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Abstract: Integrated geophysical prospecting has producedreale results in the field of archaeology. Initidd to the
recognition of archaeological sites, the evolutidra site can be reconstructed. Therefore, the ematibn of more than one
geophysical technique can aid in understandindgtyeut of a site and help to answer interpretagjuestions. In this paper, we
illustrate the use of two geophysical prospectimjhads — ground-penetrating radar (GPR) and etetteésistivity tomography
(ERT) — to interpret the archaeological site ofg¢hecalled Domus septem Parthorum in the centBoafe (Italy). The ability to
investigate the subsurface at different horizoatal vertical resolutions demonstrates the advarmthgsing these two methods.
The GPR provides high-resolution data on the upgreains in the shallow part of the soil, and th@ ERtects deeper targets for
a complete and exhaustive reconstruction of théeBuanomalies. The results of this paper confirm #nichaeological
hypothesis that this so-called domus was repurpas@dtouse of worship during the Late Antiquityparticular, the integrated
geophysical acquisition supports the possible emtst of a buried Paleochristibasilica
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1. Introduction

The monumental complex that lies within the modermvas most likely used for public functions. Subsetjlye

“Nando Martellini” athletic stadium in Rome, Italjas been
known as theDomus septem Parthorufthe House of the
seven Parthians) since the end of the nineteemiturge The
first phase of its construction served in part tpport the
slopes of the Aventine hill near the church ofBztlbina (Fig.
1la). The earliest buildings date to the middle tog third
century AD and consist of a large lily pond/(hphaeumand
an expansive rectangular hall. All that remainshef former
is a thirty-meter-long apse. A large alcove liestaitcenter,
flanked by three rows of smaller niches [1]. Thenphaeum
was replenished with water from the Antonine aqué&du
which also supplied the baths of Caracalla. The mw
corbels visible high on the wall of the hall woulthve
supported a wooden balcony. During this periodcibvaplex

towards the end of the third or the beginning & fourth
century AD, the buildings were most likely convert® a
bath complex. A barrel-vaulted room was built, agswa
spiral staircase and a round room. The latter hatbraed
roof with an opening in the center. It was decatatéth
shells and fragments of pumice. Its constructiostricted
one of the streams of spouting water that had ftbiméo the
nymphaeunif2]. The fourth century AD saw the construction
of an additional room with a tiled roof. All thagémains is a
large domed alcove inset with niches (Fig. 1b) andther
small version. A fire sometime in the following ¢ery led to

the abandonment of much of the complex. A roof was

constructed over the original domed ceiling of ldmge apse.
This could be interpreted as the conversion ofbtlifding to



22 Pier Matteo Baronet al:

Can Integrated Geophysical Investigations SotvArghaeological Problem? The Case of the

So-CalledDomus septem Parthoruim Rome (Italy)

a place of worship during the Late Antiquity (fi#iixth

century AD), although no archaeological evidence (i

particular, no pavement or complete walls) was bimthe
excavations made between 1986 and 1997 [1], and [2]

B

Figure 1. Fig. 1a illustrates the archaeological area of the-called Domus
septem Parthorum. In the western part, the slopéseoAventine hill near the
church of St. Balbina are visible. The remainshef fourth century AD large
domed alcove are visible in fig. 1b.

Recently, certain preliminary geophysical invedimas
performed by the authors in agreement with
Sovraintendenza Capitolina ai Beni Culturali (Cratu
Heritage Superintendence of Rome) observed thepcesof
several anomalies beneath the soil. Due to bothydmeral
and preliminary purpose of these investigationswal as
the interesting results, the authors decided testigate this
area more intensively.

As widely demonstrated in the literature [3] — [Ble joint
analysis of different datasets and data integratian
archaeology allow investigators to overcome thesgita
limitations imposed by the use of individual prosiiey
methods alone [9] — [11].

The primary aim of this new research is to undedsthe
buried archaeological evidence partially exploreg the
1986-1997 excavations. In particular, the reseaichs to
better define the buried ancient structure withigh lvertical
and horizontal resolutions to highlight not onlye tehallow
upper portion of the buried standing walls but alse level
of the pavement, presumably at a depth of apprarim®
meters. For this reason, an integrated geophyajgpatoach
was necessary. The ground-penetrating radar (GPR)
electrical resistivity tomography (ERT) techniqaes used to
pinpoint the shallow and the deep anomalies, res@de

2. Methods, Data Acquisition, and
Processing

Due to their intrinsic characteristics, the combinese of
the GPR and ERT techniques can delineate buriethalies
at different depths and at different resolutionfie TGPR
measurements are performed with the FINDAR system
(Sensors & Software, Inc.), equipped with 500 MHitdtic
and non-separable antennas. A total of approximatéD
linear profiles were acquired during the invesiigas close to
the large domed alcove. These profiles were dividedng
four grids (10x10 m, 10x6 m, 10x4 m, and 10x2.5widh an
interline space of 0.5 m in both X and Y directipascording
to the possible dimension of the targets and tgtesence of
different modern obstacles, such as a metallic emod a
long-jump track (Fig. 2a). The grids were georefiessl using
a commercial GPS.

The GPR system was able to collect high-qualitya daat
did not require specific filtering or signal recoy@rocessing.
To identify the buried targets, each radar sectias analyzed
by applying the basic dewow time filter and autamagin
control.

To convert the two-way travel time into depth, doedy
analysis was performed using the so-called “hyparbo
calibration” technique [12] on all GPR sections vimich
hyperbolic events were well detected. This analgbiswed
the presence of a quite dry soil and provided aerape
velocity of 0.12+0.01 m/ns. Due to this velocity,is worth
noting that the hyperbolic anomalies in all 4 gréde located
at a depth of 1-1.3 m.

To better define the geometry of the buried remalresgrid

thelata were interpolated, and a series of migratguheisice

maps were generated by applying the average erevelop
amplitude algorithm to each trace [13]. Finallyjngsthe
computed average signal velocity, the migrationcpss is
used to estimate the target depths.

The ERT measurements were performed using a
georesistivimeter 16SG model (Pasi, S.r.l.), eqaippith
64 electrodes with a spacing of 1 m. As conventigna
reported in literature, e.g., [14] and [15], thepte of
investigation is up to 1/5 or 1/6 of the total lém@f the
electrical profile. Three ER tomographies were ectiéd in
the archaeological area of the so-callBdmus septem
Parthorum partially overlapping the GPR measurements. In
particular, the Wenner-Schlumberger configuratuased in
two ERT profiles (tomographic profiles 1 and 2 iig.F2b),
and the Dipole-Dipole configuration is used in th&d one
(tomographic profile 3 in Fig. 2b). These two mathare
used because the Wenner-Schlumberger method pmsovide
data on the upper part of the structures, wheréms t
Dipole-Dipole method provides better vertical data the
astructures.
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Figure2. In this figure, the locations of the 4 GPR gridsdad the three ERT
profiles (b) are visible. Note that tomographic files 1 and 2 are 64-m long,
whereas tomographic profile 3 is 48-m long.

The first part of the third profile was not adeaghat
energized; thus, this profile starts at 16 m. Treasaurement
of electrical resistivity is performed using configtions
based on a quadrupole pattern. The aim of the EBfinique
is, basically, to reconstruct the best shape, ijposdnd real
resistivity of the different lithologies and anyriad structures
from numerous measurements of apparent resistiwitych
depends on the number of electrodes arranged ogrdlmd
and on the type of quadrupole [16]. The measuresnend
interpretation of apparent resistivity are produtieanks to
the inversion technique involving the simultaneass of both
modeling finite-element (or finite-difference) afgbms and
optimization least-squares methodologies [10], [aAAH [18].
Therefore, the iteration of the resolution procedaitows us
to estimate the distribution of resistivity in tirevestigated
medium, producing an intuitive and effective grahimage
[19].

3. Resultsand Interpretation

As previously mentioned, the four grids are arrangese
to the large domed alcove shown in fig. 1c. Theargthms
presented in Fig. 3a show several hyperbolic aniesyakhich
are also consistently detected at the same depth
approximately in the same position in each grid.eseh
anomalies, shown in the GPR maps in Fig. 3b, adilpmg
orthogonal directions and have the typical geomaify

an
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perimeter walls of a building. The depth of the tfpthese
structures is between 1.0 and 1.3 m. The positinod a
geometry of these structures (i.e., the large ngetiar feature
with two 90° angles), are in agreement with theiblés
semi-circular archaeological structure (i.e., thkoee).
During the geophysical investigations, in the arke 10x10
m GPR grid, it was possible to identify a crop markthe
grassy surface indicative of the presence of aebusolid
structure with a 90° angle (fig. 4).

Figure 3. Fig. 3a shows the radargrams with several hypehahomalies
detected at the same depth (between 1.0 and laBdrapproximately in the
same position for each grid. The GPR maps in fly.ilBistrate a large
rectangular feature (in blue) in agreement with thisible semi-circular
archaeological structure (i.e., the alcove).

Figure 4. In this figure, it is possible to identify a cropark on the grassy
surface, indicating the presence of a buried ssfidcture with a 90° angle in
the area of the 10x10 m GPR grid.
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Fig. 5a (tomographic profile 1 in Fig. 2b) shows tiesults the same profile but were collected using differmethods —
of the Wenner-Schlumberger method, which reachdspth  Wenner-Schlumberger in fig. 5b (tomographic prolm fig.
of approximately 7.5 m. The most interesting elenigrihe  2b), and Dipole-Dipole in fig. 5¢ (tomographic plef3 in Fig.
high-resistivity area underlying the entire prafil§tarting 2b). Both results show areas of high resistivitythet same
from 6 m depth, there is a clear area with restgtivalues of  location along the profile and at the same depth
approximately 200-300 ohm/m. Based on the positbthe (approximately 1-1.5 m). The measured values are
buried shallow anomalies detected by the GPR, th&pproximately 200 ohm/m, which are likely relatea &
high-resistivity zone appears to be a flat mannstdecture, masonry building. In this case, the manmade strastare
most likely related to a buried floor level. vertical walls in perfect agreement with the reswdiready
The other two tomographic profiles (Figs. 5b andltare highlighted by the GPR 10x6 grid (i.e., the burggt angle).

eptn  Itevation 5 o
1,0 [
[ el SR L SR, (o v L L B O S SRS L N B SR B B e AP S T B
v ]
. |
e |r
LT 1
L ]
b |
e ]
Lvwerie
L] 1 ]
i _,!
it rirctrode spacing 1.0 o,
bepth  Iteration 3 S
N .0 a0 v "
L] L T R Amaa amoslaas amom.iamiiaaiaso s R N
.., & [t i ] By 7 l
L5 g = o . |
LH 1 ¥ N i . b
.- !,
|
e Waddl Wil 1wh5 Ghaniih (WINh Sathars anil@ln)
- ...
(Bt "7 L e m 1wy LT L lr&(lll. 1.0 &
Bruistivity in sha,m

u
N .. ]
0 . [N

Reiistivieg : g Bit elactrass spacisg 1.0 & C

Figure5. In fig. 5a, the ERT result highlights the presenta high-resistivity, elongated area at a degfth m (black circle), likely related to a floond. Figs.
5b (Wenner-Schlumberger) and 5c (Dipole-Dipolejsittate the high-resistivity anomalies relatedhe presence of buried wall structures (black csle

The integrated GPR and ERT data enable the complete
reconstruction of a partially unknown archaeolobam®a of
Rome. The archaeological excavations were unabidtain
sufficient results to confirm the hypothesis thatet
pre-existing, semi-abandoned building was repunpese a
place of worship during the Late Antiquity. Howevéhne
presence of both a rectangular structure with e amd the
deeper pavement suggest the construction of a small
Paleochristian church (a so-called basilica). Bigshows a
reconstruction of the possible geometry of suchymcal
ancient religious building.

Unfortunately, the presence of the modern athitdium
limits the ability to detect the entire structuddowever,
supplementary integrated geophysical investigat@amshelp Figure 6. Possible reconstruction of the buried structuetedted by the

us better understand the area outsidétsdica integrated geophysical methods. The shape can berpieted as a
Paleochristian basilica.
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4. Conclusions [5]

The choice of technique to be used in the seanchiued
archaeological structures depends very much opaheular
situation and on the different landscapes that havde [g)
surveyed. Integrated geophysical prospecting for
archaeological features not only delivers detaitegips of
buried structures but also solves certain archgeb
interpretive problems.

The multi-approach results from the archaeologsit®l of
the so-calledomus septem Parthorudemonstrate how two
different geophysical techniques with different idweristics
can be combined to obtain a clear reconstructigh@thape
of buried ruins. The anomalies are confirmed todi&ted to a
Late Antiquity religious building (i.e., a Paleoidtian
basilica) with a rectangular geometry, an apse ammhved
floor. Taking into consideration the several reuskethe area
over the centuries, including the recent constonctof a
modern athletic stadium, the acquisition of importa
integrated archaeological datasets is essentialbtaining [10]
both a coherent answer to a historical interprgiiadlem and
a coherent idea of the urban evolution in the past.

[7]

(8]

[9]

[11]
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