriti odredene arheolos-
ke pojave, a mozda ne moze snimiti ¢itav prisutni
materijal. Mora se istaci da je ponekad tesko dati
tacnu interpretaciju odgovora unutar malog po-
drudja.

Zahvalnost

Zelim da izrazim iskrenu 3abvalnost svima koji su niini-
1i ovaj projekat mogucim. Prof. Serdn Rinaldn Tufiju, po-
givajudi nas od samog pocetka projekta, i Srdi Mirkovicn,
na pomodi oko organizacije. Zelim da izrazim zabvalnost
7 gradonacelnikn Podgorice, dr Miomiru Mugosi, zato sto
nanmt je omogucio da radino na ovom izvanrednom nalazi-
Stu. Bez njih nasa nloga ne bi bila moguca.

Zelio bib da se zabvalim dr Lanri Baratin, sa Fakulteta
ambijentalnih nanka na Univergitetu n Urbinu a nese-
bitho dijeljenje rezultata njiboveg istragivanja sa nama;
njihov rad je bio osnova za lociranje i interpretacijn nasib
geofizickih rezultata.

Zelio bih da se zabvalim svima koje smo sreli u Crngj

wider townscape, mapping its form and layout
and identifying possible areas of habitation. At
the same time, continuation of the topographic
survey would be fundamental to understanding
the context of the geophysical results.

Secondly, it is recommended that every care be
taken to protect the buried archaeology as well
as the historic remains. With this in mind, further
geophysical investigation would be imperative,
primarily in the already clear areas, in order
to define the extent of the site as a whole and
identify the areas most vital to protect.

However, this area would be restricted by the
large amounts of refuse and general detritus on
the site, which can obscure magnetometry results.
We would suggest every effort be made to clear
the site where possible in order to maximise the
area available for survey.

Excavation would be useful; the results should
be fed back in to the geophysical surveyors to
enhance their understanding of the original survey
results. Interpretation of geophysical surveys is
often tentative and much can be gained from an
integrated approach.

6. Statement of Indemnity

Whilst every effort has been made to ensure
that the interpretation of the survey presents
an accurate indication of the nature of sub-
surface remains, any conclusions derived from
the results form a subjective assessment of the
data. Geophysical survey facilitates the collection
of data relating to variations in the form and
nature of the soil. This may only reveal certain
archaeological features, and may not record all the
material present. It must be stressed that accurate
interpretation of responses within small areas can

prove difficult.
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Gori na ljubaznosti prema nama, a posebna ahvalnost
Zorici Mrvaljevic, direktoru Mugeja n Podgorici, sto nas
Je ukljucila u projekat “Nova anticka Duklja”. Takode,
Selim da izrazim najvecn zahvalnost Dragann Radoviin
ga neprogjenjivu pomoc kao projekt menadzer, predstav-
nik ga Stampn i vodic. Veoma smo abvalni na njegovom
trudn da nas boravak n Crnoj Gori bude veoma prija-
tan.

Puno savjeta i pomoci smo dobili od mnogo ljndi vezano
ga zavrsetak ovog istragivanja. Medutim, posebno sam
gahvalan profesorima Sajmonn Keu i Endrju Valas-
Hedrilu iz Britanske Skole u Rinn na njihovej podrsci i
ohrabrenju a program oveg geofizickog istragivanya.
Konaino, uspjeh ovog i mnogib drugib istragivanja nije
bio moguc bez, posvecenog tima profesionalaca 13 Britanske
Skole n Rimu i Univergiteta u Sautemtonn. Zato moja
duboka zahvalnost Sofi Kej i Stivenu Keju za njibov
ogroman i naporan rad, bexregervnu podrsku i neodoljivi
humor.

Dodatak 1: Detalji strategije istraZivanja

Datum istrazivanja: 75 — 31 oktobar

Nalaziste: Duklja

Lokacija: Podgorica, Crna Gora

Geografska duzina/geografska Sirina:
19°15’55.77”E / 42°28°6.98”N

Istrazivac: Britanska Skola u Rimu i Arheoloske
istrazivacke usluge u Sautemptonu

Personal: Soft Hej (APSS), Stiven Hej i Leoni Pet
(BSR)

Geologija: Conglomerate Strata

Stanje tla: Dobra drenaza

Korisc¢enje zemlje: Miksovan, pasnjak

Tip istrazivanja: Magnetometrijsko istrazivanje
Instrument: Bartington Grad 601-2 Dual Fluxgate
Gradiometer

Velicina podrucja: 5 hektara

Velicina mreze: 30 x 30

Poprecni interval: 0.5

Interval ocitavanja: 0.25m
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Appendix 1: Details of survey strategy

Dates of Survey : 757 — 31" October

Site : Doclea

Location: Podgorica, Montenegro
Longditude/Latitude : 19°15°55.77”E /
42°28°6.98”N

Surveyor : British School at Rome and Archaeological
Prospection Services of Southampton

Personnel : Sophie Hay (APSS), Stephen Kay and
Leonie Pett (BSR)

Geology : Conglomerate Strata

Soil condition : Well drained

Land use : Mixed, Pasture

Survey Type : Magnetometer survey

Instrument : Bartington Grad 601-2 Dual Fluxgate
Gradiometer

Area size : 5 hectares

Grid size : 30 x 30

Traverse Interval : 0.5

Reading Interval : 0.25



Dodatak 2: ArheoloSke istraZivacke tehnike
koje koriste Britanska Skola u Rimu (BSR) i

Arheoloske istraZivacke usluge u Sautempto-
nu (APSS)

Slede¢i dodatak predstavlja sazetak istrazivackih
metoda, implementiranih od BSR 1 APSS da bi se
odredila veli¢ina i priroda podpovisinskih arheo-
loskih struktura, ostataka i pojava. Metodologija
koju koriste BSR i APSS istice integraciju geofi-
zickog, geohemijskog i topografskog istrazivanja
da bi se dobilo dublje razumijevanje odredenog
nalazista ili pejzaza.

2.1 Geofizicko istraZivanje

Velik broj razlicitih geofizickih istrazivackih teh-
nika arheolozi mogu primijeniti da bi se zabilje-
zili ostaci podpovrsinskih arheoloskih struktura.
Magnetometrijsko istrazivanje se uglavnom kori-
sti kao relativno brza i efikasna istrazivacka teh-
nika. (Gaffney ez a/. 1991: 6), pogodna za otkri-
vanje peci, ognjista i rovova, ali takode i zidova,
posebno kada je keramicki materijal koriSten za
izgradnju. Na podrucjima modernih narusavanja,
medutim, tehnika je ogranic¢ena koli¢cinom mate-
rijala od gvozda. Istrazivanje otpornosti koristi
viSe vremena i uglavnom je uspjesno u lociranju
zidova, rovova, poploc¢anih podrucja i ograda, a
aplikacija otpornosti tomografije dozvoljava da se
ove pojava snime na razlicitim dubinama. BSR 1
APSS takode implementiraju topografsko istrazi-
vanje na potencijalnim podrucjima, da snime vaz-
ne informacije koje se ticu lokacije nalazista.

2.1.1 IstraZivanje otpornosti

Istrazivanje otpornosti se zasniva na sposobnosti
podpovrsinskih materijala da provode elektric-
nu energiju. Svi materijali ¢e dozvoliti prolazak
elektricne energije kroz njih u manjem ili veéem
obimu. Postoje ekstremni slucajevi provodnih i
neprovodnih materijala (Scollar ez a/. 1990: 307),
ali razlike u strukturalnom i hemijskom sastavu
tla znace da postoje razliciti stepeni otpornosti ka
elektri¢noj energiji (Clark 1996: 27).

Tehnika je bazirana na propustanju stru-
je iz sondi u zemlju da bi se izmjerile varijacije
u otpornosti na podrucju istrazivanja. Otpornost
se mjeri u omima (€2),otpor u datom volumenu
zemlje se mjeri om-metrima (Q/m).

Cetiri sonde se uglavnom koriste za elek-
tricno profilisanje (Gaftney ef /. 1991: 2), dvije u
toku, a dvije potencijalne sonde. Istrazivanje se

Appendix 2: Archaeological prospection
techniques utilised by the British School
at Rome (BSR) and the Archaeological
Prospection Southampton
(APSS)

Services of

The following appendix presents a summary
of prospection methods, implemented by the
BSR and the APSS to determine the extent and
nature of sub-surface archaeological structures,
remains and features. The methodology usually
applied by the BSR and APSS places an emphasis
on the integration of geophysical, geochemical
and topographic survey to facilitate a deeper
understanding of a particular site or landscape.

2.1 Geophysical Prospection

A number of different geophysical survey
techniques can be applied by archaeologists to
record the remains of sub-surface archaeological
structures. Magnetometer survey is generally
chosen as a relatively time-saving and efficient
survey technique (Gaffney ef a/. 1991: 6), suitable
for detecting kilns, hearths, ovens and ditches, but
also walls, especially when ceramic material has
been used in construction. In areas of modern
disturbance, however, the technique is limited
by distribution of modern ferrous material.
Resistivity survey, while more time consuming
is generally successful at locating walls, ditches,
paved areas and banks, and the application of
resistance tomography allows such features to be
recorded at various depths. The BSR and APSS
also implement topographic surveys over areas
of prospection, to record important information
concerning the location of the site. A summary
of the survey techniques is provided below.

2.1.1 Resistivity Survey
Resistivity survey is based on the ability of sub-
surface materials to conduct an electrical current
passed through them. All materials will allow the
passing of an electrical current through them
to a greater or lesser extent. There are extreme
cases of conductive and non-conductive material
(Scollar e al. 1990: 307), but differences in the
structural and chemical make-up of soils mean
that there are varying degrees of resistance to an
electrical current (Clark 1996: 27).

The technique is based on the passing of
an electrical current from probes into the earth
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moze izvesti koriS¢enjem razlicitog broja nizova
sondi: dupla sonda, Wenner, Double-Dipole, Sc-
hlumberger i cetvrtasti niz.

Niz koji koriste BSR i APSS koristi Geos-
can istrazivacki RM15 otpornost metar u forma-
ciji sonde sa duplim elektrodama. Ovaj niz je naj-
popularnija konfiguracija koja se koristi u britan-
skoj arheologiji (Clark 1996; Gaffney ez al. 1991:
2), 1 obi¢no podrazumijeva 0.5m razmaka izmedu
mobilnih sondi. Detalji metodologije istrazivanja
se razmatraju svuda (Geoscan Research 1996).

Brojni faktori mogu uticati na interpreta-
ciju rezultata kod istrazivanja sa duplim sondama,
ukljucujudi prirodu i dubinu struktura, tip tla, teren
1 lokalne klimatske uslove. Odziv na nearheolos-
ke pojave moze voditi ka pogresnoj interpretaciji
rezultata, ili skrivanju arheoloskih anomalija. Niz
od dvije sonde od 0.5m ée rijetko prepoznati po-
javu ispod dubine od 0.75m (Gaffney ef al. 1991).
Bitnije pojave moze registrovati do dubine od 1m.
Sa nizovima duplih sondi izmedu 25m i 2m, pro-
cedure su slicne onim od 0.5m Mada promjene
u vlaznosti sadrzaja tla, isto kao i temperaturne
varijacije, mogu uticati na oblik anomalija koje
su prisutne u rezultatima istrazivanja otpornosti,
generalno govoredi, pojava sa vecom otpornoscu
se interpretiraju kao strukture koje imaju ograni-
c¢en sadrzaj vlage, na primjer zidovi, humke, rupe,
$ljunkovite jame, 1 poplocana ili kaldrmisana po-
drucja. Anomalije sa nizom otpornos§¢u obi¢no
predstavljaju pokopane rovove, temelje, jame i jar-
kove. Kao dodatak normalnoj metodi istrazivanja
sa dvije elektrode, Geoscan istrazivacki MPX15
multiplekser se moze koristiti sa otpornostme-
trom, dopustajuci da se visestruki profili otpor-
nosti snime istovremeno, ili da se tomografija ot-
pora izvede na dubini od 1.5m. APSS uglavnom
istrazuje, sa konfiguracijom duplih elektroda, do
rezolucije od 1 ili 0.1€, sa ocitavanjem na svakih
metar, ili pola metra.

Plate. 8: Setting the parameters and balancing the Bartington Grad
601-2 at Doclea (photo: S.Hay)
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to measure variations in resistance over a survey
area. Resistance is measured in ohms (€2), whereas
resistivity, the resistance in a given volume of
carth, is measured in ohm-metres (Q2/m).

Four probes are generally utilised for
electrical profiling (Gaffney e al. 1991: 2), two
current and two potential probes. Survey can be
undertaken using a number of different probe
arrays; twin probe, Wenner, Double-Dipole,
Schlumberger and Square arrays.

The array used by the BSR and APSS
utilises a Geoscan Research RM15 Resistance
Meter in twin electrode probe formation. This
array represents the most popular configuration
used in British archaeology (Clark 1996; Gatfney
et al. 1991: 2), usually undertaken with a 0.5m
separation between mobile probes. Details of
survey methodology are dealt with elsewhere
(Geoscan Research 1996).

A number affect
interpretation of twin probe survey results,

of factors may

including the nature and depth of structures, soil
type, terrain and localised climatic conditions.
Response to non-archaeological features may lead
to misinterpretation of results, or the masking of
archaeological anomalies. A twin probe array of
0.5m will rarely recognise features below a depth
of 0.75m (Gaftney e al. 1991). More substantial
features may register up to a depth of 1m. With
twin probe arrays of between 0.25m and 2m,
procedures are similar to those for the 0.5m twin
probe array.

Although changes in the moisture content
of the soil, as well as variations in temperature, can
affect the form of anomalies present in resistivity
survey results, in general, higher resistance
features are interpreted as structures which have
a limited moisture content, for example walls,
mounds, voids, rubble filled pits, and paved or
cobbled areas. Lower resistance anomalies usually
represent buried ditches, foundation trenches,
pits and gullies. In addition to the normal twin
electrode method of survey, a Geoscan Research
MPX15 multiplexer can be utilised with the
Resistance Meter, allowing multiple profiles
of resistivity to be recorded simultaneously, or
resistance tomography to be carried out up to a
depth of 1.5m. APSS generally survey, as with
the twin electrode configuration, to a resolution
of 1 or 0.1Q, with readings every metre or half
metre.



2.1.2 Magnetno istraZivanje

Magnetno istrazivanje tla se zasniva na mjere-
nju razlika u magnitudama zemljinog magnetnog
polja na tackama specificnog podrucja. Posebno
sadrzaj sa gvozdem u tlu obezbjeduje osnovu za
postojanje magnetizma. Prisustvo mahnetita, ma-
gemita i hematita gvozde oksida uticu na prisu-
stvo magneta u tlu. Mada su varijacije u zemlji-
nom magnetnom polju koje se povezuju sa arhe-
oloskim pojavama slabe, posebno kada se uzme
u obzir ukupna snaga magnetnog polja od oko
48,000 nanoTesla (nT), one mogu biti otkrivene
koris¢enjem specificnih instrumenata (Gaffney ez
al. 1991).

Tri osnovne vrste magnetometra su dostu-
pne arheolozima: proton magnetometri, fluksgejt
gradiometri i alkalni parni magnetometri (takode
poznati kao cezijum magnetometri, ili opticki ma-
gnetometri). Fluksgejt instrumenti se zasnivaju na
visoko propustljivom niklovanom celicnom jez-
grovitom nizu, (Scollar ez a/. 1990: 456), koiji je
magnetisan zemljinim magnetnim poljem, zajed-
no sa naizmjeni¢nim poljem koji se koristi preko
primarnog namotavanja. Jedan fluksgejt ne moze
biti koristen sam, posto ne moze da se drzi pod
konstantnim uglom prema zemljinom magnet-
nom polju. Gradiometri zato imaju dva fluksgejta,
pozicionirana vertikalno i ucvrséena jedan prema
drugom. Ovo smanjuje efekte orijentacije instru-
menta na ocitavanje.

Arheoloske pojave kao $to su zid od ci-
gala, ognjista, peci i gradevinski materijal ¢e se
predstaviti u rezultatima, isto kao kratkorocne
promjene u tlu, dozvoljavajudi lociranje temelja,
jama i jarkova. Rezultati su, medutim, krajnje za-
visni od geologije odredenog podrudja, i da li su
arheoloski ostaci napravljeni od istog materijala.
Za istrazivanje fluksgejt gradiometrom koristi se
Bartington Grad601-2. Ovo je sonda sa dva niza,
tako da nosi dva fluksgejt gradiometra koji rade
istovremeno da bi se ubrzalo istrazivanje. Istrazi-
vanje se izvodi na rezoluciji 0.1nT, sa ocitavaniji-
ma na svakih 0.5m do 0.25m. Na ravnoj i otvore-
noj teritoriji, oko 1 hektar na dan se moze istraziti
svakim instrumentom.

2.2 Topografsko istraZivanje

Moderna povrsina tla ili topografija cesto sadrzi
vazne informacije o stanju i prirodi arheoloskog
nalazista, 1 potencijalno postojanje struktura koje
se nalaze ispod tla (Bowden 1999). Promjene u

2.1.2 Magnetic Survey
Magnetic prospection of soils is based on the
measurement of differences in magnitudes of
the earth’s magnetic field at points over a specific
area. Principally the iron content of a soil provides
the basis for its magnetic properties. Presence of
magnetite, maghaemite and haematite iron oxides
allaffect the magnetic properties of soils. Although
variations in the earth’s magnetic field which are
associated with archaeological features are weak,
especially considering the overall strength of the
magnetic field of around 48,000 nanoTesla (nT),
they can be detected using specific instruments
(Gaftney et al. 1991).
Three basic types of magnetometer
the
fluxgate

are available to archaeologist; proton

magnetometers, gradiometers, and
alkali vapour magnetometers (also known as
caesium magnetometers, or optically pumped
magnetometers). Fluxgate instruments are based
around a highly permeable nickel iron alloy core
(Scollar ezal. 1990: 456), which is magnetised by the
earth’s magnetic field, together with an alternating
field applied via a primary winding. Due to the
fluxgate’s directional method of functioning, a
single fluxgate cannot be utilised on its own, as it
cannot be held at a constant angle to the earth’s
magnetic field. Gradiometers therefore have two
fluxgates positioned vertically to one another on a
rigid staff. This reduces the effects of instrument
orientation on readings.

Archaeological features such as brick
walls, hearths, kilns and disturbed building
material will be represented in the results, as
well as more ephemeral changes in soil, allowing
location of foundation trenches, pits and ditches.
Results are however extremely dependent on the
geology of the particular area, and whether the
archaeological remains are derived from the same
materials. For fluxgate gradiometer survey, the
Bartington Grad601-2 is used. This is a twin array
probe, so carries two fluxgate gradiometers which
work simultaneously to increase the speed of a
survey. Survey is carried out at 0.1nT resolution,
with readings taken every 0.5m by 0.25m. In flat
and open territory around 1 hectare per day can
be surveyed by each instrument.

2.2 Topographic Survey
The modern ground surface or topography
often contains important information on the
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topografiji takode imaju veliki uticaj na odredi-
vanje prirode pojava u geoﬁz1ckom istrazivanju.
Zato je od vitalnog znacaja da se uradi detaljno 1
kompletno topografsko istrazivanje, kao dio istra-
zivanja u polju na bilo kom nalazistu. Ovo uglav-
nom iziskuje snimanje podizanja iznad koordinata
odredene rezolucije, na primjer 5 ililOm intervala,
ali 1 snimanje tacaka na poznatim kosinama, da bi
se naglasila arheoloska pojava u predjelu.

Istrazivanje obicno rade BSR/APSS,
koriste¢i ukupnu stanicu ili elektronski teodolit,
mada se koriste 1 globalni pozicionirajudi satelit-
ski sistemi (GPS), da bi se snimile tacke istrazi-
vanja. Kompjuterski softver se tada koristi da bi
proizveo digitalne modele rezultata. Uglavnom se
istrazivanje izvodi koriStenjem Leica stanice (BSR
—TC805), sa ocitavanjima na svaka 4 metra, kao i
na kosinama svake vazne topografske pojave. Re-
zolucija se moze povecati gdje je neophodno. Do
5 hektara dnevno moze biti pokriveno.

2.3 Integrisana metodologija istraZivanja
Istrazivacki rad BSR/APSS je uvijek dio integti-
sane istrazivacke strategije, zacrtane da primijeni
sve geofizicke tehnike istrazivanja u istom koot-
dinatnom sistemu, koji bi se koristio za geohemij-
sko uzimanje uzoraka zemlje 1 kolekciju povrsina.
Istrazivanje se odnosi na neogranicen koordinatni
sistem, povezan u nacionalni sistem ili u seriju ta-
¢aka na zemlji koje odgovaraju tackama na karti.
Set od 30m koordinata se tada obiljezava da bi se
obezbijedila pozadina za magnetometriju, otpor-
nost i druge istrazivacke tehnike koje ¢e komple-
mentirati sa rezultatima, na primjer geohemijsko
uzimanje uzoraka.
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conditions and nature of an archaeological site,
and the potential existence of structures buried
beneath the soil (Bowden 1999). The changes in
topography can also have a great influence on
determining the nature of featuresina geophysical
survey. Therefore it is vital to produce a detailed
and complete topographic survey as part of the
field survey of any given site. This generally
entails the recordmg of elevations across a grid of
certain resolution, for instance 5 or 10m intervals,
but also the recordmg of points on known breaks
of slope, to emphasis archaeological features in
the landscape.

Survey is usually undertaken by the
BSR/APSS using a total station or electronic
theodolite, although Global Positioning Satellite
systems (GPS) are also utilised, to record the
survey points. Computer software is then used to
produce Digital Elevation Models of the results.
Normally, survey is carried out using a Leica total
station (BSR —T'C805), with readings taken every
4 metres, and also on the breaks of slope of
important topographical features. The resolution
can be increased where necessary. Up to 5 hectares
per day can be covered.

2.3 Integrated Survey Methodology

The survey work carried out by the BSR/APSS is
always produced as part of an integrated survey
strategy, designed to affiliate all of the geophysical
survey techniques to the same grid system, which
would be used for geochemical soil eftmphng and
surface collection. Surveys are normally based
on an arbitrary grid coordinate system, tied into
a national system or to a series of hard points
on the ground corresponding to points on
a map. A set of 30m grids are then set out to
provide the background for the magnetometry,
resistivity, and other survey techmque% which will
complement the results, for instance fieldwalking
and geochemical sampling,
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