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Nauportus - an Early Roman trading post at Dolge njive in Vrhnika
The results of geophysical prospecting
using a variety of independent methods

Branko MUSIC and Jana HORVAT

Izvlecek

Zgodnjerimska postojanka na Dolgih njivah je del Navpor-
ta, vikusa na mestnem ozemlju Akvileje. ArheoloSko najdisce
je bilo preiskano z geofizikalnimi metodami, ki temeljijo na
razli¢nih in neodvisnih fizikalnih principih: geoelektricno
upornostno metodo, metodo elektricne prevodnosti, magnetno
metodo in georadarsko metodo. Rezultati so podani na osnovi
komplementarnosti teh metod ob upostevanju podatkov starej-
§ih arheoloskih izkopavanj, ki smo jih uporabili Ze na samem
zaCetku za oblikovanje ustrezne strategije raziskav. Rezultate
geofizikalnih raziskav smo zdruzili s tlorisi predhodnih izkopa-
vanj, analiza rezultatov georadarskega sondiranja je omogocila
prikaz arhitekturnih ostankov na 3D nacin. Pridobljen je bil
nov tloris postojanke, ki je bila utrjena z obzidjem s stolpi in
obrambnim jarkom. Tretjino notranje povr§ine je zavzemal trg,
okoli katerega so bila razporejena skladi§ca (horrea) s stebrisci
in taberne. Na trgu je stalo sveti§¢e obhodnega tipa. Primerjavo
za arhitekturo postojanke najdemo predvsem v republikanskih
naselbinah Italije in v rimskih pristani§¢ih. Ponovno smo
analizirali kronologijo drobnih najdb, ki kazejo na nastanek
postojanke v predavgustejskem ali v zgodnjeavgustejskem ob-
dobju ter upad v 1. st. po Kr.

Kljucne besede: Slovenija, Nauportus - Vrhnika, Dolge njive,
zgodnjerimska doba, vikus, geofizikalne raziskave, magnetna
metoda, geoelektriCna upornostna metoda, metoda elektri¢ne
prevodnosti, georadarska metoda, tloris, utrdba, trg, skladisca,
taberne, obhodno svetisCe, pristanisce, kronologija, trgovina,
promet

Abstract

The Early Roman trading post at Dolge njive formed a part
of Nauportus - a vicus on the town territory of Aquileia. The site
was investigated using various geophysical methods: geoelectric
resistivity, electrical conductivity, magnetometry, and Ground
Penetrating Radar (GPR). The results are presented in view of
the complementarity of these methods. The data from earlier
archaeological excavations were used to plan an appropriate
and effective research strategy. The results from geophysical
prospecting were combined with the ground plans resulting from
former excavations and a new ground plan of the trading post
was engendered. A 3D portrayal of the architectural remains
was enabled by georadar sounding. The site was fortified with
a defence wall and towers as well as a defence ditch. One
third of the interior surface was covered by the market place,
which was surrounded by storehouses (/#orrea) with a portico
and tabernae. An ambulatory type temple was also found here.
Similar architecture is known primarily from Republican set-
tlements in Italy and from Roman ports. The chronology of
the small finds was reviewed and the results place the origins
of the site in the Pre-Augustan or Early Augustan periods, and
its decline in the 1% century AD.

Keywords: Slovenia, Nauportus - Vrhnika, Dolge njive, Early
Roman period, 1% century BC, vicus, geophysical prospecting,
magnetic method, geoelectric resistivity method, conductivity
method, Ground Penetrating Radar method, ground plan,
defence wall, market place, storehouse, tabernae, temple with
an ambulatory, port, chronology, trade, traffic
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INTRODUCTION

One of the most important old routes connect-
ing the Italian peninsula with the central Danube
region crossed the passes in the contact region of
the Julian Alps and the Dinaric Alps. Its decline
down to the Ljubljana basin began at Vrhnika.
Here, at the sources of the Ljubljanica river, lies
the beginning of an old navigable route travelling
eastwards along the Ljubljanica, Sava and Drava
rivers.

The settlement of Nauportus arose proximate to
the river sources, in the area of present-day Vrhnika.
Nauportus is known already from classical literary
sources, as well as from significant Early Roman
epigraphic monuments. The settlement attained
the status of vicus in the territory of Aquileia from
the middle of the 1%t century BC onwards (Sasel
1966; Sasel Kos 1990; Sasel Kos 1998; Sasel Kos
2000, 294-297; Sasel Kos 2002).

The position of the Celtic Nauportus dating to
the 274 century BC is not known. The Early Ro-
man settlement was situated in the plain, where
the Ljubljanica bends towards the boggy plain of
the Ljubljansko barje (Fig. /). A Roman road led
between Aquileia and Emona along the western
bank of the Ljubljanica through the settlement
area at Breg. This part of the settlement, with its
origins in the Middle Augustan period, was unin-
terruptedly occupied through to the 4t century
(Horvat 1990; Horvat, Musi¢ 2007).

The Roman settlement at Dolge njive lay along
the eastern bank, inside the hook of the Ljubljanica
riverbend. A market place surrounded by storehouses
and a defence wall with towers are known from the
settlement. The origins of the settlement date to
the beginning of the Early Augustan period, with
its discontinuation in the mid 1% century AD at
the latest (Horvat 1990).

A new ground plan of the settlement at Dolge
njive was attained with the geophysical prospect-
ing. This contribution presents the results from the
analysis of the functions of the individual buildings,
as well as the chronology and the significance of
the settlement in its entirety.

HISTORY OF INVESTIGATIONS OF THE
ROMAN SETTLEMENT AT DOLGE NJIVE

The Roman settlement at Dolge njive was first
discovered in the mid 19™ century (Horvat 1990,
50-57, 171-173).

The Provincial Museum in Ljubljana researched
the Ljubljanica riverbed at Dolge njive in 1884.
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Fig. I: Nauportus. Positions of archaeological areas.
SI. 1: Navport. Lega arheoloskih obmocij.

At the time, the preparatory Ferdinand Schulz
also excavated three trenches in the area of the
Roman settlement: the partition wall in building
2 (c-d), the northeastern area of building 8 and
the double wall between buildings 12 and 13 (cf.
Fig. 36; Horvat 1990, 49-50, 101-103, 108, 172,
207-208, fig. 8).

In 1885 and 1886, under the leadership of
Gabrijel Jelovsek, locals dug in the region of areas
4a, 5a-b, 6 and 7. In 1900, S. Jenny investigated
the area of the buildings 4a-b and 5b, as well as
the northern road (cf. Fig. 36; Horvat 1990, 50,
106-108, 172, 209-210).

Walter Smid / Schmid carried out extensive
archaeological excavations at Dolge njive in 1934
and 1936. In face of the limited time and funds,
Smid succeeded in determining the basic outlines
of the entire settlement, while the northern and
western sides of the settlement underwent more
detailed investigation. Following analysis of the
modest documentation of the excavations, it is
also evident that Smid trailed only the tops of
the walls. The courses of the walls were repeat-
edly hypothesized, despite the fact that they were
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Fig. 2: Dolge njive. Plan of excavations carried out in the years 1934 and 1936, 1969 and 1985 (according to Horvat 1990, suppl. 2).
SI. 2: Dolge njive. Raziskovanja v letih 1934 in 1936, leta 1969 in leta 1985 (po Horvat 1990, pril. 2).

never excavated in full length. This generated a
series of errors, which are primarily observable
in the regions of buildings 1, 16-18, 21 and 22,
as well as in the course of the northern defence
wall. Smid excavated only the small buildings of
8, 9 and perhaps also 10 in greater detail, as well
as the double walls between buildings 1 and 2, 2
and 3, 12 and 13, and 13 and 14 (Fig. 2; cf. Fig.
36, Horvat 1990, 49-57, 97-109, 172-173, 205-211,
fig. 9).

On the initiative of Iva Mikl Curk, the Geologi-
cal Survey in Ljubljana investigated a large part
of the archaeological region at Dolge njive in
1969, as well as the tract where the new highway
was about to be constructed. These represent
the first measurements of geoelectric resistivity
made for archaeological purposes in Slovenia.
Areas evidencing high resistivity were discovered;
these areas were linked with the archaeological

remains, however no reliable interpretations could
be proffered. High values were discerned in the
areas where the southern, eastern and western
defence walls run, as well as a paved tract along
the exterior side of the eastern defence wall (Mikl
Curk 1968-1969; Archives of the Institute for
the Protection of Cultural Heritage of Slovenia;
Archives of the Institute of Archaeology, ZRC
SAZU). In November 1969, Mikl Curk carried
out trial trenching along the southern edge of the
settlement, which lay adjacent to the construction
of the new highway; she discovered the defence
wall and towers at the southwestern and south-
eastern corners (Fig. 2; cf. Fig. 36, Mikl Curk
1974; Horvat 1990, 97-99, 205-206).

A wooden structure found in the Ljubljanica
riverbed, and representing a pier of the Roman
port, was investigated in 1985 (Fig. 2; cf. Fig. 36;
Horvat, Kocuvan, Logar 1986; Logar 1985).
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Fig. 34-D: Areas investigated using the geoelectric resistivity method (A), the magnetic method (B), the Ground Penetrating Ra-
dar method (C: G1-G9) and the electrical conductivity method (D: K1-K2) (Source: © Surveying and Mapping Authority of the
Republic of Slovenia, DOF at a scale of 1 : 5000).
SI. 34-D: Povrsine, raziskane z geoelektriéno upornostno metodo (A), magnetno metodo (B), georadarsko metodo (C: G1-G9) in
metodo elektricne prevodnosti (D: K1-K2) (vir: DOF v merilu 1 : 5000, © Geodetska uprava RS).

GEOPHYSICAL PROSPECTING

The geophysical prospecting at Dolge njive in
Vrhnika incorporated, to different extents, the
application of: the geoelectric resistivity method
with Twin probes array (Geoscan RM15) (Fig. 34),
the magnetic method to measure changes in the
gradient of the total Earth’s magnetic field density
(Geometrics G-858) (Fig. 3B), measurements of the
apparent magnetic susceptibility of samples of
soil and stone construction material (Kappameter
KT-5), the Ground Penetrating Radar method using
200 and 500 MHz antennas (GSSI SIR3000) (Fig.
3C) and measurements of the electric conductiv-
ity by electromagnetic induction (Geonics EM38)
(Fig. 3D).

The geophysical research strategy was pre-
pared corresponding to the discoveries from
current archaeological excavations, as well as to
the results of geophysical prospecting in similar
natural environments on pedosequences on clays
(see: Stritar 1990). Due to the potentially poorly

preserved dry-stone foundations of the buildings
at Dolge njive, a profile separation of 0.5 m was
used for all geophysical methods applied. Resis-
tivity and conductivity measurements were taken
at a distance of 0.5 m between measuring points
along the profiles, while the magnetic field density
readings were at a distance of 0.15 m and GPR
traces at a distance of 4 cm.

Considering that resistivity measurements usu-
ally produce the best contrast for architectural
remains on pedosequences on clays, geophysical
prospecting was initiated with geoelectric mapping
which clearly shows lateral changes in resistivity.
Measurements of the magnetic susceptibility of
soil and limestone samples revealed minimal dif-
ferences; this also forecast the poor contrast in
the results from the magnetic method of those
building foundations made of quarried limestone.
In such cases, the magnetic method is directed
towards revealing those remains with a strong
thermoremanent type of magnetization, which
is characteristic for architectural elements made
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of brick, kilns and ruination layers with ceramic
tiles. Other methods do not reliably recognize
these types of remains.

GPR sounding was used to determine the depth
and height of preservation and the mutual spatial
relationship of the architectural elements in areas
of the settlement; that is, wherever the results from
geoelectric mapping deemed it advantageous to
check. The GPR method is the only technique
among the geophysical methods within Nauportus
survey project, used for geophysical sounding.
It enables a precise 3D visualization as well as
analyses of the measurement results in a 3D en-
vironment. The electric conductivity method was
introduced experimentally in two areas in order
to test the response of the architectural remains
and the defence ditch. As anticipated, the results
were much more conducive to archaeological in-
terpretation in the area of the defence ditch. In
general it holds true that this method is used for
determining negative structures, and furthermore,
that the lateral resolution in the area of high re-
sistivity structures (e.g. limestone foundations) is
much lower than in the resistivity method. This
research confirms this statement.

The continuation presents a few established
procedures for quantifying, all of which were also
applied in the geophysical prospecting carried out
at Vrhnika: geophysical modelling for the creation
of archeo-physical magnetic models of archaeologi-
cal structures, inverse interpretation (e.g.: Music
et al. 1998; Desvignes et al. 1999, 85-105; Hasek
1999, 25-42; Coskun et al. 2000, 179-186; Tsokas
et al. 2000, 17-30; Eppelbaum et al. 2001, 163-185;
Kochnev et al. 2004, 64-68; Diamanti et al. 2005,
79-91), simulation of resistivity anomalies for the
evaluation of depth and width of architectural ele-
ments (De la Vega et al. 1995, 19-30), calculation
of the apparent resistivity (Walker et al. 1994), the
upward continuation of magnetic anomalies for
determining the sources of magnetic anomalies
at greater depths, residual magnetic anomalies for
recognizing the sources of magnetic anomalies on
the present-day surface or just beneath it, and syn-
thetic gradients that apparently enhance otherwise
weak magnetic anomalies (vertical gradients), or
which efficiently demonstrate the magnetic effect
of small modern iron particles on the present-day
surface or just beneath it (horizontal gradients)
(e.g.: www.geometrics.com).

Ideally, selection of the most suitable geo-
physical techniques is dictated solely by the
archaeological objects targeted to locate. In
reality, the targeted archaeological objects play

a lesser role in determining the most appropri-
ate geophysical techniques. An anomaly in the
physical field, resulting from the presence of a
targeted archaeological object, is termed a signal,
while all other irregularities in the physical fields,
resulting from various other factors, are termed
noise. Selection of the most suitable method is
dictated exclusively by an evaluation of the signal
to noise ratio; and for a reliable method, this needs
to be large enough that the difference between
the two data sets demonstrates enough contrast
so as to secure successful prospecting.

It is often difficult to define the signal to
noise ratio for each of the various methods; so
archaeological prospecting, by taking advan-
tage of the complementarity of the various and
physically independent methods, has adopted a
multi-method approach for the development of
efficient research strategies. This also helps to
avoid the hazard of making an erroneous evalu-
ation of the signal to noise ratio for a selected
method due to insufficient knowledge of the
archaeological and natural contexts. At the same
time, additional independent and complementary
data layers from measurements taken in a variety
of physical fields are procured for a more detailed
examination of the archaeological features and
the natural environment.

The geoelectric resistivity method

This method is applied for geoelectric mapping;
the values of the apparent resistivity, which is de-
termined for the Twin probes array by the distance
between the mobile probes (C,P,), are recorded
at the same depth. At a distance of 0.5 m, and
with optimal humidity of the soil, the depth range
measures 1.5 m at the most. In addition to the
distances between the mobile pair of probes in the
depth range, the moisture content in the soil also
has significant impact. The depth range is usually
less when there is a high level of humidity in the
top soil layer; this is because most of the electrical
current flows in the direction of higher electrical
conductivity shallowly beneath the surface. The
geoelectric research at Dolge njive was carried out
in stages. As such, the soil seepage, and hence also
the depth range and the contrast in the results,
were all variable; however not to any degree that
made a significant impact on the measurement
results and archeological implementation. Geo-
electric mapping was executed in a grid of 0.5 x
0.5 m and the measured values were interpolated
using a bicubic algorithm (Davis 1973, 204-207)
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Fig. 44: The results from geoelectric mapping on an aerial photograph. The low-pass filter with a matrix of dimensions 1 x 1.
The span of values represents ranges between 10 and 50 Q. The span of values represents the range between -0.5 and +0.5 of the
standard deviation (Source: © Surveying and Mapping Authority of the Republic of Slovenia, DOF at a scale of 1 : 5000).

SI. 44: Rezultati geoeletricnega kartiranja na zracni fotografiji. Filter visokih frekvenc z masko velikosti 1 x 1. Razpon prikazanih
vrednosti je med 10 in 50 Q. Razpon prikazanih vrednosti je med -0,5 in +0,5 standardnega odklona (vir: DOF v merilu 1 : 5000,
© Geodetska uprava RS).

to a grid of 0.25 x 0.25 m. The area investigated
measures 31.500 m?2 (Fig. 34).

The results from geoelectric mapping (Figs. 4-6)
are presented as the electrical resistance (R, Q)
and not as resistivity (p, m); this is because at
archaeological sites, where the research substra-
tum is heterogeneous, what is usually of interest
is only a qualitative analysis of the results, based
on the relative differences between the measured
resistance values. Resistivity (2m) was calculated
for classification of the natural substrata as well
as to compare with the values of electric conduc-
tivity as measured by electromagnetic induction
(Figs. 7, 15, 26). The literature cites a variety of

equations that are more or less essentially creative
derivations of the apparent resistivity for the twin
probes array (e.g. Walker et al. 1994; Clark 1990,
20). The most reliable, and basically also the only
correct solution is proposed by Martinaud (1990,
6). This author’s equation takes into considera-
tion also the apparent resistivity of the soil under
a pair of remote twin probes, which also have a
significant impact on the measured values.

A less precise equation (p = mwRa, whereby p
is the apparent resistivity, R is the measured re-
sistance and a is the distance between the mobile
twin probes), proposed by Walker and colleagues
(1994), was rather used at Dolge njive to calculate
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Fig. 4B: The results from geoelectric mapping on an aerial photograph. The high-pass filter with a matrix of dimensions 5 x 5. The
span of values represents the range between -0.5 and +0.5 of the standard deviation (Source: © Surveying and Mapping Authority
of the Republic of Slovenia, DOF at a scale of 1 : 5000).
SI. 4B: Rezultati geoeletriCnega kartiranja na zra¢ni fotografiji. Filter nizkih frekvenc z masko velikosti 5 x 5. Razpon prikazanih
vrednosti je med -0,5 in +0,5 standardnega odklona (vir: DOF v merilu 1 : 5000, © Geodetska uprava RS).

the apparent resistivity. The results from this cal-
culation are presented in Fig. 7; for the sake of a
more explicit depiction of the general distribution
of the apparent resistivity, the results are portrayed
on a 2 x 2 m grid. The results demonstrate: that
negative structures (e.g. the defence ditch) have
characteristic resistivity values lower than 40 Qm,
the natural background (clay) falls in the range
between 40 and 50 Qm, paved surfaces (e.g. the
market area) between 50 and 60 Qm and archi-
tectural remains within the limits of between 60
and 120 Qm.

The first geoelectric resistivity investigations
at Dolge njive, carried out by Franc Mikli¢ (Geo-

logical Survey Institute in Ljubljana) in 1969 with
Wenner’s electrode classification, established a
division of the values of the apparent resistivity
into four classes: 18-26 Qm (background), 27-35
Qm (weak anomalies), 36-44 Qm (intermedi-
ate anomalies) and higher than 44 Qm (strong
anomalies) (Mikl Curk 1968-1969; Archives of the
Institute for the Protection of Cultural Heritage of
Slovenia; Archives of the Institute of Archaeology,
ZRC SAZU). Our calculations of the apparent
resistivity indicate that values characteristic for
architectural remains are generally higher than
50 Qm; this concurs with Mikli¢’s class of strong
resistivity anomalies. The conclusion follows that
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Fig. 5: The power function (R*) was used for the removal of noise. The power variable (x) is written in the figures. The calculated
values are shown in the range within the limits of -1 and +1 of the standard deviation. The archaeologically significant anomalies
are thus emphasized on account of the background noise by equalizing the resistivity contrast in the regions with varying levels

of water saturation.

SI. 5: Za odstranjevanje Suma smo npr. uporabili eksponentno funkcijo (R*). Faktor potence (X) je izpisan na slikah. Izracunane
vrednosti so prikazane v obmocju od -1 do +1 standardnega odklona. Gre za poudarjanje arheolo§ko pomenljivih anomalij na
racun Suma ozadja oziroma izenacCevanje kontrastnosti za obmocja z razliéno namocenostjo.

our calculations of apparent resistivity, calculated
with a simple equation, are correct enough to con-
vert the measured “relative” values of resistance
into “absolute” resistivity values. These clearly
classify the resistivity anomalies caused by the
architectural remains and negative structures in
similar natural environments throughout the wider
region of the Ljubljansko barje.

The electrical conductivity method

Within the framework of geophysical research
at Dolge njive, two areas were investigated with
electrical conductivity survey (Fig. 3D: K1,K2).
These areas were chosen on the basis of the re-
sistivity results. Area K1 (Fig. 3D: K1, Fig. 26:
B1,B2) was selected to check the efficiency of
the electrical conductivity method in distinguish-
ing architectural remains with high resistivity,
which is otherwise a weakness of this method.

The area K2 (Fig. 3D: K2; Fig. 15: B1 and B2)
checked the response of the defence ditch, which
was recognized from the results of the resistivity
method as a 7 m wide zone bearing low resistivity
values and running parallel with the eastern wall.
As defence ditches generally accumulate much
water, and are thus also highly electrically con-
ducive, they are an ideal target for the electrical
conductivity method.

The apparent electrical conductivity was meas-
ured with an instrument (Geonics EM38) in vertical
dipole mode, whereby the longer side was set in
the direction of the profiles. In this configuration,
the sensitivity of the instrument is at its highest for
depth, which is the same as the distance between
the coils, that is, 1 m. The greatest depth range
measured 1.5 m, which is the same as for the re-
sistivity method. Measurements were executed in
a grid of 0.5 x 0.5 m and interpolated into a grid
of 0.25 x 0.25 m by way of a bicubic algorithm
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Fig. 6: The geoelectric mapping results after using the high-pass filter, which emphasizes the extreme differences in resistivity at
short distances (high frequency anomalies). At archaeological sites, these are usually caused by architectural remains. This also
eliminates the long wave resistivity anomalies, which are generally a consequence of lateral changes in the geological and pedolo-
gical composition. The high pass filter window size for images A1 and A2 measures 10 x 10, 5 x 5 for images B1 and B2 and 3 x 3
for images C1 and C2. A Gauss matrix was used for images Al, Bl and C1 and a uniform matrix for images A2, B2 and C2. The
calculated values are shown on all pictures in the range between -0.5 and +0.5 of the standard deviation.

SI. 6: Rezultati geoelektri¢nega kartiranja po uporabi filtra nizkih frekvenc, ki poudari visoke razlike v upornosti na kratki razdalji
dolgovalovne upornostne anomalije, ki so v sploSnem posledica sprememb v geoloski podlagi. Velikost okna na slikah Al in A2
je 10 x 10, na slikah B1 in B2 je 5 x 5 in na slikah C1 in C2 3 x 3. Pri tem je bila uporabljena za slike Al, B1 in C1 Gaussova
maska, za slike A2, B2 in C2 pa uniformna maska. Preracunane vrednosti so na vseh slikah prikazane v obmocju od -0,5 do +0,5
standardnega odklona.

(Davis 1973, 204-207). A surface area of 5.670 m? The magnetic method
was investigated using the electrical conductivity
method (Fig. 3D: K1,K2). Measurements of the variations in the total

Earth’s magnetic field density in a (pseudo)gradient
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Fig. 7: A display of the apparent resistivity values calculated according to the p = mRa formula; p is the apparent resistivity, R
is the resistance measured and a is the distance between the mobile probes. A generalized resistivity map on a 2 x 2 m grid
enables a classification of these calculated values into a few archaeologically meaningful classes: values lower than 40 Qm
are characteristic for defence ditches and other highly water saturated areas, values between 40 and 50 Qm are characteristic
for natural backgrounds (clay), values between 50 in 60 Qm are characteristic for pavements (e. g. market area) and values
between 60 and 120 Qm are significant for architectural remains. Values lower than 40 Qm can be divided into three classes:
defence ditch (a), defence ditch effect and/or drainage from the highway dike (b), resistivity values similar to those for the
ditch (negative structure?) (c).

Si. 7: Prikaz razSirjenosti vrednosti navidezne upornosti, izraunane po izrazu p = mRa, pri ¢emer je p navidezna upornost, R
izmerjeni upor in a razdalja med premi¢nima elektrodama. Generalizirana karta upornosti z mreZzo meritev 2 X 2 m omogoca raz-
delitev tako izraCunanih vrednosti na nekaj arheolo§ko pomenljivih razredov: vrednosti, nizZje od 40 Qm, so znacilne za obrambni
jarek in druga dobro namocena obmocja, za naravno ozadje (glina) so med 40 in 50 Qm, za tlakovane povrSine (npr. povr§ina
trga) med 50 in 60 Qm in za arhitekturne ostanke vrednosti med 60 in 120 Qm. Vrednosti, niZje od 40 Qm, lahko razdelimo v
tri razrede: obrambni jarek (a), u¢inek obrambnega jarka in/ali odvodnjavanja nasipa avtoceste (b), podobne vrednosti upornosti

kot v jarku (negativna struktura?) (c).

mode (nT/m) are used much more frequently in
magnetic prospecting for archaeological targets than
measurements such as of the total magnetic field
using only one sensor (nT) (check e.g.: Gaffney et
al., 2000). The gradient mode actually works as a
high-pass filter; it emphasizes the weak magnetic
anomalies of small structures at lesser depths (sig-
nal) and eliminates long-wave anomalies that are a
result of the geological background (noise).

The magnetometer Geometrics G-858 that was
used in our research attains a resolution of 0.1-0.2
nT/m in measuring the total field density with an
acquisition speed of 0.2 s. In practice this allows
readings to be taken while walking at a regular
speed in the direction of the profile at intervals
of 15 cm.

The distance between the magnetic profiles
measured 0.5 m, and readings of the magnetic
field density were taken at 15 cm intervals in the
direction of the profiles. The magnetograms (Fig. 8)
portray the values calculated onto a grid of 0.25 x
0.25 m. A total area of 24.000 m2 was investigated
using the magnetic method (Fig. 3B).

The values of apparent susceptibility in the
shallow pedologic boreholes at Dolge njive are
within the limits between 0.08 and 0.42 x 103SI
(Kappameter KT-5), with a mean value of 0.27
x 103SI. Higher values of susceptibility were
measured on parts of the drilled cores where there
were also fragments of ceramic material present.
Disregarding those samples bearing traces of
ceramic material, the mean value of susceptibil-
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Fig. 84-D: Magnetograms of the gradients of the magnetic field density. A: measured gradients between -7 and +5 nT/m; B: smo-
othed magnetic anomalies using the algorithm for the Upward continuation of magnetic anomalies at a relative vertical distance
of 0.2 m in a measuring range between -7 and +7 nT/m, which generally emphasizes those anomalies originating at relatively gre-
ater depths; C: residual magnetic anomalies [measured values (A) -Upward continuation of magnetic anomalies (B)] in the range
between -4 and +4 nT/m, which generally emphasize those anomalies originating upon the present-day surface or just beneath
it; D: synthetic vertical gradients at a relative vertical distance of 0.5 m in the range between -3 and +3 nT/m, which somewhat
emphasize all measured gradients of the magnetic field. Check the explanation in the text for an interpretation of Fig. 84. The
rectangle in Fig. 84 indicates the sector of the magnetogram in Fig. 9. The following structures are discernible: northern defence
wall (a), building 6 (b), building 25 (¢), eastern road (d), eastern defence wall (e), eastern defence ditch (f), workshop (g), traces
of unknown origin (h), modern platform (i).

SI. 84-D: Magnetogrami (vertikalnega) gradienta gostote magnetnega pretoka. A: izmerjene vrednosti gradienta gostote magne-
tnega polja med -7 in +5 nT/m; B: zglajene magnetne anomalije z uporabo algoritma podaljSevanja magnetnih anomalij navzgor
na relativni navpi¢ni oddaljenosti 0,2 m v merilnem obmocju med -7 in +7 nT/m, kar v splosnem poudari anomalije z izvorom
na relativno vecjih globinah; C: rezidualne magnetne anomalije [izmerjene vrednosti (A) - navzgor podaljSane anomalije (B)] v
obmocju od -4 do +4 nT/m, ki v sploSnem poudarijo anomalije z izvorom na danasnji povrsini ali plitvo pod njo; D: sinteti¢ni
vertikalni gradienti na relativni navpicni razdalji 0,5 m v obmoc¢ju od -3 do +3 nT/m, ki nekoliko poudarijo vse izmerjene gradiente
magnetnega polja.

Za interpretacijo na s/. 84 glej razlago v tekstu (poglavje Magnetna metoda). Pravokotnik oznacuje izsek magnetograma na si. 9.
Vidni objekti: severno obzidje (a), stavba 6 (b), stavba 25 (c), vzhodna pot (d), vzhodno obzidje (e), vzhodni obrambni jarek (f),
delavnica (g), neinterpretirani sledovi (h), sodobna ploscad (i).

ity measures 0.21 x 1073SI. The susceptibility of
the limestone material, presumably used for the
foundations of structures, measures 0.1 x 10°3SI. A
consequence of the small differences in the magnetic
susceptibility between archaeological architectural
remains and the natural environment are the weak
anomalies of the induced magnetization, and thus
also a weaker contrast in the architectural remains
on the magnetograms (Fig. §). The magnetograms
reveal discernible traces of: parts of a defence wall

(Fig. 84: a,e), buildings 6 and 25 (Fig. 84: b,c), a
presumed road running between the central part of
the settlement and the passage by the eastern tower
(Fig. 84: d, Fig. 94), a defence ditch is discerned
on the basis of a very unified background (Fig.
84:f), a probable workshop outside the settlement
(Fig. 84: g), two parallel lines of unknown origin
(Fig. 84: h) and a larger surface of strong magnetic
anomalies which are likely a consequence of a
modern platform of modern concrete (Fig. 84:1).
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Fig. 94-C: Detail of the magnetogram from the eastern gateway
of the settlement (see Fig. 84 for its positioning). Image A (the
gradient of the magnetic field density, “raw values”: from -5 to
+5 nT) shows two parallel magnetic anomalies running from
the passage by the eastern tower towards the central area of
the settlement (marked by arrows). They are most likely the
result of the contrast in the magnetic susceptibility on the
lateral transition between the ground (lower susceptibility)
and the sandy road fill (higher susceptibility). The distance
between the anomalous lines measures 5 m, which correspon-
ds to the width of the paved road running north - south and
discovered using the resistivity method. The small, light points
are the effect of small, recent iron objects upon the present-
day surface or just beneath it. The sources of strong magnetic
anomalies are more discernible on magnetograms A and B,
which depict the synthetic horizontal gradients (the supposed
relative difference in the height of the sensors as corresponds
to the initial height of the measurements is +0.2 m in image B
and +0.5 m in image C).

SI. 94-C: Detajl magnetograma ob vzhodnih vratih naselbine
(za polozaj glej si. 8). Na sliki A (gradient gostote magnetnega
pretoka, “surove vrednosti”: od -5 do +5 nT) se vidita dve vzpo-
redni magnetni anomaliji, ki potekata od prehoda ob vzhodnem
stolpu proti osrednjemu delu naselbine (oznaceni s pus€icama).
Najverjetneje sta rezultat kontrastne magnetne susceptibilnosti na
bo¢nem prehodu med tlemi (niZja susceptibilnost) in peS€enim
nasutjem ceste (vi§ja susceptibilnost). Oddaljenost anomalnih linij
je 5 m, kar ustreza §irini tlakovane ceste v smeri sever-jug, ki je
bila odkrita z upornostno metodo. Majhne svetle tocke so u¢inek
majhnih novodobnih Zeleznih predmetov na danasnji povrsini
ali plitvo pod njo. Na magnetogramih A in B, ki prikazujeta
sinteti¢ne horizontalne gradiente, so ti viri mo¢nih magnetnih
anomalij bolje vidni (predpostavljena relativna viSinska razlika
senzorjev glede na prvotno vi§ino meritev je na sliki B +0,2 m
in na sliki C +0,5 m).

As is quite usual for modern agricultural surfaces,
a high degree of noise, due to small modern-day
iron objects on the surface or just beneath it,
was detected here as well. These peaks of strong
magnetic anomalies are reliably discernible on
the magnetograms, which portray the artificial
horizontal gradients, or rather, the changes in the
magnetic field density in a horizontal direction
(Figs. 9B, 9C). The magnetograms show only a
few magnetic anomalies that are characteristic for
archaeological remains with a thermoremanent
type of magnetization (TRM) within the limits
of the settlement. It follows that the inhabitants
did not use ceramic tiles to cover their roofs, nor

did they build architectural elements of brick.
Furthermore, there were presumably no workshops
that might have required high temperatures within
the settlement, nor were there any baker’s ovens
or even a larger sized hearth.

For a more reliable interpretation using the
magnetic method, theoretical 2D and 3D archaeo-
physical models are often applied (e.g.: Eppelbaum
et al. 2001, 163-185). These are generated from
the interpretations on the basis of the measured
values of the magnetic field and comparisons
with the calculated magnetic anomalies for the
presumed archaeo-physical models (check Fig.
31). The variables comprise of the form of the
structures, their size, depth and values of magnetic
susceptibility. The most suitable archaeo-physical
model is the one where the difference between
the measured and theoretical or calculated val-
ues is the least. Additionally, data regarding the
inclination (I), declination (D) and intensity of
the Earth’s magnetic field (F) in the investigated
area are also required. The International Geomag-
netic Reference Field (IAGA V-MOD Division) for
Vrhnika cites the following: I = 63,15°, D = 2,10°
and F = 47683 nT.

Ground Penetrating Radar (GPR)

The resolution of GPR is mostly dependent upon
the wavelength of the transmitting antenna. The
wavelength of electromagnetic waves from a 200
MHz antenna, as was used in the GPR investiga-
tions at Dolge njive, measures 1.5 m in the air.
In materials with a relative dielectric constant
of 15, this wavelength decreases to 0.52 m, and
further down to 0.4 m with a dielectric of 25,
etc. (Conyers et al. 1997, 45). The suitability of
using an antenna with a central frequency of 200
MHz and twice as large a wavelength from a 400
MHz antenna, which is also most recommended
for archaeological purposes, is best confirmed by
the archaeological evidence corresponding to the
results of the GPR research.

The vertical resolution is the smallest distance
at which two GPR reflections can still be treated
as two separate GPR limits (check e.g.: Jol 1995,
693-709; Piro et al. 1996, 89-105); generally it is
determined by the wavelength of the electromag-
netic waves. The upper and lower limits of the
horizontal reflector, such as a paved surface in
archaeological contexts, will only be visible on the
radargram if its width exceeds one quarter of the
wavelength. At the evaluated dielectric permittivity
(15) of the soil type at Dolge njive, the wavelength
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of a 200 MHz antenna in this ground measures
approximately 0.5 m. Essentially this means that
horizontal layers (paved areas) thicker than 0.15
m will be reliably discernible on the radargrams.

The higher the permittivity of the top soil
material, the slower the propagation of electro-
magnetic waves; at the same time, the sheaves of
the elliptic cone determining the ratio between
the depth and resolution will be narrower. The
elliptic cone expands at a slower rate if the deeper
layers have an increasing dielectric permittivity,
as is characteristic for pedosequences on clays in
the direct vicinity of rivers where the humidity
and thus also the permittivity gradually increases
with depth. This type of occurrence substantiates
the high resolution of architectural remains in the
time frame of 50 ns, which corresponds to the
depth of approximately 1.5 m.

The measured parameter in GPR measure-
ments is double the time a wave travels from the
transmitting antenna to the underground reflector
and it is expressed in nanoseconds (107s). By
knowing the dielectric permittivity, and thus also
the propagation velocity of the EM waves in the
investigated media, the times of the reflections
may be calculated into units of length, or rather
depth sections. The portion of the electromagnetic
energy that reflects at a certain limit between two
diverse materials (e.g. wall/ground-surrounding
medium, etc.) depends upon the contrast in the
dielectric permittivity (and to a lesser degree on
the electrical conductivity and the magnetic perme-
ability) and the ratio between the wavelength of
the EM waves (determined by the frequency of the
transmitter) and the width of the archaeological
structure (Jol 1995, 693-709).

The best known approach for presenting results
is by way of the so-called time slices method; these
are essentially time slices of a series of parallel
and usually equally distant GPR profiles (e.g.:
Goodman et al. 1995, 85-89). Time slices together
compose a diagram of equal amplitudes of GPR
echoes in the same time range of returning waves.
In the archaeological field this generates a series
of “plan views” at arbitrary depths (check Figs.
12, 14, 18, 20, 22, 25, 27, 29, 32, 35).

The research presented in this contribution
also generated the results in a 3D environment,
thus providing cross sections of the investigated
soil volume in arbitrary directions, as well as
detailed insight into the spatial relationships of
the architectural elements, their depths, widths
and level of preservation. This procedure is still
particularly welcome for interactive interpretation
in a 3D environment; in an archaeological context

this allows for the discernment of building phases
(check Figs. 13, 19, 28, 33).

Meats (1996, 359-379), by introducing the migra-
tion procedure, which to a large degree lessens the
subjectivity of interpretations from the results of
GPR investigations, was the first to take a deter-
minant step towards 3D displays of GPR results.
The procedures used for the preparation of time
slices and 3D presentations of GPR echoes are
illustrated in Fig. 10 (adapted according to Premrl
2004, figs. 15-21).

Nine regions were selected for GPR survey on
the basis of the results from the resistivity method
(Fig. 3C: G1-G9); a total of 8.100 m? was surveyed.
This selection was determined by the demand for
additional information concerning the mutual
spatial relationships of the architectural elements,
their depths and the level of preservation of the
architectural remains discovered using the resis-
tivity method. All regions were measured using a
200 MHz antenna, while a 500 MHz antenna was
additionally used for the area around the temple
(Fig. 3C: G1/1).

The manner for determining the width of the
walls, the depth at which they are situated and the
height of their preservation are all significant fac-
tors for a realistic 3D display of the archaeological
architectural remains on the basis of results from
geophysical prospecting. A qualitative analysis of
the results from the resistivity method provided a
good ground plan of the architectural remains; this
was also a good foundation for reconstructing the
urbanistic plan of the settlement. The quantitative
data required for a 3D display of the architectural
remains was attained by way of selectively choos-
ing procedures for GPR data processing (Fig. 10)
and an analysis of individual GPR echoes (e.g:
Leckebusch 2003, 213-240). While the width of
the walls were read in the GPR profiles by ap-
plying migration (Fig. /0: G) and Hilbert’s trans-
formation (Fig. 10: H), the depths and levels of
preservation of the walls were determined by way
of velocity analyses (Conyers et al. 1996, 25-38)
supplementally corrected corresponding to data
from excavations (Mikl Curk 1974, 370-386) and
shallow boreholes. The results from archaeological
excavations in the area of the southeastern tower
(Mikl Curk 1974, 370-386; Premrl 2004, fig. 22)
were used as a test area for determining the propa-
gation velocity of electromagnetic waves; this was
necessary so as to enable calculation of the real
depths. Excavations in 1969 uncovered the up-
per layer of the foundations of the defence wall,
made of quarried limestone, at a depth ranging
between 0.5 and 0.75 m. The GPR profiles of the
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Fig. 10: An illustration of the procedure for processing GPR sections for the generation of time slices and 3D representations of
GPR echoes. A: distance normalization (Al - before processing, A2 - after processing); B: the range gain adjustment (B1 - before
processing, B2 - after processing); C: background removal (C1 - before processing, C2 - after processing); D: FIR filter (D1 - be-
fore processing, D2 - after processing); E: IIR filter (E1 - before processing, E2 - after processing); F: deconvolution (F1 - before
processing, F2 - after processing); G: migration (G1 - before processing, G2 - after processing); H: hilbert transformation (H1
- before processing, H2 - after processing) (adapted from Premrl 2004, figs. 15-21).

SI. 10: Tlustracija postopka obdelave radarskih profilov za ustvarjanje ¢asovnih rezov in 3D prikazov radarskih odbojev. A: umer-
janje razdalj (A1 -pred obdelavo, A2 - po obdelavi); B: poudarjanje in izenacevanje amplitud odbojev (B1 - pred obdelavo, B2 - po
obdelavi); C: odstranjevanje navideznih horizontalnih odbojev (C1 - pred obdelavo, C2 - po obdelavi); D: glajenje odbojev in od-
stranjevanje Suma (D1 - pred obdelavo, D2 - po obdelavi); E: glajenje odbojev in odstranjevanje Suma (E1 - pred obdelavo, E2 - po
obdelavi); F: odstranjevanje ponovljenih odbojev oz. multiplov in locevanje bliznjih odbojev (F1 - pred obdelavo, F2 - po obdelavi);
G: eliminiranje difrakcije in hiperboli¢nih oblik odbojev (G1 - pred obdelavo, G2 - po obdelavi); H: poudarjanje in prikazovanje
sibkih odbojev od manjsih struktur (H1 - pred obdelavo, H2 - po obdelavi) (prirejeno po Premrlu 2004, sl. 15-21).

southeastern tower detected the upper layer of the
defence wall at a depth of 18 nanoseconds; this
means that at a dielectric permittivity of 13, the
estimated velocity of the electromagnetic waves
measures 6.9 cm/ns. Similar results were attained
in several other places where boreholes also hap-
pened upon walls at a depth ranging between 0.3
and 0.55 m below the current day surface. Velocity

analyses in the region of the western storehouses
established a velocity of 6.5 cm/s (check the GPR
profile in Fig. 23). It follows that the empirical
and analytical procedures for determining the
depths produced similar results. Nonetheless, the
propagation velocity of electromagnetic waves will
alter throughout the settlement, and this should
not be neglected. Humidity levels of the soil will
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Fig. 11: According to the results of the resistivity method, the
width of the eastern wall measures approximately 2 m. The right
illustration shows discontinuations of high resistivity values
in the direction of the wall; these could be an indication of
the constructional particularities of the defence wall, which 1.
Mikl Curk (1974, 372) describes as the construction style “in
boxes”. Perhaps they only mark various states of preservation
of the wall. Due to the poorly preserved eastern front of the
defence wall (Mikl Curk 1974, 372) and the paved surface
directly alongside, it is not possible to precisely establish the
width of the wall in this segment.

SlI. 11: Po rezultatih upornostne metode meri Sirina vzhodnega
obzidja pribliZno 2 m. Na desni sliki vidimo v smeri obzidja
prekinitve visokih vrednosti upornosti, ki so lahko ucinek
konstrukcijskih posebnosti obzidja, ki jih I. Mikl Curk (1974,
372) opisuje kot kasetni nacin gradnje. Morda gre samo za
spremembe v stopnji ohranjenosti obzidja. Sirine obzidja na
tem odseku ni mogoce povsem natan¢no doloc€iti zaradi slabse
ohranjene vzhodne fronte obzidja (Mikl Curk 1974, 372) in
tlakovane povrsine tik ob njem.

have a strong impact on the velocity; this is best
demonstrated by the values of resistance (check
Fig. 7). The velocity of electromagnetic waves
used in our research to calculate depth was 6.5
cm/ns; essentially this means that 1 nanosecond
on a radargram corresponds to a distance (depth)
of 3.25 cm. As all the illustrations of the results
from GPR sounding cite the time elapsed from the
transmittance of one signal to the registration of
its reflection (this is double the time), only half of
the recorded time dictates the calculation of depth.
For the purpose of our research, the return time
of 30 ns corresponds to a depth of approximately
1 m (exactly 0.975 m).

DESCRIPTION AND EXPLANATION
OF THE ARCHITECTURAL REMAINS

Defence wall

The course of the 2 m wide defence wall is best
discerned on the resistivity results at the eastern
part and less so at the southern part of the set-
tlement (Figs. 4-6). The eastern part of the wall
is situated at a depth ranging between 0.6 and 1.3
m (Figs. 12-13).

Poor resistivity results in the southeastern and
southern parts of the settlement are perhaps due to
the poor state of the defence structures. Alternatively,
it might be a consequence of the high moisture
content in the soil in this area, which always de-
creases the resistivity contrast between the natural
background and architectural remains. Considering
the estimated expansion of wetness based on the
mutability of the background resistivity (Fig. 7)
and the electrical conductivity measurements (Fig.
3D: K2; Fig. 15), the far edge of the southeastern
part of the settlement is the most humid. The
high humidity is presumably a consequence of the
combined effect of the defence ditch, which col-
lects a lot of moisture, and the inflow of meteoric
waters due to drainage from the highway dyke. The
electrical conductivity results show an apparently
wider ditch in the area along the highway dyke due
to the relatively higher level of moisture content.
The GPR results (Fig. 3C: G7; Fig. 14) also show
that the high moisture content had a strong impact
on the decreased level of contrast in the regions of
the southeastern tower and defence wall. The level
of moisture content in the soil plays a major role
in attenuation of electromagnetic waves (Conyers,
Goodman 1997, 53); the radargrams also express
this by way of substantially lower amplitudes of
GPR echoes at the interfaces between clay soil and
foundations of quarried limestone.

Iva Mikl Curk, in her excavations at the south-
eastern corner of the settlement, discovered the
2 m wide southern defence wall and the 3 m
wide eastern defence wall. The foundations of the
defence wall were built using blocks of quarried
limestone, bound with mortar. The area between
the two fagades of stone blocks was filled with
loam, small stones and sand. Transverse walls (0.5
m thick) connecting the two fagades followed at
intervals of 2 m, as well as transverse horizontal
wooden beams. Details of the structure were most
discernible along the eastern tract of the defence
wall (Mikl Curk 1974, 372-376; Horvat 1990, 97-
98, 205). The 2 m wide southern part of the wall
was also documented by Smid (Fig. 2).
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The manner of construction and the level of
preservation of the remains significantly influence
the contrast in the resistivity between the defence
wall and its near surroundings. The results from
the resistivity measurements presumably reflect the
particularities described by Mikl Curk regarding the
construction of the eastern wall. Only the western
(interior) front of the wall is clearly distinct. Mikl
Curk reported that it was approximately 0.8 m
wide and laid out of quarried stones (Mikl Curk
1974, 372). The exterior (eastern) front of the
wall is not entirely discernible. Presumably this
is due to the combined effect of the construction
style “in boxes”, the poorly preserved state of the
exterior fagade of quarried limestone and the paved

surface, which leans upon the exterior side of the
wall. Despite that the resistivity results do not en-
able a reliable interpretation of the defence wall’s
construction style, the variability of the resistivity
values can be indicative of a more complex style
of construction (Fig. 11).

Along the northern and northwestern part of
the settlement the back walls of buildings 1-5 and
11-15 took on the function of the defence wall; in
the continuation, these buildings are interpreted
as storehouses (Figs. 36, 39).

Eastwards of the northern tower, the line of
the defence wall is relatively poorly discernible
in the resistivity results; that is, the contrast
along the northern side is low due to the paved
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Fig. 12: The eastern defence wall with tower (see Fig. 36), GPR area G6 (Fig. 3C), measured surface of 30 x 30 m: time slices
(see also Fig. 13). 0.5 m beneath the surface, the following appear almost simultaneously: the tower (a), the defence wall (e), a
paved platform along the exterior of the defence wall (b), a small wall along the western edge of the defence ditch (c¢), which is
perhaps a composite part of the support structure of the bridge, and the eastern wall of structure 20 (d). The paved surface and
the wall along the ditch are the first to disappear with added depth. The tower and the defence wall are traceable to a depth of
1.3 m. The bottom three illustrations show the passage to the northern side of the tower (g) and the rectangular widening of the

defence wall (f).

SI. 12: Vzhodno obzidje s stolpom (glej sl. 36), georadarsko obmocje G6 (sl 3C), povrsina 30 x 30 m: horizontalni rezi radarskih
odbojev (glej tudi s/. 73). 0,5 m pod povr§jem se skoraj istoCasno pojavijo stolp (a), obzidje (e), tlakovana plos¢ad na zunanji
strani obzidja (b), manjsi zidec na zahodnem robu obrambnega jarka (c), ki je morda del nosilne konstrukcije mostu, in vzhodni
zid stavbe 20 (d). Z globino najprej izgineta tlakovana povrsina in zidec ob jarku. Stolpu in obzidju sledimo do globine 1,3 m. Na
spodnjih treh slikah prepoznamo prehod na severni strani stolpa (g) in pravokotno razsiritev obzidja (f).
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Fig. 13: The GPR area G6 (Fig. 3C), measured surface of 30 x 30 m: 3D portrayal of GPR echoes (see also Fig. 12): eastern tower
(a), paved surface between the defence wall and ditch (b), small wall along the western edge of the defence ditch, which is perhaps
a composite part of the support structure of the bridge (c), the eastern wall of structure 20 (d), the defence wall (e, f), the passage
along the eastern tower (g), the western edge of the ditch with layers that is slanting at an angle of about 45° eastwards (h).

SI. 13: Georadarsko obmocje G6 (s/. 3C), povr§ina 30 x 30 m: 3D prikaz radarskih odbojev (glej tudi s/. /2): vzhodni stolp (a),
tlakovana povrsina med obzidjem in jarkom (b), manj$i zidec na zahodnem robu obrambnega jarka, ki je morda del nosilne kon-
strukcije mostu (c), vzhodni zid objekta 23 (d), obzidje (e, f), prehod ob vzhodnem stolpu (g), zahodni rob jarka s plastmi, ki

vpadajo pod kotom priblizno 45° proti vzhodu (h).

surfaces and/or the ruination layers between the
wall and the Ljubljanica riverbed (Figs. 4-6). The
juncture between the storehouses and the defence
wall is clearly discernible. The width of the wall
measures approximately 1 m on the basis of the
clearly visible southern fagade, as well as on the
basis of the edges of the paved surfaces along the
northern side of the wall. The width of the wall
corresponds approximately with the data from the
archaeological excavations in 1934 and 1936. Ac-
cording to Smid’s plan, the northern and eastern
defence walls do not exceed the width of the wall

foundations of the storehouses, which measure
0.70 m (Fig. 2; Horvat 1990, fig. 9).

Westwards of the northern tower, the defence
wall is offset 2 m to the south. A paved surface
runs alongside the entire length of the northern
side of the 1 m wide defence wall, which at the
same time forms the back wall of the storehouse
rooms (Figs. 4-6, 18-19, 36). An additional wall is
discernible on the northern side of the defence
wall in the vicinity of building 7 in the resistivity
(Fig. 6) and GPR results (Fig. 18). It is parallel
with the defence wall in one area, and in the other
area it is slightly offset (Fig. 36).
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Fig. 14: A segment of the southern defence wall with the southeastern tower, GPR area G7 (Fig. 3C), measured surface of 30 x 20
m: time slices. Due to the high level of water saturation (Fig. 7: b) and consequently the attenuation of the electromagnetic waves,
the amplitudes of GPR echoes are low. Nonetheless, a part of the southern wall is discernible (a), as well as the southeastern
tower with its square ground plan and situated diagonally to the defence wall (b).

SI. 14: Del juznega obzidja z jugovzhodnim stolpom, georadarsko obmocéje G7 (sl. 3C), povrS§ina 30 x 20 m: horizontalni rezi
radarskih odbojev. Zaradi visoke namocenosti terena (s/. 7: b) in posledicno mocnega duSenja elektromagnetnega valovanja so
amplitude radarskih odbojev nizke. Kljub temu razlo¢imo del juZnega obzidja (a) in jugovzhodni stolp kvadratnega tlorisa, ki je

postavljen diagonalno na obzidje (b).

The western edge of the settlement lies mostly
beyond the region of the resistivity survey. The
western defence wall, approximately 0.70 m wide,
is presented on the ground plan from 1936 (Fig. 2).
However, it is not clear whether the entire course
was indeed investigated by Smid, or whether the
plan was completed on the basis of only a few
excavated segments. Schulz reported that the walls
along the western edge were damaged (Horvat 1990,
52, 101-102, 207-208). A segment of the western
defence wall, the course of which corresponds with
Smid’s plan, is probably seen on the GPR survey
results of area 12b (Figs. 22, 36).

Towers and entrances

The tower at the southwestern corner of the
settlement lies beyond the geophysically surveyed
region. Smid recorded the ground plan, and Mikl
Curk carried out excavations along two sides of

it (Fig. 2; Mikl Curk 1974; Horvat 1990, 97, 99,
205). The width of the foundations, built of quar-
ried stone and initially also bound with mortar,
measured 1.5 m; the ground plan of the tower
covered an area of approximately 8 x 8 m (Horvat
1990, 99, 205, fig. 22).

The southeastern tower, positioned diagonally
along the southern and eastern tracts of the defence
wall, is poorly discernible due to the high moisture
content in the soil (see above). Results from the
resistivity method (Figs. 4-6) enable a relatively
distinct portrayal with the use of a low frequency
filter (Fig. 6). Mikl Curk investigated the tower
already in 1969 (Mikl Curk 1974; Horvat 1990,
97-98, 205, fig. 21); the exterior dimensions are
approximately 7 x 7 m, with walls measuring 1 m
thick. The tower appears on the time slices of the
GPR profiles at a depth of 0.5 m and reaches to
a depth of 1.3 m (Fig. 14).

The unambiguous remains of the tower are not
visible in the northeastern corner of the settle-
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ment, where the results of the resistivity method
are indistinct (Figs. 4-6). Walter Smid also made
no mention of this tower. Large areas of high
resistivity are visible however; they represent the
well preserved paved surfaces and/or ruination
layers in the interior side of the eastern defence
wall (Figs. 4-6, 36: building 1). A region with
somewhat higher values than the background is
visible also along the exterior side of the north-
eastern corner of the defence wall in the resis-
tivity results (Fig. 3C: G5; Fig. 24: b). The size
of this area approximately corresponds with the
dimensions of the southeastern tower. However,
this low anomaly region is not distinct enough to
be reliably interpreted as a defence tower. GPR
sounding also failed to procure distinct echoes
in this area.

A rectangular tower (approximately 8 X 6 m
wide, 1 m wide wall, depth between 0.5 and 1.3 m)
was situated along the eastern defence wall. The
tower was partially offset, exceeding the exterior
line of the wall (by 1 m, which is the width of
the tower wall) (Figs. 4-6). The structure of the
defence wall ruination, as seen in the results from
the GPR survey (Fig. 3C: G6; Fig. 12), indicates
that the approximately 5.5 m wide entrance into
the settlement lay north of the tower. A part of the
wall was additionally fortified (4 x 2.5 m) along
the northern side of the entrance.

A 5 m wide paved tract lay along the exterior
side of the defence wall in the area of the eastern
entrance. The pavement is traceable along almost the
entire length of the eastern side of the defence wall
(Figs. 4-6, 36). Traces of a similar pavement were
also reported near the southeastern tower by Mikl
Curk (Mikl Curk 1974, 373, suppl. 2); however our
measurements made no such recordings there.

The magnetic method results reveal that a
5 m wide road led from the eastern gateway to
the interior of the settlement. Presumably it was
made of consolidated layers of sand (see below;
Figs. 8-9, 36).

The walls of the northern tower are clearly dis-
cernible only on the GPR results (Fig. 3C: G3; Figs.
18; 36) and less so on those of resistivity (Fig. 4B).
They measure 1 m wide and between 0.8 and 1.6 m
deep. The southern side of the tower measures 7 m.
It seems that the tower is symmetrical, of a square
form. The tower narrows in the centre, or rather,
the walls are additionally fortified there.

A stone paved road leading through the tower
interrupts the northern defence wall. The road lies
0.6 m deep and is between 0.3 and 0.6 m thick
(Figs. 4-6, 18, 36). The altering thickness of the
road as seen in the GPR profiles could be the

consequence of road repairs carried out due to its
sinking into the soft ground (Figs. 20-21).

The riverbank outside the northern defence
wall was probably paved like the tract along the
eastern defence wall (Figs. 44; 5; 36).

Defence ditch

The course of the defence ditch ran along the
eastern and probably also along the southern
tract of the wall. The ditch was not found during
excavations (Mikl Curk 1974, 373). Results from
geophysical prospecting reveal that the ditch has
increased porosity in comparison with the natural
environment and that it acts as a water collector in
otherwise poorly permeable clay. This illustrates the

Distance (m)

Distance (m)

10
Distance (m)

Distance (m)

Fig. 15: The course of the defence ditch is traceable in the re-
sistivity results (A1 and A2: J), however it is more discernible
on the electrical conductivity results (B1 and B2: J).

The conductivity values gradually increase from the edges of
the ditch towards the central axis, which is indicative of a
triangular cross section (see Fig. 16).

SI. 15: Poteku obrambnega jarka sicer sledimo na rezultatih
upornosti (Al in A2: J), vendar je bolje viden na rezultatih
elektri¢ne prevodnosti (B1 in B2: J). Vrednosti prevodnosti se
postopoma viSajo od robov jarka proti srediscni osi, kar kaze
na trikotni presek jarka (glej s/. 16).
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higher electrical conductivity of the ditch fill, and
consequently its visibility in the resistivity results
(Fig. 3D: K2; Fig. 15: A1,A2), and even more so in
the results from the electrical conductivity (Fig. 15:
B1,B2). The results of the magnetic method, with
no clearly distinguishable ditch, show that there
is no great difference in the magnetic susceptibil-
ity between the fill and the natural environment;
this indicates that the material in the fill and in
the direct vicinity is the same. The ditch is thus
recognized on the magnetograms only by its mag-
netically “quiet” background (Fig. 84: f).

The edge of the pavement between the eastern
defence wall and ditch is slightly inclined (Fig.
13: h). At the same time, this probably substanti-
ates the inclination of the side of the ditch. The
electrical conductivity results (Fig. 15: B1,B2)
allow the supposition that the ditch is deepest
in its centre; presumably it has a triangular cross
section. The form and dimensions of the ditch are
thus established on the basis of the results from
the electrical conductivity and the GPR methods

Fig. 16: A schematic illustration of the section of the ditch along
the eastern defence wall: depth of the effective range of the
electrical conductivity measurement (z), presumed depth of the
ditch (h), the area of the combined effect of the electrically highly
conductive ditch fill and the surrounding clay, with relatively lower
electrical conductivity, into which the ditch is dug (k).

S1. 16: Shematski prikaz preseka jarka ob vzhodnem obzidju.
Globina efektivnega dosega meritev elektricne prevodnosti
(z), predpostavljena globina jarka (h), obmocje kombiniranega
ucinka zelo dobro elektricno prevodnega polnila jarka (visoka
prevodnost) in gline z relativno slabSo elektri¢no prevodnostjo,
v katero je jarek vkopan (k).

(Fig. 16). The ditch is 7 m wide and approximately
3.5 m deep (h). Considering the 1.5 deep range of
the Geonics EM38 instrument (z), high values of
electrical conductivity were attained towards the
centre of the ditch at approximately 2.5 m. These
values are the result of the impact of the clay in
which the ditch was dug (increased consistency,
with a decrease in the seepage).

The ditch was positioned 9 m away from the
eastern defence wall. A 12 m long wall (0.5 m wide,
0.5 m thick and at about 0.5 m depth) ran along
the western edge of the ditch (Figs. 3C: G6,;12; 13:
¢). The wall might have consolidated the edge of
the ditch or was perhaps a part of the construction
connected with the crossing over the ditch.

Market

Amidst the settlement lay a large stone paved
area of an irregular parallelogram form (75 m x 51
m x 77 m x 59 m; the eastern limit is indistinct)

15

Fig. 17: GPR echoes from the paved surface of the market. The apparently unevenly paved surface is consequent to the variable
present surface morphology and therefore the varying distances of the GPR antenna from the paved surface. The apparent depth
of the pavement ranges between 0.5 m and 0.80 m. In view of the good resolution of the GPR echoes from the upper and lower
pavement surfaces, it is known that the thickness of the pavement is greater than 0.15 m, which is one quarter of a wavelength of
the electromagnetic waves of a 200 MHz antenna in the explored medium. The thickness of the pavement is determined on the

radargrams and measures between 0.2 and 0.3 m.

SI. 17: Radarski odboji od tlakovane povrSine trga. Navidezna povitost tlakovane povrSine je posledica morfologije povrSine zaradi
razliéne terensko pogojene oddaljenosti antene od tlakovane povrsine. Navidezna globina tlaka se tako spreminja od 0,5 m do
0,80 m. Glede na dobro locljivost odbojev od zgornje in spodnje ploskve tlaka vemo, da je debelina tlaka vecja od 0,15 m, kolikor
znasa Cetrtina valovne dolzine elektromagnetnega valovanja 200 MHz antene v preiskovanem mediju. Debelina tlaka, dolocena

na radargramih, je sicer od 0,2 do 0,3 m.
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and enclosed with a colonnade (Figs. 4-6, 36, 39).
Already Smid documented the area paved with stone
slabs (Horvat 1990, 54). The pavement remains are
indicated in the resistivity results by their somewhat
higher background values (Fig. 7). The relatively
low contrast is a consequence of ploughing dam-
age as well as of the varying humidity between the
altering consistency of the soil in former arable
lands and land plot boundaries. The land plot
boundaries, which look like small depressions in
the field, are approximately parallel to each other
and they run in a northeast - southwest direction
(Figs. 4-6, 7). They were presumably used also as
drainage ditches. They look like bright lines in
the resistivity measurements, which indicate low
resistivity values due to the concourse of water
from higher field surfaces. The reduced sensitivity
of the resistivity method on thin and low contrast-

ing horizontal layers is another technical reason
for the low contrast in resistivity.

The GPR profiles show that the pavement lies
about 0.5 m deep and is between 0.2 and 0.3
m thick (Fig. 17). The altering thickness of the
pavement on the georadar profiles is a result of
the combined effect of the uneven morphology of
today’s surfaces and presumably also the unlevel
surface of the pavement. The pavement is also
discernible in the time slices of the GPR profiles
as a slightly higher amplitude of GPR echoes as
compared to the background (Figs. 22, 27-28).

Paths

Four passages open out from the market (Fig.
36). One 5 m wide and thickly paved road leads

11424 % DISTANCE METER] 13,20 Y-DISTANCE [METER] ]
0 10 20 40 50 0 10 20 30 a0 50 |
& 3 o E|
[ [} 5|
z - 5 &
w 8 10 8
1 i g
% B 15 & |
s | 5 A
Z 2 5 Z|
i 3 E ) E:
% & 15 2 |
) af g
e o}
1:27.97 ¥DISTANCE METER] 2833 ¥-DISTANCE MMETER] |
0 10 20 30 40 50 0 10 20 40 1] 10 20 30 40 |
g . T E . oy E
& i &
& | z ks » z|
w w w
o . Q | o |
e Z z
@ & &1
s g a |
I 30.17 x—ulsmlcs [usrssi
50 10 20 30 4 50
_ —371° § F P T
T w ; e » B
/g fs 8 2 |l T et s 3
! w w B b I ‘ w |
o o I 10 ©|
| z z Z|
i ’!{f} o ¢ 2| 2 § P
5 a 8

Fig. 18: Structures 3, 4 and 5, the northern defence wall and tower and the paved road (see Fig. 36), GPR area G3 (Fig. 30),
measured surface of 53 x 20 m: time slices. The single and double walls of the storehouse rooms 3, 4 and 5 are discernible, as
well as the numerous walls that divide the interiors of the rooms. Some of these small rooms are paved. That the northern wall
seems to be double is consequent to the paved platform on the outside of the defence wall and the wall that runs almost parallel
with it. The 1 m wide walls of the northern tower are discerned at the approximate depth of the paved road, which runs from
the northern gateway to the interior of the settlement. The tower is clearly distinguished only under the paved road; presumably
it is not preserved higher up. Approximately in the centre of the tower is a narrowing with a passage into the interior of the set-
tlement. The northern tower has the deepest foundations (reaching to a depth of 1.6 m) within the geophysically explored part
of the settlement.

SI. 18: Stavbe 3, 4 in 5, severno obzidje s stolpom in tlakovana cesta (glej s/. 36), georadarsko obmocje G3 (sl. 3C), povrsina 53 x
20 m: horizontalni rezi radarskih odbojev. Vidijo se enojni in dvojni zidovi skladi§¢nih prostorov 3, 4 in 5 s Stevilnimi zidci, ki na
razlicne nacCine pregrajujejo notranjost prostorov. Nekateri od teh manjsih prostorov so tlakovani. Navidezna dvojnost severnega
obzidja je posledica tlakovane ploS¢adi na zunanji strani obzidja in zidu, ki je skoraj vzporeden z obzidjem. Priblizno na globini
tlakovane ceste, ki pelje od severnih vrat v notranjost naselbine, se pojavijo 1 m Siroki zidovi severnega stolpa. Stolp se vidi jasno
Sele pod tlakovano cesto in sklepamo, da vi§je ni ohranjen. PribliZno na sredini stolpa je zoZitev s prehodom v notranjost naselbine.
Severni stolp je najgloblje temeljena struktura na najdis¢u. Temelji segajo do globine 1,6 m.
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Fig. 19: Structures 3, 4 and 5, the northern defence wall and tower and the paved road (see Fig. 36), GPR area G3 (Fig. 3C),
measured surface of 53 x 20 m: 3D portrayal of GPR echoes. The eastern tract of the northern defence wall (a), northern tower
(b), paved road (c), double wall in the storehouse rooms (d), single wall in the storehouse rooms (e).

SI. 19: Stavbe 3, 4 in 5, severno obzidje s stolpom in tlakovana cesta (glej s/. 36), 200 MHz antena, georadarsko obmocje G3 (sl
3C), povrsina 53 x 20 m: 3D prikaz radarskih odbojev. Vzhodni krak severnega obzidja (a), severni stolp (b), tlakovana cesta (c),
dvojni zid skladis¢nih prostorov (d), enojni zid skladis¢nih prostorov (e).

from building 24 towards the northern tower. This
road lies at a depth of 0.6 m and has a thickness
of between 0.3 and 0.6 m (Fig. 2/). The road has
a gradual upward incline towards the north; this
is clearly visible on the time slices from the GPR
profiles (Fig. 3C: G3,G4/1; Fig. 18-20). It first
disappears on the northern side and only later
on the southern side as well. The northern road

is also the structure with the highest resistivity
measurements in the entire settlement (Fig. 7). It
follows that it is paved with stone slabs and that it
is well preserved. It was most likely the main road
through the settlement, whereby its solid construc-
tion ensured its durability and load capacity. The
application of a high pass filter, which emphasizes
shortwave resistivity anomalies, brought to light
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Fig. 20: The paved road leading from the northern gateway towards structure 24, GPR area G4/1 (Fig. 3C), measured surface of
20 x 20 m: time slices. The paved road (a), walls of the storehouse rooms 4b and 3a (b), column base (c), structure under paved
road (it could be a structure with a square cross section and the side measuring 3 m, or even with a circular cross section of a
similar size) (d). The dotted line denotes the smothered GPR signal along the well-saturated border (which functions as a drainage
ditch) of the land plot. The AB line marks the positioning of the GPR profile on Fig. 21.

SI. 20: Tlakovana cesta od severnih vrat proti objektu 24, georadarsko obmocje G4/1 (si. 3C), povrSina 20 x 20 m: horizontalni
rezi radarskih odbojev. Tlakovana cesta (a), zidovi skladis¢nih prostorov 4b in 3a (b), baza stebra (c), objekt pod tlakovano cesto
- lahko gre za kvadraten ali kroZen objekt s premerom 3 m (d). Crtkana ¢rta oznaduje dusenje radarskega signala v smeri dobro
namocene parcelne meje, ki sluzZi kot drenazni jarek. Crta AB oznacuje polozZaj georadarskega profila na sl. 2/.

the lot parcelling boundaries/drainage ditches that in the direction of the former field boundaries/
also “take their toll” on the road beneath (Fig. 6). drainage ditches.

The relative variations in the background resistivity A 5 m wide paved road also leads southwards
are a consequence of the increased level of mois- to where there should be a passage through the
ture as well as the partial destruction of the road defence wall (Fig. 36). It is much less distinct than

3

=2
o

-

B L e

Fig. 21: The GPR section over the northern road (Fig. 20: section AB). The width of the road (a) is estimated to be at least 0.3
m, and it is slanting slightly eastwards on this GPR section (check the reflections along the upper and lower surfaces of the stone
pavement as well as the reflections from the irregular layers above it). This could be indicative of road repairs carried out due to
the sinking stone pavement. The arrows (b) mark the single walls of the storehouse rooms 3a and 4b.

SI. 21: Georadarski profil ¢ez severno cesto (s/. 20: profil AB). Debelina ceste (a) je ocenjena na najmanj 0,3 m in je na tem
radarskem profilu rahlo nagnjena proti vzhodu (glej odboje od zgornje in spodnje povrsine kamnitega tlaka ter odboje od nepravil-
nih plasti nad njim). Lahko gre za popravila na cesti zaradi usedanja kamnitega tlaka. S pus¢icama (b) sta oznacena tudi enojna
zidova skladis¢nih prostorov 3a in 4b.
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Fig. 22: The structures 12b through to 15 (see Fig. 36), GPR area G1 (Fig. 3C), measured surface of 40 x 40 m: time slices. The
storehouse rooms with portico along the western side of the settlement. The single and double walls of the storehouse rooms are
discernible, as well as the interior partition walls and the bases for the columns of the portico. The darker fields eastwards of
the storehouse rooms are consequent to the paved surface of the market. The AB line demonstrates the positioning of the GPR

section on Fig. 23.

SI. 22: Objekti od 12b do 15 (glej sl. 36), georadarsko obmocje G1 (sl. 3C), povrsina 40 x 40 m: horizontalni rezi radarskih odbojev.
Skladi§¢ni prostori s portikom na zahodni strani naselbine. Prepoznamo enojne in dvojne zidove skladi§énih prostorov, notranje
pregradne stene in baze stebrov portika. Temnejsa polja vzhodno od skladis¢nih prostorov so posledica tlakovane povrsine trga.

Linija AB prikazuje poloZaj radarskega profila na s/. 23.

the northern road in the results of the resistivity
measurements (Figs. 4-6). The resistivity values
are within the limits for the paved surface of the
market and the northern road. This indicates that
the construction of the road was more solid than
the paving of the market area, albeit less solid
than the northern road. The road ends about 20 m
before the line of the southern defence wall. There
are two possibilities: that the road is destroyed
further on or that the composition of the road
changes drastically, e.g. into a sandy road that
does not characteristically differ in resistivity from
its environment. There are no GPR results and so
the interpretation is based solely on the results
from the geoelectric mapping. Smid’s plan (Fig. 2)
shows that the southern defence wall ends where
there might be a southern gateway. However, the
remains of a pavement discovered by Mikl Curk

in the southern edge of the settlement cannot be
interpreted as the road leading southwards (Mikl
Curk 1974, 374).

The road leading from the market to the east was
not paved, nor was the passage westwards (between
buildings 15 and 16) (Fig. 36). There are no visible
anomalies near the eastern tower, which could
be interpreted as a road either in the resistivity
(Figs. 4-6) or in the GPR results (Fig. 3C: G6; Figs.
12-13). Two distinct and parallel lines of induced
magnetization are seen on the magnetograms (Figs.
§8-9); they run from the entrance by the eastern
tower towards the interior of the settlement. They
are the result of a substantial lateral difference in
the magnetic susceptibility in a short distance. In
this instance, this difference could represent the
border between the road and the media in which
it lies. The road might be built of a compact sand
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Fig. 23: The GPR section over the storehouse rooms 13b, 14a and 14b (see Fig. 22). The single and double walls at the depth
range between 0.3 and 0.5 m below the present-day surface are clearly distinguishable, and they reach to a depth of 1 m, and
occasionally to 1.3 m. The walls seem wider due to the hyperbolic echoes on the radargrams. The actual width of the walls ranges
between 0.5 and 0.7 m. The closest approximation of the width of the walls is attained by the GPR sections after using migration

algorithm (Fig. 10: G).

S1. 23: Radarski profil ¢ez skladi§¢ne prostore 13b, 14a in 14b (glej s/. 22). Jasno lo¢imo enojne in dvojne zidove, ki se pojavijo
na globini od 0,3 do 0,5 m pod danasnjo povrsino in segajo do globine 1 m, le ponekod do 1,3 m. Zidovi so zaradi hiperboli¢nih
odbojev na radargramih navidezno §irsi. Dejanska Sirina zidov se spreminja od 0,5 do 0,7 m. Najboljsi priblizek Sirine zidov dobimo

iz radarskih profilov po uporabi migracije (s/. 10: G).

that does not characteristically differ in resistivity
and dielectric permittivity from its environment
and thus remains indistinct in the resistivity and
GPR results (check Figs. 4- 6, 12-13). The distance
of 5 m between the linear magnetic anomalies is
the same as the width of the road leading in the
direction north-south.

Buildings 2-5, 11-17, 19-20, 22-23 (storehouses)

Buildings with long and narrow rooms in a row,
and wide entrances are positioned around the
market; these are in the continuation interpreted
as storehouses. Buildings 2-5 are situated on the
northern side of the market, buildings 11-15 along
the western side and 22-23 along the eastern. Two
rows of buildings stand along the southern side
of the market: buildings 16-17, 19-20 compose the
northern tract and may be interpreted as store-
houses, while the building 21 along the southern
tract is in form characteristic for tabernae (see
the continuation).

The walls are well discernible on the resistivity
results (Figs. 4-6). However, the magnetic method
procured only the occasional weak lines of induced
magnetization; consequently, these results were
not applicable for fulfilling the ground plan of the
architectural remains (cf. Fig. 8). The GPR survey
proved much more useful as it produced a series
of detailed data concerning the dimensions of the
architectural elements, their depths and state of
preservation. The resistivity results, for instance,
show the double walls as relatively strong and
wide resistivity anomalies, while the other walls
demonstrate somewhat weaker anomalies (Figs.
4-6). The double walls are very distinct on the

GPR profiles (Fig. 3C: G1; Figs. 22; 23), and the
partition walls have relatively thin and shallow
foundations (Fig. 22).

The double walls can be interpreted as narrow
passages - ambitus - separating two individual
buildings. According to the excavation report they
are between 0.35 and 0.50 m wide. The passages
served to drain away water from the roofs (dimen-
sions: Horvat 1990, 55, 110, 212). Schulz’ detailed
description (the double wall between buildings 12
and 13: Horvat 1990, 52, 101-102, 207-208, fig. 24)
and Smid’s plan (Fig. 2) both indicate that the pas-
sages facing the market were walled-in. Evidently
they also functioned as drainage channels drawing
off the rainwater towards the river (cf. Fig. 23).

Several buildings are composed of two long and
parallel rooms (3-5, 12-14, 17, 20), each denoted
by the letters a and b (Fig. 36). Structures 2, 16
and 19 are composed of a row of four rooms (a-d).
The width of the individual rooms is uniform and
measures about 6 m. The exterior walls of the
buildings, and the long walls of the rooms are
between 0.5 and 0.7 m wide (Fig. 23). All these
walls are discernible at a depth of 0.3 m beneath
the surface and they reach down to a depth of
1 m, or 1.3 m at the most.

The lengths of the buildings, as seen on the re-
sistivity results, measure 23-26 m for the northern
tract, 22-26 m for the western tract, and around
24 m for the eastern tract. Buildings 16-20, at the
south of the market, measure approximately 24 m
in length (Figs. 4-6).

The back walls of the northern and western
tracts of storehouses form a part of the defence
wall. The entrances face towards the market and
cover the entire width of the rooms. It seems that
the ends of the walls at the entrances, for the most
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part, are somewhat widened. The foundations
for the columns of the portico were built in the
extended lines of the walls.

Several buildings differ from the above descrip-
tion. Buildings 11 and 15 comprise of only one
room. Building 11, which is positioned by the bend
in the river, also has an irregular trapezoidal form.
Buildings 22-23 at the eastern end of the market
presumably also have only one room each. Rooms
16a-b, 20a-b, 22 and possibly also 19¢, open wide
on both of the shorter sides; that is, they have
double entrances. Building 18, with two rows of
columns, is entirely open towards the northern
side facing the market, as well as on the eastern
and southern sides.

A few entrances were walled in with shallow
foundation walls: 3a, 5a, 5b, 11, 12a, 13a, 13b, 15,
19d. Some of the large rooms were additionally sub-
divided by partition walls with shallow foundations.
These foundations are discernible from a depth of
0.6 to about 1 m (Fig. 22). The following rooms
have such partition walls: 2a, 2c, 2d, 3b, 4a, 5a, 5b,
11, 13a, 13b, 14a, 14b, 16¢, 17b, 19d, 23. Rooms 3b,
4a and 4b also reveal small paved surfaces.

Comparison with W. Smid’s plan:

The new ground plan differs greatly from the old
version of Smid in the area of the buildings 16-18
(Figs. 2, 36; according to Smid 1/3, 4, 7; Horvat
1990, 101, 207). The western wall of building 16,
the wall between the rooms 16b and 16c¢, and the
southern wall of room 16c are recognizable on
the old plan. The fortified northeastern corner
of room I/7, according to Smid, is most likely
the base for a column along the southern road
or the southeastern corner of building 18. Smid’s
plan depicts something here that is not discerned
by the resistivity results (according to Smid, the
dimensions of this foundation measure 1.7 x 1.8
m; Horvat 1990, 57, 101, 207). Smid noted a build-
ing 22, open on both sides, but he extended it too
far westwards, so that the column of the portico
was interpreted as the northwestern corner of
the building (Figs. 2, 36; according to Smid VIII;
Horvat 1990, 109, 211).

Building 21 (tabernae)

Four rooms set in a row and separated by sin-
gle walls were distinguished using the resistivity
method: 21e-h (Figs. 4-6, 36). Most of the nearby
area is situated beyond the range of our geophysi-
cally surveyed area. The rooms of building 21 most
likely continued onwards towards the west, similar
to the row of buildings 16-18 further north. Thus

Distance (m)

Distance (m)

Fig. 24: Building 1. The results from the resistivity method. The
defence wall (a); area of high resistivity values, which according
to the surface and positioning correspond to the southeastern
tower (b); clearly defined surface with exceptionally high
resistivity values (paved surface and/or ruination layers) (c);
discontinuation of the defence wall (?) (d); paved surface at the
exterior side of the defence wall (e); defence ditch (f). White
arrows mark the walls, small white arrows mark the widening
of the wall endings and the bases for the columns.

SI. 24: Stavba 1. Rezultati upornostne metode. Obzidje (a); obmocje
visokih vrednosti upornosti, ki po povr§ini in poloZaju ustreza
jugovzhodnemu stolpu (b); jasno zamejena povrsina izrazito visokih
vrednosti upornosti - tlakovana povrsina in/ali ruSevinske plasti
(¢); prekinitev obzidja (?) (d); tlakovane povrSine z zunanje strani
obzidja (e); obrambni jarek (f). Z belimi pusCicami so oznaceni
zidovi, manjSe bele pus€ice oznacujejo razsiritvi zakljuckov zidov
in bazi stebrov v smeri teh zidov proti jugu.

is posited the presence of the four rooms beyond,
2la-d (Fig. 39).

The eastern wall of building 21 and the wall
between the rooms 21f and 21g were recorded by
Smid (he erroneously linked them with the walls
of building 18) as well as two walls, each more
than 1 m wide, that run parallel with and about
5 m away from the defence wall (Figs. 2, 36; ac-
cording to Smid I/2, 6, 5, 7; Horvat 1990, 101,
207). In comparison with the new plan, the last
two walls can be interpreted as the southern walls
of rooms 2la-b and 21g-h.

The resistivity measurements together with the
excavations from 1934 and 1936 provide the basis
for reconstructing a building with eight rooms,
each about 6 m wide and 8.5 m deep (Fig. 39).
Their entrances open wide towards the north and
have broadened doorposts. The foundations of the
southern wall are stronger than those of the other
walls. Two additional reinforcements of the southern
foundations are seen on Smid’s plan (areas 21b
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Fig. 25: Building 1, GPR area G5 (Fig. 3C), measured surface of 30 x 30 m: time slices. The results from GPR sounding generally
confirm the determinations of the resistivity method (see Fig. 24). Precise measurements of the depths of the architectural remains
and their level of preservation, obtained from GPR survey, are supplemental.

SI. 25: Stavba 1, georadarsko obmocje G5 (s/. 3C), povrSina 30 x 30 m: horizontalni rezi radarskih odbojev. Rezultati georadarske
raziskave v sploSnem potrjujejo ugotovitve upornostne metode (glej si. 24). Dopolnjujejo jih z natanénimi globinami arhitekturnih

ostankov in stopnjo njihove ohranjenosti.

and 21g); this bespeaks at least two entrances on
the southern side or a reinforcement of the walls
in the form of buttresses.

Portico

The colonnade entirely surrounding the market
was a composite part of the storehouses (Figs. 4-6,
20, 22, 36). The columns stand in line with the
walls of the storehouses. The distance between the
columns is approximately 6 m and they are about 4
m away from the entrances. The foundations have
a square ground plan (1 x 1 m at most). Positioned
about 0.6 m under the surface, the GPR time slices
trace them to a depth of approximately 1 m (the
same as the foundations of the storehouses).

There were 12 columns standing along the north-
ern side of the market (also in front of building
2) and 9 along the western side. Along the south-

ern side, where the remains are less discernible,
there were 7 or more columns along the edge of
the market. The covered area under the roof of
the portico, in contrast with the market, was not
paved with stones.

The southern colonnade continues with at least
four columns into the passage between the build-
ings 15 and 16, which led straight onwards to the
defence wall. A row of columns is also discern-
ible along the middle of the passage between the
buildings 16-18 and the tabernae 21.

Building 1

The walls of building 1 (Fig. 36: 1) are not very
distinct on the resistivity and GPR time slices (Fig.
3C: G5; Figs. 24-25). Their construction was of
inferior quality and/or their state of preservation
was poor. The foundations are discerned at a depth
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Fig. 26: Comparison of the resistivity results (Al and A2) and those of the electrical conductivity (B1 and B2) in the area with
architectural remains. Image A2 displays the structures from Fig. 36. The architectural remains are easily recognizable in the
resistivity results. The results from the electrical conductivity measurements for the same area allow us to infer the positioning of
the storehouse rooms only indirectly on the basis of the higher conductivity values of the interior structures. Structure 6 is clearly
discernible due to the relatively higher level of moisture content in the interior. That the level of water saturation is higher than
in the surrounding environment is probably consequent to the well- consolidated, and thus for water poorly permeable, former
walking surface. The paved road is visible on the electrical conductivity results because its width exceeds the lateral resolution of
methods for structures with low electrical conductivity (=high resistivity).

Sl 26: Primerjava rezultatov upornosti (Al in A2) in elektricne prevodnosti (B1 in B2) na obmocju z arhitekturnimi ostanki. Na
sliki A2 so oznaceni objekti s s/. 36. Na rezultatih upornostne metode arhitekturne ostanke prepoznamo kot linije izrazito visokih
vrednosti upornosti. V tem smislu so rezultati elektricne prevodnosti manj jasni. Arhitekturni ostanki dajejo Sibke signale slabe
prevodnosti medtem, ko so notranjosti skladis¢nih prostorov elektricno dobro prevodna obmocja. Podobna konduktivnost je bila
izmerjena tudi v smeri nekdanjih parcelnih mej, kar predstavlja dodatno omejitev te metode. Zaradi relativno visje vlaznosti v
notranjosti se jasno loci od okolice samo objekt 6. Visja vlaznost od okolice je verjetno posledica dobro utrjene in za vodo slabo
prepustne nekdanje hodne povrSine. Tlakovana cesta je vidna na rezultatih elektricne prevodnosti zaradi velike Sirine, ki ustreza
lateralni loCljivosti metode za objekte slabe elektricne prevodnosti.

of about 0.6 m and traceable to a depth of 1 m. depth between 0.6 m and 1.6 m). Two columns
Building 1 differs slightly from the neighbouring (1 x 1 m) stood in the interior; their foundations
buildings 2-3 in its direction, and even more so in were shallower than those of the peripheral walls
the size of its rooms (room la: 13.5 x 6 m; room (0.6-1.1 m). The entrance into the building was
1b: 14 x 7 m). The two long walls of the rooms a perhaps on its northern side (Figs. 4-6; Fig. 3C:
and b both end with widenings. The two columns G4/2; Figs. 29; 36).
were placed in the extensions of both walls with Building 6 has very similar dimensions: the
widenings, 5 m apart from each other. They presum- perimeter measures 14 x 10 m, the walls are about
ably supported a roof covering the southern side of 1 m thick, and the depth range of the foundations
building 1. There are several partition walls with is 0.5 to 1.5 m. The two columns (1 x 1 m) are
shallow foundations distinguished in the interiors discerned at a similar depth as the perimeter walls
of both rooms. It follows that this building had an (0.8-1.3 m). Along the northern side, the building
extensive and open roof and thus differed greatly also has a rectangular room measuring 5 x 3.5 m
from the other storehouses (buildings 2-5, 11-17, and with foundations at the same depth (Figs.
19-20, 22-23). (The old plan by Smid for this area 4-6, 26-28, 36).
is very inaccurate; cf. Fig. 2). The results from the resistivity method (Fig. 26:
A1,A2), the GPR time slices (Fig. 3C: G2; Fig. 27)
as well as the 3D visualization of the GPR echoes
Buildings 6 and 24 as well as structure 26 (Fig. 3C: G2,G2/1; Fig. 28) all demonstrate that
the eastern wall of building 6 is almost entirely
Building 24 lay in the centre of the market destroyed. Considering that the destruction cor-
(dimensions 14 x 10 m, walls around 1 m thick; responds with the land plot boundary, it seems to
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Fig. 27: Structure 6 (see Fig. 36), GPR area G2 (Fig. 3, 28), measured surface of 30 x 25 m: time slices. Structure 6 with two
bases for columns in the interior (a); structure 8 (b); structure 26 (c); rectangular extension to structure 6 (d); western wall of
the storehouse room 5a (e); part of the paved market surface and the paved area between structures 6 and 8 (f).

Si. 27: Stavba 6 (glej sl 36), georadarsko obmocje G2 (s/. 3, 28), povrsina 30 x 25 m: horizontalni rezi radarskih odbojev. Stavba
6 z bazama stebrov v notranjosti (a); stavba 8 (b); objekt 26 (c); pravokotni prizidek k stavbi 6 (d); zahodni zid skladis¢nega
prostora 5a (e); del tlakovane povrSine trga in tlakovano obmoc¢je med stavbama 6 in 8 (f).

be the consequence of intensive agricultural usage.
The walls of buildings 6 and 8 appear just beneath
the surface (at 0.3/0.5 m) and are traceable to a
depth of 1.5 m. The southern column foundation
of building 6 was the first to be distinguished,
which means that it is better preserved than the
northern one. Both are traceable almost to the
base of the building foundations (Figs. 27, 28).
The walking surface in the interior was probably
well hardened (Fig. 26: B1).

Structure 26 is situated 2 m away from the
southern wall of building 6 (Figs. 4-6, 26-28, 36).

This is a deep and rectangular foundation measur-
ing 2.5 x 3 m and lying at a depth range of 0.6 to
1.3 m. Structure 26 and building 6 are connected
by a wall.

The dark area (f) in the southeastern corner
of Fig. 27 represents the reflections of the paved
market. Similar anomalies are also recognized
in the area between buildings 6 and 8; these
anomalies lead to the postulation that there was
an at least partially preserved paved surface or
structure 28, which was not discernible on the
resistivity results.
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Fig. 28: Structure 6 (see Fig. 36), GPR area G2 (Fig. 3C, 27), measured surface of 40 x 30 m: 3D portrayal of GPR reflections.
Structure 6 (a); structure 8 (b); structure 26 (c); rectangular extension to structure 6 (d); western wall of storehouse room 5a (e);
paved area between structures 6 and 8 (f); structure 7 (g); defence wall (h).

SI. 28: Stavba 6 (glej sl. 36), georadarsko obmocje G2 (sl. 3C, 27), povrSina 40 x 30 m: 3D prikaz radarskih odbojev. Stavba 6 (a);
stavba 8 (b); objekt 26 (c); pravokotni prizidek k stavbi 6 (d); zahodni zid skladiS§cnega prostora 5a (e); tlakovano obmocje med

stavbama 6 in 8 (f); stavba 7 (g); obzidje (h).

Building 7

Building 7 is represented by a rectangular, oblong
delineation measuring 16 X 2 m and leaning upon
the defence wall. The walls of this building are
similar in width (approx. 0.7 m) to the foundations
of the storehouses. Another wall links building 7
with the northern extension of building 6 (Figs. 4;
5; 26; 28: g; 36). Smid’s plan (Fig. 2) anticipates
multi-phases in this area.

Building 8

The geophysical measurements do not encompass
the entire building (Figs. 4-6, 36), so the ground plan
is completed on the basis of earlier data (Figs. 2,
39). The building has three rooms. Schulz was the
first to investigate the northeastern room, measuring
9 x 6 m; Smid later carried out excavations of the
entire building along with the two extension rooms.
The details of construction as documented by the
two excavators are not discernible in the resistivity
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Fig. 29: Structure 24 (see Fig. 36), GPR area G4/2 (Fig. 3C), measured surface of 20 x 20 m: time slices. The rectangular ground
plan of structure 24 and the bases of columns are documented at a depth of 0.6 m. The two walls of the structure are traceable to
a depth of 1.6 m, and the column bases to a depth of 1.1 m. The discontinuation along the northern wall presumably represents

a passage into the building.

SL 29: Stavba 24 (glej sl. 36), georadarsko obmocje G4/2 (sl. 3C), povr§ina 20 x 20 m: horizontalni rezi radarskih odbojev. Pra-
vokotni tloris stavbe 24 in bazi stebrov se pojavijo na globini 0,6 m. Zidovom sledimo do globine 1,6 m, bazam stebrov pa samo
do globine 1,1 m. Prekinitev na severnem zidu verjetno predstavlja prehod v stavbo.

results. The discovered architectonic decoration
demonstrates that the building retained an especial
significance (Horvat 1990, 102-105, 208, fig. 25-
29, building V according to Smid). The walls are
approximately 0.5 m wide and appear at a depth of
between 0.3 m and 1.1 m (Figs. 26, 27, 36).

Building 9

The building is divided into two rooms of di-
verse width. Smid excavated the entire building;
as such the results from the resistivity measure-
ments (Figs. 4-6, 36, 39) are completed according
to his plan (Fig. 2; Horvat 1990, 103, 105, 208,
fig. 30; building IV according to Smid). The size
of the eastern side of building 9 measures 7.5 m
according to the resistivity results, while the width
of the wall is estimated at 0.5 m.

Building 10

Smid, who excavated also in this area, docu-
mented a small rectangular area (only partly in

the area of resistivity measurements) and two
long walls (Figs. 2, 36, 39). The southern wall is
conjoint with building 11, while Smid reports the
northern wall as a colonnade (Horvat 1990, 103,
208, building III according to Smid). The width of
the foundations is estimated at 0.5 m on the basis
of the results from the resistivity method.

Pavement or structure 28

An area of anomalies in the resistivity results was
found near building 10 and between buildings 9 and
6. It seems to represent pavement or walls (Figs.
4-6, 36). An area with relatively strong radar echoes
extends west of building 6 (Fig. 3C: G2; Figs. 27;
28: ). Smid reports that the area around building
9 was paved (Horvat 1990, 56, 103, 209).

Building 25 (sanctuary)

Building 25 lies in the southwestern area of
the market. It comprises of a central plateau and
a peripheral wall. The peripheral wall delimits a
surface of 18.5 x 17.5 m and has shallow founda-



250 Branko MUSIC and Jana HORVAT

tions (Figs. 4-6; Fig. 3C: G1/1; Figs. 32; 33; 36). It
is about 0.3 m wide and poorly discernible on both
the resistivity and the GPR results. However, the
GPR time slices show it from three sides, whereby
it is traceable to a depth ranging from 0.3 to 0.8
m (Figs. 32; 33: ¢). Due to the lower amplitude
of GPR echoes within the peripheral wall, as op-
posed to in the market area surrounding it, it is
postulated that the interior was not paved (Fig.
32: a). Perhaps the market was paved subsequent
to the construction of building 25.

A plateau measuring 12.5 x 7 m lies in the
centre and is enclosed by a low wall (Fig. 32: d).
The western part of the plateau, measuring 8 x 7
m, is preserved slightly higher (reaching from 1
to 1.3 m beneath today’s surface) than the eastern
part (lying between 1.3 and 1.6 m beneath today’s
surface). This leads to the posit of a bi-level con-
struction. It could imply that the entrance was
constructed on the eastern side and the central
part on the western side (Figs. 30-33).

The resistivity results are significantly higher
in the western half of the plateau (Fig. 30: small
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Fig. 30: Results from the conductivity (upper) and magnetic
methods (lower) in the area of building 25 - temple. The position
of section AA’ is marked in Fig. 31.

SI. 30: Rezultati upornostne (zgoraj) in magnetne metode (spo-
daj) na obmocju stavbe 25 -svetisCa. AA’: polozaj radarskega
profila s si. 31

frame). It is postulated that the plateau is thicker
on this side, or rather that it was built on two
levels. The higher gradients of the magnetic field
density were measured in the area of the plateau
rather than in the direct vicinity (Fig. §). This
means that the plateau has a higher magnetic
susceptibility than the environment, and that
it cannot be attributed to quarried limestone.
It seems probable that a thin layer of brick lies
atop the limestone or sandstone construction
(Fig. 31).

Structure 27 (tradesman’s workshop?)

A small region of strong resistivity and magnetic
anomalies lies outside the settlement, southeast of
the defence ditch. A distinct rectangular ground
plan of a structure is represented by the high
values of resistivity (Figs. 4-6, 36). A few isolated
magnetic anomalies with clear bipolarities appear
in the same area (Fig. 34). The magnetic anoma-
lies do not show a unified direction northwards,
which is generally acknowledged as characteristic
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Fig. 314-C: Building 25 - temple. An archaeo-physical model
of the platform (B), which is composed of the lower stone
construction and an upper layer with relatively higher suscep-
tibility values (brick?). Image A portrays the measured values
in the field and the values calculated for the physical model.
Image C portrays the GPR section where the stone platform
of building 25 is clearly discernible.

SI. 314-C: Stavba 25 - svetiSce. Arheofizikalni model plo§cadi
(B), ki je sestavljena iz spodnje kamnite konstrukcije in vrhnje
plasti relativno vi§jih vrednosti susceptibilnosti (opeka?). Na
sliki A so prikazane vrednosti, izmerjene na terenu, in vrednosti,
izracunane za fizikalni model. Na sliki C je prikazan radarski
profil, kjer se dobro vidijo odboji od horizontalne plasti, ki je
v tem primeru verjetno kamnita plo§¢ad stavbe 25.
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Fig. 32: Building 25 - temple (see Fig. 36), GPR area G1/1 (Fig. 3C), 200 MHz antenna, measured surface of 40 x 20 m: time slices.
The temple comprises of a stone enclosure (c¢) with a rectangular platform in the centre (d). The surface within the enclosure (¢)
is not paved; the market area was probably paved later. This is conjectured on the basis of the lower amplitude of GPR echoes
within the enclosure (b) than outside of it (a). The central stone platform is surrounded by a low wall (d). As the western half of
the platform (e) is somewhat elevated above the eastern half, the platform was probably originally constructed in two levels. The
entire ground plan of the paved platform (f) is discernible only at a greater depth.

SI. 32: Stavba 25 - svetisce (glej sl. 36), georadarsko obmocéje G1/1 (s/. 3C), 200 MHz antena, povrsina 40 x 20 m: horizontalni
rezi radarskih profilov. Sveti§Ce sestavlja kamnita ograda (c) s pravokotno plo§¢adjo v sredini (d). Povr§ina znotraj ograde (c) ni
tlakovana, ker je bil trg verjetno tlakovan pozneje. Na to sklepamo na osnovi nizjih amplitud odbojev znotraj ograde (b) kot zunaj
nje (a). Osrednjo kamnito plo§¢ad obdaja nizek zidec (d). Plos¢ad je verjetno zasnovana stopnicasto, ker je zahodna polovica plo-
§¢éadi (e) nekoliko dvignjena nad vzhodnim delom. Sele na vegji globini se namreé pokaze tlak v celotnem tlorisu ploséadi (f).



Branko MUSIC and Jana HORVAT

Fig. 33: Building 25 - temple (see Fig. 36), GPR area G1/1, 500MHz antenna (Fig. 3C), measured surface of 20 x 20 m: 3D por-
trayal of GPR echoes (see also Fig. 32). Stone enclosure of the temple (c); central rectangular platform surrounded by a low wall
(B) (d); western, somewhat elevated area of the stone platform (e).

SI. 33: Stavba 25 - svetisce (glej sl. 36), georadarsko obmocje G1/1, 500 MHz antena (s/. 3C), povrS§ina 20 x 20 m: 3D prikaz ra-
darskih odbojev (glej tudi s/. 32). Kamnita ograda svetiS¢a (c); osrednja pravokotna plo§¢ad, ki jo obdaja nizek zidec (d); zahodni,
nekoliko dvignjeni del kamnite ploscadi (e).
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Fig. 344,B: Structure 27 - tradesman’s workshop (?) (see Fig. 36).
The results from the magnetic (A) and resistivity methods (B).
The high resistivity values (the dotted line) probably represent
a tradesman’s workshop. The white circles in this image (B)
mark the positions of strong bipolar magnetic anomalies that
are presumably of a thermoremanent type of magnetization
(A). The magnetic anomalies do not show a unified orienta-
tion northwards (some randomly oriented iron objects?). The
interior of the structure is filled with a high resistivity material;
perhaps there was a stone pavement, ruination layers and/or
architectural elements made of stone.

Sl. 344,B: Objekt 27 - obrtniska delavnica (?) (glej sl. 36).
Rezultati magnetne (A) in upornostne metode (B). Visoke
vrednosti upornosti (o¢rtano s prekinjeno ¢rto) verjetno
predstavljajo obrtniS§ko delavnico. Beli krogci na tej sliki (B)
oznacujejo polozaj moénih bipolarnih magnetnih anomalij do-
mnevno termoremanentnega tipa magnetizacije (A). Magnetne
anomalije ne kaZejo enotne usmeritve v smeri severa. Notranjost
objekta zapolnjuje visokoupornostni material. Lahko gre za
kamnit tlak, rusevinske plasti in/ali arhitekturne elemente iz
kamninskega materiala.

of well preserved structures with thermorema-
nent magnetization. The interior division of the
structure is partly seen in the GPR results. The
interior is filled with a high resistance material.
Perhaps it is formed of a stone pavement, a ru-
ination layer and/or architectural elements made
of stone (Fig. 35).
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Fig. 35: Structure 27 - tradesman’s workshop (?) (see Fig. 36), GPR area G9 (Fig. 3C), measured surface of 20 x 15 m: time slices.
The line of strong GPR reflections (a) running in the same direction as the northwestern edge of the structure found in the resisti-
vity results in Figure 34 is clearly distinct. This is quite likely a small wall. Anomalies in the interior of the structure (b) are much
stronger and they represent several small rooms or similar architectural elements.
S1L 35: Objekt 27 - obrtniska delavnica (?) (glej si. 36), georadarsko obmocje G9 (si. 3C), povrSina 20 x 15 m: horizontalni rezi ra-
darskih profilov. Jasno se vidi linija mo¢nejsih radarskih odbojev (a), ki poteka v smeri severozahodnega roba objekta, odkritega na
rezultatih upornosti na s/. 34. Verjetno gre za manjsi zidec. Anomalije v notranjosti objekta (b) so veliko mocnejSe in predstavljajo

veC enakih kamric oz. podobnih arhitekturnih elementov.
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Fig. 36: Interpretation on the basis of the complementarity of the geophysical prospecting methods used.
SI. 36: Interpretacija na podlagi komplementarnosti uporabljenih geofizikalnih metod.

Structure 27 was interpreted as a possible loca- CHRONOLOGY OF THE SETTLEMENT
tion for tradesmen’s workshops. Considering the ON THE BASIS OF SMALL FINDS
nature of magnetic anomalies, it is not possible
to entirely exclude the possibility of it being a Early Roman period

modern era construction.
The majority of small finds from the excava-
tions of Smid in 1934 and 1936 is lacking detailed
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Fig. 37: Realistic 3D portrayal of the settlement remains on the basis of the combined interpretation of results from the application
of several independant geophysical methods. View from the southeast.
SI. 37: Realisticni 3D prikaz naselbinskih ostankov na osnovi zdruZene interpretacije rezultatov razli¢nih geofizikalnih metod.

Pogled z jugovzhoda.

stratigraphic data; only their approximate position
in the settlement is known. Better data exists for
the spatially very limited excavations of Iva Mikl
Curk in 1969 (Fig. 2). Chronological and spatial
analyses of small finds have already been completed

previously (Horvat 1990, 126-129, 229-232). This
contribution adds a more accurate interpretation
to the earlier determinations. Lacking modern
archaeological excavations with a larger quantity

Fig. 38: Realistic 3D portrayal of the settlement remains on the basis of the combined interpretation of results from the application
of different independent geophysical methods; on the background of an aerial photograph. View from the southwest. (Source:
Public information of Slovenia, © Surveying and Mapping Authority of the Republic of Slovenia, DOF at a scale of 1 : 5000).
S1. 38: Realisticni 3D prikaz naselbinskih ostankov na osnovi zdruzene interpretacije rezultatov razli¢nih geofizikalnih metod na
aerofotografiji. Pogled od jugozahoda (vir: DOF v merilu 1 : 5000, © Geodetska uprava RS).
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Fig. 39: Reconstruction of the settlement on the basis of results from geophysical prospecting, archaeological excavations and

completion of the courses of the walls.

SI. 39: Rekonstrukcija naselbine na podlagi rezultatov geofizikalnih raziskav, arheoloskih izkopavanj in dopolnitve poteka

zidov.

of material, the conclusions are obviously only
preliminary.

The most sensitive Early Roman fine ceramics
can be classified into three chronological groups.

The classification of groups does not derive
from the site at Dolge njive, after all it lacks any
stratigraphic data. The groups are based on the
forms of black glazed pottery and terra sigillata,
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which are dated according to the stratigraphy at
Magdalensberg, Ljubljana and Kranj.

Chronological group 1

Late forms of black glazed pottery are known
from Dolge njive (Fig. 40):

- plates with a horizontally offset and hanging
rim, form Morel 1631 (Fig. 40: 1-5; Horvat 1990,
117, 219-220, pl. 1: 9; 7: 5; 14: 1-3)

- a plate with sloping wall, form Morel 2276 c1
(Fig. 40: 6; Horvat 1990, 116, 219, pl. 22: 4)

- a bowl, form Morel 2654 (Fig. 40: 9; Horvat
1990, 117, 219, pl. 13: 14)

- a bowl (Fig. 40: 7; Horvat 1990, 117, 219, pl
22: 3)

- the base of a platter (Fig. 40: 8; Horvat 1990,
117, 220, pl. 24: 11).

Late La Téne fine pottery dates to the same
period (Fig. 41; Horvat 1990, 123-124, 226-227).
The black glazed pottery is analogous with the
“porous product” found in the oldest layers at
Magdalensberg, that is, in “complex 1” dating
before 20 BC and in “complex 2” dating up to
10 BC (Schindler 1967; Schindler 1986; Schef-
fenegger, Schindler-Kaudelka 1977, 55, fig. 9-10:
OR/39, Periode 2). Thus it is attributed to the Early
Augustan or even the Pre-Augustan period (on the
basis of pottery alone, without good stratigraphy,
these two periods cannot be distinguished).

The pottery from this group 1 at Dolge njive
corresponds with the phase II at Gornji trg 30 in
Ljubljana, which incorporates local coarse wares,
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Fig. 40: Dolge njive. Black glazed pottery. Scale = 1:3.
SI. 40: Dolge njive. Keramika s ¢rnim premazom. M. = 1:3.
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Fig. 41: Dolge njive. Fine La Téne pottery. Scale = 1:3.
SI. 41: Dolge njive. Fina latenska keramika. M. = 1:3.

fine La Téne wares as well as several types of Italic
pottery. Black glazed Italic pottery is present,
while terra sigillata is not yet known. This phase
is dated on the basis of its stratigraphy to the Late
Republican or even the Early Augustan period
(Vicéic 1994, 27-30, pl. 1: 6-17; 2; 3: 1-13)

Chronological group 2

Italic terra sigillata characteristic for the mid-
dle Augustan period belongs to this second group
(Fig. 42: 1-11):

- a plate with vertical hanging rim (Fig. 42:
1; Horvat 1990, 118, 221, pl. 5: 5; form Consp.
11 - similar)

-a plate with a simple sloping wall (Fig. 42: 3; Hor-
vat 1990, 117, 220, pl. 24: 12; form Consp. 1.1)

- a plate with sloping wall and moulded inner
face (Fig. 42: 2; Horvat 1990, 117, 220, t. 5: 6;
form Consp. 1.2; Roth-Rubi 2006, 24, 35: horizon
Dangstetten, 2" decade BC)

- small hemispherical cups (Fig. 42: 5-10; Horvat
1990, 118, 221, pl. 3: 7-8; 10: 16; 13: 16-17; 24:
7-10; Schindler, Scheffenegger 1977, 59-61, pl. 12b:
in particular the complexes 2 and 3; Vi¢i¢ 1994,
phase Illa, t. 4: 18-20)

- a hemispherical bowl (Fig. 42: 11; Horvat 1990,
118, 221, pl. 13: 15; 18: 12)

- a dish with a broad and hanging rim (Fig. 42:
4; Horvat 1990, 117-118, 220-221, pl. 13: 18; similar
to the forms Consp. 5.1, 10 and 13.1; Schindler,
Schindler-Kaudelka 1997).

This period is approximately contemporary
with the oldest settlement horizon at Kocevarjev
vrt, which is a site that belongs to the vicus of
Nauportus; it lies on the left bank of the Ljubljanica
river, across from Dolge njive. Italic sigillata forms
Consp. 11, 12 and 14 were found in the oldest
layers, as well as rare fragments of black glazed
pottery - plates or bowls with a simple sloping
wall. Fine La Téne pottery was not found here
(excavations in 2005, unpublished; cf. Horvat,
Music¢ 2007).
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Fig. 42: Dolge njive. Terra sigillata. Scale = 1:3.
SI. 42: Dolge njive. Tera sigilata. M. = 1:3.

The second group is also comparable with the
material from Ljubljana, discovered at the well
stratified site of Gornji trg 30 in the phases IIla and
III (Vicic¢ 1994, 30-34), as well as with the major-
ity of material found at Gornji trg 15 in Ljubljana
(Vici¢ 1993). Terra sigillata forms Consp. 12 and
14 are characteristic for this time period; however,
black glazed pottery (plates with a simple sloping
wall) appears only sporadically (cf. Vi¢i¢ 1993,
160-162, pl. 3: 8-9; 8: 1,3,4-5). Similar pottery is
known also from the Early Roman settlement in
Kranj (Sagadin 2003).

The above stated material from Vrhnika, Ljubljana
and Kranj corresponds with the Dangstetten -
Oberaden horizon, and as such is attributable to
the Middle Augustan period (Roth-Rubi 2006;
Schnurbein 1991).

Chronological group 3

Only Late Augustan cups are classified to the
third group (Fig. 42: 12-13; Horvat 1990, 118-119,
221-222, pl. 5: 9; 9: 8).

whk

Most of the pottery and other small objects from
Dolge njive may only be approximately attributed
to the Early Roman or Augustan period, without
the possibility of distinguishing between the Early,
Middle or Late Augustan periods (Horvat 1990,
112-132, 215-235). 17 Republican and 25 Augustan
coins, which were found there, evidence activity
at the site especially during the Augustan period
(Horvat 1990, 87-89, 195-197).

The excavations of the southeastern tower and
the southern and eastern defence walls revealed
material originating from the fill between the
foundation stones of the wall, from the walking
surface and from the ruins. Black glazed pottery,
terra sigillata, thin-walled pottery and Late La
Teéne pottery were discovered; in general, these are
all finds belonging to our chronological groups 1
and 2 (Fig. 43; Horvat 1990, 128, 231, t. 21; Mikl
Curk 1974, 373-374).

The narrow passages (ambitus) between the
buildings 1 and 2, 2 and 3, 12 and 13 as well
as 13 and 14 mainly revealed material from the
chronological groups 1 and 2, and some chrono-
logically less classifiable Early Roman material.
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Fig. 43: Dolge njive. Small finds from the walking surface and from the ruins in the wider area of the southeastern defence tower
(according to Horvat 1990, t. 21). 1 bronze, other ceramics. Scale = 1:3.

SI. 43: Dolge njive. Drobne najdbe s hodne povr§ine in iz ruSevine na S§irSem obmocju jugovzhodnega obrambnega stolpa (po
Horvat 1990, t. 21). 1 bron, ostalo keramika. M. = 1:3.
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Very little Late Augustan material was found.
Other material finds (pottery, coins) discovered
in various areas of the buildings 1-5, 11-18, 21,
demonstrate the same chronological span and
similar quantitative relationships (Horvat 1990,
126-129, 229-232). A hoard of Celtic silver coins
(23 small and one large silver coin) was discovered
in the passage between the walls of buildings 4
and 5 (Horvat 1990, 89-90, 106, 197-198, 209).
A large Celtic silver coin was found in building
8 - the northeastern room (Horvat 1990, 87-88:
1; 103; 195-196: 1; 208).

It follows that the construction of the defence
wall and buildings throughout the settlement
(at least buildings 1-5 and 11-15) is datable to
the Early Augustan period at the latest. Life in
the settlement continued at least to the end of
the Augustan period (Horvat 1990, 126-129,
229-232).

Late Roman period

Late Roman material from Dolge njive is rep-
resented only by chance finds and lacking any
accurate data.

An incendiary spear: area of buildings 4-8
(Horvat 1990, 106, 209, 269, fig. 32a; cf. Horvat
2002, 146, fig. 6: 8, pl. 21: 1).

The foot of a crossbow brooch: in the area of
buildings 1-3 (Horvat 1990, 271, cat. no. 169, fig.
32 b: 2).

A Gallienus coin: area of buildings 11-12 (Horvat
1990, 88-89: 53; 127; 196-197: 53; 230).

A Constantine I coin: area of buildings 4-5
(Horvat 1990, 88-89: 54; 128; 196-197: 54; 231).

A Constantius II coin: area of the market, in
front of buildings 4 and 5 (Horvat 1990, 88-89:
55; 196-197: 55).

A coin from the second half of the 4™ century:
northern part of the settlement (Horvat 1990, 88-
89: 60; 127; 196-197: 60; 231).

A hoard of coins - buried in 270 AD and found
in 1914 “between Vrhnika and Verd”. The exact
position of its burial is not known; although it is
possible the hoard originates from Dolge njive
(Horvat 1990, 82, 93-94, 190, 201-202).

The distribution of Late Roman finds attests
to the use of this area during the Late Roman
period. However, it is not known whether these
finds may be linked with the settlement at Dolge
njive. Intensive traffic went on along the Ljubljanica
all through to the Late Antiquity; furthermore, a
settlement continued to subsist on the left bank
of the river until the 4t century (Horvat, Musié

2007). The finds from the 3™ and 4" century may
connect not only with the site at Dolge njive but
also with the events along the river and on the
opposite riverbank as well.

INTERPRETATION OF THE ARCHITECTURE
Position, fortification and port

The Ljubljanica river flows along two sides
of the settlement at Dolge njive; while along the
eastern and probably also the southern sides ran
a defence ditch filled with water.

The position of Nauportus is highly comparable
with the positioning of Roman towns in the northern
Italic lowlands; often they were situated near water,
even in the hook of a riverbend. The riverbanks
were consolidated, piers were constructed, and
various port buildings stood in the vicinity, among
others also storehouses. The water courses flowing
around the settlements were important as navigable
routes, the defence of the towns, sometimes they
also served as drainage ditches. Regulation efforts
and the digging of new channels are traceable from
the 2™ century BC onwards. Aquileia for instance,
was probably entirely surrounded by water (Ug-
geri 1990; Rosada 1990, 370-372; Conventi 2004,
234-235. Aquileia: Carre, Maselli Scotti 2001; Carre
2004. Altinum: Tirelli 1999, 12-18; Tirelli 2001.
Opitergium: Cipriano, Sandrini 2001).

The Nauportus defence wall has four square
towers that protrude beyond both the exterior
and interior face of the wall. This type of tower
is well-known from the defence walls of Roman
towns dating to the Republican and Early Imperial
periods (e.g. Nimes: Varene 1992, 149-151; Cosa:
Fentress, 2003, fig. 2; Aosta, Torino: Mansuelli
1971, pl. 7, 9; Emona: Plesnicar Gec 1999, 45-60;
Gurina: Gamper 2004, 159-163).

The northern gateway in the Nauportus wall was
in the form of a tower with a 5 m wide passage.
The relatively small dimensions of the tower, the
presumably square ground plan and the two mas-
sive interior projections, could all be indicative of
a covered passage, and also of the second floor.
This form of a covered entrance passing through a
tower is known primarily from the 1% century BC
(Brands 1988, 29-33: Kammertore; Kader 1994,
337-338). Typologically, this entrance is similar
with the entrances in the form of a tower and
with an open, interior court - cavaedium, which
were in use from the 3™ century BC onwards
(Gros 2002, 32, 37-39; Brands 1988, 16-33; also
Rosada 1990, 379).
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The eastern gateway was unsymmetrical. A large,
hollow tower stood on the southern side, while a
smaller, massive tower stood on the northern side.
Usually gateways were guarded by two identical or
similar towers. Nonetheless, Early Roman towns
could also have gateways with only one tower on
the side (e.g. Brands 1988, 22, 82-84, 126-128).
Nauportus’ eastern gateway is also approximately
comparable with the western gateway in Aquileia,
which dates to the 2™ century BC. The latter has
an interior court and an unsymmetrical, solid and
rectangular (oblong) tower on one side only, as
well as two small and square reinforcements on the
exterior on each side of the entrance (Bertacchi
1965, 7-8, fig. 2).

The simplicity and expressed functionalist char-
acter of the fortification at Nauportus have their
origins in the fortifications of Roman towns in
Republican Italy. This is also in accordance with
the dating of construction at Dolge njive to the
Pre-Augustan or Early Augustan periods, which is
based on the chronology of pottery.

The river port lay north of the settlement. A
paved road led through the northern gateway to
the bank of the Ljubljanica. Positioned directly in
the line of the road, two broad rows of wooden
posts stood in the river. Presumably these are the
remains of a rectangular wooden pier measuring 6 x
4.5 m (Logar 1985). The riverbank by the pier was
also reinforced with wooden posts (unpublished,
documentation of the National Museum of Slov-
enia). The results from the resistivity measurements
show that the tract between the defence wall and
the river was paved. The areas of possible ruins
are discernible as well (Figs. 2-4, 36). A damaged
wall in the riverbank provides evidence for the
existence of structures built directly along the
Ljubljanica (Horvat 1990, 49, 171).

Market

The market in Nauportus does not have the
canonical characteristics of a Roman forum, which
is rectangular in form and enclosed with a portico,
with a dominant temple and basilica, that is, with
elements that classify a forum as the religious and
administrative center of an autonomous town (cf.
Gros 1990; Gros 2002, 207-234). It has an irregu-
lar form of a parallelogram and is surrounded by
a colonnade. It is not large in comparison with
town forums; however, it covers about 30 % of the
settlement surface (approximately 5.500 m?, with
the portico), which is a lot more than is usual in
Roman towns. The relatively small building 25,

which is interpreted as a sanctuary (see below), is
situated in the corner of the market. Nonetheless,
it stands almost in line with the axis of the eastern
road, it does not hold a dominant position. The
pair of buildings 22 and 23, which are situated on
the eastern side of the market, do indeed stand
out - perhaps they held a special function - and yet
they are very similar to those buildings interpreted
as storehouses (see below).

The form of the market is indicative of the status
of the settlement as we know it from literary and
epigraphic sources (Sasel Kos 1990). Nauportus
was a vicus with minimal autonomy and did not
necessitate any larger religious or administrative
buildings. The market, surrounded by storehouses
and tabernae, bespeaks the highly economical role
of the settlement. Several forums in the northern
Adriatic region also held distinctive economic func-
tions during the Republican period (Zaccaria 1999,
76-78). For instance, during the Late Republican
period, Iulium Carnicum (today Zuglio) - which
at the time had the status of vicus - had an open
paved area; presumably this was the market in
front of a row of buildings with oblong rooms.
Subsequently this market was rebuilt into a forum
(Zaccaria 1999, 77; Maggi 2003, 235-236, note
54, fig. 5).

Storehouses (buildings 2-5, 11-17, 19-20, 22-23)
and tabernae (21)

The largest area within the settlement is built-up
with rows of buildings with long and narrow rooms
and a portico. They occupy about 30 % of the area,
that is, about 5.500 m? (buildings 2-5, 11-17, 19-
20, 22-23; without the portico). Comparisons with
similar buildings at other Roman sites confirm
that these were probably storehouses.

Roman civilian storehouses were built in two
ways. The majority of storehouses were constructed
as a building with rectangular rooms (15 m long
at most) arranged around a central court (or less
frequently, around a central corridor). These types
of storehouses are known from e.g. Ostia and Rome
(Rickman 1971, 15-122). The Romans adopted the
type of courtyard storehouses from the Greek world,
perhaps already in the 2" century BC (Rickman
1971, 153-155; Virlouvet 1995, 90).

Dolge njive presents the other form of Roman
civilian storehouses: very long rooms (20 m and
more) that are all lined in a row. Rickman also
postulates eastern, Hellenistic origins for this type
(Rickman 1971, 153). At Masada (today Israel),
two storehouses with rooms in a row were built
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probably in the years between 37 and 31 BC (Rick-
man 1971, 153-154, fig. 34). The type was well
known throughout the Roman world primarily in
ports; the entrances to the rows of storehouses
were frequently open towards the piers in the
ports. The type appears in the various parts of
the Empire during the large chronological span
between the 1%t century BC and through to the
20 century AD.

In Valentia (today Valencia, Spain), a building
was discovered dating to the Late Republican
period and interpreted as a storehouse: four
long rooms (6 m wide, more than 15 m long) all
set in a row and with wide openings on to the
portico (Ribera i Lacomba, Calvo Galvez 1995,
20-21, fig. 1).

Vienna (today Vienne, France), a significant
traffic crossing in Gallia Narbonensis, revealed
a large storehouse complex dating to the second
quarter of the 15 century AD. At least four groups
of large rooms in double rows were positioned
along the left bank of the Rhone; they occupied
an enormous area of somewhere between 4 and 6
ha. The reconstruction of the ground plan of one
of the groups shows two parallel rows comprising
of 21 rooms separated from each other by a 12 m
wide road. The total size of one group, estimating
from the publication, measures about 340 x 80
m. According to the publication, the size of the
individual rooms measures approximately 12/15 x
30 m. The entrances open wide onto the central
road (Helly-Le Bot 1989).!

The expansive storehouse complexes, in which
rows of long rooms predominate, are discernible
in the partially sunken port quarters of Puteoli
(today Pozzuoli, Italy). The individual buildings
are not well researched and dated. Large parts
of the Puteoli port were constructed during the
Augustan period, and the port continued to oper-
ate all through to the Late Antiquity (Camodeca
1994, 112-113, t. 1).

Storehouses from Patara and Mira (ancient
Lycia, today in Turkey) also stood in the ports,
or nearby. They were built by Hadrian in 128 and
they are likely connected with the collection of
annona (Rickman 1971, 137-140). The storehouse
from the town of Cuicul (today Djemila, Algeria),
built in the year 199, is not positioned in a port
but it is also linked with the collection of annona
(Rickman 1971, 140-144).

! During the second half of the st century, a large storeho-
use of the courtyard type was built along the right bank of the
Rhone in Vienna (present day Saint-Romain-en-Gal) (Laroche,
Savay-Guerraz 1984, 85-90).

Storehouses in rows, which have rooms that
do not exceed a length of 15 m are known from
the port of Claudius in Portus [Italy; Keay et al.
2005, 278, figs. 5.9, 5.10 (Foro Olitorio); figs.
5.13, 5.14 (around the interior port)], the port
of Traianus in Portus (Rickman 1971, 123-132;
Lanciani 1888; Keay et al. 2005) and the Severan
port in Lepcis Magna (today in Libya; Rickman
1971, 132-136).

The military camps in central and western
Europe for the most part built a different type
of storehouse architecture: granaries with raised
floors predominate. These stand independently
or are built in pairs; in larger complexes they are
positioned together in groups (review: Rickman
1971, 213-250; Johnson 1987, 162-179). Only a
few examples of forms similar to the Nauportus
type of storehouse are known from select military
outposts. A storehouse was discovered in Numantia,
in Scipio’s camp at Castillejo (around 134 BC),
in which three large rooms (17.80 x 5.60-6.80 m)
compose the entire complex. Narrow passages divide
the rooms. The floors were raised, so evidently
the complex did function as a granary (Rickman
1971, 251-252).

Of great significance for the architecture at
Dolge njive is the military supply post discovered
at Melun along the Seine (France), which dates
to the second decade AD. Two rows of wooden
buildings were excavated; all interpreted as store-
houses. The best preserved row, measuring 140
m long, comprises of 21 rooms, 22 X 6 m in size,
all in the form of parallelograms. The rooms had
wide openings on each of their narrower sides,
and a double portico ran alongside on each side
(entire width 34 m) (Galbois, Petit, Redd¢ 2006).
Double entrances are known also at Nauportus in
buildings 16, 20 and 22.

Long and narrow storehouse rooms, with open-
ings on each end, are also known in Rome in the
horrea Lolliana. The ground plan of this store-
house, which M. Lollius had built (the consul
in 21 BC), is known only from Severan Marble
Plan of Rome. The rooms are distributed around
two courts. The four rooms by court b are longer
than the others (about 21 m long and 3 m wide),
and open out into the court as well as out from
the building (Virlouvet 1995, 98, 108-113, fig. 11;
Rickman 1971, 108-112, fig. 23).

The accordance between the storehouses at Dolge
njive and that of the row type is determined with
the distribution and dimensions of the rooms, as
well as the accompanying portico and the port
position. There are also a few particularities. Most
of the rooms at Dolge njive are built in pairs, for



264 Branko MUSIC and Jana HORVAT

which we lack any close analogies. The entrances
are wide, as is the custom for tabernae and rare
for storehouses; this seems to indicate a mixture
of their functioning for storage as well as trade
(DeLaine 2005, 39-45; Horrea Agrippiniana in Rome:
Astolfi, Guidobaldi, Pronti 1978; Melun: Galbois,
Petit, Reddé 2006). A few of the buildings have
wide entrances at both shorter ends, this being a
relatively rare characteristic (see above). The two
buildings (22 and 23) at the eastern side of the
market stand out a bit from the other storehouses
as regards their architecture; however there seems
to be no alternative interpretation proposing a
different functioning.

On the basis of small finds, the storehouses are
dated to the Early Augustan or even Pre-Augustan
period, which is contemporary with the defence
wall (see above).

The long and narrow building with eight rooms
(21), according to its form and dimensions (6 x
8.5 m), is attributed to the architecture of tabernae
(Baratto 2003; DeLaine 2005, 32-35).

Building 25 - sanctuary

Building 25 stood in the southwestern part of the
market. It is not oriented towards any of the market
sides, nor does it lie directly in line with the axis
of the eastern road. It seems that the building was
not planned and constructed concurrent with the
market, storehouses and defence wall. It is not known
whether it is an earlier or later construction.

A final interpretation of the architecture on the
basis of geophysical prospecting is not possible;
however, certain characteristics are discerned.
The rectangular bi-level plateau is similar to the
podium of a temple with a stairway on the eastern
side. The peripheral wall, with shallower founda-
tions than the plateau, could be the delimitation
of the temenos. Regarding its dimensions, and
considering that the eastern edge of the plateau
reaches all to the peripheral wall, it seems most
reasonable that it served as the outer wall of the
colonnaded ambulatory. The form and dimensions
of the foundations at Nauportus are close to the
particular type of sanctuaries with ambulatories
in which the Celtic tradition mixes with Roman
“Classicistic” elements. Building 25 is generally
comparable with the following temples: Celje -
sanctuary with ambulatory 3 (Krempus, Gaspari,
Novsak 2007, 42-43, fig. 3: Late Tiberian), Augst
- Sichelen 2 (in use from the mid 1% century
onwards), Kornelimiinster - temple F 1 (built dur-
ing the time of Vespasianus), Trier - the temple

for Mars at Irminenwingert (approximately 274
century), Trier - Altbachtal, temple with ambula-
tory 2 (the first seven decades of the 3" century)
(Trunk 1991, 80-85, 172-173, 204-206, 226-230;
Gros 2002, 199-203).

Buildings 6 and 24 as well as structure 26

The buildings 6 and 24 are alike in size, the
thickness of their walls (about 1 m), the depth
of their foundations as well as by the two central
columns within. Most likely they belong to the same
construction program; however their relationship
to Early Roman storehouses, the market and the
fortification is yet unclear.

Building 6 was built in an “empty” corner between
the northern and western row of storehouses. Its
positioning is offset from the line of entrances
into the storehouses 2-5, as well as from the line
of columns along the northern edge of the market.
It is possible that it was constructed later than the
storehouses, however with respect to the earlier
architecture. The deep foundations of structure
26 seem to be related to building 6 and are thus
attributed to the same construction phase.

Building 24 is situated almost exactly in the
centre of the market and is oriented the same as
the sanctuary (building 25), which is also very close
by. A paved road leads from building 24 through
the northern gateway to the river. The pavement of
the road is thicker than the pavement in the market
area. Building 24 is presumably contemporary with
building 6 and thus also originates from a later
construction phase. The strong construction of the
road leading northwards could be also connected
with building 24.

Buildings 6 and 24 (together with structure 26
and the paved road northwards) were thus most
likely built during the period when the storehouses
and the fortification were still functioning, or at
least their remains were still well preserved. The
positioning of building 24 in the center of the
market bespeaks its especial significance.

The question arises as to whether the foundations
of buildings 6 and 24 are characteristic enough to
substantiate a chronological determination.

Two very similar buildings, of which one has
two support columns and the other does not, were
discovered at Porecka reka along the southern
bank of the Danube in Djerdap (Serbia). The
buildings were situated alongside a fort of the
quadriburgium type and behind a blockade wall,
which formed a barrier in the valley through
which a very important route led from the Dan-
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ube southwards. On the basis of the isolated
positioning, the exceptional thickness of the walls
(1.5-1.8 m), the thick floor and large amount of
amphorae and dolium fragments, the two buildings
were interpreted as storehouses. They functioned
contemporary with the fort and the blockade
wall - during the reign of Constantine the Great;
whereby, the entire complex was presumably built
during the tetrarchy as a supply centre for the
military along the /imes (Petrovi¢ 1977; Petrovic¢
1980; Petrovi¢ 1982-1983).

A similarity with one of the storehouses discov-
ered at the villa 1 in Montana in Lower Moesia
(Bulgaria) substantiates that the structures at
Porecka reka indeed were used as storehouses.
The long and narrow building with buttresses has
a row of four columns in the centre. The villa was
built in the 2™ century, it was renovated after hav-
ing been destroyed in the late 3" century and it
continued to function through to the end of the 4"
century (Mulvin 2002, 95-96, fig. 45). Storehouses
of smaller dimensions, with or without buttresses
and with or without a raised floor, were found in
many military fortifications in the Djerdap region
throughout the entire Roman period to the Late
Antiquity (Petrovié¢, Vasi¢ 1996, 25, fig. 5).

Regarding their size, the buildings from Porecka
reka and Nauportus correspond with the small-
est storehouses from military fortifications (e.g.:
Gentry 1976, 41; Kortiim, Lauber 2004, 395-399,
fig. 180). The two buildings from Nauportus are
thus comparable with storehouses in general. How-
ever, they cannot be defined as granaries, because
certain important elements, such as buttresses, a
raised floor, ventilation and possible remains of
grain, is lacking (Rickman 1971).

The foundations of the central columns could
theoretically support a raised floor (the largest
possible span between stone piers supporting a
raised floor in granaries measures 4-5 m, e.g.:
Rickman 1971, 241, fig. 51 - Hiifingen). It is also
possible that columns supported the ridge of the
roof or are indicative of a second floor.

The defence walls of Late Roman fortifications
incorporated towers with an oblong ground plan,
which occasionally also had two central columns
(e.g. Capidava; Lander 1984, 218-221, fig. 227).
Rectangular towers with two columns are known
also from the 4" century fortified landings along
the Rhine and Danube rivers (Zullestein, Verdce,
Tahitoétfalu; Soproni 1978, 74-75, 78, pl. 78:1; 81;
Lander 1984, 284-289, fig. 295, 296).

Buildings 6 and 24, structure 26 and the pave-
ment of the nothern road, all likely belong to a
single construction phase; it seems that this phase

is a later one than the construction phase of the
market and storehouses, as well as of the sanctu-
ary. On the other hand, comparisons with similar
buildings, especially those at Porecka reka, indicate
a dating to the Late Roman period, which would
ultimately signify a large chronological gap between
the construction phases. If the dating typology
for buildings 6 and 24 holds true, then the Late
Roman small finds from Dolge njive correspond
to this same construction phase.

CONCLUSION

Geophysical prospecting produced a very detailed
ground plan of the site at Dolge njive. Combined
with the results from previous archaeological
excavations, the new ground plan has good inter-
pretative potential.

Dolge njive formed the central part of Nauportus
during the Early Roman period. The position of the
settlement in the hook of the riverbend and along
the fringes of marshland qualified it to function
excellently for river traffic as well as for defence
purposes. At the same time, it was less convenient
for land traffic travelling along the route passing
by Nauportus along the opposite riverbank. During
the time that the Romans were building at Dolge
njive, the desire for a strong defensive capacity
is quite evident; this is seen in the defence walls,
towers and defence ditch. A defence wall and
water-filled defence ditch surrounded the site from
all directions. A river port was situated just north
of the built-up area.

A market enclosed with a portico occupied
almost a third of the surface of the settlement.
The storehouses (2-17, 19-20, 22-23) as well as a
row of tabernae (21), all together covered a very
large part of the built-up area. This makes up
33 % of the settlement surface area, or 6.400 m?
of storage capacity. Four small buildings (7-10) in
the northwestern corner of the settlement prob-
ably served a different function; however which
function is difficult to determine solely from the
ground plan. A Celtic-Roman sanctuary with an
ambulatory stood in the market area (25). A
tradesman’s workshop where kilns were in use
(27) was probably situated beyond the limits of
the settlement.

The small archaeological finds from the defence
wall and storehouses demonstrate that most of the
settlement was probably planned and constructed
according to a unified plan in the Pre-Augustan or
Early Augustan period. The buildings were for the
most part planned along two orientational direc-
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tions that followed the courses of the eastern and
southern defence walls; together they formed an
angle of 100°. The line of the eastern wall deviates
5° to the west. The majority of storehouses and
tabernae (4-23) have a parallelogram form, while
the market forms an irregular parallelogram with
its northern line broken off.

The sanctuary (25) slightly deviates from the
direction of the market and buildings. It is pre-
sumed that it was built somewhat later than the
first settlement phase.

The ground plan of the entire settlement and
the individual buildings, storehouses and tabernae
corresponds with the examples found in the Late
Republican towns in northern Italy, as well as with
the architecture of the ports throughout the whole
Empire. The economic role of the settlement is
clearly manifested in its architecture; the settle-
ment was a trade, traffic, storage and reloading
post as well as a river port.

The origins of the settlement at Dolge njive
are attributed to the Pre-Augustan or Early Au-
gustan period on the basis of analyses of small
finds; furthermore, it approximately corresponds
with the dating by epigraphic monuments from
Nauportus, which Sasel Kos attributes approxi-
mately to the Caesarean period, or the time of
Octavian at the latest (Sasel Kos 1998; Sasel
Kos 2000, 294-297). It is highly likely that these
monuments do indeed originate from the settle-
ment at Dolge njive. The inscriptions mention
the construction of a portico and a temple to
the local deity Aequorna. These are buildings
that might be recognized also in the new ground
plan of Dolge njive. Of course the link between
the architectural remains and the construction
inscriptions is only hypothetical.

Small finds show that the decline of the settlement
at Dolge njive occurred during the first half of the
1%t century AD (Horvat 1990). Also confirming
the relatively short span of its prosperity are the
results from the new prospecting; that is, there are
no traces of any larger building reconstructions.
Nonetheless, the interruption at Dolge njive does
not necessarily bespeak the decline of Nauportus
in its entirety. Excavations along the opposite riv-
erbank of the Ljubljanica, in the vicinity of Breg,
have demonstrated continuous settlement from
the end of the 15t century BC through to the 4t
century AD (Horvat, Music¢ 2007).

The narrow chronological span of settlement
at Dolge njive to the Pre-Augustan and Augustan
periods is certainly an expression of the more
general course of events in the southeastern Alpine
region (Sasel Kos 1997; Sasel Kos 2000). During

the 1% century BC, important Aquileian merchant
families maintained control over the vicus via freed
men; they also controlled the transit of the long
distance traffic that passed by Nauportus (Sagel
Kos 1990). Strabo reports that goods were trans-
ported by cart from Aquileia to Nauportus, then
reloaded onto ships that navigated the rivers to the
Danube (Strabo 4, 6, 10; Sasel Kos 1990, 17-21,
143-148). Nauportus was thus a highly significant
post for Aquileia. The Aquileian town territory
extended like a shank reaching 100 km eastwards
along the Amber Route, so that Nauportus could
be included (Sasel Kos 2002).

Roman merchants advance along all important
routes into the Norican kingdom and southern
Pannonia during the 1% century BC. The vicus
Tulium Carnicum, controlled by merchant fami-
lies from northern Italy, developed in the Late
Republican period along the route over the Monte
Croce Carnico pass / Plockenpass (on the border
between Italy and Austria) leading into the Nori-
can kingdom. An open, paved area - the market
- was in the centre of the vicus. The continued
development then proceeded differently from that
at Nauportus, as during the Augustan period it
became a municipium, or in fact already even a
colonia. The market was rebuilt into a real forum
(Saéel Kos 2000, 289-291; Zaccaria 2001; Vitri
2001). On the Norican side of the pass, in the
valley of Gailtal, Italic merchants dominated a
trading post at Gurina already in the Late Re-
publican period (Jablonka 2001; Gamper 2004).
The most important stronghold for the Italic
merchants was in the centre of the Norican king-
dom at Magdalensberg. The early phase of the
forum at Magdalensberg, which dates to the Late
Republican and Early Augustan periods, seems
similar to the complex at Dolge njive. The forum
is surrounded by small buildings - “cellars” - and
long buildings in rows where the blacksmith’s
workshops operated. This forum differs from
the market at Dolge njive mainly due to the con-
struction of the basilica (Piccottini 1991; Dolenz
1998, 15-35). Dolenz compares Dolge njive with
the remains at St. Michael am Zollfeld (Austria)
which was situated along a traffic route below
Magdalensberg. Large buildings were discovered
here - presumably storehouses - dating to the Early
Roman, most likely the Augustan period. Some of
the rooms are long and narrow and in the form
of a parallelogram, or rather slightly trapezoidal;
as such, they are similar to the storehouses at
Nauportus. A temple complex built during the
time of Hadrian covered the entire area (Dolenz
2005, 41, 45-46, 49-50, figs. 6, 8, 10).
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Several trading posts are also known from
the region south of Noricum. At the Ocra pass
(today Razdrto below Nanos), that is, along the
route linking Aquileia with Nauportus, there was
such a trading post already at the end of the 21d
century BC. Initially it was an intruder within the
autochthonous environment (Bavdek 1996; Horvat
2002, 142-143, 159). A trading post with strong
Italic elements stood in Emona as well already in
the Early Augustan period at the latest. Emona
lies at a significant crossing of routes in central
Slovenia (Vici¢ 1993; Vici¢ 1994, Sasel Kos 1998,
104-105; Sasel Kos 2000, 294-297). The settlement
at Kranj, fortified with a stone defence wall and
rectangular, protruding towers similar to those
at Magdalensberg and Dolge njive, dates to the
Middle Augustan period. Kranj is situated along
the route linking the region of central Slovenia
with Carinthia / Noricum (Sagadin 2003 and
unpublished data; cf.: Dolenz 2004, 123; Dolenz
2007, 66, fig. 1).

In comparison with other Early Roman trading
posts in the eastern Alps, the main characteristic
of Nauportus is its key position at the junction
between land routes leading from northeastern
Italy and Istria and water routes leading eastwards.
Large storehouses, which are mainly limited to the
Augustan period, are also characteristic. Naupor-
tus is thus a reloading trading post, where long
distance transit traffic and trade could operate.
The extensiveness of the complex demonstrates the
exceptionally large amount of traffic and goods,
particularly in the Augustan period.

During the time of Caesar, Roman authority
consolidated along the northeastern borders of
Italy and Roman influence systematically spread to
the eastern Alps and Illyricum (Sasel Kos 2000).
During the Octavian and Augustan periods the
Romans comprehensively proceeded to occupy the
eastern Alps, the middle Danube region and the
western Balkans: the Octavian wars in the western
Balkans (35-33 BC), the peaceful annexation of
Noricum (15 BC), the Pannonian war (14-9 BC)
and the Pannonian-Dalmatian rebellion (6-9)
(Sasel Kos 1997). This historical background
is likely to hold the key to understanding the
presence of the large storehouses at Dolge njive
during the Augustan period. In light of this, the
conscientious defence of the trading post begins
to make sense.

In addition to the regular merchant traffic,
military shifts and supplies also passed through
Nauportus. A hoard of lead sling shots was found
probably in the storehouse room 4a (Horvat
1990, 106, 209, pl. 9: 5-7). The material traces of

military transports are also apparent in numerous
finds of weaponry and military equipment from
the Ljubljanica riverbed, for the most part dating
to the Augustan period (Isteni¢ 2006). Further
down along the Sava, in the BreZice gateway en-
tering into the Pannonian plain, a whole series of
military camps dating to the Augustan period are
known (Gustin 2002; Mason 2003). These only
further substantiate the high significance of the
navigable route of Nauportus - Ljubljanica - Sava
- Danube. Nauportus - in particular the building
complex at Dolge njive - had to have played a
very important role in supplying the legions in the
regions of the middle Danube and the northern
Balkans (Egri 2006). Furthermore, it is entirely
probable that the supplying of the army was in
the hands of Aquileian merchants who controlled
Nauportus (Whittaker 1989, 69-73; Whittaker
1994, 99-112).

The trading post at Dolge njive was abandoned
during the peaceful times of the 1% century AD.
The nucleus of settlement transferred during the 1
century AD to the area of Breg, which lies along
the Roman road westwards of the Ljubljanica.
The road linking Aquileia and Emona was most
likely built during the Augustan period (Festus,
Breviarium, 7; Sasel 1975-1976, 604-606). Large
storehouses stood at Breg during the second half
of the 1%t and the 279 centuries, however of a
different architectural type from those at Dolge
njive and lacking any traces of defence structures
(Horvat, Musi¢ 2007). The river traffic along the
Ljubljanica was significant throughout the entire
Roman period (cf. Sasel Kos 1990, 29, 155; Sagel
Kos 1994). Nonetheless, the shift of the centre core
of settlement indicates that land routes gained on
importance, and that the functions of the settle-
ment underwent a certain change.

The wider area of Vrhnika regained much stra-
tegic significance during the Late Roman period,
in terms of defending the northeastern passage
towards Italy. A fort at GradiS¢e and the nearby
tower were perhaps built already at the end of the
3" century. A long defence wall (Ajdovski zid) was
built in the 4" century in the surrounding hills;
it closed off the routes westwards (Sasel, Petru
1971, 75-81; Horvat 1990; Prottel 1996, 138-139).
The settlement at Breg continued to subsist in
the plain along the Ljubljanica through to the
end of the 4" century (Horvat, Musi¢ 2007). The
renewed usage of the area at Dolge njive on the
right bank of the Ljubljanica during the Late Ro-
man period is perhaps indicated by surface finds
and perhaps also by two isolated buildings (6, 24)
with a paved road.



268 Branko MUSIC and Jana HORVAT

Acknowledgment

Jurij Sokli¢ carried out the geoelectric resistivity measure-
ments, Igor Medari¢ executed the magnetic measurements,
Barbara Horn took the the conductivity measurements, and
Simon Premrl and Jurij Sokli¢ carried out the georadar meas-
urements and data processing. Lucija Lavrenci¢ and Zvezda
Modrijan helped establish the geodesic survey of the site. Their
contribution to the success of the research is very important
and we are grateful to them all.

We are also greatly indebted to Mariana Egri, Marie-Brigitte
Carre, Catherine Virlouvet, Francis Tassaux, Corinne Rousse,
Siegmar von Schnurbein and Heimo Dolenz, whose comments

ASTOLFIL F., F. GUIDOBALDI and A. PRONTI 1978, Horrea
Agrippiniana. - Archeologia classica 30, 3-106.

BARATTO, C. 2003, Le tabernae nei fora delle cittd romane
tra ’eta repubblicana e il periodo imperiale. - Rivista di
archeologia 27, 67-92.

BAVDEK, A. 1996, Fundorte aus spatrepublikanischer und
frithromischer Zeit in Razdrto am Fufle des Nanos. - Arieoloski
vestnik 47, 297-306.

BERTACCHI, L. 1965, Aquileia. - In: Notizie degli scavi di
antichita, ser. 8, vol. 19, suppl., 1-11, Roma.

BRANDS, G. 1988, Republikanische Stadttore in Italien. - BAR.
International Series 458.

CAMODECA, G. 1994, Puteoli porto annonario e il commer-
cio del grano in eta imperiale. - In: Le ravitaillement en blé
de Rome et des centres urbains des débuts de la République
Jjusqu'au Haut Empire, Collection du Centre Jean Bérard 11,
Collection de I’Ecole francaise de Rome 196, 103-128.

CARRE M.-B. 2004, Le réseau hydrographique d’Aquilée. Etat
de la question. - In: Aquileia dalle origini alla constituzione del
ducato Longobardo, Antichita Altoadriatiche 59, 197-216.

CARRE, M.-B. and F. MASELLI SCOTTI 2001, Il porto di
Aquileia. Dati antichi e ritrovamenti recenti. - In: Strut-
ture portuali e rotte marittime nell’Adriatico di eta romana,
Antichita Altoadriatiche 46, Collection de I'Ecole francaise
de Rome 280, 211-243.

CIPRIANO S. and G. M. SANDRINTI 2001, La banchina flu-
viale di Opitergium. - In: Strutture portuali e rotte marittime
nell’Adriatico di eta romana, Antichita Altoadriatiche 46,
Collection de I’'Ecole francaise de Rome 280, 289-294.

CLARK, A. 1990, Seeing beneath the soil (Prospecting methods
in Archaeology). - Batsford, London.

CONSP.: Ettlinger E. et al. 1990, Conspectus formarum terrae
sigillatae italico modo confectae. - Materialien zur romisch-
germanischen Keramik 10.

CONVENTI, M. 2004, Citta romane di fondazione. - Studia
archaeologica 130.

CONYERS, L. B. and J. E. LUCIUS 1996, Velocity analysis
in archaeological ground-penetrating radar studies. - Archa-
eological prospection 3, 25-38.

CONYERS, L. B. and D. GOODMAN 1997, Ground-penetrating
radar. An introduction for archaeologists. - Walnut Creek.
COSKUN, N. and J. E. SZYMANSKI 2000, A discussion on
the resolution of two-dimensional resistivity modeling. -

Archaeological Prospection 6/4, 179-186.

DAVIS, J. C. 1973, Statistics and data analysis in geology. -
New York.

DeLAINE, J. 2005, The commercial landscape of Ostia. - In:
A. Mac Mahon, J. Price (eds.), Roman Working Lives and
Urban Living, 29-47, Oxford.

DE LA VEGA, M., A. OSELLA, E. LASCANO and J. M. CAR-
CIONE 2005, Ground-penetrating radar and geo-electrical
simulations of data from the Floridablanca archaeological
site. - Archaeological Prospection 12/1, 19-30.

and suggestions have significantly enriched the interpretation
of the architecture at Dolge njive.

Our sincere thanks are due to Marjeta Sasel Kos, Andrej
Gosar, Janka Isteni¢, Andreja Dolenc Vici¢ and Tina Zerjal
for having kindly read the paper and for offering valuable
comments.

We should especially like to thank Drago Valoh and Lucija
Lavrenci¢ for the preparation of the part of the figures.

Finally, we would like to express our gratitude to Rachel
Novsak for the translation of the text.

Translation: Rachel Novsak

DESVIGNES, G., A. TABBAGH and C. BENECH 1999, The
determination of the depth of magnetic anomaly sources. -
Archaeological Prospection 6/2, 85-105.

DIAMANTI, N. G., G. N. TSOKAS, P. I. TSOURLOS and A.
VAFIDIS 2005, Integrated interpretation of geophysical data
in the archaeological site of Europos (northern Greece). -
Archaeological Prospection 12/2, 79-91.

DOBRIN, M. B. and C. H. SAVIT 1988, Introduction to ge-
ophysical prospecting. - New York.

DOLENZ, H. 1998, Eisenfunde aus der Stadt auf dem Magda-
lensberg. - Kdrntner Museumsschriften 75, Archidologische
Forschungen zu den Grabungen auf dem Magdalensberg
13.

DOLENZ, H. 2004, Die Ausgrabungen auf dem Magdalens-
berggipfel im Jahre 2003. - Rudolfinum. Jarhbuch des Lan-
desmuseums Kdrnten 2003, 119-126.

DOLENZ, H. 2005, Die romische Siedlung und ihr wiederent-
deckter Tempelbezirk bei St. Michael am Zollfeld. - Carinthia
1195, 27-54.

DOLENZ, H. 2007, Romische Tempel im Zentrum Noricums.
- In: Gotterwelten. Tempel, Riten, Religionen in Noricum, 66-
92, Klagenfurt.

EGRI, M. 2006, Campaniile romane in regiunea Dunarii.
Aprovizionarea cu ulei de masline de la Augustus la Traian
(Roman campaigns in the Lower Danube region. The olive
oil supplies, from Augustus to Trajan). - In: Dacia Augusti
provincia. Crearea provinciei, 417-428, Bucuresti.

EPPELBAUM, L. V., B. E. KHESIN and S. E. ITKIS 2001,
Prompt magnetic investigations of archaeological remains
in areas of infrastructure development. Israeli experience.
- Archaeological prospection 8, 163-185.

FENTRESS, E. 2003, Cosa V- An Intermittent Town, Excavations
1991-1997. - Memoirs of the American Academy in Rome,
Suppl. 2, Michigan.

FINETTI, I. R. (ed.) 1992, Monograph on the geophysical
exploration of the Selinunte archaeological park. - Bolletino
di geofisica teorica ed applicata 34, 83-232.

GAFFNEY, C. and V. GAFFNEY (eds.) 2000, Non-invasive
investigations at Wroxeter at the end of the Twentieth Century.
- Special issue of Archaeological Prospection 7/2.

GALBOIS, J., M. PETIT and M. REDDE 2006, Melun. - In:
M. Reddé et al., Les fortifications militaires, L'architecture
de la Gaule romaine, Documents d’archéologie francaise
100, 330-331.

GAMPER, P. 2004, Vorbericht zur Grabungskampagne 2004
auf der Gurina im Oberen Gailtal, Kdrnten. - Archaeologia
Austriaca 88, 121-168.

GENTRY, A. P. 1976, Roman Military Stone-built Granaries in
Britain. - BAR British Series 32.

GOODMAN, D., Y. NISHIMURA and J. D. ROGERS 1995,
GPR time slices in archaeological prospection. - Archaeolo-
gical prospection 2, 85-89.



Nauportus - an Early Roman trading post at Dolge njive in Vrhnika 269

GROS, P. 1990, Les étapes de 'aménagement monumental du
forum. Observations comparatives (Italie, Gaule Narbonnaise,
Tarraconaise). - In: La citta nell’ltalia settentrionale in eta ro-
mana, Collection de I’Ecole francaise de Rome 130, 29-68.

GROS, P. 2002, L'architecture romaine, 1. Les monuments public,
2nd ed. - Paris.

GUSTIN, M. 2002, Il campo militare romano a CateZ presso
Brezice (Slovenia). - Quaderni Friuliani di Archeologia 12,
69-75.

HASEK, V. 1999, Methodology of geophysical research in archa-
eology. - BAR International Series 769.

HELLY-LE BOT, A. 1989, Entrep6ts commerciaux en Gaule
romaine. - In: C. Goudineau, J. Guilaine (eds.), De Lascaux
au Grand Louvre, 348-353, Paris.

HORVAT, J. 1990, Nauportus (Vrhnika). - Dela 1. razreda
SAZU 33.

HORVAT, J. 2002, The Hoard of Roman Republican Weapons
from Grad near Smihel. - Arheoloski vestnik 53, 117-192.
HORVAT, J., E. KOCUVAN and N. LOGAR 1986, Vrhnika. -

Varstvo spomenikov 28, 277-278.

HORVAT, J. and B. MUSIC 2007, Nauportus, a commercial
settlement between the Adriatic and the Danube. - In: M.
Chiaba, P. Maggi and C. Magrini (eds.), Le Valli del Natisone
e dell’lsonzo tra Centroeuropa e Adriatico, Studi e ricerche
sulla Gallia Cisalpina 20, 165-174.

IAGA Division V-MOD, Geomagnetic Field Modeling. Inter-
national Geomagnetic Reference Field IGRF. http://www.
ngdc.noaa.gov/IAGA/vmod/igrf.html.

ISTENIC, J. 2006, The Early Roman military route along the
River Ljubljanica (Slovenia). - Paper read at the “20™ In-
ternational Congress of Roman Frontier Studies” at Leon
(Spain), 4th-11th September 2006.

JABLONKA, P. 2001, Die Gurina bei Dellach im Gailtal. - Aus
Forschung und Kunst 33, Klagenfurt.

JOHNSON, A. 1987, Romische Kastelle des 1. und 2. Jahrhunderts
n. Chr. in Britannien und in den germanischen Provinzen des
Rimerreiches. - Mainz.

JOL, H. M. 1995, Ground penetrating radar antennae frequen-
cies and transmitter powers compared for penetration depth,
resolution and reflection continuity. - Geophysical prospecting
43, 693-709.

KADER, I. 1994, Republikanische Stadttore. Ein Fall fiir Po-
liorketiker? - Journal of Roman Archaeology 7, 329-338.
KEAY, S., M. MILLETT, L. PAROLI and K. STRUTT 2005,
Portus. An archaeological survey of the port of imperial Ro-
me. - Archaeological monographs of The British School at

Rome 15, Oxford.

KOCHNEYV, V., ZDANOVICH, G. and B. PUNEGOV 2004,
The experiment in applying 3D technology of magnetic
fields interpretation at the archaeological site “Arkaim”.
- In: K. Fischer Ausserer (ed.), [Enter the past]. The e-way
into the four dimensions of cultural heritage. Proceedings of
the 30th conference. Computer aplications and quantitative
methods in archaeology, Vienna 2003, BAR International
Series 1227, 64-68.

KORTUM, K. and J. LAUBER 2004, Walheim 1. - Forschun-
gen und Berichte zur Vor- und Frithgeschichte in Baden-
Wiirttemberg 95, Stuttgart.

KREMPUS, R., A. GASPARI and M. NOVSAK 2007, Die
neuen spatkeltischen und frithkaiserzeitlichen Heiligtiimer
von Celeia. - In: Gdtterwelten. Tempel, Riten, Religionen in
Noricum, 39-44, Klagenfurt.

LANCIANI, R. 1888, Ancient Rome in the Light of Recent
Discoveries. - New York 1967.

LANDER, J. 1984, Roman Stone Fortifications. - BAR Interna-
tional Series 206.

LAROCHE, C. and H. SAVAY-GUERRAZ 1984, Saint-Romain-
en-Gal. Un quartier de Vienne antique sur la rive droite du
Rhéne. - Saint-Romain-en-Gal.

LECKEBUSCH, J. 2003, Ground-penetrating radar. A modern
three-dimensional prospection method. - Archaeological
prospection 10, 213-240.

LOGAR, N. 1985, Vrhnika / Dolge njive. - Arheoloski pregled
26 (1986), 126-127.

LUCK, E., CALLMER, J. and T. SKANBERG 2003, The house
of the Bailiff of Sovestad, Sweden - a Multi-method geophysical
case study. - Archaeological prospection 10, 143-151.

MAGGTI, P. 2003, Forme di insediamento aggregato non urbano
nella Venetia orientale e nell’Histria in eta romana. - Histria
antiqua 11, 229-242.

MANSUELLI, G. A. 1971, Urbanistica e architettura della
Cisalpina romana fino al III sec. e. n. - Collection Latomus
111, Bruxelles.

MARTINAUD, M. 1990, Intéréts du dispositif bipole C-P en
prospection électrique non mecanisée. - Revue d’'archéométrie
14, 5-16.

MASON, Ph. 2003, Rimska vojaska utrdba. - D. PreSeren (ed.),
Zemlja pod vasimi nogami, 66-71, Ljubljana.

MEATS, C. 1996, An appraisal of the problems involved in
three-dimensional ground penetrating radar imaging of
archaeological features. - Archaeometry 38, 359-379.

MIKL CURK, I. 1968-1969, ZapaZanja ob orientacijskem razisko-
vanju arheoloskega terena na Vrhniki z merjenjem specifi¢ne
upornosti tal. - Varstvo spomenikov 13-14, 39-40.

MIKL CURK, I. 1974, Utrdbe Nauporta ob Ljubljanici na
Vrhniki (Nauportus Fortresses by the River Ljubljanica at
Vrhnika). - Arheoloski vestnik 25, 370-386.

MULVIN, L. 2002, Late Roman Villas in the Danube-Balkan
Region. - BAR International Series 1064.

MUSIC, B. and L. ORENGO 1998, Magnetometri¢ne raziskave
zeleznodobnega talilnega kompleksa na Cvingerju pri Meniski
vasi (Magnetic Investigation of the Iron Age Iron-Smelting
Complex at Cvinger near Meniska vas). - Arheoloski vestnik
49, 157-186.

MUSIC, B., SLAPSAK, B. and E. FARINETTI 2004, Ancient
Tanagra (Grimadha). Geophysical prospection and modelling
for understanding of urban plan and on-site activity areas.
- In: K. Fischer Ausserer (ed.). [Enter the past]. The e-way
into the four dimensions of cultural heritage. Proceedings of
the 30th conference. Computer aplications and quantitative
methods in archaeology, Vienna 2003, BAR International
Series 1227, 317-320.

NEUBAUER, W., A. EDER-HINTERLEITNER, S. SEREN
and P. MELICHAR 2002, Georadar in the roman civil
town Carnuntum, Austria. An approach for archaeological
interpretation of GPR data. - Archaeological prospection 9,
135-156.

PETROVIC, P. 1977, Forteresse romaine a I’embouchure de
la riviére Porecka dans les Portes de Fer. - In: J. Fitz (ed.),
Limes. Akten des XI. internationalen Limeskongresses, 259-
275, Budapest.

PETROVIC, P. 1980, O snabdevanju rimskih trupa na derdap-
skom limesu (De I'approvisionnement des troupes romaines
sur le limes du Djerdap). - Starinar 31, 53-63.

PETROVIC, P. 1982-1983, Porecka reka, sabirni centar za
snabdevanje rimskih trupa u Perdapu (Riviére Porecka,
centre d’approvisionnement des troupes romaines). - Starinar
33-34, 285-291.

PETROVIC, P. and M. VASIC 1996, The Roman frontier in
Upper Moesia. Archaeological investigations in the Iron Gate
area - main results. - In: P. Petrovi¢ (ed.), Roman limes on the
middle and lower Danube, Perdapske sveske 2, 15-26.

PICCOTTINI, G. 1991, Die Ausgrabungen auf dem Magdalens-
berg in Kirnten und das frithe Noricum. - In: Die romische
Okkupation nérdlich der Alpen zur Zeit des Augustus, Boden-
altertiimer Westfalens 26, 61-70.

PIRO, S., F. ROSSO and L. VERSINO 1996, Experimental
tests for characterization of the GPR pulse using different



270 Branko MUSIC and Jana HORVAT

antennae configurations. Detection of shallow-depth bodies
and archaeological structure. - Archaeological prospection
3, 89-105.

PLESNICAR GEC, L. 1999, Urbanizem Emone / The urbanism
of Emona. - Ljubljana.

PREMRL, S. 2004, Georadarske raziskave arheoloskega najdisca
Nauportus (Vrhnika), Diploma thesis, Univerza v Ljubljani.
- Ljubljana.

PROTTEL, Ph. M. 1996, Mediterrane Feinkeramikimporte des
2. bis 7. Jahrhunderts n. Chr. im oberen Adriaraum und in
Slowenien. - Kélner Studien zur Archéologie der romischen
Provinzen 2.

RIBERA I LACOMBA, A. and M. CALVO GALVEZ 1995, La
primera evidencia arqueoldgica del la destruccion de Valentia
por Pompeyo. - Journal of Roman Archaeology 8, 19-40.

RICKMAN, G. 1971, Roman granaries and store buildings. -
Cambridge.

ROSADA, G. 1990, Mura, porte e archi nella decima regio.
Significati e correlazioni areali. - In: La citta nell’ltalia
settentrionale in eta romana, Collection de I’Ecole frangaise
de Rome 130, 365-409.

ROTH-RUBI, K. 2006, Dangstetten 3. - Forschungen und Berichte
zur Vor- und Frithgeschichte in Baden-Wiirttemberg 103.
SAGADIN, M. 2003, Zgodnjeanti¢ni Kranj (Ancient Kranj).
- In: Avgustinov zbornik, 50 let Gorenjskega muzeja, T1-81,

Kranj.

SCHEFFENEGGER, S. and E. SCHINDLER-KAUDELKA
1977, Ein frither Fundort am Ostrand des Héandlerforums
des Magdalensberges, OR/39. - Acta Rei Cretariae Romanae
Fautorum 17/18, 51-80.

SCHINDLER, M. 1967, Die “schwarze sigillata” des Magdalens-
berges. - Karntner Museumsschriften 43.

SCHINDLER, M. 1986, Die “Schwarze Sigillata” des Magdalens-
berges 2. Neufunde seit 1965. - Magdalensberg-Grabungsbericht
15, 345-390.

SCHINDLER, M. in S. SCHEFFENEGGER 1977, Die glatte
rote Terra sigillata vom Magdalensberg. - Karntner Muse-
umsschriften 62.

SCHINDLER, M. and E. SCHINDLER-KAUDELKA 1997,
Fritheste glatte sigillata mit waagrecht gestrecktem Rand
und deren Reduktionsformen zu Conspectus Form 10. - Acta
Rei Cretariae Romanae Fautorum 35, 203-208.

SCHNURBEIN, S. VON 1991, Zur Datierung der augusteischen
Militarlager. - In: Die rémische Okkupation nérdlich der
Alpen zur Zeit des Augustus, Bodenaltertimer Westfalens
26, 1-5, Miinster.

SOPRONLI, S. 1978, Der spdtrémische Limes zwischen Esztergom
und Szentendre. - Budapest.

STRITAR, A. 1990, Krajina, krajinski sistemi. Raba in varstvo
tal v Sloveniji. - Ljubljana.

SASEL, J. 1966, Keltisches portorium in den Ostalpen (zu Plin.
n. h. I 128). - In: Corolla memoriae Erich Swoboda dedicata,
Romische Forschungen in Niederdsterreich 5, 198-204 (=
Opera selecta, Situla 30, 1992, 500-506).

SASEL, J. 1975-1976, Iuliae Alpes. - In: Arti VII, Ce. S. D. I. R.,
601-618 (= Opera selecta, Situla 30, 1992, 432-449).

SASEL, J. and P. PETRU (eds.) 1971, Claustra Alpium Iuliarum
1. Fontes. - Katalogi in monografije 5.

SASEL KOS, M. 1990, Nauportus: anti¢ni literarni in epigrafski
viri / Nauportus: Literary and Epigraphical Sources. - In:
Horvat 1990, 17-33, 143-159.

SASEL KOS, M. 1994, Savus and Adsalluta. - Arheoloski vestnik
45, 99-122.

SASEL KOS, M. 1997, The End of the Norican Kingdom and the
Formation of the Provinces of Noricum and Pannonia. - In:

Akten des IV. internationalen Kolloquiums iiber Probleme des
provinzialromischen Kunstschaffens, Situla 36, 21-42.

SASEL KOS, M. 1998, Caesarian inscriptions in the Emona
basin? - In: Epigrafia romana in area Adriatica, 101-112,
Pisa, Roma.

SASEL KOS, M. 2000, Caesar, Illyricum, and the hinterland
of Aquileia. - In: G. Urso (ed.), Lultimo Cesare, 277-304,
Roma.

SASEL KOS M. 2002, The boundary stone between Aquileia
and Emona. - Arheoloski vestnik 53, 373-382.

TELFORD, W. M., L. P. GELDART and R. E. SHERIFF 1990,
Applied geophysics (second edition). - Cambridge.

TIRELLI M. 1999, La romanizzazione ad Altinum e nel Veneto
orientale. Pianificazione territoriale e interventi urbani-
stici. - In: G. Cresci Marrone, M. Tirelli (eds.), Vigilia di
romanizzazione, Studi e ricerche sulla Gallia Cisalpina 11,
5-31, Roma.

TIRELLI M. 2001, Il porto di Altinum. - In: Strutture portuali
e rotte marittime nell’Adriatico di eta romana, Antichita
Altoadriatiche 46, Collection de I'Ecole francaise de Rome
280, 295-316.

TRUNK, M. 1991, Rémische Tempel in den Rhein- und westlichen
Donauprovinzen. - Forschungen in Augst 14.

TSOKAS, G. N. and G. N. HANSEN 2000, On the use of com-
plex attributes and the inferred source parameter estimates
in the exploration of archaeological sites. - Archaeological
Prospection 7/1, 17-30.

UGGERLI, G. 1990, Aspetti archeologici della navigazione interna
nella Cisalpina. - In: Aquileia e ['arco Adriatico, Antichita
Altoadriatiche 36, 175-196.

VARENE, P. 1992, Lenceinte gallo-romaine de Nimes. Les murs
et les tours. - 53e supp. a Gallia, Paris.

VICIC, B. 1993, Zgodnjerimsko naselje pod Grajskim gricem
v Ljubljani. Gornji trg 15 (Frithromische Siedlung unter
dem Schlof3berg in Ljubljana. Gornji trg 15). - Arheoloski
vestnik 44, 153-201.

VICIC, B. 1994, Zgodnjerimsko naselje pod Grajskim gri¢em v
Ljubljani. Gornji trg 30, Stari trg 17 in 32 (Die frithromische
Siedlung unterhalb des Schlofibergs in Ljubljana. Gornji trg
30, Stari trg 17 und 32). - Arheoloski vestnik 45, 25-80.

VIRLOUVET, C. 1995, Tessera frumentaria. - Bibliothéque des
Ecoles francaises d’Athénes et de Rome, Rome.

VITRI, S. 2001, L’alto Friuli tra eta del ferro e romanizzazio-
ne. Nuovi dati da indagini recenti. - In: G. Bandelli and F.
Fontana (eds.), Iulium Carnicum, centro alpino tra Italia e
Norico dalla protostoria all’eta imperiale, Studi e ricerche
sulla Gallia Cisalpina 13, 39-83.

WALKER, A. R. 2000, Multiplexed resistivity survey at the Roman
town of Wroxeter. - Archaeological prospection 7, 119-132.
WALKER, R. and L. SOMERS 1994, Geoplot 2.01. Instruction

Manual. - Geoscan Research, Bradford.

WHITTAKER, C. R. 1989, Supplying the System. Frontiers
and Beyond. - Barbarians and Romans in North-West Europe
from the later Republic to Late Antiquity, BAR International
Series 471, 64-80.

WHITTAKER, C. R. 1994, The Frontiers of the Roman Empire.
A Social and Economic Study. - Baltimore, London.

ZACCARIA, C. 1999, Evoluzione funzionale e corredo epigrafico
nei fori romani della Venetia orientale e dell’Istria. - Histria
antiqua S, 75-87.

ZACCARIA, C. 2001, Iulium Carnicum. Un centro alpino tra
Italia e Norico (I sec. a. C. - I sec. d. C.). - In: G. Bandelli,
F. Fontana (eds.), lulium Carnicum, centro alpino tra Italia
e Norico dalla protostoria all’eta imperiale, Studi e ricerche
sulla Gallia Cisalpina 13, 139-157, Roma.



Nauportus - an Early Roman trading post at Dolge njive in Vrhnika 271

Nauportus - zgodnjerimska trgovska postojanka na Dolgih njivah na Vrhniki
Rezultati geofizikalne raziskave z ve¢ neodvisnimi metodami

UvOD

Ena najpomembnejsih starih poti, ki povezuje Italski polotok
z osrednjim Podonavjem, poteka preko prehodov na sticnem
obmocju Alp in Dinarskega gorstva in se pri Vrhniki spusti v
Ljubljansko kotlino. Tukaj, na izvirih reke Ljubljanice, se je pricela
stara plovna pot na vzhod, po Ljubljanici, Savi in Donavi.

V blizni re¢nih izvirov, na obmoc¢ju danasnje Vrhnike, je stalo
naselje Navport, ki je znano iz anti¢nih literarnih virov in od
koder izvirajo pomembni zgodnjerimski epigrafski spomeniki.
Navport je bil ze v 1. st. pr. Kr. vikus na akvilejskem mestnem
ozemlju (Sasel 1966; Sasel Kos 1990; Sasel Kos 1998; Sasel
Kos 2000, 294-297; Sasel Kos 2002).

Lega keltskega Navporta iz 2. st. pr. Kr. ni poznana. V
zgodnjerimski dobi je bilo tezisCe poselitve v ravnini, ob zavoju
Ljubljanice na zamocvirjeno ravnico Ljubljanskega barja (sl. 1).
Po zahodnem bregu Ljubljanice, imenovanem Breg, je potekala
rimska cesta med Akvilejo in Emono. Arheolo§ko ugotovljena
poselitev se je zacela v srednjeavgustejskem obdobju in trajala
neprekinjeno do 4. st. (Horvat 1990; Horvat, Musi¢ 2007).

Na vzhodnem bregu, v okljuku Ljubljanice, je lezala rimska
naselbina na Dolgih njivah. Tu je stal trg, ki so ga obdajala skla-
disca ter obzidje s stolpi. Ugotovljen je bil zacetek poselitve v
zgodnjeavgustejskem obdobju in prekinitev najpozneje v sredini
1. st. po Kr. (Horvat 1990).

'V nasem prispevku predstavljamo nov, dopolnjen tloris naselbine
na Dolgih njivah, ki smo ga pridobili s pomoc¢jo geofizikalnih
raziskav. Podrobneje smo analizirali tudi funkcijo posameznih
stavb, kronologijo in pomen celotne naselbine.

ZGODOVINA RAZISKOVANJ RIMSKE NASELBINE
NA DOLGIH NJIVAH

Obstoj rimske naselbine na Dolgih njivah so ugotovili sredi
19. stoletja (Horvat 1990, 50-57, 171-173).

V letu 1884 je Dezelni muzej iz Ljubljane raziskoval dno
Ljubljanice pri Dolgih njivah. Takrat je preparator Ferdinand
Schulz izkopal tudi tri sonde na obmocju rimske naselbine:
predelni zid med prostoroma c in d v stavbi 2, severovzhodni
prostor stavbe 8 in dvojni zid med stavbama 12 in 13 (prim. s/
36, Horvat 1990, 49-50, 101-103, 108, 172, 207-208, sl. 8).

Domacini so pod vodstvom Gabrijela Jelov§ka kopali v letih
1885 in 1886, na obmocju prostorov 4a, 5a-b, 6, 7. S. Jenny
je leta 1900 raziskoval obmocje stavb in prostorov 4a-b, 5b in
severno cesto (prim. s/. 36, Horvat 1990, 50, 106-108, 172,
209-210).

Obsezna izkopavanja je vodil na Dolgih njivah v letih 1934
in 1936 Walter Smid / Schmid. V kratkem Gasu in s skromnimi
sredstvi je Smid uspel razkriti osnovne obrise celotne naselbine.
Ob tem je bil izdelan geodetski nacrt izkopavanj, ki kaze, da sta
bili podrobneje raziskani severna in zahodna stran naselbine.
Po analizi skromne dokumentacije izkopavanj se je tudi poka-
zalo, da je Smid sledil zgolj vrhovom zidov. Potek zidov je bil
veCkrat predpostavljen, ne da bi izkopali zid v celotni dolzini.
Tako je priSlo do napak, ki so vidne predvsem na obmocjih
stavb 1, 16-18, 21 in 22 ter pri poteku severnega obzidja. Smid
je natancneje izkopaval samo manjSe stavbe 8, 9 in mogoce
tudi 10 ter kanale med dvojnimi zidovi med stavbami 1 in 2,
2in 3, 12 in 13 ter 13 in 14 (sl 2; prim. sl 36; Horvat 1990,
49-57, 97-109, 172-173, 205-211, sl. 9).

Geoloski zavod Ljubljana je septembra 1969 na pobudo Ive
Mikl Curk raziskal velik del arheoloskega obmocja na Dolgih
njivah in tudi prostor trase avtoceste, ki je bila takrat v izgradnji.
Gre za prve meritve geoelektri¢ne upornosti v arheoloske namene

na Slovenskem. Odkrili so obmocja visokih vrednosti navidezne
upornosti, ki so jih povezali z arheolo§kimi ostanki, niso pa jih
mogli e zanesljivo interpretirati. Visoke vrednosti so se pokazale
na predelih, kjer poteka juzno, vzhodno in zahodno obzidje. Videl
se je tudi moc¢no tlakovan pas na zunanji strani vzhodnega obzidja
(Mikl Curk 1968-1969; Arhiv Republiskega zavoda za varstvo
kulturne dedis¢ine; Arhiv Instituta za arheologijo ZRC SAZU).
Novembra 1969 je Mikl Curkova sondirala predele na juznem
robu naselbine, ki se jih je dotaknila gradnja avtoceste: obzidje
in stolpa na jugozahodnem in jugovzhodnem vogalu (s/. 2; prim.
sl. 36; Mikl Curk 1974; Horvat 1990, 97-99, 205-206).

V letu 1985 je bila raziskana lesena struktura v strugi Lju-
bljanice, ki predstavlja del rimskega pristanisca (s/. 2; prim. sl
36; Horvat, Kocuvan, Logar 1986; Logar 1985).

GEOFIZIKALNE RAZISKAVE

Pri geofizikalni raziskavi na Dolgih njivah na Vrhniki smo
v razlicnem obsegu uporabili geoelektriéno upornostno metodo
z elektrodno razvrstitvijo metode elektrodnih dvojckov (Twin
probes, Geoscan RM15) (sl. 34), magnetno metodo z gradien-
tnim nac¢inom meritev gostote magnetnega pretoka totalnega
magnetnega polja (Geometrics G-858) (sl. 3B) in meritvami ma-
gnetne susceptibilnosti vzorcev tal in kamninskega gradbenega
materiala (Kappameter KT-5), georadarsko metodo z 200 in 500
MHz antenama (GSSI SIR3000) (sl. 3C) in meritve elektricne
prevodnosti na indukcijski nacin (Geonics EM38) (sl 3D).

Strategija geofizikalnih raziskav je bila pripravljena v skladu z
odkritji dosedanjih arheoloskih izkopavanj in rezultati geofizikal-
nih raziskav v podobnih naravnih okoljih na pedosekvencah na
glinah (glej: Stritar 1990). Zaradi potencialno slabse ohranjenih
suhozidnatih temeljev zgradb na Dolgih njivah smo se odlocili
za razdaljo 0,5 m med geofizikalnimi profili. V smeri profilov si
sledijo meritve upornosti in prevodnosti v oddaljenosti merilnih
tock 0,5 m, gostote magnetnega pretoka v razdalji 0,15 m in
georadarske sledi v razdalji 4 cm.

Ker dobimo na pedosekvencah na glinah praviloma najboljsi
kontrast arhitekturnih ostankov z meritvami upornosti, smo
geofizikalno raziskavo zaceli z geoelekri¢nim kartiranjem, s
katerim ugotavljamo lateralne spremembe v upornosti.

Meritve magnetne susceptibilnosti vzorcev tal in apnenca
so dale zelo majhne razlike, kar je napovedovalo slabo kon-
trastnost temeljev zgradb iz apnencevih lomljencev na rezul-
tatih prospekcije z magnetno metodo. V tak§nih primerih je
magnetna metoda usmerjena v odkrivanje ostankov z mo¢nim
termoremanentnim tipom magnetizacije, ki je znacilen za
arhitekturne elemente iz opeke, pecCi in rusevinskih plasti s
keramic¢nimi stre$niki. Teh ostankov z drugimi metodami ne
moremo zanesljivo prepoznati.

Georadarska metoda je bila uporabljena za ugotavljanje glo-
bine, viSine ohranjenosti in medsebojnih prostorskih odnosov
arhitekturnih elementov na delih naselbine, kjer je bilo to smi-
selno glede na rezultate geoelektrinega kartiranja. Georadarska
metoda je namre¢ edina od uporabljenih geofizikalnih metod,
ki se uporablja za geofizikalno sondiranje in omogoca natan¢ne
3D prikaze in analize rezultatov meritev. Metoda elektricne pre-
vodnosti je bila uvedena poskusno na dveh obmogjih, kjer smo
preverjali odzivnost arhitekturnih ostankov in obrambnega jarka.
Po pric¢akovanjih so bili dobljeni rezultati neprimerno koristnejsi
za arheolosko interpretacijo na obmo¢ju obrambnega jarka. V
splosnem velja, da se ta metoda uporablja prav za odkrivanje
negativnih struktur in da je njena lateralna locljivost na mestu
visokoupornostnh objektov (npr. apnencevi temelji) precej slabsa
od upornostne metode. Ta raziskava je to potrdila.
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V nadaljevanju so navedeni nekateri uveljavljeni postopki
kvantifikacije, ki smo jih uporabili tudi pri geofizikalni raziskavi
na Vrhniki: geofizikalno modeliranje za ustvarjanje arheofizikalnih
magnetnih modelov arheoloSkih objektov in inverzna metoda
interpretacije (glej npr.: Music et al. 1998; Desvignes et al. 1999,
85-105; Hasek 1999, 25-42; Coskun et al. 2000, 179-186; Tsokas
et al. 2000, 17-30; Eppelbaum et al. 2001, 163-185; Kochnev
et al. 2004, 64-68; Diamanti et al. 2005, 79-91), simuliranje
upornostnih anomalij za oceno globine in Sirine arhitekturnih
elementov (De la Vega et al. 1995, 19-30), izracun navidezne
upornosti (Walker et al. 1994), podaljSevanje magnetnih anomalij
navzgor (Upward Continuation) za ugotavljanje virov magnetnih
anomalij na vecjih globinah, rezidualne magnetne anomalije za
prepoznavanje virov magnetnih anomalij na dana$nji povrsini
ali plitvo pod njo in sinteti¢ne gradiente, ki navidezno ojacajo
sicer Sibke magnetne anomalije (vertikalni gradienti) oziroma
ucinkovito prikazejo magnetni u¢inek drobnih Zeleznih predmetov
na danasnji povrS§ini ali plitvo pod njo (horizontalni gradienti)
(glej npr.: www.geometrics.com).

V idealnih razmerah bi izbor najustreznejSe geofizikalne
metode oz. tehnike narekovali izklju¢no ciljni arheoloski
objekti, ki bi jih Zeleli odkriti. V realnosti arheoloSke tarce
prispevajo le manjsi ali vecji delez pri tem izboru, ker moramo
vselej upoStevati tudi naravno okolje, v katerem se ti objekti
nahajajo. V geofiziki imenujemo anomalijo v fizikalnem polju,
ki je posledica prisotnosti arheolo§kega objekta, “signal”, vse
nepravilnosti v fizikalnih poljih, ki so posledica Stevilnih drugih
okoljskih faktorjev, pa imenujemo “Sum”. Izbor najustreznejse
metode narekuje izklju¢no ocena razmerja med “signalom” in
“Sumom”, ki mora biti za konkretno metodo zadosti visoko, da
je kontrast med obema slojema podatkov taksen, da zagotavlja
uspesnost prospekcije.

Ker je pogosto tezko natan¢no opredeliti razmerje signal/
Sum za vsako od Stevilnih metod, se je v arheoloski prospekciji
uveljavil pristop, ki za oblikovanje ucinkovite strategije raziskav
izrablja komplementarnost ve¢ razli¢nih in neodvisnih metod.
S taksSno strategijo se izognemo nevarnosti napane ocene
razmerja signal/Sum zaradi slabega poznavanja arheoloskih
in naravnih kontekstov in dobimo hkrati ve¢ neodvisnih in
komplementarnih podatkovnih slojev, ki izhajajo iz meritev v
razli¢nih fizikalnih poljih.

Metoda geoelektri¢ne upornosti

To metodo uporabljamo za geoelektricno kartiranje, ker
beleZimo vrednosti navidezne upornosti do enake globine, ki
je doloCena z razdaljo med premi¢nima elektrodama (C,P).
Globinski doseg pri razdalji 0,5 m in optimalni vlaznosti tal
znasa najveC 1,5 m. Poleg razdalje med premi¢nima elektrodama
na globinski doseg znatno vpliva tudi namocenost terena. Pri
visoki vlaznosti vrhnjega dela tal je ta globina obi¢ajno manjsa,
ker vecina elektricnega toka stece v smeri boljSe elekricne prevo-
dnosti plitvo pod povr§jem. Ker so bile geoelektri¢ne raziskave
na Dolgih njivah izvajane v etapah, so bili namocenost tal in
s tem globinski doseg in kontrastnost rezultatov spremenljivi,
vendar ne do te mere, da bi pomembno vplivali na rezultate
meritev. Geoelektricno kartiranje smo izvajali v mrezi 0,5 x
0,5 m in izmerjene vrednosti zgostili z bikubi¢no interpolacijo
(Davis 1973, 204-207) na 0,25 x 0,25 m. Raziskana povrsina
znasa 31.500 m? (sl. 34).

Rezultati geoelektricnega kartiranja (s/. 4-6) so podani kot
elektricni upor (R, Q) in ne kot upornost (p, Qm), ker nas
medija praviloma zanima samo kvalitativna analiza rezultatov,
ki temelji na relativnih odnosih izmerjenih vrednosti upora.
Upornost (2m) je bila izracunana za opredeljevanje naravnega
substrata in primerjavo z vrednostmi elektricne prevodnosti,
izmerjenimi na indukcijski nacin (sl 7, 15, 26).

V literaturi najdemo razli¢ne enacbe, ki izhajajo iz bolj
ali manj domiselnih izpeljav upornosti za metodo elektrodnih
dvojckov (glej npr. Walker et al. 1994; Clark 1990, 20). Najzane-
sljivejSo in pravzaprav edino pravilno resitev predlaga Martinaud
(1990, 6). Avtor pri izpeljavi namreC uposteva tudi navidezno
specifiéno upornost tal pod parom oddaljenih elektrod, ki prav
tako vpliva na izmerjene vrednosti.

Pri geoelektri¢ni raziskavi na Dolgih njivah se nismo drzali
tega postopka in smo zaenkrat za izracun upornosti uporabili manj
natancno enacbo (p = mRa, pri cemer je p navidezna upornost,
R izmerjeni upor in a razdalja med premi¢nima elektrodama), ki
jo predlaga Walker s sodelavci (1994). Rezultati tega izraCuna
so podani na sl. 7, kjer smo zaradi jasnejSega prikaza generalne
razSirjenosti navidezne upornosti rezultate prikazali v mrezi z
velikostjo osnovne povrsinske enote 2 x 2 m. Iz teh rezultatov
je razvidno, da so za negativne strukture (npr. obrambni jarek)
znacilne vrednosti upornosti niZje od 40 Qm, za naravno ozadje
(glina) med 40 in 50 Qm, za tlakovane povrSine (npr. povrsina
trga) med 50 in 60 Qm in za arhitekturne ostanke vrednosti
med 60 in 120 Qm.

Pri prvih geoelektricnih upornostnih raziskavah na Dolgih
njivah, ki jih je z Wennerjevo elektrodno razvrstitvijo leta 1969
opravil Franc Mikli¢ (Geoloski zavod Ljubljana), so vrednosti
navidezne upornosti razdelili v stiri razrede: 18-26 Qm (ozadje),
27-35 Qm (Sibke anomalije), 36-44 Qm (srednje anomalije)
in vi§je od 44 Qm (mocne anomalije) (Mikl Curk 1968-1969;
Arhiv Republiskega zavoda za varstvo kulturne dediscine; Arhiv
Instituta za arheologijo ZRC SAZU). Nasi izracuni navidezne
upornosti kazejo, da so vrednosti, znaCilne za arhitekturne
ostanke, v splo§nem visje od 50 Qm, kar sovpada Miklicevim z
razredom moc¢nih upornostnih anomalij. Iz tega zaklju¢ujemo, da
so naS$i izracuni navidezne upornosti s preprosto enacbo dovolj
korektni za pretvorbo izmerjenih vrednosti upora v “absolutne”
vrednosti, ki jasno opredelijo upornostne anomalije zaradi arhi-
tekturnih ostankov in negativnih struktur v podobnih naravnih
okoljih na §irSem prostoru Ljubljanskega barja.

Metoda elektri¢ne prevodnosti

V okviru geofizikalne raziskave na Dolgih njivah sta bili z
meritvami elektri¢ne prevodnosti raziskani dve obmocji (sl. 3D:
K1 in K2), ki smo ju izbrali glede na rezultate upornostne me-
tode. Obmocje K1 (s/. 3D: K1; si. 26: B1 in B2) je bilo izbrano
za preverjanje ucinkovitosti metode elektri¢ne prevodnosti pri
odkrivanju visokoupornostnih arhitekturnih ostankov, kar sicer
ni najboljsa stran te metode. Na obmocju K2 (sl 3D: K2; sli.
15: Blin B2) je bila preverjena odzivnost obrambnega jarka,
ki smo ga prepoznali na rezultatih upornostne metode kot 7
m S§irok pas nizkih vrednosti, ki poteka vzporedno z vzhodnim
obzidjem. Ker so obrambni jarki dobri zbiralniki vode in zato
dobro elektri¢no prevodni, je to za metodo elektricne prevodnosti
pravzaprav idealna tarca.

Navidezno elektricno prevodnost smo merili z instrumentom
(Geonics EM38) v vertikalnem polozZaju (vertical dipole mode),
pri ¢emer je bil z daljSo stranico postavljen v smeri profilov.
V tej konfiguraciji je obcCutljivost instrumenta najvisja za glo-
bino, ki je enaka razmiku med tuljavama, kar je 1 m. Najvecja
globina dosega je 1,5 m, kar velja tudi za uporabljeno uporno-
stno metodo. Meritve smo izvajali v mrezi 0,5 x 0,5 m in jih
z bikubi¢no interpolacijo (Davis 1973, 204-207) zgostili na
mrezo 0,25 x 0,25 m. Z metodo elektri¢ne prevodnosti je bila
raziskana povrsina 5.670 m? (s. 3D: K1 in K2).

Magnetna metoda

Pri magnetni prospekciji so se bolje uveljavile meritve spre-
memb v gostoti magnetnega pretoka zemeljskega magnetnega
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polja na (psevdo)gradientni nacin (nT/m), kot npr. meritve
totalnega magnetnega polja z enim senzorjem (nT) (glej npr.:
Gaffney et al., 2000). Gradientni na¢in namre¢ deluje kot
filter nizkih frekvenc (high-pass filter), ker zelo poudari Sibke
magnetne anomalije majhnih objektov na majhnih globinah
(signal) in odpravi dolgovalovne anomalije, ki so posledica
geoloskega ozadja (Sum).

Magnetometer Geometrics G-858, ki je bil uporabljen v nasi
raziskavi, dosega locljivost 0,1-0,2 nT/m pri meritvah gostote
magnetnega pretoka totalnega magnetnega polja s hitrostjo
od¢itavanja 0,2 s. V praktiénem smislu to pomeni, da dobimo
pri hitrosti normalne hoje odcitke v smeri profila v intervalih
15 cm. Razdalja med magnetnimi profili je bila 0,5 m, odcitki
gostote magnetnega polja pa si v smeri profilov sledijo v raz-
dalji 15 cm. Na magnetogramih (s/. 8) so prikazane vrednosti,
preracunane na mrezo 0,25 x 0,25 m. Z magnetno metodo smo
raziskali povriino 24.000 m?2 (sl. 3B).

Izmerjene vrednosti navidezne susceptibilnosti v plitvih
pedoloskih vrtinah na Dolgih njivah znaSajo od 0,08 do 0,42
x 103 SI (Kappameter KT-5), srednja vrednost je 0,27 x 107
SI. Visje vrednosti susceptibilnosti so bile izmerjene na delih
izvrtanega jedra, kjer so bili prisotni drobci keramic¢nega
materiala. Ce upostevamo samo vzorce brez keramiénega
materiala, je srednja vrednost susceptibilnosti 0,21 x 10 SI.
Susceptibilnost apnencevega kamninskega materiala, za katerega
predpostavljamo, da je bil uporabljen za temelje stavb, je 0,1
x 1073 SI. Posledica majhne razlike v magnetni susceptibilnosti
med arheoloskimi arhitekturnimi ostanki in naravnim okoljem
so Sibke anomalije inducirane magnetizacije in s tem slaba
kontrastnost arhitekturnih ostankov na magnetogramih (s/.
8). Na magnetogramih prepoznamo dele obzidja (sl. 84: a.e),
objekta 6 in 25 (s/. 84: b,c), domnevno cesto med centralnim
delom naselbine in prehodom ob vzhodnem stolpu, (s/. 84:
d; sl. 94), na osnovi zelo enotnega ozadja lahko prepoznamo
tudi obrambni jarek (s/. 84: f), domnevno delavnico zunaj
naselbine (s/. 84: g), dve vzporedni liniji neznanega izvora
(sl. 84: h) in vecjo povr§ino moénih magnetnih anomalij,
za katero predpostavljamo, da je uCinek sodobne ploscadi
iz armiranega betona (sl. 84: i). Kot je obiajno za sodobne
kmetijske povrSine, je bil tudi v tem primeru ugotovljen visok
sum zaradi drobnih novodobnih Zeleznih predmetov na povrsini
ali plitvo pod njo. Te mo¢ne tockovne magnetne anomalije
zanesljivo prepoznamo na magnetogramih, ki prikazujejo
sinteticne horizontalne gradiente oziroma spremembo gostote
magnetnega polja v horizontalni smeri (s 9B, 9C). Znotraj
naselbine je na magnetogramih le nekaj manj§ih magnetnih
anomalij znacilnih za vire anomalij s termoremanentnim tipom
magnetizacije (TRM). To pomeni, da za streSno kritino niso
uporabljali kerami¢nih stre§nikov in niso gradili arhitektur-
nih elementov iz opeke. Nadalje lahko sklepamo, da znotraj
naselbine ni bilo delavnic, kjer so za proizvodnjo potrebne
visoke temperature, in da ni bilo niti kru$nih peci niti vecjega
ognjisca oziroma kurisca.

Pri magnetni metodi se za zanesljivejSo interpretacijo pogosto
uporabljajo teoreticni 2D in 3D arheofizikalni modeli (glej npr.:
Eppelbaum et al. 2001, 163-185), ki izhajajo iz interpretacije
na osnovi izmerjenih vrednosti magnetnega polja in primerjave
z izraCunanimi magnetnimi anomalijami za predpostavljene
arheofizikalne modele (glej s/. 31). Spremenljivke so oblika
objektov, njihova velikost, globina ter njihove vrednosti ma-
gnetne susceptibilnosti. Poleg tega moramo poznati podatke
o inklinaciji (I), deklinaciji (D) in intenziteti Zemljinega
magnetnega polja (F) na raziskovanem obmocju. Glede na po-
datke International Geomagnetic Reference Field (IAGA V-MOD
Division) za Vrhniko velja: I = 63,15°, D = 2,10° in F = 47683
nT. Najustreznejsi arheofizikalni model je tisti, pri katerem
je razlika med izmerjenimi in teoreti¢nimi oz. izraCunanimi
vrednostmi najmanjsa.

Georadarska metoda

Valovna dolzina elektromagnetnih valov 200 MHz antene, ki
smo jo uporabljali pri georadarski raziskavi na Dolgih njivah, je
v zraku 1,5 m. V materialu z relativno dielektricno konstanto
15 se ta zmanjsa na 0,52 m pri dielektri¢nosti 25 na 0,4 m
itd. (Conyers et al. 1997, 45). Da je bila antena s centralno
frekvenco 200 MHz in dvakrat vec¢jo valovno dolzino od 400
MHz antene, ki se sicer najbolj priporo¢a za arheolosko rabo,
pravilen izbor, najbolj zgovorno govori arheoloska izpovednost
rezultatov georadarske raziskave.

Vertikalna locljivost je najmanjSa razdalja, na kateri je moZno
dva georadarska odboja Se obravnavati kot dve loCeni georadarski
meji (glej npr.: Jol 1995, 693-709; Piro et al. 1996, 89-105), in
je v splosSnem dolo¢ena z valovno dolzino elektromagnetnega
valovanja. Zgornja in spodnja meja horizontalnega reflektorja,
kot je v arheoloskih kontekstih npr. tlakovana povrsina, bo na
radargramu vidna le, ¢e njena debelina presega ¢etrtino valovne
dolzine. Pri ocenjeni dielektri¢ni konstanti (15) talnih razlickov
na Dolgih njivah znaSa valovna dolZzina 200 MHz antene v
teh tleh priblizno 0,5 m. To pomeni, da lahko na radargramih
zanesljivo prepoznamo horizontalne plasti (tlake) debeline
vecje od 0,15 m.

Pri vi§ji dielektricnosti povrSinskega materiala je hitrost
elektromagnetnih valov manjsa in hkrati je oZji snop elipticnega
stoZca, ki dolo¢a razmerje med globino in lo¢ljivostjo. Elipti¢ni
stoZec se §iri pocasneje, Ce si v globino sledijo plasti z vedno
vecjo dielektri¢nostjo, kar je znacilno za pedosekvence na
glinah v neposredni blizini rek, kjer vlaznost in s tem dielek-
trina konstanta z globino postopoma narasc¢a. S tem pojavom
razlagamo dobro loc¢ljivost arhitekturnih ostankov v ¢asovnem
oknu 50 ns, ki ustreza globini priblizno 1,5 m.

Merjeni parameter pri georadarskih meritvah je dvojni Cas
potovanja vala, izrazen v nanosekundah (10°s). Ob poznavanju
dielektri¢ne konstante in s tem hitrosti Sirjenja EM valovanja v
preiskovanem mediju lahko te ¢ase povratnih odbojev pretvorimo
v dolZinske enote oz. globinske sekcije. DeleZ elektromagnetnega
valovanja, ki se odbije na neki meji med dvema razli¢nima ma-
terialoma (npr. tla/zid, tla/arheoloska plast, ...), je odvisen od
kontrasta v dielektri¢ni konstanti (v manjsi meri od elektri¢ne
prevodnosti in magnetne permeabilnosti) in razmerja med valovno
dolzino EM-valovanja (dolocena s frekvenco oddajne antene)
in debelino arheoloSkega objekta (Jol 1995, 693-709).

Najbolj razsirjen je nacin prikazovanja rezultatov s t. i. ¢a-
sovnimi prerezi ( “time slices”), ki pomenijo Casovne reze serije
vzporednih in praviloma enako oddaljenih radarskih profilov
(glej npr.: Goodman et al. 1995, 85-89). Rezultat ¢asovnih
rezov je diagram enakih amplitud odbojev v istem casovnem
obmoc¢ju povratnih valov. V arheoloski praksi to pomeni serijo
“tlorisov” na poljubnih globinah (glej si. 12, 14, 18, 20, 22, 25,
27, 29, 32, 35).

Pri tej raziskavi smo uporabili tudi prikazovanje rezultatov
na 3D nacin, kjer dobimo s prerezi preiskovane prostornine
tal v poljubnih smereh natancen vpogled v prostorske odnose
arhitekturnih elementov, njihovo globino, Sirino in stopnjo ohra-
njenosti. Ta postopek je Se posebno dobrodosel za interaktivno
interpretacijo v 3D okolju, kar v arheoloSkem kontekstu omogoca
prepoznavanje faznosti gradnje (glej si. 13, 19, 28, 33).

Meats (1996, 359-379) je z uvedbo postopka migracije, ki
v veliki meri zmanjsa subjektivnost interpretacije rezultatov
georadarske raziskave, naredil prvi odlo¢nejsi korak v smeri
3D prikazovanje georadarskih rezultatov. Na s/. /0 so ilustrirani
postopki obdelave, ki so bili uporabljeni za pripravo ¢asovnih
rezov (time slices) in 3D prikaze radarskih odbojev (prirejeno
po Premrlu 2004, sl. 15-21).

Za georadarsko raziskavo smo na osnovi rezultatov geoelek-
triCne upornostne metode izbrali 9 obmocij (sl. 3C: G1-G9) v
skupni izmeri 8.100 m2. Tak3en izbor so narekovale zahteve po
dodatnih informacijah glede medsebojnih prostorskih odnosov
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arhitekturnih elementov, njihove globine in stopnje ohranjenosti
arhitekturnih ostankov, odkritih z upornostno metodo. Vsa ob-
mocja so bila premerjena z 200 MHz anteno, obmocje sveti§ca
pa tudi s 500 MHz anteno (sl. 3C: G 1/1).

Za realisti¢en 3D prikaz arheolo§kih arhitekturnih ostankov
na podlagi rezultatov geofizikalne metode so pomembni na¢in
dolocanja Sirine zidov, globina, na kateri se pojavijo, in viSina
ohranjenosti. S kvalitativno analizo rezultatov upornostne
metode smo dobili dober tloris arhitekturnih ostankov, kar
predstavlja dobro podlago za rekonstrukcijo urbanisti¢ne
zasnove naselbine. Do kvantitativnih podatkov, potrebnih za
3D prikaz arhitekturnih ostankov, pa smo prisli z izbranim
naborom postopkov obdelave radarskih profilov (s/. 10) in
analizo posamicnih radarskih odbojev (glej npr: Leckebusch
2003, 213-240). Medtem ko so bile Sirine zidov odcCitane iz
radarskih profilov po uporabi migracije (s/. /0: G) in Hil-
bertove transformacije (sl 10: H), so bile globine in stopnja
ohranjenosti zidov dolocene s hitrostnimi analizami (Conyers
et al. 1996, 25-38) in popravljene s podatki iz izkopavanj (Mi-
kl Curk 1974, 370-386) ter plitvih vrtin. Za testno obmocje
doloc¢anja hitrosti Sirjenja elektromagnetnega valovanja, ki je
pomembno za izracun realnih globin, smo uporabili rezultate
arheoloskih izkopavanj na obmocju jugovzhodnega stolpa (Mikl
Curk 1974, 370-386; Premrl 2004, sl. 22). Pri izkopavanjih so
leta 1969 odkrili na globini od 0,5 do 0,75 m vrhnje plasti
temelja obzidja iz lomljenega apnenca. Na radarskih profilih
jugovzhodnega stolpa se kazejo vrhnje plasti obzidja na globini
18 nanosekund, kar pomeni, da je pri dielekriéni konstanti
13 ocenjena hitrost elektromagnetnega valovanja 6,9 cm/ns.
Podobne rezultate smo dobili §e na ve¢ mestih, kjer smo z
vrtinami naleteli na zidove na globini od 0,3 do 0,55 m pod
danasnjo povrsino. S hitrostnimi analizami je bila na obmocju
zahodnih skladiS¢nih prostorov ugotovljena hitrost 6,5 cm/s
(glej radarski profil na s/. 23). 1z tega sledi, da so empiri¢ni in
analitski postopki dolo¢anja globin dali podobne rezultate. Ob
tem moramo spomniti na dejstvo, da ne moremo pri¢akovati
povsem enakih hitrosti Sirjenja elektromagnetnega valovanja
na celotni naselbini. Na hitrost mo¢no vpliva vlaznost, ki jo
najbolje ilustrirajo vrednosti upornosti (glej s/. 7). Hitrost
elektromagnetnega valovanja, ki smo jo uporabili za izracu-
navanje globin, je 6,5 cm/ns, kar pomeni, da 1 nanosekundi
na radargramih ustreza razdalja (globina) 3,25 cm. Ker se
na vseh prikazih rezultatov georadarske metode navaja Cas,
ki pretece od oddaje signala do njegove ponovne registracije
(dvojni cas!), moramo za izraCun globin upoStevati samo
polovico zapisanega €asa. Za nas je pomembno vedeti, da
povratni ¢as 30 ns ustreza globini pribliZzno 1 m (natan¢no
0,975 m).

OPIS IN RAZLAGA ARHITEKTURNIH OSTANKOV
Obzidje

Potek obzidja je na rezultatih upornosti najbolje viden na
vzhodu, slabse pa na jugu (sl. 4-6). Sirina vzhodnega in juZnega
obzidja je priblizno 2 m (sl. 4-6), kar pa ni nujno najvecja Sirina
obzidja. Iz georadarskih rezultatov (sl 12-13) vidimo, da lezZi
vzhodni del obzidja na globinah od 0,6 do 1,3 m.

Razlog za slabSe rezultate upornosti na jugovzhodu in jugu
naselbine je lahko slabsa ohranjenost obrambnih struktur ali
lokalno znatno vi§ja vlaznost tal, ki vedno mo¢no zmanjsa kon-
trast med naravnim ozadjem in arhitekturnimi ostanki. Glede
na ocenjeno razsirjenost vlage na osnovi spremenljivosti ozadja
upornostnih meritev (s/. 7) in meritev elektricne prevodnosti (s/.
3D: K2; sl. 15) vemo, da je skrajni jugovzhodni del naselbine
najbolj vlazen. Mo¢no namocenost razlagamo s kombiniranim
u¢inkom obrambnega jarka, ki je sam po sebi zelo dober zbiralnik
vlage, in hkrati stekanja meteorskih voda z avtocestnega nasipa

na izvozu za Vrhniko. Na rezultatih elektri¢ne prevodnosti
je zaradi visoke vlaznosti obmocja ob nasipu avtoceste jarek
navidezno §ir§i. Tudi na georadarskih rezultatih (s.. 3C: G7; sl.
14) je visoka vlaznost znatno vplivala na manjSo kontrastnost
jugovzhodnega stolpa in obzidja. Vlaga v tleh predstavlja namre¢
glavni razlog duSenja elektromagnetnega valovanja (Conyers,
Goodman 1997, 53), kar se na radargramih odraza v bistveno
nizjih amplitudah radarskih odbojev na stiku glinastih tal in
temeljev iz apnencevih lomljencev.

Iva Mikl Curk je pri izkopavanjih obzidja na jugovzhodnem
vogalu naselbine ugotovila Sirino juznega obzidja malo ez 2 m
in Sirino vzhodnega do 3 m. Temelji obzidja so bili grajeni iz
kamnov lomljencev, ki so bili postavljeni v zunanjo in notranjo
fronto in prvotno vezani z malto. Vmesni prostor med frontama
je bil zapolnjen z ilovico, drobnej§im kamenjem in peskom. V
razdalji 2 m so potekali precni zidci (0,5 m debeline), ki so
povezovali obe fronti. Notranjost obzidja so tudi povezovala
vodoravna lesena bruna. Podrobnosti strukture so bile najbolje
prepoznavne na vzhodnem kraku obzidja (Mikl Curk 1974,
372-376; Horvat 1990, 97-98, 205). Juzno obzidje, Siroko 2 m,
je dokumentiral tudi Smid (s/. 2).

Na kontrastnost upornosti med obzidjem in neposredno
okolico pomembno vplivata na¢in gradnje in stopnja ohranjenosti
ostankov. Konstrukcijske posebnosti vzhodnega obzidja, ki jih je
opazila I. Mikl Curk, se verjetno odrazajo pri rezultatih meritev
upornosti. Povsem jasno prepoznamo samo izraziti notranji oz.
zahodni rob obzidja. Mikl Curkova piSe, da je bil zahodni rob, ki
je meril v §irino okoli 0,8 m, skrbno zlozZen iz lomljencev (Mikl
Curk 1974, 372). Zunanji oz. vzhodni rob obzidja ni povsod
povsem jasen. Verjetno gre za kombiniran u¢inek “kasetnega”
nacina gradnje obzidja, slabSe ohranjene zunanje fronte iz
apnencevih lomljencev ter tlakovane povrSine, ki se z zunanje
strani naslanja na obzidje. Ceprav iz rezultatov upornosti ne
moremo razbrati konstrukcijskih posebnosti obzidja, pa lahko
Ze iz spremenljive upornosti sklepamo, da ne gre za preprost
nacin gradnje z apnencevimi lomljenci (si. /1).

Krajsim odsekom obzidja lahko sledimo tudi v zahodnem
in severnem delu naselbine. Na severu in severozahodu so
funkcijo obzidja prevzele zadnje stene stavb 1-5 in 11-15, ki jih
v nadaljevanju razlagamo kot skladi§ca (s/. 36, 39).

Vzhodno od severnega stolpa je linija obzidja na rezultatih
upornosti razmeroma slabo vidna, ker je njegova kontrastnost s
severne stani zaradi tlakovanih povrsin in/ali rusevinskih plasti
med obzidjem in strugo Ljubljanice nekoliko slabsa (sl. 4-6).
Jasno pa se vidi stik skladis¢nih prostorov in linije obzidja.
Sirino obzidja ocenjujemo na priblizno 1 m glede na poznano
juzno linijo, ki predstavlja zakljucek skladis¢nih prostorov, in
glede na robove tlakovanih povr§in na severni strani obzidja. To
se ujema s podatki arheoloskih izkopavanj v letih 1934 in 1936.
Po Smidovem naértu severno in vzhodno obzidje bistveno ne
presegata debeline temeljnih zidov skladis¢, to je 0,70 m (s/.
2; Horvat 1990, sl. 9).

Zahodno od severnega stolpa je obzidje zamaknjeno za
2 m proti jugu. 1 m Siroko obzidje, ki prav tako predstavlja
zadnje stene skladi§cnih prostorov, spremlja s severne strani v
vsej njegovi dolzini tlakovana povrsina (sl. 4-6, 18-19, 36). Na
obmocju za objektom 7 lezi na severni strani obzidja dodaten
kamniti zid. Tako na rezultatih upornosti (s/. 6) kot georadarja
(sl. 18) se zid kaZe Kot izrazita linija, ki je z obzidjem mestoma
vzporedna mestoma pa od te usmeritve odstopa (s/. 36).

Zahodni rob nasebine lezi ve¢inoma Ze izven obmocja
upornostnih meritev. Smid je izrisal celoten potek zahodnega
obzidja, ki je bilo §iroko okoli 0,70 m. Ni pa jasno, ali je Smid
obzidje res raziskal v celoti ali pa je potek na nacrtu dopolnil
na podlagi nekaj izkopanih odsekov. Schulz namre¢ poroca, da
so zidovi na zahodnem robu poSkodovani (Horvat 1990, 52,
101-102, 207-208). Na radarski izmeri prostora 12b (s.. 22, 36)
je verjetno viden odsek zahodnega obzidja, katerega potek se
ujema s Smidovim naértom.
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Stolpi in vhodi

Stolp na jugozahodnem vogalu naselbine lezi izven obmocja
nasih meritev. Dokumentiral ga je Smid, dve stranici je izkopala
Iva Mikl Curk (s/. 2; Mikl Curk 1974; Horvat 1990, 97, 99,
205). Sirina temeljev, grajenih iz kamnov lomljencev in prvotno
vezanih z malto, je bila 1,5 m, stolp pa je obsegal kvadraten
prostor okoli 8 x 8 m (Horvat 1990, 99, 205, sl. 22).

Jugovzhodni stolp je zaradi visoke vlaznosti tal slabo viden
(glej zgoraj). V rezultatih upornostne metode (s/. 4-6) ga razme-
roma jasno prepoznamo ob uporabi filtra nizkih frekvenc (s/.
6). Stolp je raziskala Ze Iva Mikl Curk (Mikl Curk 1974; Horvat
1990, 97-98, 205, sl. 21). Bil je obrnjen diagonalno na juzni in
vzhodni krak obzidja. Mere zunanjega oboda so priblizno 7 x
7 m, §irina zidov je 1 m, ohranjeni so do viS§ine 0,8 m. Obris
stolpa se na horizontalnih rezih radarskih profilov pojavi na
globini 0,5 m in sega do globine 1,3 m (sl. 14).

Na severovzhodnem vogalu naselbine, kjer so rezultati
upornostne metode nejasni, nedvoumni ostanki stolpa niso
vidni (sl. 4-6). Prav tako ni stolpa opazil Walter Smid. Vidne
so veCje povrSine visoke upornosti, ki predstavljajo uCinek
dobro ohranjenih tlakovanih povrSin in/ali ruSevinskih plasti
neposredno ob notranji strani vzhodnega obzidja (sl 4-6, 36:
stavba 1). Na prikazu rezultatov upornostne metode vidimo
obmocje nekoliko visjih vrednosti od ozadja tudi na zunanji
strani severovzhodnega vogala obzidja (sl. 3C: G5, sl 24: b).
Velikost tega obmocja pribliZno ustreza meram jugovzhodnega
stolpa. Vendar pa rezultati niso dovolj jasni, da bi lahko to Sibko
anomalno obmocje zanesljivo opredelili kot u¢inek obrambnega
stolpa. Tudi z georadarsko metodo na tem mestu nismo dobili
povsem jasnih odbojev, ki bi to predpostavko potrdili.

Na vzhodnem obzidju, juzno ob vhodu v naselbino, je stal
pravokoten stolp (velikost okoli 8 x 6 m; Sirina zidu 1 m, globina
0,5-1,3 m), deloma pomaknjen preko zunanje linije obzidja (za 1
m, kolikor zna$a Sirina zidu stolpa) (sl. 4-6). Struktura rusevine
obzidja, vidna na prikazu rezultatov georadarskih meritev (s/.
3C: G6, sl. 12), kaZe, da je vhod v naselbino lezal severno od
stolpa in je bil Sirok okoli 5,5 m. Na severni strani vhoda je bil
postavljen okrepljen del obzidja, velikosti 4 x 2,5 m.

Na obmocju vzhodnega vhoda je na zunanji strani obzidja
lezal 5 m Sirok tlakovan pas. Podobno tlakovanje je zasledila ze
Mikl Curkova ob izkopavanju jugovzhodnega stolpa (Mikl Curk
1974, 373, pril. 2), kjer ga naSe meritve sicer niso veC zaznale.
Tlakovanje lahko sledimo vzdolZ skoraj celotne vzhodne strani
obzidja (sl 4-6, 36).

Na osnovi rezultatov magnetne metode sklepamo, da je od
vzhodnih vrat proti notranjosti naselbine vodila 5 m §iroka pot,
ki ni bila tlakovana, ker je na rezultatih upornostne in geora-
darske metode ni videti. Mislimo, da gre za utrjeno pesceno
plast (glej dalje; sl 8-9, 36).

Zidovi severnega stolpa so vidni jasno samo na radarskih
slikah (s/. 3C: G3; sl. 18; 36) in slabSe na slikah upornosti (s/.
4B). Siroki so 1 m, temeljeni 1,6 m globoko (ohranjena globina
od 0,8 do 1,6 m). Juzna stranica stolpa meri 7 m. Zdi se, da je
bil stolp simetri¢en - kvadratne oblike. V sredini stolpa je bilo
zoZenje oziroma sta bila zidova dodatno okrepljena.

Severno obzidje prekine s kamni tlakovana pot, ki vodi skozi
stolp. Pojavi se na globini 0,6 m in je debela od 0,3 do 0,6 m
(sl. 4-6, 18, 36). Spremenljiva debelina poti na radarskih profilih
je lahko posledica popravil na cesti zaradi posedanja tlakovcev
v mehko podlago (sl 20-21).

Recni breg zunaj severnega obzidja je bil verjetno tlakovan
tako kot pas vzdolz vzhodnega obzidja (sl. 44, 5, 36).

Obrambni jarek

Obrambni jarek je potekal vzdolz vzhodnega in verjetno
tudi juZnega kraka obzidja. Med izkopavanji ga niso opazili

(Mikl Curk 1974, 373). Po rezultatih geofizikalne raziskave
vemo, da se jarek od naravnega okolja loCi po vecji poroznosti
in vododrznosti.

Polnilo jarka tako predstavlja kolektor vode v sicer slabo
propustni glini. Jarek je tako bolje elektriéno prevoden, kar se
vidi na rezultatih upornostnih meritev (sl 3D: K2; si. 15: Alin
A2) in Se bolje na rezultatih raziskav elektri¢ne prevodnosti
(sl 15: B1 in B2). Glede na to, da se jarka ne vidi jasno na
rezultatih magnetne raziskave, vemo, da ni bistvene razlike v
magnetni susceptibilnosti med polnilom in naravnim okoljem,
kar kaze na enak material v polnilu in v neposredni okolici
jarka. Ker je polozaj jarka znan iz rezultatov drugih metod, ga
na magnetogramih prepoznamo samo po magnetno “tihem”
ozadju (sl. 84: f).

Na naklon sten jarka sklepamo po nagibu dela tlakovane
povrsine med vzhodnim obzidjem in jarkom (s/. /3: h). Iz
rezultatov elektricne prevodnosti (s/. 75: B1,B2) pa sklepamo,
da je jarek najgloblji na sredini, kar pomeni, da je najverjetneje
trikotnega preseka. Oblika in dimenzije jarka so tako doloCene
na osnovi rezultatov metode elektri¢ne prevodnosti in georadar-
ske metode (sl 16). Jarek je Sirok 7 m in globok priblizno 3,5
m (h). V razdalji priblizno 2,5 m od roba jarka proti njegovi
sredini ob globinskem dosegu instrumenta Geonics EM38 1,5
m (z) dobivamo niZje vrednosti elektrine prevodnosti zaradi
ucinka konsistentnejse in zato slabSe namocene gline, v katero
je bil jarek vkopan.

Od vzhodnega obzidja je bil jarek oddaljen 9 m. Vzporedno
z vzhodnim obzidjem in vzdolZ zahodnega roba jarka poteka zid
dolzine 12 m, Sirine 0,5 m in debeline 0,5 m, ki leZi priblizno na
globini 0,5 m (s/. 3C: G6; sl. 12-13: ¢). Ta zid je lahko utrjeval
rob jarka ali pa je bil povezan s prehodom cez jarek.

Trg

Sredi naselbine je lezal s kamni tlakovan prostor v obliki
nepravilnega paralelograma (stranice velikosti 75 m x 51 m
X 77 m x 59 m; vzhodna meja ni popolnoma jasna), obdan s
stebrisCem (sl. 4-6, 36, 39). Tlak iz kamnitih plos¢ je opazil Ze
Smid (Horvat 1990, 54). Na rezultatih upornosti se ostanki
tlaka kaZejo kot nekoliko visje vrednosti ozadja (sl. 7). Na raz-
meroma slab kontrast poleg po§kodovanosti tlaka zaradi oranja
vpliva tudi razSirjenost vlage v tleh, ki je prav tako posledica
spremenjene konsistence tal na nekdanjih ornicah in parcelnih
mejah. Parcelne meje so priblizno vzporedne in potekajo v
smeri severovzhod-jugozahod (s/. 4-6, 7). Vidne so kot manjse
poglobitve v terenu in so v ¢asu kmetijske namembnosti povr§in
delovale verjetno tudi kot drenazni jarki. Na upornostnih me-
ritvah se kaZejo kot svetlejSe linije, kar pomeni nizZje vrednosti
upornosti zaradi stekanja vode iz relativno vis§jih njivskih
povrsin. Tehni¢ni razlog za slabsi kontrast upornosti je, poleg
navedenega, lahko tudi slabSa odzivnost upornostne metode
na tanke in Sibko kontrastne horizontalne plasti. Na radarskih
profilih vidimo, da je najmanjsa globina tlaka priblizno 0,5 m.
Debelina znasa 0,2 do 0,3 m (s/. /7). Spremenljiva globina tlaka
na georadarskih profilih je posledica kombiniranega ucinka
razgibane morfologije danasnje povrsine in, kot predpostavlja-
mo, tudi neravnin v tlakovani povrsini. Tlakovano povrsino
trga lahko prepoznamo tudi na horizontalnih rezih radarskih
profilov kot nekoliko vi§je amplitude radarskih odbojev glede
na ozadje (sl. 22, 27-28).

Poti

S trga se odpirajo Stirje prehodi (s/. 36). Od objekta 24 vodi
proti severnemu stolpu 5 m Siroka debelo tlakovana cesta. Lezi
na globini 0,6 m in je debela od 0,3 do 0,6 m (sl. 21). Cesta
se nekoliko dviguje proti severu, kar se vidi na horizontalnih
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rezih radarskih profilov (s/. 3C: G3,G4/1; sl. 18-20): najprej
izgine na severni strani in Sele kasneje tudi na juzni strani.
Severna cesta je hkrati objekt z najvi§jo izmerjeno upornostjo
na celotnem najdiséu (s/. 7). Ze na podlagi tega lahko sklepamo,
da je tlakovana s kamnitimi plo§¢ami in da je dobro ohranje-
na. Verjetno gre za najpomembnejSo pot v naselbini, katere
trajnost in nosilnost so zagotovili s solidno konstrukcijo. Sele
na rezultatih filtra nizkih frekvenc (high pass filter), ki mo¢no
poudari kratkovalovne upornostne anomalije, so se pokazale
parcelne meje/drenazni jarki, ki se “zajedajo” tudi v to cesto (sl
6). Lahko gre za ucinek relativnih sprememb upornosti zaradi
boljsSe namocenosti v smeri parcelnih mej kot tudi delnega
unic¢enja ceste v smeri nekdanjih drenaZnih jarkov.

Pet metrov Siroka tlakovana cesta vodi tudi na jug, kjer je
moral biti prehod skozi obzidje (s/. 36). Na Smidovem naértu
(sl. 2) se konca juZzno obzidje na mestu, kjer lahko pri¢akujemo
juzni vhod. Iva Mikl Curk je na obmocju juznega roba naselbine
odkrila tlakovanje, za katero je domnevala, da bi bilo lahko
ostanek poti proti jugu (Mikl Curk 1974, 374). Vendar lezijo ti
ostanki preve¢ vzhodno od obmoc¢ja prehoda, ki ga opazimo na
upornostnih meritvah, in jih zato ne moremo povezati s potjo
proti jugu. Na rezultatih merjenja upornosti je juZna cesta
veliko slabSe vidna kot severna (s/. 4-6). Vrednosti upornosti
se nahajajo med vrednostmi za tlakovano povrsino trga in
severno cesto. To pomeni, da je konstrukcija ceste solidnejsa
kot tlakovanje trga, vendar manj, kot je bilo ugotovljeno za se-
verno cesto. Cesta se konca priblizno 20 m pred linijo juZnega
obzidja. Mozno je dvoje: da je cesta v nadaljevanju unicena ali
pa se njena sestava naglo spremeni, npr. v pes¢eno nasutje, ki
se v upornosti ne razlikuje znacilno od okolice. Za to obmocje
nimamo rezultatov georadarske metode in se interpretacija zato
opira samo na rezultate geoelektricnega kartiranja.

Pot s trga na vzhod ni bila posebej tlakovana, prav tako ne
prehod na zahod (med stavbami 15 in 16) (s/. 36). Na rezultatih
upornosti (sl. 4-6) kot tudi na georadarskih rezultatih (s/. 3C:
G6; sl. 12-13) ob prehodu mimo vzhodnega stolpa ni videti
anomalij, ki bi jih lahko interpretirali kot cesto. Na Dolgih
njivah so bile ugotovljene magnetne anomalije, ki so znaéilne za
inducirano magnetizacijo arhitekturnih elementov iz apnenca,
samo na nekaj mestih, in Se to dokaj nejasno. Kljub temu so
bili rezultati magnetne metode skrbno analizirani in vkljuceni
v kon¢no interpretacijo na mestih, kjer so bili argumenti dovolj
tehtni. Med drugim to velja tudi za nabor dokazov o obstoju
ceste, ki vodi do vzhodnega stolpa. Na magnetogramih (sl. 8-9)
vidimo dve izraziti vzporedni liniji inducirane magnetizacije,
ki potekata od vhoda ob vzhodnem stolpu proti notranjosti
naselbine. Lahko gre za cesto, zgrajeno iz dobro utrjenega pe-
§cenega nasutja, ki se v upornosti in dielektri¢nosti ne razlikuje
znacilno od okolice in zato ni vidna na rezultatih upornosti in
georadarja (glej s. 4-6, 12-13). Vzporedni liniji na magnetogramu
sta posledica znatne lateralne razlike v magnetni susceptibilnosti
na kratki razdalji. V tem primeru se lahko ta razlika nanaSa
na mejo med cesto in medijem, v katerem se nahaja. V prid
tezi, da gre dejansko za cesto, je tudi razdalja med linearnima
magnetnima anomalijama, ki znaSa priblizno 5 m, kar je enako
sirini ceste, ki poteka v smeri sever-jug.

Stavbe 2-5, 11-17, 19-20, 22-23 (skladiS¢a)

Okoli trga so v vrste nanizane stavbe z dolgimi, ozkimi
prostori in §iroko odprtimi vhodi, ki smo jih interpretirali kot
skladiSca (glej dalje). Na severni strani trga lezijo stavbe 2-5,
ob zahodni strani 11-15 in ob vzhodni 22-23. Na juZni strani
trga sta bili zgrajeni dve vrsti stavb: severna s stavbami 16-17,
19-20, ki jih lahko razlozimo kot skladi$ca, in juzna s stavbo 21,
ki je po obliki najbolj sorodna tabernam (glej spodaj).

Zidovi se zelo dobro vidijo na rezultatih upornostne metode
(sl. 4-6), na magnetni metodi pa le mestoma kot Sibke linije

inducirane magnetizacije in zato teh rezultatov nismo mogli
uporabiti za dopolnjevanje tlorisa arhitekturnih ostankov (prim.
sl. 8). Kot veliko uspesSnejsa se je v tem primeru izkazala geo-
radarska metoda, ki je dala celo vrsto podrobnih podatkov o
dimenzijah arhitekturnih elementov, njihovih globinah in stopnji
ohranjenosti. Na rezultatih upornosti se npr. dvojni zidovi
kazZejo kot relativno mocnejSe in §irSe upornostne anomalije,
pregradni zidovi pa kot relativno §SibkejSe anomalije (s/. 4-6).
Na georadarskih profilih se dvojni zidovi jasno locijo (sl. 3C:
G1; sl 22-23), enojni in notranji pregradni zidovi pa se kaZejo
kot relativno tanjsi in plitveje temeljeni zidci (s/. 22).

Na podlagi izkopavanj vemo, da so posamezne stavbe med
seboj loCene z ozkimi prehodi - ambitus -, Sirokimi 0,35 do
0,50 m, kamor se je verjetno stekala voda s streh (dimenzije:
Horvat 1990, 55, 110, 212). Podroben Schulzev opis (dvojni
zid med stavbama 12 in 13: Horvat 1990, 52, 101-102, 207-
208, sl. 24) in Smidov naért (s/. 2) kazeta, da so bili prehodi
v smeri proti trgu zazidani. Zato domnevamo, da so delovali
tudi kot odtoc¢ni kanali, ki so odvajali kapnico proti reki
(prim. sl 23).

Vec stavb sestavljata po dva dolga vzporedna prostora (3-5,
12-14, 17, 20), oznacena s ¢rkami a in b (sl. 36). Objekte 2, 16
in 19 sestavljajo nizi stirih prostorov (a-d). Sirine posameznih
prostorov so priblizno enotne in znaSajo okoli 6 m. Zunanji
zidovi stavb in podolZne stene prostorov so §iroki od 0,5 do 0,7
m in enako globoko temeljeni (s/. 23). Pojavijo se 0,3 m pod
povrsjem in segajo do globine 1 m oziroma najve¢ do 1,3 m.

DolzZina prostorov, vidnih na rezultatih upornosti, je v
severni vrsti 23-26 m, v zahodni 22-26 m, v vzhodni okoli 24
m. Na jugu trga so prostori v stavbah 16-20 dolgi priblizno 24
m (sl. 4-6).

Severna in zahodna vrsta skladiS¢ z zadnjimi stenami
oblikujeta obzidje. Vhodi so obrnjeni proti trgu in zajemajo
celotno Sirino prostorov. Kaze, da so zakljucki zidov ob vhodih
vec¢inoma nekoliko raz§irjeni. V podaljskih zidov so bili zgrajeni
temelji za stebre portika.

Od zgoraj opisane zasnove odstopajo nekatere stavbe. Stavbi
11 in 15, ki lezita na robovih zahodnega niza, imata samo po
en prostor. Ta je pri stavbi 11, ki je umesScena v obmocje zavoja
reke, nepravilne trapezoidne oblike. Po en prostor imata verjetno
tudi stavbi 22-23 na vzhodnem delu trga. Prostori 16a-b, 20a-b,
22 in morda tudi 19c¢ so Siroko odprti z dveh strani - torej
imajo dvojne vhode. Stavba 18, z dvema vrstama stebrov, je
bila popolnoma odprta proti severu na trg ter proti vzhodu in
jugu na cesto oz. ulico.

Nekateri vhodi so bili prezidani s plitveje temeljenimi zido-
vi: 3a, 5a, 5b, 11, 12a, 13a, 13b, 15, 19d. V notranjosti so bili
nekateri veliki prostori dodatno razdeljeni s pregradnimi zidovi,
ki so plitveje temeljeni. Pojavijo so na globini 0,6 m, podobno
kot baze stebrov portika, in jim sledimo priblizno do globine
1 m (sl 22). Opazimo jih v prostorih: 2a, 2c, 2d, 3b, 4a, Sa,
5b, 11, 13a, 13b, 14a, 14b, 16¢, 17b, 19d, 23. V prostorih 3b,
4a in 4b vidimo tudi manjSe tlakovane povrsine.

Primerjava z nacrtom W. Smida:

Na obmo¢ju stavb 16-18 se novi tloris mo¢no razlikuje od
starega Smidovega (s/. 2, 36; pri Smidu 1/3, 4, 7; Horvat 1990,
101, 207). Smid je zaznal zahodni zid stavbe 16. Zidove stavbe
16 je opazil kot enojne, tako kakor se zdi tudi na novem nacrtu.
Opazil je tudi juzZno steno prostora 16¢. Okrepljeni severovzho-
dni vogal prostora I/7 pri Smidu je najverjetneje baza stebra
ob juzni cesti ali jugovzhodni vogal domnevne stavbe 18. Tukaj
je na Smidovem naértu narisano nekaj, cesar nam upornostna
metoda ni pokazala (dimenzije tega temelja so po Smidu 1,7 x
1,8 m; Horvat 1990, 57, 101, 207).

Smid je opazil samostojno stavbo 22, odprto na obeh straneh.
Podaljsal pa jo je preveC proti zahodu, tako da je samostojni
steber portika interpretiral kot severozahodni vogal stavbe (s/.
2, 36; pri Smidu VIII; Horvat 1990, 109, 211).
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Stavba 21 (taberne)

S pomocjo upornostnih meritev smo zaznali §tiri prostore,
postavljene v vrsto in lo¢ene z enojnimi zidovi: 21e-h (sl 4-6, 36).
Vecina obmocja lezi Ze izven nasih meritev. Zelo verjetno pa so
se prostori nadaljevali v vrsti proti zahodu, podobno kot severneje
leZe€i niz 16-18. Tako domnevamo $e Stiri prostore 21a-d.

Smid je na obmocju stavbe 21 (sl. 2, 36; pri Smidu 1/2, 6,
5, 7; Horvat 1990, 101, 207) dokumentiral skrajni vzhodni
zid stavbe 21, zid med prostoroma 21f in 21g (napacno jih
je povezal z zidovi stavbe 18) ter dva zidova, Siroka Cez 1 m,
ki potekata vzporedno z obzidjem in sta od njega oddaljena
priblizno 5 m. Po primerjavi z novim nac¢rtom domnevamo, da
je mogoce odkril juzni zid prostorov 21a-b in 21g-h.

Na osnovi meritev upornosti in izkopavanj v letih 1934 in
1936 bi lahko juzZni niz stavb rekonstruirali z dokaj$no verjetno-
stjo (sl. 39). Verjetno gre za en objekt, ki leZi vzdolZ obzidja in
ga sestavlja niz osmih prostorov. Posamezni prostori so Siroki
okoli 6 m in globoki okoli 8,5 m. Proti severu imajo §iroko
odprte vhode, pri ¢emer so zakljucki zidov okrepljeni. Temelj
juznega zidu je moénejsi kot ostali zidovi. Na Smidovem nacrtu
sta vidni dve okrepitvi na juZznem temelju (obmocji prostorov
21b in 21g), kar bi govorilo za vsaj dva vhoda tudi na juzni
strani ali za okrepitve zidov v obliki kontraforov.

Stebrisce

Stebrisce, ki je z vseh strani obdajalo trg, je bilo sestavni
del skladisc (sl 4-6, 20, 22, 36). Temelji stebrov stojijo v liniji
zidov skladis¢. Razmak med stebri je priblizno 6 m, od vho-
dov pa so odmaknjeni pribliZno 4 m. Temelji so kvadratnega
tlorisa z dolzino stranice najve¢ 1 m. Lezijo priblizno 0,6 m
pod povr§jem in jim na georadarskih ¢asovnih rezih sledimo do
globine priblizno 1 m (enako kot temeljem skladisc).

Na severni strani trga je stalo 12 stebrov (vkljuéno pred
stavbo 2) in na zahodni strani 9. Na juzni strani, kjer se sicer
slabo vidi, pa je na robu trga stalo 7 ali veC stebrov. Pokriti
prostor pod nadstreSkom stebri§Ca, za razliko od trga, ni bil
tlakovan s kamni.

Juzno stebriSCe se nadaljuje z vsaj Stirimi stebri v prehod
med stavbama 15 in 16, ki je vodil naravnost do obzidja. Tudi
po sredini prehoda med stavbami 16-18 in tabernami 21 je
vidna vrsta stebrov.

Stavba 1

Zidovi stavbe 1 (sl 36: 1) so tako na upornosti kot na geo-
radarskih horizontalnih rezih slabse vidni (si. 3C: G5, sl. 24-25),
iz Cesar sklepamo, da gre za manj solidno grajene in/ali slabse
ohranjene temelje. Temelji se pojavijo na globini priblizno 0,6 m
in jim sledimo do globine 1 m. Stavba 1 se od sosednjih stavb
2-3 nekoliko razlikuje v smeri, bolj o€itno pa v velikosti prostorov
(prostor la: 13,5 x 6 m; prostor 1b: 14 x 7 m). Dolga vzhodna
zidova obeh prostorov se zakljucita z razSiritvami. Na juzZni strani
stavbe 1 je stal najverjetneje nadstreSek, ker v podaljsku obeh
zidov z razSiritvami leZita po dva temelja stebrov, v medsebojni
oddaljenosti pribliZzno 5 m. V notranjosti obeh prostorov vidimo
veC pregradnih zidov, ki so plitvo temeljeni. Se pravi, da gre za
stavbo z razseznim odprtim nadstreskom, ki se bistveno razlikuje
od skladis¢ (stavbe 2-5, 11-17, 19-20, 22-23). (Stari Smidov naért
je na tem obmocju zelo netocen; prim si. 2.)

Stavbi 6 in 24 ter objekt 26

Stavba 24 je bila postavljena na sredini trga. Velika je 14 x
10 m, zidovi so debeli okoli 1 m, leZijo na globini 0,6 m in jim

sledimo do globine 1,6 m. V notranjosti sta stala dva stebra,
od katerih so se ohranili temelji kvadratnega preseka s stranico
velikosti priblizno 1 m. Stebra sta plitveje temeljena kot obodni
zidovi (0,6-1,1 m). Vhod v stavbo je bil morda na severni strani
(sl. 4-6; sl. 3C: G4/2; sl. 29; 36).

Stavba 6 je zelo podobnih dimenzij: obod 14 x 10 m, de-
belina zidov okoli 1 m, globina temeljev je od 0,5 do 1,5 m.
Dva stebra v notranjosti sta podobno globoko temeljena kot
obodni zidovi (0,8-1,3 m). Na severni strani ima stavba prav
tako globoko temeljen pravokotni prizidek velikosti 5 x 3,5 m
(sl. 4-6, 26-28, 36).

Tako na rezultatih upornostne metode (s/. 26: Al in A2)
kot tudi na georadarskih horizontalnih rezih (s/. 3C: G2; sl
27) in 3D prikazih radarskih odbojev (sl. 3C: G2 in G2/1;
sl. 28) vidimo, da je vzhodni zid stavbe 6 skoraj popolnoma
uni¢en. Ker unicenje sovpada s parcelno mejo, sklepamo, da
gre za posledico intenzivne kmetijske rabe z relativno globljim
oranjem. Plitvo pod povrsino (0,3 m) se najprej pojavita obrisa
objektov 8 in 6 z manjSim pravokotnim prizidkom na severni
strani. Objektoma 6 in 8 sledimo do globine 1,5 m. Od dveh
notranjih temeljev stebrov se najprej pojavi juzni, kar pomeni,
da je viSje ohranjen od severnega. Obema sledimo skoraj do
dna temeljev stavbe (s/. 27, 28). Hodna povr$ina v notranjosti
je bila verjetno dobro utrjena (s/. 26: B1).

Jasno se vidi tudi objekt 26, ki je 2 m oddaljen od juzne
stene objekta 6 (sl 4-6, 26-28, 36). Gre za globok pravokoten
temelj velikosti 2,5 x 3 m, ki leZi na globini od 0,6 do 1,3 m.
Objekt 26 in stavba 6 sta povezana z zidom.

TemnejSe polje (f) v jugovzhodnem vogalu s/. 27 predstavlja
odboje tlakovanega trga. Podobne anomalije zasledimo tudi v
obmoc¢ju med stavbama 6 in 8. Po tem sklepamo, da je tudi na
tem mestu vsaj deloma ohranjena tlakovana povrsina, ki je na
rezultatih upornosti ni bilo mogoce prepoznati.

Stavba 7

Stavbo 7 predstavlja pravokoten podolgovat obris velikosti
16 x 2 m, ki se prislanja na obzidje. Sirina temeljev stavbe 7 je
na rezultatih upornostne (s.. 4, 5, 26) in georadarske metode
(sl. 28: g) podobna Sirini temeljev skladiScnih prostorov in jo
ocenjujemo na priblizno 0,7 m. Poseben zidec povezuje stavbo
7 s severnim prizidkom stavbe 6 (si. 26, 36). Smidov naért (sl.
2) na tem obmocju predvideva vecfaznost.

Stavba 8

Nova izmera ni zajela celotne stavbe (sl. 4-6, 36), tako da
je tloris dopolnjen po starih podatkih (s/. 2, 39). Stavba ima
tri prostore. Severovzhodni prostor, 9 x 6 m, je prvi raziskoval
ze Schulz, celoto s prizidanima dvema prostoroma je potem
izkopal Smid. Gradbene podrobnosti, ki sta jih opazila oba
izkopavalca, na meritvah upornosti niso vidne. Odkriti arhitek-
tonski okras kaze, da gre za stavbo, ki je imela poseben pomen
(Horvat 1990, 102-105, 208, sl. 25-29, stavba V po Smidu).
Glede na rezultate upornostne in georadarske metode znaSa
Sirina zidov priblizno 0,5 m (sl. 26, 27, 36). Na ¢asovnih rezih
radarskih odbojev vidimo, da se temelji stavbe 8 pojavijo na
globini priblizno 0,3 m in zanesljivo segajo do globine 1,1 m,
verjetno pa Se nekoliko globlje.

Stavba 9

Stavba je razdeljena na dva razli¢no Siroka prostora. V celoti
jo je izkopal Smid, tako da so rezultati upornostnih meritev (s.
4-6, 36, 39) dopolnjeni po njegovem nacrtu (s/. 2; Horvat 1990,
103, 105, 208, sl. 30; stavba IV po Smidu). Velikost vzhodne
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stranice stavbe 9 znaSa 7,5 m po upornostnih raziskavah, §irino
zidov pa ocenjujemo na 0,5 m.

Stavba 10

Smid, ki je izkopaval na tem obmogju, je videl manjsi pra-
vokoten prostor (le deloma na obmoc¢ju upornostnih meritev)
in dva dolga zidova (sl. 2, 36, 39). Juzni zid je skupen s stavbo
11, za severni zid pa Smid poroca, da gre za stebrisée (Horvat
1990, 103, 208, stavba III po Smidu). Sirino temeljev ocenjujemo
na 0,5 m po rezultatih upornostne metode.

Tlakovanje ali objekt 28

Na obmogju stavbe 10 ter med stavbama 6 in 9 so na rezultatih
upornosti vidne anomalije, ki spominjajo na zidove ali na tlak
(sl. 4-6, 26-28, 36). Tudi na rezultatih georadarske metode se
kaze zahodno od stavbe 6 obmocje relativno mocnejsih radar-
skih odbojev (sl. 3C: G2; si. 27; 28: ). Smid poroca, da je bila
okolica stavbe 9 tlakovana (Horvat 1990, 56, 103, 209).

Stavba 25 (svetisce)

Objekt 25 lezi v jugozahodnem delu trga. Sestavljen je iz
osrednje ploscadi in obodnega zidu. Zunanji obodni zid zame-
juje povrsino velikosti 18,5 x 17,5 m in je plitvo temeljen (s/.
4-6; sl. 3C: G1/1; sl. 32; 33; 36). Obodni zid, katerega Sirino
ocenjujemo na 0,3 m, je slabo viden tako na upornostnih kot
na georadarskih rezultatih. Na georadarskih horizontalnih re-
zih je viden na treh straneh in mu sledimo od globine 0,3 do
0,8 m (sl 32; 33: ¢). Zaradi nizjih amplitud odbojev znotraj
obodnega zidu kot na trgu okoli njega sklepamo, da notranjost
ni bila tlakovana (s/. 32: a). Mozno, da je bil trg tlakovan Sele
potem, ko je bila stavba 25 Ze postavljena.

V sredini lezi ploscad, velika 12,5 x 7 m, ki jo obdaja nizek
zidec (sl. 32: d). Zahodni del ploscadi, velik 8 x 7 m, je nekoliko
vi§je ohranjen (sega od 1 do 1,3 m pod danasnjo povr§ino)
kot vzhodni del (od 1,3 do 1,6 m pod danasnjo povrsino),
tako da sklepamo na konstrukcijo v dveh nivojih. To lahko
pomeni vhodno konstrukcijo na vzhodni strani in osrednji del
na zahodu (s/. 30-33).

V zahodni polovici plos¢adi so vrednosti upornosti znatno
vi§je (sl 30: manjsi okvir). Sklepamo, da je v tem delu plos¢ad
debelejSa oz. je tlak postavljen v dveh nivojih. Na magnetogramu
vidimo, da so bile na obmocju plos¢adi izmerjeni visji gradienti
gostote magnetnega pretoka kot v neposredni okolici (s/. 8). To
pomeni, da gre za material vi§je magnetne susceptibilnosti od
okolice, Cesar pa ne moremo pripisati apnencevim lomljencem.
Zdi se verjetno, da leZi na konstrukciji iz apnenca tanka plast
opeke (sl. 31).

Objekt 27 (obrtniska delavnica?)

Manjse obmocje moc¢nih upornostnih in magnetnih anomalij
izven naselbine, jugovzhodno od obrambnega jarka, smo opredelili
kot mozno lokacijo obrtniske delavnice. Upornostna metoda
je dala jasen pravokotni tloris objekta z visokimi vrednostmi
upornosti (sl. 4-6, 36), magnetna metoda pa nekaj izoliranih
magnetnih anomalij z jasno izrazeno bipolarnostjo (s/. 34).
Magnetne anomalije ne kaZejo enotne usmeritve v smeri severa,
ki je v sploSnem znacilnost dobro ohranjenih objektov s ter-
moremanentno magnetizacijo. Rezultati georadarske raziskave
se skladajo z rezultati upornostne metode in jih Se nekoliko
dopolnjujejo v smislu notranje razdelitve objekta. Notranjost
objekta zapolnjuje visokoupornostni material. Lahko gre za

kamniti tlak, rusevinske plasti in/ali arhitekturne elemente iz
kamninskega materiala (s/. 35). Glede na naravo magnetnih
anomalij ne moremo povsem izklju¢iti moznosti, da gre za
novodobno konstrukcijo.

KRONOLOGIJA NASELBINE PO DROBNIH NAJDBAH
Zgodnjerimska doba

Za veéino drobnih najdb iz Smidovih izkopavanj 1934 in
1936 nimamo podrobnih stratigrafskih podatkov, bolj ali manj
natancno pa vemo, kje so bile izkopane. Boljsi podatki obstajajo
zgolj za prostorsko mo¢no omejena izkopavanja Ive Mikl Curk
leta 1969 (sl 2). Druge posege na najdiscu tezko natan¢no
poveZemo z drobnimi najdbami.

Kronoloska in prostorska analiza drobnih najdb je Ze bila
narejena pred casom (Horvat 1990, 126-129, 229-232). Na
tem mestu samo natancéneje interpretiramo prej$nje ugotovitve.
Jasno pa je, da so na$i zakljucki brez sodobnih arheolos§kih
izkopavanj z dobro stratigrafijo in ve¢jimi koli¢inami gradiva
zgolj preliminarni.

Za zgodnjerimsko obdobje lahko govorimo o treh ¢asovnih
skupinah, v katere smo razvrstili najbolj obcutljivo fino keramiko.
Opredelitev skupin ne izhaja iz najdis¢a Dolge njive, saj tukaj
niso ohranjeni stratigrafski podatki. Skupine so utemeljene na
osnovi oblik keramike s ¢rnim premazom in tere sigilate, ki so
datirane na podlagi stratificiranih plasti na Stalenski gori, v
Ljubljani in Kranju.

1. ¢asovna skupina

Na Dolgih njivah so prisotne pozne oblike keramike s ¢rnim
premazom (sl 40):

- krozniki z vodoravno razsirjenim in povesenim ustjem,
oblika Morel 1631 (sl. 40: 1-5; Horvat 1990, 117, 219-220, t.
1: 9, 7: 5, 14: 1-3);

- kroznik s poSevno steno, oblika Morel 2276 c1 (sl. 40: 6;
Horvat 1990, 116, 219, t. 22: 4);

- skodela, oblika Morel 2654 (sl. 40: 9; Horvat 1990, 117,
219, t. 13: 14);

- skodela (sl. 40: 7; Horvat 1990, 117, 219, t. 22: 3);

- dno pladnja (sl 40: 8; Horvat 1990, 117, 220, t. 24: 11).

V isti ¢as postavljamo poznolatensko fino keramiko (s/. 41;
Horvat 1990, 123-124, 226-227).

Keramika s ¢rnim premazom se ujema s “poroznim izdel-
kom”, ki je bila najden v najstarejsih plasteh Stalenske gore, to
je v “kompleksu 17, datiranem pred 20 pr. Kr., in v “kompleksu
2”, datiranem do 10 pr. Kr. (Schindler 1967; Schindler 1986;
Scheffenegger, Schindler-Kaudelka 1977, 55, sl. 9-10: OR/39,
Periode 2). Sodi torej v zgodnjeavgustejsko ali celo v predav-
gustejsko obdobje (zgolj po keramiki, brez dobre stratigrafije
se teh dveh obdobij ne da lociti).

Keramika prve skupine z Dolgih njiv se ujema tudi s fazo II
na Gornjem trgu 30 v Ljubljani, v kateri je poleg grobe domace
in fine latenske keramike mo¢no zastopana raznovrstna italska
keramika. V okviru italske keramike se pojavlja keramika s ¢rnim
premazom, medtem ko tere sigilate Se ni. Faza je po stratigrafiji
datirana v poznorepublikansko oziroma Ze v zgodnjeavgustejsko
obdobje (Vici¢ 1994, 27-30, t. 1: 6-17, 2, 3: 1-13).

2. ¢asovna skupina

V drugo obdobje sodi italska tera sigilata, znacilna za sre-
dnjeavgustejski cas (sl 42: 1-11):

- kroznik z vise¢im ustjem (sl 42: 1; Horvat 1990, 118, 221,
t. 5: 5; oblika Consp. 11 - podobno);
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- kroznik z enostavno posevno steno (sl. 42: 3; Horvat 1990,
117, 220, t. 24: 12; oblika Consp. 1.1);

- kroznik s poSevno steno, ki je profilirana na notranji strani
(sl. 42: 2; Horvat 1990, 117, 220, t. 5: 6; oblika Consp. 1.2;
Roth-Rubi 2006, 24, 35: horizont Dangstetten, 2. desetletje
pr. Kr.);

- male polkrozne skodelice (sl. 42: 5-10; Horvat 1990, 118,
221,t. 3:7-8, 10: 16, 13: 16-17, 24: 7-10; Schindler, Scheffenegger
1977, 59-61, t. 12b: predvsem kompleksa 2 in 3; Vici¢ 1994,
faza Illa, t. 4: 18-20);

- polkrozna skodela (sl 42: 11; Horvat 1990, 118, 221, t.
13: 15, 18: 12);

- skleda z raz§irjenim vise¢im ustjem (s/. 42: 4; Horvat 1990,
117-118, 220-221, t. 13: 18; podobno kot oblike Consp. 5.1, 10
in 13.1; Schindler, Schindler-Kaudelka 1997).

To obdobje je priblizno so€asno z najstarejSim naselitvenim
horizontom na Kocevarjevem vrtu, to je na najdiscu, ki sodi
v okvir Navporta in lezi na levem bregu Ljubljanice, nasproti
Dolgim njivam. V najstarejsi plasti se pojavlja italska sigilata
oblik Consp. 11, 12 in 14. Zraven so bili odkriti redki fragmenti
keramike s ¢rnim premazom - kroZniki ali skodele s preprosto
posevno steno. Fina latenska keramika ni bila prisotna (izkopa-
vanja 2005, neobjavljeno; prim. Horvat, Musi¢ 2007).

Naso drugo skupino lahko primerjamo tudi z gradivom iz
Ljubljane, ki je bilo odkrito na dobro stratificiranem najdiscu
Gornji trg 30 v fazah Illa in IIT (Vici¢ 1994, 30-34), ter z
glavnino gradiva na Gornjem trgu 15 v Ljubljani (Vi¢i¢ 1993).
Za ta Cas so znacilne oblike tere sigilate Consp. 12 in 14, med-
tem ko se keramika s ¢rnim premazom (krozZniki z enostavno
posevno steno) pojavlja samo sporadi¢no (prim. Vici¢ 1993,
160-162, t. 3: 8-9, 8: 1,3,4-5). Podobno keramiko najdemo tudi
v zgodnjerimski naselbini v Kranju (Sagadin 2003).

Nasteto gradivo iz Vrhnike, Ljubljane in Kranja ustreza
horizontu Dangstetten - Oberaden, torej ga lahko uvrstimo v
srednjeavgustejski ¢as (Roth-Rubi 2006; Schnurbein 1991).

3. ¢asovna skupina

V tretje obdobje uvr§¢amo samo poznoavgustejske skodelice
(sl. 42: 12-13; Horvat 1990, 118-119, 221-222, t. 5: 9, 9: 8).

Vecino keramike in drugih predmetov z Dolgih njiv lahko
le okvirno datiramo v zgodnjerimsko oziroma v avgustejsko
obdobje, na da bi mogli lo¢iti med zgodnje-, srednje- in pozno-
avgustejskim obdobjem (Horvat 1990, 112-132, 215-235). Med
posami¢nimi najdbami rimskih novcev najdemo 17 republikanskih
in 25 avgustejskih, kar kaze predvsem na obstoj postojanke v
avgustejskem obdobju (Horvat 1990, 87-89, 195-197).

Med izkopavanji jugovzhodnega stolpa ter juznega in vzhodnega
obzidja so dobili gradivo, ki izvira iz polnila med temeljnimi
kamni obzidja, iz hodne povr§ine in iz rusevine. Odkrita je bila
keramika s ¢rnim premazom, tera sigilata, znacilna keramika
tankih sten in poznolatenska keramika, okvirno torej najdbe
nase 1. in 2. skupine (s/. 43; Horvat 1990, 128, 231, t. 21; Mikl
Curk 1974, 373-374).

V kanalih (ambitus) med stavbami 1 in 2, 2 in 3, 12 in 13
ter 13 in 14 je bilo odkrito predvsem gradivo iz 1. in 2. ¢asovne
skupine ter tezje opredeljivo zgodnjerimsko gradivo. Zelo malo
je poznoavgustejskega gradiva. Tudi druge najdbe (keramika,
novci) ki izvirajo z razli¢nih obmod¢ij stavb 1-5, 11-18, 21,
kazejo enak Casovni razpon ter enaka razmerja (Horvat 1990,
126-129, 229-232). Zaklad keltskih srebrnikov (23 majhnih in
en velik srebrnik) je bil najden v kanalu med zidovoma stavb
4 in 5 (Horvat 1990, 89-90, 106, 197-198, 209). Veliki keltski
srebrnik je bil odkrit v stavbi 8 - severovzhodni prostor (Horvat
1990, 87-88: 1; 103; 195-196: 1; 208).

Iz tega sledi, da lahko datiramo gradnjo obzidja in stavb
v vseh delih naselbine (vsaj stavbe 1-5 in 11-15) najpozneje v

zgodnjeavgustejsko obdobje. Zivljenje naselbine pa je trajalo
vsaj do konca avgustejskega obdobja (Horvat 1990, 126-129,
229-232).

Pozna antika

Poznoanti¢ne najdbe z obmo¢ja Dolgih njiv niso bile odkrite
med sistemati¢nimi izkopavanji stavb ali obzidja. Gre za povr-
Sinske najdbe ali za najdbe brez natan¢nih podatkov.

Zazigalna sulica: na obmocju stavb 4-8 (Horvat 1990, 106,
209, 269, sl. 32a; prim. Horvat 2002, 146, sl. 6: 8, t. 21: 1).

Noga krizne fibule: na obmog¢ju stavb 1-3 (Horvat 1990,
271, kat. §t. 169, sl. 32 b: 2).

Galijenov novec: obmocje stavb 11-12 (Horvat 1990, 88-89:
53; 127; 196-197: 53; 230).

Novec Konstantina I.: obmocje stavb 4-5 (Horvat 1990,
88-89: 54; 128; 196-197: 54; 231).

Novec Konstancija II.: obmocje trga, pred stavbama 4 in 5
(Horvat 1990, 88-89: 55; 196-197: 55).

Novec iz druge polovice 4. st.: severni del naselja (Horvat
1990, 88-89: 60; 127; 196-197: 60; 231).

Zaklad novcev, zakopan leta 270 in najden leta 1914 “med
Vrhniko in Verdom”. To¢no mesto zakopa ni znano, vendar
je mogocCe, da zaklad izvira z Dolgih njiv (Horvat 1990, 82,
93-94, 190, 201-202).

Gostota poznoanti¢nih najdb prica o izrabi prostora v pozni
antiki. Ne vemo pa, ali jih §e lahko povezujemo z naselbino na
Dolgih njivah. Intenziven promet po Ljubljanici je potekal do
pozne antike, prav tako je do 4. st. Zivelo naselje na levem bregu
reke (Horvat, Music¢ 2007). Torej bi lahko predmete 3. in 4. st.
povezali tudi z dogajanji na reki in na nasprotnem bregu.

INTERPRETACIJA ARHITEKTURE
Lega, utrdba in pristanisce

Naselje, ki je imelo obliko nepravilnega pravokotnika, je z
dveh strani oblivala reka Ljubljanica, na vzhodni in verjetno
tudi na juZzni strani pa je bil skopan obrambni jarek, napolnjen
z vodo.

Lego Navporta lahko dobro primerjamo z umestitvijo rimskih
mest v severnoitalskem niZavju, ki so pogosto postavljena v
blizino vode, celo v okljuk reke. BreZine rek so utrjene, posta-
vljeni so pomoli, v bliZini stojijo razlicne stavbe, povezane s
pristani§ci, med drugim tudi skladi§ca. Vodni tokovi okoli naselij
imajo razlicne pomene: so plovne poti, predstavljajo obrambo
mesta, lahko pa gre tudi za izsuSevalne jarke. Regulacijska dela
in izkope novih kanalov lahko sledimo od 2. st. pr. Kr. dalje.
Akvileja je bila tako verjetno v celoti obdana z vodami (Uggeri
1990; Rosada 1990, 370-372; Conventi 2004, 234-235. Aquileia:
Carre, Maselli Scotti 2001; Carre 2004. Altinum: Tirelli 1999,
12-18; Tirelli 2001. Opitergium: Cipriano, Sandrini 2001).

Obzidje Navporta ima kvadratne stolpe, ki izstopajo iz zuna-
nje in notranje stene obzidja. Taksne stolpe sreCamo v obzidjih
rimskih mestih republikanskega in zgodnjecesarskega obdobja
(npr. Nimes: Varéne 1992, 149-151; Cosa: Fentress, 2003, sl. 2;
Aosta, Torino: Mansuelli 1971, t. 7, 9; Emona: Plesni¢ar Gec
1999, 45-60; Gurina: Gamper 2004, 159-163).

Severna vrata v obzidju so bila oblikovana kot stolp s preho-
dom, Sirokim okoli 5 m. Sorazmerno majhne dimenzije stolpa,
domnevno kvadraten tloris in masivna notranja podpornika bi
lahko kazali na to, da je bil prehod v celoti pokrit in nad njim
Se eno nadstropje. Torej gre za posebno obliko pokritega vhoda
skozi stolp, ki se kot ena od ve¢ moznih razli¢ic vhodov pojavlja
predvsem v 1. st. pr. Kr. (Brands 1988, 29-33: Kammertore; Ka-
der 1994, 337-338). Tipolosko je blizu vhodom v obliki stolpa
z odprtim notranjim dvoris¢em - cavaedium, ki so v rabi od 3.
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st. pr. Kr. dalje (Gros 2002, 32, 37-39; Brands 1988, 16-33;
tudi Rosada 1990, 379).

Vzhodna vrata so nesimetriéna. Na juZni strani stoji vecji
votel stolp, na severni manjsi masiven. Pogosto vrata varujeta
po dva enaka ali podobna stolpa, vendar zgodnjeanticna mesta
poznajo tudi vrata z enim stranskim stolpom (npr. Brands 1988,
22, 82-84, 126-128). Vzhodni vhod v Navport lahko tudi pribli-
Zno primerjamo z zahodnimi vrati v Akvilejo, ki so datirana v
2. st. pr. Kr. Ta vrata z notranjim dvoriS¢em so nesimetricna,
z masivnim pravokotnim (podolgovatim) stolpom samo na eni
strani in posebnima manjSima kvadratnima okrepitvama na obeh
zunanjih straneh (Bertacchi 1965, 7-8, sl. 2).

Preprostost in izrazita uporabnost utrdbe Navporta imata torej
korenine v utrjevanju rimskih mest v republikanski Italiji. To se
ujema z datacijo gradnje v predavgustejsko ali v zgodnjeavgustejsko
obdobje, ki izhaja iz kronoloske opredelitve keramike.

Recéno pristani§ce je lezalo severno ob naselbini. Skozi
severna vrata je na breg Ljubljanice vodila tlakovana pot. V
njenem podaljsku so bili v re¢ni strugi v dveh Sirokih vrstah
na gosto zabiti leseni koli - verjetno ostanek pravokotnega le-
senega pomola, velikosti 6 x 4,5 m (Logar 1985). Ob pomolu
je bil recni breg Se dodatno utrjen s posameznimi lesenimi koli
(neobj., dokumentacija v Narodnem muzeju Slovenije). Na sliki
upornostnih meritev vidimo, da je bil pas med obzidjem in reko
tlakovan, opazimo Se obmocja moznih rusevin (sl. 2-4, 36).
Hkrati pa kaZe poSkodovani zid v bregu reke na obstoj zidanih
objektov tik ob Ljubljanici (Horvat 1990, 49, 171).

Trg

Trg v Navportu nima kanoni¢nih znacilnosti rimskega foruma,
ki je pravokotne oblike in obdan s stebriS¢em, z dominatnim
svetiSCem in baziliko, torej z elementi, ki opredeljujejo forum
kot versko in upravno sredi§Ce avtonomnega mesta (prim.
Gros 1990; Gros 2002, 207-234). Ima obliko nepravilnega
paralelograma obdanega s stebris¢em. V primerjavi z mestnimi
forumi ni velik, vendar zavzema okoli 30 % povr§ine naselbine
(okoli 5.500 m2, s portikom), kar je veliko veé, kot je obi¢ajno
v rimskih mestih. Stavba 25, ki jo razlagamo kot svetisce (glej
spodaj), lezi v kotu trga in je sorazmerno majhna. Ceprav je
postavljena priblizno v osi ulice, ki vodi z vzhoda, nima izrazite
dominantne pozicije. Par stavb 22 in 23, ki leZi na vzhodni strani
trga, ima sicer dokaj izpostavljeno lego, ki bi lahko kazala na
posebno funkcijo, hkrati pa je zelo podoben tistim stavbam, ki
jih razlagamo kot skladisca (glej spodaj).

Torej se tudi v obliki trga kaze status naselbine, poznan iz
literarnih in epigrafskih virov (Sasel Kos 1990) - to je vikus z
minimalno avtonomijo, ki ne potrebuje vecjih verskih in upravnih
stavb. Trg, ki ga obdajajo skladis¢a in taberne, kaze na izrazito
ekonomsko vlogo naselbine, kar je tudi znacilnost republikanskih
forumov severnojadranskega prostora (Zaccaria 1999, 76-78).
Tako je npr. v poznorepublikanskem obdobju obstajalo v Juliju
Karniku (danes Zuglio), ki je imel takrat status vikusa, odprto
tlakovano obmocje - najverjetneje trg pred vrsto stavb s podol-
govatimi prostori. Pozneje so ga zgradili kot forum (Zaccaria
1999, 77; Maggi 2003, 235-236, op. 54, sl. 5).

Skladisc¢a (stavbe 2-5, 11-17, 19-20, 22-23) in taberne (21)

Najvecjo pozidano povr§ino znotraj naselbine zavzemajo
stavbe z dolgimi ozkimi prostori v vrstah in portikom, ki
zavzemajo okoli 30 % prostora oziroma priblizno 5.500 m?
(stavbe 2-5, 11-17, 19-20, 22-23; brez portika). Primerjave s
so bila to verjetno skladisca.

Rimska civilna skladi§¢a so bila grajena na dva nacina.
Prevladujejo skladisca, grajena kot enotna stavba, v kateri so

manjsi pravokotni prostori (dolZina najve¢ 15 m) razporejeni
okoli osrednjega dvori$¢a oziroma redkeje vzdolz hodnika.
Tak$na skladisca so stala npr. v Ostiji in Rimu (Rickman 1971,
15-122). Arhitektonski tip dvoris¢nih skladis¢ so Rimljani prev-
zeli iz gr§kega sveta, morda ze v 2. st. pr. Kr. (Rickman 1971,
153-155; Virlouvet 1995, 90).

Na Dolgih njivah sreCamo drugo obliko rimskih civilnih
skladis¢, za katero so znacilni zelo globoki prostori (20 m in
vec), ki so postavljeni v vrsto. Rickman tudi za to obliko dom-
neva, da se je razvila na helenisticnem vzhodu (Rickman 1971,
153). Na Masadi (danes Izrael) sta bili, verjetno v letih 37 do 31
pr. Kr., zgrajeni dve skladi$¢i s prostori v vrsti (Rickman 1971,
153-154, sl. 34). V rimskem svetu se je ta tip uveljavil predvsem v
pristanisc¢ih, tako da so bili vhodi skladiS¢ v vrsti pogosto odprti
na pristaniSske pomole. SreCamo jih v raznih delih imperija, v
¢asovnem razponu od 1. st. pr. Kr. do 2. st. po Kr.

V Valentiji (danes Valencia v Spaniji) je bila odkrita stavba
iz poznorepublikanskega obdobja, interpretirana kot skladisce:
stirje globoki prostori (Sirina 6 m, globina ¢ez 15 m) so posta-
vljeni v vrsto in Siroko odprti na stebrisce (Ribera i Lacomba,
Calvo Galvez 1995, 20-21, sl. 1).

V Vieni (danes Vienne v Franciji), pomembnem prometnem
kompleks, datiran v drugo Cetrtino 1. st. po Kr. Na levem bregu
Rhone so bile postavljene vsaj Stiri skupine skladi§¢nih prostorov
v dvojnih vrstah, ki zajemajo ogromno povrs§ino, skupaj okoli
4 do 6 ha. Na rekonstruiranem tlorisu ene od skupin vidimo
dve vzporedni vrsti, ki imata po 21 prostorov, lo¢enih z 12
m §iroko ulico. Skupno velikost ene skupine ocenjujem, po
objavi, na 340 x 80 m. Velikosti posameznih prostorov so, po
objavi sode¢, priblizno 12/15 x 30 m. Vhodi so §iroko odprti
na srednjo ulico (Helly-Le Bot 1989).1

V delno potopljenih pristanisSkih Cetrtih v Puteoliju (danes
Pozzuoli v Italiji) so vidni razsezni skladi§¢ni kompleksi, v
katerih prevladujejo dolgi prostori v vrstah. Posamezne stavbe
niso natan¢no poznane in datirane. Veliki predeli pristani§ca
Puteoli so bili zgrajeni v avgustejskem obdobju, pristanisce pa
je zivelo do pozne antike (Camodeca 1994, 112-113, t. 1).
Patare in Mire (anti¢na Likija, danes v Turciji), ki ju je leta
128 dal postaviti Hadrijan in sta verjetno povezani z zbiranjem
anone (Rickman 1971, 137-140). SkladiSce iz mesta Cuicul (danes
Djemila v Alziriji), datirano v leto 199, sicer ne leZi v pristaniscu,
je pa tudi povezano z anono (Rickman 1971, 140-144).

Skladisca v vrstah, kjer pa globine prostorov ne presegajo 15
m, sreCamo v Klavdijevem pristaniscu v Portu [Italija; Keay et
al. 2005, 278, sl. 5.9, 5.10 (Foro Olitorio); sl. 5.13, 5.14 (okoli
notranjega pristani§¢a)], v Trajanovemu pristanis¢u v Portu
(Rickman 1971, 123-132; Lanciani 1888; Keay et al. 2005)
ter v severskem pristanis¢u v Lepcis Magni (danes v Libiji;
Rickman 1971, 132-136).

V vojaskih taborih v srednji in zahodni Evropi je bila v rabi
veCinoma drugacna skladis¢na arhitektura: prevladujejo Zitnice z
dvignjenimi tlemi, ki so samostojne oziroma zidane v parih, pri
vecjih kompleksih postavljene v skupine (pregled: Rickman 1971,
213-250; Johnson 1987, 162-179). Samo v nekaterih vojaskih
postojankah so bile odkrite oblike, ki so podobne skladis¢em
iz Navporta. V Numanciji - v Scipionovem taboru na Castilleju
(okoli 134 pr. Kr.) je bilo odkrito skladi§¢e, v katerem trije
vecji prostori tvorijo celoto. Prostori (17,80 x 5,60-6,80 m) so
loCeni s prehodi. Imeli pa so dvignjena tla, tako da gre ocitno
za zitnico (Rickman 1971, 251-252).

Izredno pomembna primerjava za arhitekturo z Dolgih
njiv je vojaSka oskrbovalna postojanka, odkrita v Melunu ob
Seini (Francija) in datirana v drugo desetletje po Kr. Izkopani

I Na desnem bregu Rhone v Vieni (danasnji Saint-Roma-
in-en-Gal) so v drugi polovici 1. st. postavili veliko skladisce
dvoriscnega tipa (Laroche, Savay-Guerraz 1984, 85-90).
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sta bili dve vrsti lesenih stavb, interpretirani kot skladis¢a. V
najbolje ohranjeni vrsti stoji na dolzini 140 m 21 prostorov,
velikosti 22 x 6 m, ki imajo obliko paralelograma. Prostori so
bili Siroko odprti na obeh ozjih straneh, na obeh straneh jih
spremlja dvojni portik (skupna §irina 34 m) (Galbois, Petit,
Reddé 2006). Dvojne vhode opazimo tudi v Navportu, pri
stavbah 16, 20 in 22.

Dolge ozke skladi§¢ne prostore, ki so odprti na dve strani,
sreCamo Se v Rimu, v horrea Lolliana. Tloris teh skladis¢, ki
jih je dal postaviti M. Lollius, konzul leta 21 pr. Kr., poznamo
samo iz severskega marmornega nacrta Rima. Gre za skladi§¢ne
prostore, razporejene okoli dveh dvoris¢. Stirje prostori ob
dvoriscu b so daljsi kot ostali, dolgi okoli 21 m in Siroki okoli
3 m, ter odprti hkrati na dvorisCe in ven iz stavbe (Virlouvet
1995, 98, 108-113, sl. 11; Rickman 1971, 108-112, sl. 23).

Po primerjavah sode¢ gre na Dolgih njivah za skladis¢a v
vrstah. Temelji stavb se ujemajo s tem arhitektonskim tipom
po razporeditvi in dimenzijah prostorov, po spremljajoCem
portiku in po legi ob pristanis¢u. Imajo pa nekaj posebnosti.
Del prostorov je zidanih v parih (stavbe 3-5, 12-14, 17, 20), za
kar ne poznamo dobrih primerjav. Vhodi so §iroki, tako kot
obicCajno pri tabernah in redko v skladis¢ih, kar kazZe na preple-
tanje funkcij skladi§¢enja in trgovanja (DeLaine 2005, 39-45;
Horrea Agrippiniana v Rimu: Astolfi, Guidobaldi, Pronti 1978;
Melun: Galbois, Petit, Reddé 2006). Nekatere stavbe imajo
siroke vhode z obeh oZzjih strani, kar je sorazmerno redek pojav
(glej zgoraj). Izpostavljeni stavbi 22 in 23 na vzhodni strani
trga sicer nekoliko odstopata od arhitekture ostalih skladisc,
vendar ju ne moremo povezati z druga¢no funkcijo.

Po drobnem gradivu sodimo, da so bila skladi§ca postavljena
v zgodnjeavgustejskem ali celo v predavgustejskem obdobju,
socasno z obzidjem (glej zgoraj).

Dolga ozka stavba z osmimi prostori (21) se po obliki in
dimenzijah - 6 x 8,5 m - vkljuCuje v arhitekturo tabern (Baratto
2003; DeLaine 2005, 32-35).

Stavba 25 - svetisce

Stavba 25 stoji na jugozahodnem obmocju trga, vendar ni
usmerjena po nobeni od stranic nepravilnega trga in tudi ne
lezi to¢no v osi ulice, ki vodi od vzhodnega vhoda. Sklepamo
torej, da stavba ni bila naértovana in grajena socasno s trgom,

Zanesljiva interpretacija arhitekture na podlagi geofizikalnih
raziskav ni mogoca, vidijo pa se nekatere pomembne znacil-
nosti. Pravokotna plo§¢ad v dveh nivojih spominja na tempelj
na podiju s stopni§¢em na vzhodni strani. Obodni zid, ki je
plitveje temeljen kot ploscad, bi lahko predstavljal zamejitev
temenosa. Po dimenzijah in po tem, da vzhodni rob plo§cadi
sega do obodnega zidu, pa bi v njem najlazje videli zunanji
zid obhodne galerije. Oblika in velikost temeljev iz Navporta
spominjajo na obhodna sveti§¢a, pri katerih se pojavi kombi-
nacija keltske tradicije obhodnega sveti§¢a z rimskimi “klasi-
cisticnimi” elementi. Okvirno jih lahko primerjamo s sveti$¢i:
Celje - obhodno svetisce 3 (Krempus, Gaspari, Novsak 2007,
42-43, sl. 3: poznotiberijsko), Augst - Sichelen 2 (v rabi od
sredine 1. st. dalje), Kornelimiinster - svetis¢e F 1 (zgrajeno v
Casu Vespazijana), Trier - Marsovo svetisce na Irminenwingertu
(okvirno 2. st.), Trier - Altbachtal, obhodno sveti§c¢e 2 (prvih
sedem desetletij 3. st.) (Trunk 1991, 80-85, 172-173, 204-206,
226-230; Gros 2002, 199-203).

Stavbi 6 in 24 ter objekt 26
Stavbi 6 in 24 se ujemata po velikosti, po debelini zidov

(okoli 1 m), po globini temeljev in po dveh srediscnih stebrih.
Najverjetneje sodita v isti gradbeni program, medtem ko njun

odnos do zgodnjerimskih skladiS¢, trga in utrdbe ni popolnoma
jasen.

Stavba 6 je bila postavljena v “prazni” vogalni prostor med
severno in zahodno vrsto skladi§¢. Njen polozaj odstopa od
linije vhodov v skladi§¢a 2-5 oziroma od linije stebriS¢a na
severnem robu trga. Sklepamo, da najverjetneje sodi v mlajso
gradbeno fazo kot skladiSCa, hkrati pa se vsaj deloma Se ozira
na starejSo arhitekturo.

Globoki temelji konstrukcije 26 se zdijo v smiselnem odnosu
s stavbo 6 in jih tako tudi postavljamo v isto gradbeno fazo.

Stavba 24 je umeSCena skoraj to¢no na sredino trga in je
usmerjena tako kot svetiS¢e (stavba 25), ki se mu sicer zelo
pribliza. Od nje vodi tlakovana cesta skozi severna vrata do
reke. Tlak na obmocju ceste je debelejsi kot tlak trga. Za stavbo
24 domnevamo socasnost s stavbo 6 in preko tega na mlajso
gradbeno fazo. V povezavi s stavbo 24 je verjetno tudi moc¢na
konstrukcija ceste proti severu.

Stavbi 6 in 24 (skupaj z objektom 26 in tlakovanjem se-
verne ceste) sta torej najverjetneje nastali v obdobju, ko so
skladis¢a in utrdba Se obstajali ali pa so bili njihovi ostanki
Se dobro vidni. PoloZaj stavbe 24 na sredini trga kaZze na njen
poseben pomen.

Zastavlja se vpraSanje, ali so temelji stavb 6 in 24 dovolj
znacilni, da bi lahko nudili kak§no oporo za datacijo.

Dve zelo podobni stavbi, izmed katerih ima ena dva podporna
stebra, druga pa ne, sta bili odkriti v Porecki reki, na juznem
bregu Donave v DZerdapu (Srbija). Stavbi sta bili postavljeni
ob trdnjavico vrste quadriburgium ter za zaporni zid, ki je
pregrajeval dolino, po kateri vodi pomembna prometna pot od
Donave proti jugu. Na podlagi izolirane lege, izredne debeline
zidov (1,5-1,8 m), debele izolacije poda ter Stevilnih ostankov
amfor in dolijev sta stavbi interpretirani kot skladis¢i. Bili sta v
rabi isto€asno kot trdnjava in zaporni zid - v obdobju Konstan-
tina Velikega, verjetno pa je bil celotni kompleks konstruiran
v obdobju tetrarhije kot oskrbovalni center vojske na limesu
(Petrovi¢ 1977; Petrovi¢ 1980; Petrovi¢ 1982-1983).

Da gre v Porecki reki res za skladiSc¢a, bi nakazovala npr.
podobnost z enim od skladi$¢, odkritih v vili 1 v Montani v
Spodnji Meziji (Bolgarija). Dolga ozka stavba z oporniki na
zunanjih stenah ima v sredini vrsto §tirih stebrov. Vila je bila
postavljena v 2. st., po unienju v poznem 3. st. obnovljena in
ziva do konca 4. st. (Mulvin 2002, 95-96, sl. 45).

Skladis¢a manjsih dimenzij, z zunanjimi oporniki ali brez
njih, z dvignjenim podom ali brez, so sestavni del mnogih
vojaskih utrdb na prostoru Djerdapa v celotnem anti¢nem ob-
dobju (Petrovi¢, Vasi¢ 1996, 25, sl. 5). Po povrsini bi se lahko
stavbe iz Porecke reke in Navporta ujemale tudi z najmanjSimi
skladisc¢i iz nekaterih vojaskih utrdb (npr.: Gentry 1976, 41;
Kortiim, Lauber 2004, 395-399, sl. 180).

Stavbi iz Navporta lahko torej primerjamo s skladisc¢i v Sir-
Sem pomenu, ne moremo pa ju uvrstiti med Zitnice. Manjkajo
namre¢ dokazi za nekatere pomembne elemente, kot so dodatni
oporniki zidov, dvignjena tla, zracenje in po mozZnosti ostanki
zita (Rickman 1971). Temelja stebrov na sredini bi bila lahko
teoreti¢no opora dvignjenim tlem (najvecji moZni razpon stebrov
za dvignjena tla v Zitnicah je 4-5 m, npr.: Rickman 1971, 241, sl.
51 - Hifingen). Lahko bi tudi nosila sleme strehe ali pa kazeta
na vi§jo stavbo z zgornjim nadstropjem.

V obzidja poznoanti¢nih utrdb so vkljuceni stolpi s podobnim
podolgovatim tlorisom, ki imajo v€asih §e dva mo¢na osrednja
stebra (npr. Capidava; Lander 1984, 218-221, sl. 227). Pravoko-
tne stolpe z dvema stebroma srecamo tudi v sklopih utrjenih
pristanov ob Renu in Donavi iz 4. st. (Zullestein, Veréce,
Tahitotfalu; Soproni 1978, 74-75, 78, t. 78:1, 81; Lander 1984,
284-289, sl. 295, 296).

Stavbi 6 in 24, objekt 26 in tlakovanje severne poti torej
sodijo v eno gradbeno fazo, ki se zdi mlajSa kot faza gradnje
trga in skladiS¢ ter mlajsa od gradnje svetisca. Po drugi strani
pa primerjave s podobnimi stavbami, predvsem iz Porecke reke,
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nakazujejo datacijo v poznorimsko obdobje, torej na veliko
casovno vrzel med gradbenimi fazami. Ce tipoloska datacija
stavb 6 in 24 drzi, potem se poznoanti¢ne drobne najdbe iz
Dolgih njiv veZejo prav na to gradbeno fazo.

ZAKLJUCEK

Z geofizikalnimi raziskavami smo dobili zelo natancen tloris
postojanke na Dolgih njivah, ki ga lahko, ob dodatni pomo¢i
rezultatov iz predhodnih arheoloskih izkopavanj, dokaj dobro
razloZzimo.

Na Dolgih njivah je v zgodnjerimskem obdobju stalo osre-
dnje poselitveno jedro Navporta. Lega naselbine v okljuku reke
in na robu mocvirja je bila odli¢na tako za delovanje recnega
prometa kot tudi za obrambo. Obenem pa je bila za promet po
kopnem, ki je potekal mimo Navporta po nasprotnem bregu,
precej neugodna. V €asu, ko so Rimljani gradili na Dolgih njivah,
je oCitno prevladala Zelja po dobri obrambi, ki se kaze tudi z
obzidjem, stolpi in obrambnim jarkom. Postojanka je bila torej
z vseh strani obdana z obzidjem in z vodo. Ob reki, severno od
pozidanega obmocja, je lezalo tudi pristanisce.

Skoraj tretjino povrS§ine postojanke je zavzemal trg, obdan
s portikom. VecCino stavb predstavljajo skladisca (2-17, 19-20,
22-23) in niz tabern (21), ki zajemajo skupaj 33 % povrSine
naselbine oziroma 6.400 m? skladi§éne povrsine. Stiri manjse
stavbe (7-10) v severozahodnem vogalu naselbine so verjetno
imele drugac¢no funkcijo, ki pa je samo iz tlorisa ne moremo
razpoznati. Na trgu je stalo keltsko-rimsko obhodno svetisce
(25). Zunaj naselbine je bila verjetno umes§cena obrtniSka
delavnica, v kateri so bile v rabi peci (27).

Drobne najdbe iz plasti, ki se veZejo na utrdbo in skladisca,
kazejo, da je bila veCina naselbine zasnovana in zgrajena po
enotnem nacrtu v predavgustejskem ali v zgodnjeavgustej-
skem obdobju. Stavbe so bile v glavnem nacrtovane vzdolz
dveh orientacijskih smeri, ki sledita vzhodnemu in juZnemu
obzidju ter oblikujeta kot 100°. Odklon vzhodnega obzidja
je 5° zahodno. VecCina skladiS¢ in taberne (4-23) imajo tako
obliko paralelograma, trg pa obliko nepravilnega petkotnika z
zalomljeno severno linijo.

Sveti§ce (25) za malenkost odstopa od smeri trga in stavb, zato
domnevamo, da je nekoliko mlajse kot prva faza naselbine.

Zasnova celotne naselbine in posameznih stavb, skladis¢
in tabern, se veZe na vzorce iz poznorepublikanske severne
Italije in na arhitekturo pristanis¢ v SirSem prostoru imperija.
V arhitekturi se jasno odraza prevlada ekonomske vloge nasel-
bine, ki je bila trgovska, prometna, skladi§¢na in prekladalna
postojanka ter re¢no pristanisce.

Nasa datacija zacetka naselbine na Dolgih njivah v pred-
avgustejsko ali zgodnjeavgustejsko obdobje temelji na analizi
drobnih najdb in se pribliZzno ujema z datacijo epigrafskih
spomenikov iz Navporta, ki jih Marjeta Sasel Kos postavlja
okvirno v cezarijanski ali najpozneje v oktavijanski ¢as (Sasel
Kos 1998; Sasel Kos 2000, 294-297). Dokaj verjetno so ti spo-
meniki vezani na naselbino na Dolgih njivah. Napisi omenjajo
gradnji portika in sveti§ca lokalni boginji Ekorni, torej zgradb,
ki bi jih morda lahko razpoznali tudi na novem tlorisu Dolgih
njiv. Seveda povezava med ostanki arhitekture in gradbenimi
napisi nikakor ni dokazana.

Drobne najdbe kaZejo na zaton naselbine na Dolgih njivah
v prvi polovici 1. st. po Kr. (Horvat 1990). Sorazmerno kratek
Cas njenega razcveta potrjujejo tudi rezultati nove raziskave, saj
ne zasledimo vecjih prezidav v stavbah. Prekinitev na Dolgih
njivah sicer §e ne pomeni zatona Navporta v celoti. [zkopavanja
na nasprotnem bregu Ljubljanice, na obmoc¢ju Breg, so namrec
pokazala kontinuirano poselitev od konca 1. st. pr. Kr. do 4.
st. po Kr. (Horvat, Musi¢ 2007).

Ozka Casovna zamejenost naselbine na Dolgih njivah v
predavgustejsko in avgustejsko obdobje je gotovo odraz SirSega

dogajanja v jugovzhodnoalpskem prostoru (Sasel Kos 1997;
Sasel Kos 2000). V 1. st. pr. Kr. so pomembne akvilejske tr-
govske druzine preko osvobojencev nadzorovale vikus in tudi
tranzitni promet na dolge razdalje, ki je potekal ¢ez Navport
(Sasel Kos 1990). Strabon poro¢a, da so iz Akvileje tovorili
blago z vozovi do Navporta, tam pa so ga preloZili na ladje in
vozili po rekah do Donave (Strabon 4, 6, 10; Sasel Kos 1990,
17-21, 143-148). Navport je bil za Akvilejo tako pomembna
postojanka, da se je akvilejsko mestno ozemlje kot krak razte-
gnilo 100 km dale¢ proti vzhodu, vzdolz Jantarjeve poti, in ga
zajelo (Sasel Kos 2002).

V 1. st. pr. Kr. prodirajo rimski trgovci po vseh pomembnih
poteh v norisko kraljestvo in v juZzno Panonijo. Ob poti Cez
prelaz Ploc¢e (Monte Croce Carnico, Plockenpass, na meji med
Italijo in Avstrijo) v Norisko kraljestvo je v poznorepublikanskem
obdobju zrasel vikus [ulium Carnicum, ki so ga obvladovale
trgovske druzine iz severne Italije. Sredi vikusa je stal odprt
tlakovan prostor - trg. Nadaljnji razvoj je potekal drugace kot
pri Navportu, saj je bil v avgustejskem obdobju ustanovljen
municipij oziroma Ze takrat kolonija. Trg je bil prezidan v pravi
forum (Sasel Kos 2000, 289-291; Zaccaria 2001; Vitri 2001).
Na noriski strani prelaza v Ziljski dolini so italski trgovci
imeli postojanko v Gurini Ze v poznorepublikanskem obdobju
(Jablonka 2001; Gamper 2004). NajpomembnejSe oporisce
italskih trgovcev je bilo v srediS¢u NoriSkega kraljestva na
Stalenski gori. Zgodnja faza foruma na Stalenski gori, ki sodi
§e v poznorepublikansko in zgodnjeavgustejsko obdobje, se zdi
nekoliko podobna kompleksu na Dolgih njivah. Forum obdajajo
manjse stavbe - “kleti”- in dolge stavbe v vrsti, v katerih so bili
zelezarski obrati. Forum pa se razlikuje od trga na Dolgih njivah
med drugim po tem, da na njem stoji bazilika (Piccottini 1991;
Dolenz 1998, 15-35). Dolge njive Dolenz primerja z ostanki
v Smihelu na Gosposvetskem polju (St. Michael am Zollfeld,
Avstrija), ki lezi na prometni tocki pod Stalensko goro. Tu so bile
odkrite velike stavbe - domnevno skladi$¢a iz zgodnjerimskega,
verjetno avgustejskega obdobja. Nekateri prostori so dolgi in
ozki, v obliki paralelograma oziroma rahlo trapezaste oblike,
torej podobni skladiSCem iz Navporta. Vse skupaj pokriva
sveti§éni kompleks iz Hadrijanovega obdobja (Dolenz 2005,
41, 45-46, 49-50, sl. 6, 8, 10).

Tudi s prostora juzno od Norika poznamo vec postojank
italskih trgovcev. Na prelazu Okra (danes Razdrto pod Nano-
som), ob poti, ki povezuje Akvilejo z Navportom, je takSna
postojanka nastala Ze na konecu 2. st. pr. Kr. in je bila na za-
Cetku izrazit tujek v staroselskem okolju (Bavdek 1996; Horvat
2002, 142-143, 159). Trgovska postojanka z mocnimi italskimi
elementi je stala najpozneje v zgodnjeavgustejskem obdobju
(Vigi¢ 1993; Vicié 1994; Sasel Kos 1998, 104-105; Sasel Kos
2000, 294-297). V srednjeavgustejsko obdobje sodi naselbina v
Kranju, ki je bila utrjena s kamnitim obzidjem in pravokotnimi
izstopajo¢imi stolpi, podobno kot vrh Stalenske gore oziroma
Dolge njive v Navportu. Kranj stoji ob poti, ki je povezovala
obmocje osrednje Slovenije s Korosko (Sagadin 2003 in neobj.;
prim.: Dolenz 2004, 123; Dolenz 2007, 66, sl. 1).

V primerjavi z drugimi zgodnjimi rimskimi postojankami
v vzhodnih Alpah je glavna znacilnost Navporta poloZaj na
meji med kopnimi potmi, ki so vodile iz severovzhodne Italije
in Istre, in vodno potjo proti vzhodu. Posebnost so tudi velika
skladi$¢a, omejena predvsem na avgustejsko obdobje. Gre torej
za prekladalno postajo, preko katere sta potekala tranzitni
promet in trgovina na dolge razdalje. RazseZnost kompleksa
pa kaze na izjemno koli¢ino prometa in tovorov prav v avgu-
stejskem obdobju.

Za cCasa Cezarja se je konsolidirala rimska oblast na seve-
rovzhodni meji Italije, rimski vpliv se je sistemati¢no S§iril v
vzhodne Alpe in Ilirik (Sasel Kos 2000). V oktavijanskem in
avgustejskem obdobju je prislo do dokoncne rimske okupacije
vzhodnih Alp, srednjega Podonavja in zahodnega Balkana: Ok-
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tavijanove vojne na zahodnem Balkanu (35-33 pr. Kr.), mirna
aneksija Norika (15 pr. Kr.), panonska vojna (14-9 pr. Kr.) ter
panonsko-dalmatski upor (6-9 po Kr.) (Sasel Kos 1997). Ver-
jetno je to zgodovinsko ozadje klju¢ za obstoj velikih skladi$¢
na Dolgih njivah v avgustejskem obdobju. V tej Iu¢i postane
razumljiva tudi skrbna obramba postojanke.

Cez Navport so, poleg navadnega trgovskega prometa,
potekali tudi vojaski premiki in oskrba vojske. V skladisénem
prostoru 4a je bil verjetno odkrit zaklad svincenih Zelodov za
praco (Horvat 1990, 106, 209, t. 9: 5-7). Materialni sledovi vo-
jaskih transportov so vidni v Stevilnih najdbah oroZja in vojaske
opreme iz reke Ljubljanice, ki so skoncentrirani v avgustejski
dobi (Isteni¢ 2006). Nizje ob Savi, v Breziskih vratih na vhodu
v Panonsko nizino, je bila odkrita cela vrsta vojaskih taborov
avgustejskega casa (Gustin 2002; Mason 2003), ki Se dodatno
potrjujejo vojaski pomen plovne poti Navport-Ljubljanica-Sava-
Donava. Menimo, da je Navport - konkretno stavbni kompleks
na Dolgih njivah - moral igrati pomembno vlogo v oskrbi legij
na prostoru srednjega Podonavja in severnega Balkana (Egri
2006). Nadalje je popolnoma verjetno, da je bila v rokah akvi-
lejskih trgovcev, ki so nadzorovali Navport, tudi oskrba legij
(Whittaker 1989, 69-73; Whittaker 1994, 99-112).

Postojanka na Dolgih njivah je bila opu§ena v mirnem
obdobju v 1. st. po Kr. TezisCe poselitve se je v 1. st. po Kr.
preneslo na prometno ugodnej$e obmocje Breg, ki leZi ob rimski
cesti zahodno od Ljubljanice. Cestna povezava med Akvilejo in
Emono je bila najverjetneje zgrajena za Casa Avgusta (Festus,
Breviarium, 7; Sasel 1975-1976, 604-606). Na Bregu so v drugi
polovici 1. st. in v 2. st. stala velika skladi$¢a, vendar drugac-
nega arhitekturnega tipa kot na Dolgih njivah in brez sledov
obrambnih struktur (Horvat, Musi¢ 2007). Pomen recnega
prometa po Ljubljanici se je brZzkone obdrzal skozi vse anti¢no
obdobje (prim. Sasel Kos 1990, 29, 155; Sasel Kos 1994), ven-
dar pa prenos teziSCa poselitve kaze na poveCan pomen cestne
povezave in delno spremembo vloge naselbine.

Sirse obmoéje Vrhnike je v poznorimskem éasu ponovno
pridobilo velik strateSki pomen v obrambi severovzhodnih
prehodov proti Italiji. Morda sta bila Ze konec 3. st. postavljena
kastel na GradiScu in bliZznji opazovalni stolp, v 4. st. so zgradili
po okoliskem hribovju dolg obrambni zid (Ajdovski zid), ki je
zapiral poti na zahod (Sasel, Petru 1971, 75-81; Horvat 1990;
Prottel 1996, 138-139). Do 4. st. je Se Zivel naselbinski predel na

Bregu v ravnini ob Ljubljanici (Horvat, Musi¢ 2007). Ponovno
uporabo prostora Dolgih njiv na desnem bregu Ljubljanice v
pozni rimski dobi nakazujejo povrsinske drobne najdbe in morda
tudi dva izolirana objekta (6, 24) s tlakovano severno cesto.

Zahvale

Geoelektricne upornostne meritve je izvajal Jurij Soklic,
magnetne meritve Igor Medari¢, meritve prevodnosti Barbara
Horn, georadarske meritve in obdelavo podatkov sta opravila
Simon Premrl in Jurij Sokli¢. Lucija Lavren¢i¢ in Zvezda Mo-
drijan sta pomagali z geodetsko izmero terena.

Za interpretacijo arhitekturnih ostankov z Vrhnike so bili
zelo pomembni pogovori s Stevilnimi kolegi in njihovi napot-
ki: Mariana Egri, Marie-Brigitte Carre, Catherine Virlouvet,
Francis Tassaux, Corinne Rousse, Siegmar von Schnurbein in
Heimo Dolenz.

Besedilo so skrbno prebrali in prispevali dragocene pripom-
be: Marjeta Sasel Kos, Andrej Gosar, Janka Isteni¢, Andreja

Del slik je elektronsko obdelal Drago Valoh ob pomoc¢i
Lucije Lavrencic.

Prevod je delo Rachel Novsak.

Za pomemben prispevek k uspeSnosti raziskave se vsem
iskreno zahvaljujeva.
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