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Abstract: This study reports the analytical investigations on clayey and ceramic finds, characterised
by high variability in terms of prime materials, with the aim to determine the role of this important
ceramic production situated close to the city walls, fortuitously found during service excavations
developed in the garden of Palazzo Corsini in Rome. The complexity of the finds led to the choices of
appropriate methodologies and techniques suitable for defining the diagnostic elements of each find.
Optical microscopy (OM) combined with micro-Raman (u-Raman) spectroscopy, X-ray diffractometry
(XRD), scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM/EDS), and
differential thermal analysis (DTA) were used to analyse the nature and microstructure of the ceramic
and burned clay that were found. In such a complicated setting, the objective of conducting chemical
analyses is to provide clues to describe the various kinds of ceramics produced, the production and
processing methods, and, as a result, the typology of the workshop.
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1. Introduction
1.1. Palazzo Corsini Alla Lungara and Cavallerizza Courtyard

During maintenance work in the part of the garden called the “Cavallerizza” of
Palazzo Corsini, finds and remains of structures were found.

The historic Palazzo Corsini is a Renaissance palace with a large garden located on the
Janiculum Hill, in the Trastevere area, between the slopes of the hill and close to the Tiber.

The renovations completed by the architect Ferdinando Fuga (1699-1782) gave the
palace its current form, with the development of the internal garden, known as the
“Cavallerizza”, which is separated from the rest of the garden with iron gates [1].

Since that time, no more improvements have been made to the palace; the focus was
reduced to conservation efforts instead. The Italian government acquired Palazzo Corsini
in 1883, and the regal Accademia dei Lincei moved its headquarters there.

Palazzo Corsini is enclosed by the Gianicolo walls and is located in the area between
the Janiculum Hill to the west and the Tiber to the east [2]. The hilly sector surrounding
this area is characterised by the presence of numerous springs, which flow from the Monte
Mario-Gianicolo—Vatican ridge into the bank of the Tiber. Since many of them are no longer
visible, their identification was possible through historical documentation, bibliographical
sources, and archaeological investigations. The most notable springs mentioned in the
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literature are Acqua Pia, Acqua Lancisiana, and Acque Corsiniane, which were canalised
in the past to provide water to fountains, rich homes, and troughs [3]. The Corsini waters
flowed in the area where the garden of Palazzo Corsini extended. The area where Palazzo
Corsini is located had a predominantly rural character in the early twentieth century.
During the Augustean period, urbanisation quickly changed this area, and many noble
families occupied this area.

1.2. The Archaeological Area

Due to maintenance work in 2018, significant archaeological remains were discovered
on the “Cavallerizza” side of the internal garden of Palazzo Corsini alla Lungara (Figure 1).
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Figure 1. The archaeological area of Palazzo Corsini alla Lungara (credit to Veronica Romoli).

Ruins of ancient structures and numerous ceramic and metallic remnants were discov-
ered in the area shown in the plan (Figure 2).
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Figure 2. (A) Scale plan of the intervention area (red box) in the Cavallerizza courtyard (green) located
in Palazzo Corsini alla Lungara (blue). (B) Detailed plan of the structures that emerged during the
excavation (credit to Margherita Zannini).
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The most notable finding was in the southern area, where a quadrangular-shaped clay
floor cooked at high temperatures (backed clay) was discovered (Figure 3, area A).

Figure 3. (A) Image of the archaeological excavation providing a general perspective of the structures
discovered (credit to Veronica Romoli). The quadrants in (B) refer to the excavation areas where
different materials and structures were found. Quadrant A indicates the area relating to the presumed
furnace. Quadrant B indicates the area belonging to the location of the amphorae; Quadrant C
indicates the area where there are walls of different eras.

Archaeologists think that the discovered structures are the remains of a manufacturing area.

The quadrangular structure of the terracotta floor could indicate the presence of a
cooking chamber of a furnace made up of a surface where the ceramic artefacts were placed
and a vault that allowed the environment to be kept suitable by directing combustion gases
outside, which was not found in our context [4].

Areas of distinct colours can be seen (Figure 4) in the surface layer of the backed
clay floor (area A), which evidences the heating processes that produced the formation of
various forms of oxidation in the components of the clay material.

CHANNEL BETWEEN THE TWO WALLS

Figure 4. Areas with different colours (shown by arrows) may be visible in the surface layer of the
backed clay floor (quadrant A, Figure 3B), indicating heating operations that resulted in the formation
of various forms of oxidation in the clay material’s components (credit to Veronica Romoli for the
picture and to Margherita Zannini for the plant).

An extension of the excavation in the northern corner of the backed clay floor revealed
a more elevated part of the same material (Figure 5). These materials could be the remains
of the walls that could have supported the vault above the fireplace, the location of which
has yet to be identified.
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Figure 5. The remains of the walls (indicated by arrows) that could have supported the vault above
the fireplace (credit to Veronica Romoli).

In the south-west sector of the area reported in quadrant A in Figure 3, two walls that
could have been constructed later were discovered (Figure 6A).

Figure 6. (A) Walls of south-west sector of area A. (B) Canalisation formed between the two walls
(credit to Veronica Romoli for the picture and to Margherita Zannini for the plant).

Another wall is settled frontally and parallel to it, a few centimetres apart (approxi-
mately 80 cm) from the other wall, providing a narrow passage (Figure 6B) comparable to a
canal with a possible distribution or drainage function for water. This theory is supported
by the presence of a multi-level floor that flows into a well and then into a cistern.

In addition to the succession of building phases, a significant number of the materi-
als recovered during the excavation included ceramic artefacts, such as basin rims with
sinusoidal handles, jugs, and planting pots, which are classified as common pottery and
date from the I to III century AD. The stratigraphy of the sector between the two walls
(quadrant C Figure 3) contains a variety of features, including friable and sandy earth with
ceramic fragments on one side, pozzolanic earth on the other, and a portion of clayey and
compact earth with a dark colour due to the presence of carbon. This part has a variety of
precious objects, such as lamps, which are distinguished from the rest of the findings in the
area by the presence of common pottery [5].

The wall to the east of the investigated site circumscribes a larger area, at the bottom of
which is part of a mortar surface with a canal in the centre. This channel is filled with large
cylindrical amphorae (Figure 7). The stratigraphy of the entire surrounding area is mainly
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composed of a layer of ceramic fragments of various sizes, which could have a draining

function.

CHANNEL BETWEEN THE TWO WALLS

Figure 7. Channel filled with ceramic amphorae from the 1st and 2nd centuries AD (credit to Veronica
Romoli for the picture and to Margherita Zannini for the plant).

Two walls oriented perpendicularly may be seen covering the structure in the opus
reticulatum in the north-east corner of the excavation (quadrant C) (Figure 8). The two
perpendicular wall remains are made of burned clay blocks, some of which, archaeologists
believe, came from the disintegration of the work surface. These walls appear to be the
most recent phase of the investigation area.

CHANNEL BETWEEN THE TWO WALLS

Figure 8. Post-ancient wall (wall above) and opus reticulatum structure (wall below) (credit to
Veronica Romoli for the picture and to Margherita Zannini for the plant).

The discovered opus reticulatum wall structure can be dated between the first century
BC and the first century AD [6]. This wall construction is not related to the reported
production complex, but rather to an aristocratic villa, indicating a change in the intended
use of the area from residential to work/productive purposes.

The stratigraphy of the sector between the two walls (quadrant C) contains a variety of
features, including friable and sandy earth with ceramic fragments on one side, pozzolanic
earth on the other, and a portion of clayey and compact earth with a dark colour due to the
presence of carbon. This part has a variety of precious objects, such as lamps, which are
distinguished from the rest of the findings in the area by the presence of common pottery.

The excavations also led to the discovery of a double line of amphorae with east-west
and north-west directions inside the excavated area (Figure 9).
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Figure 9. The double line of Dressel 20-type oil amphorae (indicate by arrows) (credit to Veronica
Romoli for the picture and to Margherita Zannini for the plant).

The placements of these amphorae in the excavation area indicate that they were
positioned there to create a protective barrier to drain the water that came down from the
Janiculum, which is an important function that kept the area dry. The amphorae were
placed in a layer of very compact and extremely hard silty-clayey soil that appears to be
rich in carbon, maybe from furnace waste or cleaning work on the furnace itself [7].

The discovered amphorae are mostly of the Dressel type. Dressel 20-type amphorae,
attested from the Augustan age up to the second century AD [8], were used to contain the
oil coming from the Roman province of Betica. This province, conquered by the Romans in
218 BC and located on the Iberian Peninsula, corresponding to the current Spanish region
of Andalusia, was a large producer of olive oil and Betic oil, which were much appreciated
by the Romans.

The objects found in the archaeological area include a considerable number of ceramic
fragments and semi-finished bones.

Throughout the investigated area, numerous clay pieces were discovered with signs
of green glassy frit, glassy slag, and places with high concentrations of minute glass pieces,
indicating a phase of destruction or abandonment of the structure.

The findings discovered in the garden of the “Cavallerizza” of Palazzo Corsini were
highly heterogeneous in terms of the materials and functions. They mainly included
common furniture, attested in the Augustan age up to the first century AD, and common
cooking tools attributed to the second half of the third century AD. In lesser quantities, there
were also other types of materials, such as bronzes, bone carvings, and glass fragments.

1.3. The Structures of the “Cavallerizza” Courtyard: Furnace Hypothesis

Furnaces for ceramic production are classified according to their shapes (quadrangular
or circular) [9], the division of the combustion chamber from the firing chamber, and the
type of draught. The latter, with vertical draughts, also known as “vertical furnaces”, were
the most common in Roman times and were very stable constructions that allowed the
construction of large structures while avoiding heat dispersion and favouring a uniform
frying of the materials [10-12].

The ceramic base discovered in the garden of Palazzo Corsini must belong to a
quadrangular-shaped furnace. The combustion chamber is supposed to be located under
the heating surface but has yet to be discovered in the current state of the works. The curbs
on the baked clay floor most likely supported a vaulted roof, which was required to close
the firing chamber. Furthermore, the absence of roof remains could suggest that it was
destroyed after each firing cycle and rebuilt after the materials were repositioned on the
perforated surface [13-15].

The structure found in the garden of Palazzo Corsini has a clay surface where different
colours are highlighted, which vary from orange-red to blackish-grey (Figure 4), implying
that it is a thermally transformed clay (hence the term baked clay). It may have been the
ancient firing surface of the furnace, although, unlike the more common Roman furnaces,
the heating surface is not perforated. Cuomo di Caprio [9] hypothesised that a temporary
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perforated surface was likely utilised, i.e., formed and destroyed each time, to enable it to
adapt more easily to large materials.

The furnace needed a large amount of water, which was essential for the control of
fire and heat; the presence of a water channel around the floor could have been created not
only as a function of channelling water resources, but also intentionally for the use of the
furnace. The reason why this location was selected for the officine could be attributed to the
presence of a clayey area, primarily composed of silty clays [16], which is suitable for the
creation of artefacts, as well as the abundance of wood required for the kilns, whose supply
was ensured by the proximity of the ports on the Tiber in the Trastevere area (port of Ripa
Grande) and by the presence of numerous springs on the Janiculum that descended into the
valley to flow into the Tiber. The region was thus in a particularly advantageous position for
the supply of raw materials as well as for the transportation of finished products because
of its close position to the river landings.

Although Palazzo Corsini’s excavation remains incomplete, a number of indicators,
including the presence of pigments, glass, bone, and metal fragments, point to the existence of
an artisan complex that may have been used to produce ceramics as well as other materials.

The goal of conducting chemical analyses in this sort of complex context is to offer
indications that can help characterise the variety of ceramics produced, the methods used
in their manufacturing and processing, and ultimately, the type of workshop situated so
close to the city walls.

2. Materials and Methods
2.1. Materials
Sixteen findings, described in Table 1, representing the most significant categories of

materials discovered during the archaeological excavation (such as ceramic artefacts, bones,
and raw and burned clays), were subjected to chemical-physical investigations.

Table 1. Typology (A) and excavation reference of analysed materials (B).
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Table 1. Cont.

Sample Typology Excavation reference

CER 1 Bowl fragment US 99, area B

ORL1 Neck of vessel US 99, area C

ORL 2 Neck of vessel US 99, area C

VAS 1 Bowlifragment with bone US 99, area C
remains

VAS 2 Base of vase US 102, area C

INV1 Glazed ceramic US 17, area C

FRT 1 Frit US 17, area B

GRU1 Red clay US 99, area B

PIG1 Yellow clay US 17 (M/3), area B

C1A Fired clay Area A

C1B Fired clay Area A

C2 Fired clay Area A

C3 Fired clay Area A

SNZ 1 Fired clay ?

VET 1 Shard of glass Area C

0SS 1 Bone-processing remnant US 99, area C

(B)

2.2. Analytical Methods

The materials were analysed by means of optical microscopy (OM), scanning electron

microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD)
analysis, micro-Raman (u-Raman) spectroscopy, and thermogravimetric analysis (TGA).
The analyses were carried out as follows:

Optical microscopy (OM) investigations were performed using a Leica M125 C micro-
scope equipped with a digital camera, Leica MC170 HD.

Scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM/EDS)
characterisations were carried out using a SEM TESCAN VEGA 3 equipped with a
microprobe X-ray INCA 300 and a four-sector backscattered electron detector (BSE).
The beam accelerating voltage was set between 20 and 30 keV, which was sufficient
to overcome the critical energy of the electrons for the X-ray emission (quantitative
resolution limit of 0.2% by weight) and working distance (WD) of 15 mm.

The structural identification of crystalline phases of the patinas was determined using
a SEIFERT D3003 Theta-theta diffractometer (XRD) and Cu-filtered Cu K« radiation
(A = 1.5418) with a beam size of 1 cm?. Angular values in the range between 10 and 80°
in additive mode, a step size of 0.05°, and a sampling time of 2 s were the experimental
parameters used for data acquisition. X-ray diffraction pattern analysis was carried
out using RUFF online database (https:/ /rruff.info accessed on 16 February 2023) and
the instrument library.

Micro Raman (p-Raman) analysis was performed at room temperature using a Ren-
ishaw RM2000 equipped with a Peltier-cooled charge-coupled device (CCD) camera,
in conjunction with a Leica optical microscope with X10, X20, X50, and X100 objectives.
Measurements were performed using the X50 objective (laser spot diameter of about
1 um) and the 514.5 nm excitation line of an Ar* laser using the equipped density
filter with a real output of 300 uW. Raman analysis was carried out using RUFF online
database (https:/ /rruff.info accessed on 17 February 2023) and the GRAMS library.
The TG curves were obtained using a Perkin-Elmer PC series TGA-7 thermogravimet-
ric analyser in the temperature range of 25-1000 °C. The dynamic experiments were
carried out in an air and nitrogen atmosphere with a flow rate of 80 mL min—! and a

heating rate of 10 °C min 1.
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3. Results
3.1. Ceramic Artefacts

The ceramic artefacts that were analysed (CER1, ORL1, ORL2, VAS], and VAS2) are
mostly remains of commonly used vases from quadrants B and C, as seen in Figure 10B.
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Figure 10. (A) Excavation plan with UUSS location for quadrants A, B, C and (B) location of the
analysed materials (credit to Margherita Zannini).

During firing, solid-state reactions occur in the ceramic body under non-equilibrium
conditions, leading to the nucleation and development of newly formed phases and, in
some cases, compositional variations in the present phases. The identification of each phase
allows us to hypothesise both the clay typology and the possible function of the artefact,
as well as the manufacturing method and, thus, the technological level reached in the
production workplace [17].

The observations in the optical and electronic microscopes of the bowl fragment CER
1 reveal that it has a homogenous morphology and a low porosity (Figure 11A,D). The EDS
area analysis, carried out on the surface sample (Figure 11C, Table 2), revealed the presence
of 5i (20%), Ca (10.2%), and Al (7%) together with minor quantities of Fe, Na, Ti, and K. The
XRD spectrum highlights the mineralogical phases present: quartz (5iO,), calcite (CaCO3),
feldspar-albite (NaAlSi3;O), and gehlenite (Cap Al(AlSi)Oy).

Table 2. EDS area analysis of vessel CER1; * weight per cent (wt%), error & 0.2%.

(@) Na Mg Al Si K Ca Ti Fe
CER1 * 55.0 0.6 2.0 7.0 20.0 1.6 10.2 0.3 3.0

The thermogravimetric analysis (TG) (Figure 12) shows a point of flex between 700 °C
and 900 °C, which is attributed to the decomposition of the calcite. The crystallisation
temperature of gehlenite begins at T > 800 °C, and the presence of calcite, which dissociates
between 700 °C and 800 °C, leads us to hypothesise that the furnace reached heating peaks
of up to 900 °C, even if the average temperature was most likely lower.
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Figure 11. Surface analysis of the bow] fragment CER1. (A) Optical and (D) backscattered SEM images
of ceramic surface. The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiO,),
calcite (CaCOs3), feldspar-albite (NaAlSizO), and gehlenite (Cap Al(AlSi)Oy). EDS area spectrum (C)
reveals the presence of Si, Ca, and Al together with smaller quantities of Fe, Na, Ti, and K.
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Figure 12. Thermogravimetric analysis (TG) of the CER1 basin shows a point of flex between 700 °C
and 900 °C, which is attributed to the decomposition of the calcite.

In OM, the ORL 1 vessel’s neck surface looked light in colour with a homogenous
surface (Figure 13A). The SEM image (Figure 13D), acquired in backscattered electrons
of a fragment section, disclosed a bubbled layer (denoted by the red box). The EDS area
analyses (Figure 13C and Table 3) detected the presence of Si (11.0%), Ca (8.6%), Na (2.8%),
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K (2.3%), and Al (1.6%), which are elements that suggest the possible presence of glass on
the surface.
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Figure 13. Surface analysis of glassy layer of neck of ORL1 vessel. (A) Optical and (D) backscattered
SEM images of the vitrified surface of the ORL1 fragment (square in red). The XRD spectrum (B)
reveals the mineralogical phases present: quartz (SiO;), calcite (CaCO3), albite (NaAlSi3Og), and
gehlenite (Cay AI(AlSi)Oy7). The EDS spectrum (C) reveals the presence of Si, Ca, Na, K, and Al

Table 3. EDS area analysis of ORL1 fragment; * weight per cent (wt%), error & 0.2%.

(0] Na Al Si Cl K Ca Fe
ORL1 * 70 2.8 1.6 11.1 1.5 23 8.6 2.1

The mineral phases present in the glassy layer can be observed in the XRD spectrum
(Figure 13B). The significant abundance of quartz (SiO5) is linked to the probable presence of
remains of the glassy coating as well as the ceramic body. Quartz is found in association with
the minerals calcite (CaCO3), feldspar-albite (NaAlSi3Og), and gehlenite (Cay Al(AISI)Oy).

These characteristics are indicative of a transparent glass placed on the interior surface
of the bowl, whose function was most likely to make the container waterproof to aid in the
preservation of the food inside.

The OM and SEM images (Figure 14A,D) of the ORL 2 vessel’s neck show a uniform
ceramic matrix with a colour area changing from pinkish to greyish and a regular mixture.
The colour variability could indicate a heating atmosphere that is not perfectly controlled,
with a gradient of oxidising and reducing conditions, as well as differential corrosion
between the different areas in relation to the product’s position or a mixing of different
clays [18].
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Figure 14. Surface analysis of neck of ORL2 vessel. (A) Optical and (D) backscattered SEM im-
ages of the ceramic surface. The XRD spectrum (B) reveals the presence of quartz (SiO,), calcite
(CaCOs), albite (NaAlSizOg), and gehlenite (Cap Al(AlSi)Oy). The EDS area spectrum (C) reveals high
concentrations of Si, Al, and Ca and reduced quantities of Fe and K.

The EDS area spectrum and chemical analysis (Figure 14C, Table 4) detected high
concentrations of Si (18%), Al (13%), and Ca (10.3%) and minor quantities of Fe and K.

Table 4. EDS area analysis of ORL2 fragment; * weight percentage (wt%), error £ 0.2%.

(o) Mg Al Si K Ca Fe
ORL2 * 52.2 1.7 13.3 18.6 1.3 10.3 2.5

The XRD analysis (Figure 14B) revealed the presence of quartz (5iO;), calcite (CaCO3),
feldspar-albite (NaAlSi3Og), and gehlenite (Capy AL(AlSI)Oy7).

The thermogravimetric analysis highlights a weight loss in the material analysed
between approximately 700 °C and 900 °C (Figure 15) due to the decomposition of CaCOs.
The low weight loss in the initial section of the reported curve reveals a low presence of
adsorbed water due to the waterproof property of the ceramic [19].

The OM image (Figure 16A) of the bowl fragment with bone remains (VAS 1) shows
a ceramic item with a large grain size range. Figure 16B shows the XRD spectrum of the
sample; the most sharp and intense peaks on the diffractogram are related to quartz (5iO,),
calcite (CaCO3), feldspar-albite (NaAlSi3Og), and gehlenite (Cay AI(AlSi)O7).
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Figure 15. Thermogravimetric analysis (TG) of the ORL2 fragment shows a point of flex between
700 °C and 900 °C, which is attributed to the decomposition of the calcite.
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Figure 16. Surface analysis of the material attached to fragment of VAS1 vessel. (A) Optical and
(D) backscattered SEM images (D) of the bottom remains. The XRD spectrum of the ceramic item (B)
reveals the mineralogical phases present: quartz (5iO;), calcite (CaCOj3), feldspar-albite (NaAlSizOg),
and gehlenite (Cay Al(AlSi)O7)). The EDS spectrum (C) of the bottom remains reveals the presence of
Ca and P due to the presence of hydroxyapatite, Ca;q(PO4)s(OH);.

Figure 16C,D report the EDS area spectrum and the SEM image of the encrustation
that is present on the bottom of the bowl. The SEM image identifies the structure of a
bone material. The presence of Ca (26.4%) and P (9.5%), due to the presence of hydroxyap-
atite, Ca1o(PO4)s(OH),, of which the bones are composed, is supported by the EDS area
analysis (Figure 16C).
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The image in OM of the base of VAS 2 vase (Figure 17A) indicates a structure composed
by homogenous and light-coloured clay. The microcrystalline structure is visible in the
SEM image (Figure 17D). The EDS area spectrum (Figure 17C) and the EDS area analyses
(Table 5) highlight a homogeneous structure composed mainly of Si (23%), Al (7.3%), and
Ca (6.2%). The p-Raman spectra (Figure 17B) reveal the presence of goethite (FeO(OH))
and hematite (Fe,O3).
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Figure 17. Surface analysis of the base of VAS2 vessel. (A) Optical and (D) backscattered SEM
images of the ceramic surface. The p-Raman spectra (B) reveal the presence of goethite (FeO(OH))
and hematite (Fe;O3). The EDS spectrum (C) highlights the presence of Si, Al, and Ca and smaller
quantities of Fe, K, Mg, and Ti.

Table 5. EDS area analysis of the VAS2 fragment; * weight per cent (wt%), error =+ 0.2%.

(0] Mg Al Si K Ca Ti Fe
VAS2 * 50.2 2 7.3 23 2.7 6.2 0.3 8

The purity of the mixture and the morphology of the material suggest that it is a very
fine ceramic.

3.2. Raw and Burned Clays

Numerous clay materials with a variety of colours and grain sizes were discovered
during the archaeological excavation, some of which show evidence of combustion or
thermal transformation that are commonly referred to as “burned clays.” These clays
were most likely part of the structural works discovered during the excavation [20]. The
materials analysed are from the quadrants A (C1A, C1B, C2, C3, and SNZ1) and B (GRU1
and PIG1).

The GRU1 clay (Figure 18A) has a coarse granulometry and a red-orange colour
tone. The mineralogical analysis (Figure 18B) reveals the presence of quartz (5iO;), calcite
(CaCO:3), and albite-feldspar (NaAlSiOs). The EDS area spectrum (Figure 18C) and chemical
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area analyses (Table 6) show high concentrations of Si (18.2%), Fe (9.2%), and Ca (10.2%)
and low contents of Al and Mg. The SEM images (Figure 18D) highlight a heterogeneous
morphology in composition without evident forms of crystallisation and cohesion.
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Figure 18. Surface area analysis of red clay GRU1. (A) Optical and (D) backscattered SEM images
of the clay. The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiO;), calcite
(CaCO0;3), and albite-feldspar (NaAlSiO3). The EDS area spectrum (C) reveals the presence of Si, Fe,
and Ca and low contents of Al and Mg.

Table 6. EDS area analysis of the GRU1 red clay; * weight per cent (wt%), error % 0.2%.

(o) Mg Al Si K Ca Fe
GRU1 * 55.8 1.2 4.1 18.2 1.1 10.2 9.2

The minerals that are present, including (Mg,Fe)SiO3, low-temperature feldspars
(albite), quartz, and calcite, are typical of clay that has been subjected to a moderate thermal
increase [21].

This clay fragment, found in a marginal area of the furnace and which shows no
working traces, was probably part of a structure that was not subject to continuous heating.

The yellow PIG1 clay was discovered far from the furnace in the same area of the GRU1
clay. The OM image (Figure 19A) allows us to distinguish a uniform yellow ochre-coloured
mixture with a very fine grain size, suggesting that it is a clay pigment. The XRD spectrum
(Figure 19B) identifies calcite (CaCO3), quartz (5i0,), and goethite (FeO(OH)). The p-Raman
analysis (Figure 19E) highlights the presence of limonite (FeO(OH)enH,O). The SEM image,
acquired with backscattered electrons (Figure 19D), shows a microcrystalline structure with
one-dimensional and uniformly distributed crystals. The EDS area spectrum and chemical
area analyses (Figure 19C, Table 7) reveal the presence of Ca (37.4%), Fe (6.7%), and Si.
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Figure 19. Surface area analysis of yellow clay, PIG1. (A) Optical and (D) backscattered SEM images of
the clay. The XRD spectrum (B) identifies calcite (CaCOs), quartz (SiO,), feldspar (albite-NaAlSizOg),
and goethite (FeO(OH)). The EDS area spectrum (C) reveals the presence of Ca, Fe, and Si. The
p-Raman spectrum (E) highlights the presence of limonite, (FeO(OH)enH,O.

Table 7. EDS area analysis of the PIG1 clay fragment; * weight percentage (wt%), error & 0.2%.

(@] Al Si Ca Fe
PIG1 * 54.6 0.2 1 37.4 6.7

The colour is caused by limonite, (FeO(OH)enH,O, as confirmed by the p-Raman
analysis. Yellow ochre is a natural pigment produced from clay containing limonite, whose
colour can vary from light yellow to brownish yellow depending on the quantity and origin
of the mineral. This pigment is different from Terra di Siena, whose colour is caused by
missing manganese oxides. It was produced by finely grinding the clay, mixing it with
water, and drying it at a low temperature to prevent colour change [22]. The numerous
fragments of similar appearance that were found in the excavation area allowed us to
hypothesise the presence of a place dedicated to the production of pigments.

The compact, reddish-orange clay fragment, C1A, was found in the furnace’s quadrant
A. The optical microscopical image (Figure 20A) shows a wrinkled surface with a variable
grain size. The XRD spectrum (Figure 20B) identifies the presence of quartz (SiO;), calcite
(CaCO;3), and high albite (NaAlSiO3). The SEM image (Figure 20D) confirms the hetero-
geneity of the clayey material’s grain sizes. The EDS area analysis (Figure 20C, Table 8)
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reveals high contents of Si (18.3%), Ca (10.8%), Al (6.1%), Ti, and Fe, elements often present
in quartz clays.
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Figure 20. Surface area analysis of C1A fired clay. (A) Optical and (D) backscattered SEM images
of fired clay. The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiOy), calcite
(CaCO3), and high albite (NaAlSiO3). The EDS area analysis (C) revealed high contents of Si, Ca, and
smaller amounts of Al, Ti, and Fe.

Table 8. EDS area analysis of the C1A clay fragment; * weight percentage (wt%), error & 0.2%.

(0] Na Mg Al Si K Ca Ti Fe Cu
Cl1A * 565 0.4 1.7 6.1 18.3 3.4 10.8 0.2 21 0.2

The presence of high-temperature minerals, such as high albite, which crystallises
at temperatures higher than 700 °C and is stable up to roughly 900 °C, indicates that the
material was subjected to heat treatments at medium temperatures. Since it is a very brittle
material, it could not have been part of the furnace wall, but rather a refractory mortar,
probably employed to bond the bricks of the heating surface.

The C1B clay fragment comes from quadrant A of the furnace. The clay observed using
optical microscopy (Figure 21A) is characterised by a light yellow aspect. The mineralogical
analysis (Figure 21B) shows the presence of calcite (CaCO3), quartz (SiO), and high albite
(NaAlSiOs3). The EDS analysis (Figure 21C, Table 9) detects a high amount of Ca (42.8%)
and low concentrations of Si (3.5%) and Al (0.8%), while the morphology (SEM image,
Figure 21D) highlights a crystalline structure.
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Figure 21. Surface area analysis of C1B fired clay. (A) Optical and (D) backscattered SEM images
of fired clay. The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiO,), calcite
(CaCO3), and high albite (NaAlSiO3). The EDS area analysis (C) detected a high amount of Ca and
low concentrations of Si and Al

Table 9. EDS area analysis of the C1B clay fragment; * weight percentage (wt%), error & 0.2%.

o) Mg Al Si K Ca Fe
C1B * 51.5 02 0.8 35 02 428 0.6

The high calcium content suggests that the material ©is the product of firing a calcare-
ous clay at high temperatures (>800 °C), which induces the dissociation of calcite (CaCO3)
into calcium oxide (CaO) and carbon dioxide (CO;). Because the volume of lime is signifi-
cantly lower than that of carbonate, this change takes place with a large loss in volume. This
transition, however, is reversible; in fact, after frying, the lime in the mixture can convert to
calcite (carbonation), reacting with the CO, in the atmosphere [23]. Carbonation causes a
rise in volume, which makes the material very brittle; this is a condition that occurs most
often in calcareous clays. When the temperature rises above 900 °C, the lime bonds with
the other elements of the clay to form silicates.

Fired calcareous clays are particularly hard and resistant but have a very high expan-
sion coefficient. This reason leads us to rule out that this material belonged to the area of
the furnace that was the most exposed to the heat, but it is possible that it was part of a
structural section of the furnace with mechanical resistance properties [24].

The C2 clay fragment was found in quadrant A of the furnace and has a darker
colour and a well-compacted structure compared to the other analysed clays. The optical
image (Figure 22A) shows a compact and homogeneous morphology. The XRD analysis
(Figure 22B) shows the presence of quartz (Si0,), calcite (CaCOj3), high albite (NaAlSiO3),
and cristobalite (SiO;). The area chemical analysis (Figure 22C, Table 10) detected the
presence of Ca (12.6%), Si (23.6%), Al (1%), Fe (0.9%), and Mn (0.4%). The existence of large
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hexagonal-shaped crystals highlighted in the SEM image (Figure 22D) indicates a heating
process followed by slow cooling.
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Figure 22. Surface area analysis of fired clay C2. (A) Optical and (D) backscattered SEM images of
fired clay. The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiO,), calcite
(CaCO:3), high albite (NaAlSiO3), and hematite (FepO3). The EDS analysis (C) detected the presence
of Ca, Si, Al, Fe, and Mn.

Table 10. EDS area analysis of the C2 clay fragment; * weight percentage (wt%), error & 0.2%.

(0] Na Mg Al Si K Ca Mn Fe
c2 * 60.5 0.2 0.2 1 23.6 0.4 12.6 0.4 0.9

The mineralogical analysis and the observed non-homogeneous colouration rang-
ing from dark red to light grey reveal that the material was heated, reaching the calcite
decomposition temperature (800 °C), and the partial quartz transforms into cristobalite
(1100 °C), with raw light grey areas visible. In comparison to the C1B fired clay, it has
lower carbonates and a greater amount of Si, rendering these materials more resistant and
refractory. This material probably came from the furnace hob.

The C3 clay fragment was found in quadrant A of the furnace. The microscopy image
(Figure 23A) reveals a homogeneous structure, similar to fragment C2 (Figure 22A), with
lighter yellowish colours. p-Raman spectroscopy (Figure 23B) detected the presence of
quartz (S5iO,) and hematite (Fe,Os3). The chemical analysis (Figure 23C, Table 11) detected
the presence of Si (24.3%), Ca (12.3%), and Al (3.7%). The SEM image (Figure 23D) highlights
a partial vitrification and a porosity of the material with the presence of evident crystalline
structures. Based on these data, we may assume that it reached a temperature higher than
800 °C; the clay did not vitrify below this temperature.

This terracotta was probably part of the wall of the furnace, in an area where heat
exposure was protracted.

The optical microscopical image of the SNZ1 clay fragment shows a compact, homoge-
neous, and light yellow clay (Figure 24A). p-Raman spectroscopy (Figure 24B) highlighted
the presence of goethite (FeO(OH)). The chemical analysis (Figure 24C, Table 12) detected
the presence of Ca (16.8%), Si (17.1%), Al (4.5%), and Fe (3.3%).
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Figure 23. Surface analysis of C3 fired clay. (A) Optical and (D) backscattered SEM images of fired clay.
The XRD spectrum (B) reveals the mineralogical phases present: quartz (5iO;), goethite (FeO(OH)),
and hematite (Fe;O3). The EDS area analysis (C) detected the presence of Si, Ca, and AL

Table 11. EDS analysis of the C3 clay fragment; * weight per cent (wt%), error % 0.2%.

(o) Na Mg Al Si K Ca Fe
c3 * 49 1.9 0.9 37 24.3 1.3 12.3 6.5
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Figure 24. Surface analysis of SNZ1fired clay. (A) Optical and (D) backscattered SEM images of fired
clay. The Raman spectrum (B) reveals the presence of a goethite phase. The area chemical analysis (C)
revealed the presence of Ca, Si, Al, and Fe.
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Table 12. EDS area analysis of the SNZ1 clay fragment; * weight per cent (wt%), error £ 0.2%.

o

Na Mg Al Si K Ca Ti Fe

SNZ71 *

54.5

0.5 1.1 4.5 17.1 1.6 16.8 0.5 3.3

The SEM micrograph (Figure 24D) shows large crystals that were crystallised as a
result of slower cooling and holes that were probably induced by thermal shocks at high
temperatures. When observing the image, we also notice a porosity that could be associated
with water loss during heating [25].

The results of the area chemical analyses reveal a quartz composition with calcite and
traces of plagioclase, probably albite, and iron oxides. It is possible to deduce that the
material was exposed to temperatures lower than those required for calcite decomposition.

3.3. Glassy Materials

The discovery of several glass fragments during the Palazzo Corsini excavation sup-
ports the possibility that glass artefacts were also produced in the furnace.

The INV1 glazed pottery was found in quadrant C. The optical image (Figure 25A)
shows a shiny surface with a glassy nature and an olive green colour. The presence of
quartz (5i0y), calcite (CaCOs), and apatite (Cas(PO4)3[F, OH, Cl] is highlighted in the XRD
spectrum (Figure 25B). A chemical analysis (Figure 25C, Table 13) detected the presence of
elements characteristic of Roman glass, such as silicon, aluminium, and lead [26,27]. The
SEM image (Figure 25D) highlights the artefact’s superficial glassy layer, which can be
identified by the typical conchoidal fracture. The term conchoidal refers to fractures having
smooth, curving surfaces, which are typically found in quartz and glass [28].
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Figure 25. Surface analysis of INV1 glass. (A) Optical and (D) backscattered SEM images of the
glass surface where the conchoidal breakage of the INV1 fragment can be observed (shown in the
red circle). The XRD spectrum (B) reveals the mineralogical phases present: quartz (SiO;), calcite
(CaCO:3), and apatite (Cas(POy)3[F, OH, Cl]. The area chemical analysis (C) detected the presence of
Mg, Al Si, P, K, Ca, Fe, and Pb.
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Table 13. EDS analysis of the INV1 fragment; * weight per cent (Wt%), error £ 0.2%.

MgO A1203 5102 P205 Kzo CaO FEZO Pb02
INV1 * 0.98 7.07 28.48 18.8 1.17 29.6 3.9 9.82

The TGA graph (Figure 26) shows a decrease from 750 °C to 850 °C due to the
dissociation of CaCOs.
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Figure 26. TGA graph of the INV1 fragment shows a decrease from 750 °C to 850 °C due to the
dissociation of CaCOQOs.

Numerous frit fragments, including the FRT1 fragment investigated in this study, have
been found between the vitreous materials discovered in quadrant C (Figure 27).

SEM HV: 20.0 kV WD: 14.46 mm
View field: 313 pm Det: BSE
SEM MAG: 885 x _ Date(m/dly): 03/06/20

Figure 27. Surface analysis of FRT1 frit. (A) Optical and (C) backscattered SEM images where the
conchoidal fracture structures of the FRT1 fragment are indicated by the red arrow. The EDS area
analysis (B) detected the presence of Si, Na, Al, and K.

The frit is a powdered raw glass produced by calcining raw materials used to prepare
paints and glazes, melting the components in refractory vessels (crucibles), and rapidly
cooling the molten mass, for example, by throwing it into water [29]. The aim was to
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transform a mass containing water-soluble raw materials into an insoluble glass in order
to improve the uniformity of their distribution over the surfaces of the artefacts during
processing. The translucent aspect of the colourless glass piece is highlighted through a
microscopic examination (Figure 27A). The presence of Si, Na, Al, and K in the EDS area
spectrum and chemical analyses (Figure 27B, Table 14) is typical of a glassy material. The
SEM image (Figure 27C) shows a structure with conchoidal fractures characteristic of glass.

Table 14. EDS area analysis of the FRT1 fragment; * weight per cent (wt%), error £ 0.2%.

Na,O MgO AL, O3 Si0; K,O CaO MnO Fe,O
FRT1 * 3.6 0.7 5 25.1 1.1 15.1 0.3 49

The VET1 glass fragment was found in quadrant B. On the macroscopic level, we see
a clear, colourless material with green reflections. The EDS spectrum and chemical analysis
(Figure 28A, Table 15) revealed a high concentration of silicon oxide (77%) and traces of
sodium oxide (0.7%) and aluminium oxide (5.6%). SEM microscopy (Figure 28B) allowed
us to observe a conchoidal fracture structure (indicated by the arrow).
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Figure 28. Surface analysis of VET1 glass. The EDS area analysis (A) detected the presence of silicon
oxide and traces of sodium oxide and aluminium oxide. (B) Backscattered SEM image where the
glass fractures of the VET1 fragment can be observed.

Table 15. EDS area analysis of the VET1 fragment; * weight per cent (wt%), error & 0.2%.

Na20 MgO A1203 Si02 Sl’lOz K20 CaO ZnO FeZO Pb02
VET1 * 0.7 1.1 6 77 2 2.2 7.5 0.6 1.5 1

3.4. Bones Materials

Numerous processing wastes were also found in the excavation area, such as the OSS1
fragment found in quadrant C. The optical image (Figure 29A) and SEM image (Figure 29C)
show the characteristic spongy structure of a bone. The presence of Ca and P comparable
to hydroxyapatite (Ca19(PO4)s(OH),) is revealed by the EDS area spectrum (Figure 29B).

As previously mentioned, the microscopic investigations allowed us to observe an
organic structure with porosities and cavities on the surface. These results, together with
those of the chemical analysis, lead us to the conclusion that the OSS1 fragment belonged
to a semi-finished bone product. Similarly, high concentrations of calcium and phosphorus
were found in the VASI (Figure 16C) and INV1 (Table 13) glazed ceramic fragments, which
suggests that bone fragments and/or dust were used to create the artefacts.
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Figure 29. Surface analysis of OSS1 fragment. (A) Optical and (C) backscattered SEM images show
the characteristic spongy structure of a bone. The EDS analysis (B) detected the presence of Ca and P
comparable to the composition of hydroxyapatite (Ca;o(PO4)s(OH),).

4. Discussion

The microscopic observations of the ceramic artefacts allowed the ceramics to be
divided based on the morphology of the surfaces and the body. The light-coloured ceramics
have a similar micro-morphology. The presence of calcite with a very fine grain size
exposed to fire at no lower than 800 °C (producing calcium silico-aluminates) contributes
to the bright appearances of the ceramics’ surfaces [17,30].

In contrast, the ORL2 fragment (Figure 14A) presents a more zoned and grey colour,
which could indicate a reducing-oxidising-reducing firing environment; in other words, the
fragment may be from conditions that were not well controlled or from burial environments
over the centuries. The pink colour of the VAS2 ceramics is due to the presence of Fe in the
form of hematite and the high concentration of Ca, which reduces the reddening effect of
iron oxides [31]. The ceramic bodies of the fragments are characterised by a CaO amount
that is higher than 7-8%, which allows them to be included in the classification of calcareous
ceramics [9].

From a mineralogical point of view, the analysis of the ceramic bodies mainly showed
the presence of quartz, calcite, albite-feldspar, and gehlenite. This suggests that the clay
utilised in the ceramic mixture is probably kaolinite. The mineral phases present in the
ceramic body make it possible to estimate the firing temperature to which the artefact was
subjected inside the furnace, as their formation depends on the temperature reached during
the firing, the duration of the maximum peak, and the initial composition of the clay [32].

Therefore, the presence of gehlenite in all of the ceramic fragments revealed that
temperatures higher than or equal to 850 °C were reached in the furnace, since gehlenite,
as previously observed, is formed at T > 800 °C through a reaction among oxides of Al,
Ca, and Si [33]. However, it is feasible that the firing temperature of the ceramics did not
exceed 900/1000 °C, because cristobalite (SiO;), which forms at temperatures higher than
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1000 °C, is only present in fragment C2; as evidenced by Dapiaggi M. et al. [34], melting
agents like Na and K could lower cristobalite’s crystallisation temperature below 1000 °C.

Among minerals of high temperatures, such as anorthite and diopside, the presence of
high albite (NaAlSi3Og), a sodium feldspar found in most pottery fragments that crystallises
at temperatures above 700 °C and is stable up to 900 °C, has never been detected; this
mineral provides additional support [30].

The presence of quartz in the ceramic mixture was most likely introduced to give the
final product its refractory property. At the firing temperatures reached in the production
of ancient ceramics, quartz maintains its crystalline properties, but at the same time, it
participates in the formation reactions of other silicates. Finally, the CER1, ORL1, VAS1
and VAS2 fragments are similar, as they are composed of the same calcareous mixture
including silicon and aluminium, revealing that the temperature of the furnace was similar
for all products. During clay firing, the amount of calcium carbonate decreases with an
increasing temperature, and most of what was observed in the XRD analyses is likely to
indicate secondary formation, which means it forms as a result of reactions that occur in
the ceramic mixture and is re-involved in the formation of new phases at temperatures
above 900 °C. The TGA graphs support what is asserted, as the CER1 (Figure 12) and
ORL2 (Figure 15) ceramics are comparable and show a weight loss from 750 °C to 900 °C,
relative to calcite (CaCQO3), but there is no lattice water loss at lower temperatures. The
analogies shown in the fragments lead us to believe, with a high degree of certainty, that
they were produced in situ by utilising comparable clay, perhaps of local origin [19,35,36].
Furthermore, the ceramic fragments discovered in the Palazzo Corsini excavation have a
fine and homogeneous grain size, indicating an accurate selection of the raw material: a
clay with refined and careful characteristics.

The presence of iron oxides in all of the ceramic fragments indicates that they were
fired in an oxidising environment [37,38].

Another significant feature, as previously mentioned, is the presence of calcium and
phosphorus in the VASI ceramic. Given the abundance of bone materials discovered during
the excavation, it may be hypothesised that the vase was used to contain bones (most likely
of animal origin) or that the bone materials were used to produce ceramic objects.

The chemical compositions of the fired clay samples were compared with those of
the ceramics taken on site. The concentrations of quartz and plagioclase, and in particular,
calcite, in all of the clay fragments lead us to believe that these artefacts were not subjected
to temperatures higher than 800 °C, as calcite decomposes above this temperature [39,40],
although potentially, a minor concentration of calcite may form as a secondary product
of lime carbonation. The absence of clay minerals in the fired clay indicates that it was
heated at temperatures higher than 600 °C [41]. The presence of gehlenite in the ceramic
fragments allows us to hypothesise that a processing temperature of more than 800-900 °C
was used [33].

An optical analysis of the vitreous materials revealed similar structural properties,
such as conchoidal fractures and translucent surfaces; these data can be attributed to a
glass degradation called devitrification. Some variations appear in two fragments, FRT1
and VET1 (Figures 27 and 28), both from quadrant C, indicating a chromatic difference,
most likely due to a different dosage of ingredients that cause the colour or a different
production procedure.

The results of the chemical investigation of the INV1, FRT1, and VET1 fragments
(Tables 13-15) shows glass-like elements (Si, Al, K, Na, and Ca) in comparable amounts.
The examination of the distinctive elements (Si-Al-K) highlights that silicon-based materials
should be used to produce glass materials. The low concentrations of K,O (1.1-2.2%) and
MgO (0.7-1.1%) in all fragments could indicate the use of natron (Na,CO3e10H,0), a
sodium mineral (hydrated sodium carbonate) that was widely utilised as a flux throughout
Europe from the first millennium BC to the ninth century AD [42] and used for artefacts
during the Roman and early medieval periods [43]. The chemical analysis of the INV1
fragment (Figure 25C) highlighted high concentrations of CaO (29.6%), P,Os (18.8%),
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and PbO, (9.82%), which suggests the presence of apatite (Ca5(PO4)s [F, OH, Cl]). The
stoichiometric ratio of Ca and P (2:1) made it possible to assume the presence of an organic
material in the fragment, such as bone dust. The hypotheses formulated on the use of this
organic material are different: One hypothesis is the use of bone powder as an economical
glass opacifier, a system used in the Middle Ages for the production of glazes, that was
fired by adding cassiterite (SnO;), a mineral that was not found in the fragment under
examination. Another theory connects the presence of bone dust (apatite) to the process of
lead extraction [44].

Furthermore, based on the results of the analyses, it was possible to establish that
the firing temperature for all of the vitreous fragments should be about 800 °C, as the
vitrification of the material was not possible at lower temperatures [45,46].

The microscopic investigations allowed us to observe an organic structure of bone
materials with porosities and cavities on the surface. These results, together with those
of the chemical analysis, lead us to the conclusion that the OSS1 fragment belonged to a
semi-finished bone product. Similarly, high concentrations of calcium and phosphorus
were found in the VASI (Figure 16C) and INV1 (Table 13) glazed ceramic fragments, which
suggests that bone fragments and/or dust were used to create the artefacts.

In the excavation of Villa Corsini, the discovery of both the remains of structures
similar to kilns and the large quantity and variety of ceramic fragments that have come to
light, in addition to the presence of canalisations intended for the drainage of water coming
from the Janiculum, appears to confirm the hypothesis of the conversion of at least part of
the urbanised area to a productive area.

Moreover, the data allow us to assume that the production of the analysed ceramic
samples took place on site using a type of kaolinitic raw clay from local areas, with small
differences in processing.

Another interesting piece of information is provided by the presence of traces of
vitrification on the surfaces of the ceramics and by the discovery of fragments of glazed
ceramics, indicating that the furnace of Palazzo Corsini had also been used for the creation
of glazes on ceramics intended for domestic and industrial uses.

Together with the pottery materials mentioned above, other finds such as pigments and
bone pieces were discovered in the same area. The discovery of a large number of pigments
leads us to believe that we are in the presence of a workshop that is specialised not only in
the production of ceramics but also in the processing of pigments for commercial use.

The presence of bone tools and animal bone fragments suggests their employment
in the processing of clay mixtures, a practice known in the production of ancient vases,
particularly to improve the brilliance of the surfaces, without ruling out the possibility of
the on-site processing of bone artefacts.

5. Conclusions

The aim of this investigation was to analyse the materials and structures discovered
during the excavation by examining the archaeological complex of the archaeological area
situated in the garden of Palazzo Corsini. This study allowed us to determine potential
relationships between the scientific data from the archaeometric analyses conducted on
the chosen materials and the historical-archaeological data obtained from the study of the
archaeological finds (excavation data, typology of artefacts, etc.).

The investigation data gave us information about the artefacts’ technological history,
particularly about the source of materials, production aspects, and their possible uses.

The structure that emerged in quadrant A most likely belonged to a Roman-era furnace
intended for the production of different types of materials, likely active between the first
century AD and the third century AD. This result was confirmed by the archaeological data
without excluding its use even in late antiquity, as the discovery of some finds with later
dates would seem to confirm.
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The results confirmed the hypothesis that there was an industrial production area in
the region located between the slopes of the Janiculum to the west and the Tiber, with a big
complex of workshops distributed in several areas for a variety of production processes.

Although many furnaces from the Roman era have been discovered in the Lazio area,
most of which were used for the production of bricks with only a small portion of ceramic
artefacts, the particularity of the structure discovered in the excavation of Palazzo Corsini
consists of several kinds of productions regarding the same type of place and intended
use, as well as its topographical location near the walls of the city, resulting in an urban
context. Further archaeometrical and archaeological research is needed to confirm the
developed hypothesis.
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