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ABSTRACT 

In the 6thand 5th centuries B.C., Gela (Italy, Sicily) was one of the most important production centres of archi-
tectural terracottas in the Mediterranean basin. Nevertheless, few archaeometric data are actually available 
in scientific literature on this interesting artifacts class.  
Here we report an archaeometric characterization of Geloan coroplastic materials. In particular, an investiga-
tion on finest architectural terracottas found in dumps archaeological contexts in Gela has been carried out 
with the aim at identifying the distinctive features of the production and the manufacturing techniques. The 
group of samples includes various remarkable architectural elements: painted sima and geison fragments, 
and acroteria specimens.  
Information about provenance, fabric features, technology and manufacturing techniques have been ob-
tained by performing petrographic (OM), mineralogical (XRD) and chemical analyses (XRF). Moreover, as 
most of the identified petrographic fabrics have revealed the presence of volcanic temper, EDS chemical 
analysis have been performed on clinopiroxenes, being the latter ones an effective tool for provenance at-
tributions. Finally, an analytical characterization of the painted polychrome decoration has been carried out 
by using Scanning Electron Microscopy coupled with Energy-Dispersive Spectrometry (SEM-EDS) and mi-
cro Raman spectroscopy. 
The obtained results allow us to define, for the first time, the technological features of the Geolan architec-
tural terracottas production, opening new perspectives in the study of the coroplastic art in archaic Sicily. 
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1. INTRODUCTION 

In the archaic and classical period, Greeks usually 
protected the wooden roofs of the monumental 
buildings with terracotta revetments. Along with 
acroteria on top of the roofs, these revetments had 
also the function of decorating the temples. 

According to scholars, Gela (Italy), an important 
Greek colony founded in the early 7th century B.C. 
on the Southern coast of Sicily, was one of the main 
centres of production of architectural terracottas in 
the Mediterranean basin in the 6th and 5th centuries 
B.C., since a large amount of very refined roof re-
vetments and acroteria fragments have been found 
in the city. The archeological interpretations also 
suggest that, at the beginning of the 6th century B.C., 
the Geloan artisans (or at least the Syracusan ones) 
invented a specific style of roof revetment, today 
know as “Sicilian system”, which quickly became 
very popular in Sicily and (Wikander, 1986; Winter, 
1993). In fact, during the 6th century B.C., this system 
was employed in the temples of both Gela and Syra-
cuse, as well as in the famous Treasury of Gela in the 
Panhellenic sanctuary of Olympia (Schleif and Süs-
serott, 1944; Mallwitz, 1972; Mertens-Horn, 1990; 
Heiden, 1995). On the other hand, the hypothesis of 
high-specialized local workshops of architectural re-
vetments and decorations at Gela accords well with 
the clear archaeological evidences of a local rich 
production of potteries (Adamesteanu, 1954, 1956a; 
De Miro and Fiorentini, 1983) and terracotta figu-
rines (Sguaitamatti, 1984; Uhlenbrock, 1988; Spagno-
lo, 2000).  

The “Sicilian” roof revetment system was charac-
terized by specific features as the profile of its archi-
tectonical elements and the painted decorative pat-
terns (Wikander, 1986; Winter, 1993). Its main com-
ponent was the so-called “Geloan” sima, which was 
placed both on the long sides of the roof (lateral si-
ma) and on all the three sides of the gable (raking 
and horizontal sima). This sima was formed by an 
upper part with a cavetto profile (always decorated 
with a painted leaf- pattern) and a roll and a lower 
fascia, provided with tubular waterspouts on the 
long sides of the temple. The second component of 
the “Sicilian system” was the geison revetment 
plaque, usually decorated with a painted guilloche-

pattern. Disc and palmette acroteria, or fine acroteri-
al statues (mostly horsemen, sphinxes and other 
winged figures), usually located on the ridgepole 
and at the corners of the roof, enriched and complet-
ed the decoration of the Sicilian temples (Danner, 
1997).  

As mentioned above, the archaeological excava-
tions at Gela have brought to light numerous frag-
ments of architectural terracottas, the most signifi-
cant of which come from the acropolis area of Moli-
no a Vento and from the dumps of Giardino Calì and 
Madonna dell’Alemanna. Many scholars have pub-
lished several of these findings (Bernabò Brea and 
Carta, 1949-1951; Adamesteanu, 1953, 1956b, 1958; 
Adamesteanu and Orlandini, 1956, 1960, 1962; Or-
landini, 1954, 1956, 1958; Castoldi, 1998; De Miro and 
Fiorentini, 1976-1977; Ferrara, 2009; Greco, 2009). 
However, so far they have not gone beyond the tra-
ditional methodological approach, only based on the 
morpho-typological and stylistic classification of the 
artifacts, and they have not verified the assignment 
of the products to Geloan artisans. Indeed, contrary 
to the researches performed, for example, on the 
Etruscan and center-Italic architectural decorations 
(Lulof 1996; Rescigno and Sampaolo, 2005), no 
archaometric investigations have been carried out on 
the terracottas from Gela. The unique example avail-
able in literature is represented by the study per-
formed on few specimens from the Treasury of Gela 
at Olympia (Lang and Mommsen, 2006). 

Therefore, our research aims to fill this gap by in-
vestigating the provenance, the sources of supply of 
raw materials and the manufacturing technology of 
this remarkable class of artifacts thought a multi-
methodological archaeometric approach. 

For this purpose, a group of sima, geison and 
acroteria fragments, found at Gela and deposited in 
the local Archaeological Museum, has been exam-
ined. The specimens, datable in the 6th century B.C., 
come from two important archaic sanctuaries areas, 
namely from the dump context found in 1957 in the 
GiardinoCalì area, in the western part of the acropo-
lis (Orlandini, 1968), and from the dump context ex-
cavated in 1951 on the hill of Madonna 
dell’Alemanna, to the north of the Greek city 
(Adamesteanu, 1956b) (Figure 1). 
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Figure 1. Geographical localization of Giardino Caliand Madonna dell’Alemanna in the city of Gela and geological set-
ting of the area (from Barone et al., 2012). Pictures of (b) geison fragment (GETCA 3) and (c) acroterion fragment 

(GETCA 10), as examples of the analyzed specimens with painted decoration. 

2. EXPERIMENTAL 

2.1 Materials 

Twenty samples of fine architectural terracottas 
have been analyzed: fourteen specimens from the 
dump of the Giardino Calì area (labeled as GETCA 
1-14), and six specimens from the dump of Madonna 
dell’Alemanna (labeled as MDA 1-6) (Table 1).The 
samples mainly include “Sicilian” roof friezes, name-
ly geison revetment plaques and “Geloan” sima, as 
well as a sima of “a mantello” type and three frag-
ments of acroterial statues. On the surface, almost all 
the samples from Giardino Calì site retain traces of 
the painted decoration.  

As regards the morphology of the profile and the 
decorative patterns, the sima and geison specimens 
are more or less comparable with the already pub-
lished friezes from the sanctuary of the acropolis of 
Molino a Vento (Bernabò Brea, 1949-1951; Greco, 
2009). The only exception are GETCA 1-5 and 11-13 
samples from Giardino Calì, which belong to a gei-
son revetment of unknown type, probably related to 
a larger and maybe older temple. The ceramic paste 
of all the samples from the Giardino Calì shows ho-
mogenous features, with numerous coarse and me-
dium grained inclusions (1-1.5 mm). The ceramic 

paste does not have a homogeneous color, because 
of the considerable thickness of the wall of the spec-
imens. In detail, the color mainly ranges from red-
dish yellow (Munsell 5YR 6/6 – 7/6; 7.5YR 7/6) or 
red (Munsell 2.5YR 5/8 – 6/6 - 6/8) near the surface, 
and from pale yellow (Munsell2.5Y 6/6 – 7/4; 5Y 
6/3 - 7/3 – 7/4) or gray (Munsell 10YR 5/1) in the 
inner core. Except the above-mentioned larger gei-
son revetment, the other samples show some traces 
of a very thin depurated clay slip of slightly lighter 
color. The acroterial statues fragments (GETCA 9, 10 
and 14) have the same coarse clay paste of the friez-
es, but their surface is always covered by a thick 
highly depurated clay slip, which was useful to 
model the figures. 

Regarding the typological and decorative appear-
ance, the samples from the Madonna dell’Alemanna 
area are quite similar to those from the Giardino Calì 
area (and to those from Molino a Vento), even if dif-
ferent technical features can be recognized. In fact, in 
order to have a sampling set as comprehensive as 
possible of the artifacts used in the temples of the 
city of Gela during the archaic period. 
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Table 1.Macroscopic features of the studied architectural terracottas along with information on samples: ID, inventory 
number, typological classification and color of clay paste based on the Munsell Soil Color Charts (MI: Munsell index, 

Munsell, 2000). 

Site Sample ID 
Inventory 

number 
Type Macroscopic features 

G
ia

rd
in

o 
C

al
ì 

GETCA 1 2647 geison 
Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5YR 6/6 (reddish yellow). Surface: 2.5YR 6/8 (light red) 

GETCA 2 2668 geison 
Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5YR 7/6 (reddish yellow). Surface: 2.5YR 6/8 (light red). 

GETCA 3 2530 geison 
Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5Y 7/3 (pale yellow). Surface: 5YR 7/6 (reddish yellow). 

GETCA 4 2539 geison 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5Y 7/4 (pale yellow). Surface: 7.5YR 7/6 (reddish yel-

low). Painted decoration (black). 

GETCA 5 2464 geison 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5Y 7/4 (pale yellow). Surface: 10YR 7/3 (very pale 

brown. 

GETCA 6 2098 “Geloan” sima 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 2.5YR 6/6 (light red). Surface: 2.5YR 6/8 (red). Painted 

decoration (black). 

GETCA 7 2377 “Geloan” sima 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5Y 6/3 (pale olive). Surface: 5YR 7/8 (reddish yellow). 

Painted decoration (black). 

GETCA 8 2758 
sima of “a man-

tello” type 
Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core and surface: 5YR 6/6 (reddish yellow). 

GETCA 9 2879 acroterion 

Compact clay paste, with coarse and medium grained volcanic in-

clusions. Core and surface: 5Y 6/4 (light reddish brown). Painted 

decoration (black). 

GETCA 10 2802 acroterion 

Compact clay paste, with coarse and medium grained volcanic in-

clusions. Core: 10YR 5/1 (gray). Surface: 5YR 6/6 (reddish yellow). 

Highly depurated clay slip. Painted decoration (black and red). 

GETCA11 / geison 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core: 5Y 7/3 (pale yellow). Surface: 5YR 7/6 (reddish yellow). 

Painted decoration (black and creamy white). 

GETCA12 / geison Painted decoration (red). 

GETCA13 / geison 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core and surface: 2.5Y 6/6 (olive yellow). Painted decoration 

(black). 

GETCA14 / acroterion 

Compact clay paste with coarse and medium grained volcanic inclu-

sions. Core and surface: 2.5Y 7/4 (pale yellow). Painted decoration 

(black, red and creamy white). 

M
ad

on
n

a 
d

el
l’

A
le

m
an

n
a 

MDA1 / “Geloan” sima 
Compact clay paste with small and medium grained white inclu-

sions. Core and surface: 7.5YR 7/4 (pink). 

MDA2 / geison 
Compact clay paste with small and medium grained white inclu-

sions. Core: 10YR 6/1 (gray). Surface: 7.5YR 7/6 (reddish yellow). 

MDA3 / geison 

Compact clay paste with small and medium grained white inclu-

sions. Core: 5Y 7/4 (pale yellow). Surface: 7.5YR 7/6 (reddish yel-

low) 

MDA4 / geison 
Compact clay paste with small and medium grained white inclu-

sions. Core and surface: 7.5YR 7/6 (reddish yellow). 

MDA5 / geison 
Compact clay paste with small and medium grained white inclu-

sions. Core: 10YR 5/1 (gray). Surface: 7.5YR 7/6 (reddish yellow). 

MDA6 / “Geloan” sima 

Compact clay paste with small and medium grained white inclu-

sions. Core: 2.5Y 7/4 (pale yellow). Surface: 7.5YR 7/6 (reddish yel-

low). 
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Among the architectural terracottas from Madon-
na dell’Alemanna we have intentionally chosen the 
only specimens with a clay paste much more depu-
rated and compact than the others, and without 
coarse inclusions. This technical peculiarity is proba-
bly due to the different size of the roof revetments; in 
fact, the selected fragments have a thinner wall than 
the other terracottas, likely belonging to smaller 
friezes, namely to minor sacred buildings. 

The surface of almost all samples from Giardino 
Calì dumps is painted with the typical archaic colors, 
i.e. black, red and creamy white, which have been 
analyzed in order to investigate the composition of 
the pigments and the firing technique. According to 
the macroscopic examination, the three colors appear 
directly applied on the ceramic surfaces, without any 
base slip (similar to that documented, for example, 
on the painted antefixes from Gela: see Castoldi, 
1998). In some cases, there are traces of engraved 
preparatory drawings (Winter, 1993). 

2.2 Methods 

Petrographic (OM), mineralogical (XRD), chemical 
(XRF and SEM-EDS) and spectroscopic (µ-Raman 
spectroscopy) analyses have been performed on the 
studied samples. 

In order to characterize the artifacts in terms of 
texture, groundmass and inclusions, a selection of 
representative samples have been analyzed in thin 
section by optical microscopy, using a polarized 
transmitted light microscope Nikon Eclipse E400 
POL. The mineralogical composition of specimens 
has been determined by means of X-ray diffraction 
using a Siemens D5000 instrument, with Cu Kα radi-
ation, 40 kV, 30 mA and Ni filter. Randomly oriented 
powders have been scanned from 2° to 45° 2θ, with a 
0.02° 2θ step size and a counting time of 3 s per step. 
Chemical data have been obtained by means X-ray 
fluorescence (XRF) spectrometry (PHILIPS PW 
2404/00) on powder-pressed pellets; total loss on ig-
nition (LOI) was gravimetrically estimated after 
overnight heating at 950 °C. Chemical data were 
treated with the statistical methodology mainly 
based on the log-ratio technique introduced by 
Aitchison (Aitchison, 1986) and employed in order to 
avoid the constant sum problem. The centred log-
ratio transformation (clr) of data is applied as fol-
lows: x ∈ SD → y = ln (xD / gD (x)) ∈RD, where x is 
the vector of the D elemental compositions, y is the 
vector of the log-transformed compositions, xD = 
(x1, x2, . . . , xD) and gD(x) = (x1•x2•. . .•xD)1/D. 
This operation transforms the raw data from their 
constrained sample space, the simplex Sd(d = D - 1), 
into the real space Rd, in which parametric statistical 
methods can be applied to the transformed data. 
Subsequently, the clr-transformed data set was ex-

plored by biplots, a graphical representation of vari-
ables and cases projected on to principal component 
planes. Both the clr-transformation and the biplot 
calculations were obtained by using CoDaPack 
(Thió-Henestrosa and Martin- Fernandez, 2011), a 
compositional software that implements the basic 
methods of analysis of compositional data based on 
log-ratios. 

Additionally, scanning electron microscopy (SEM-
EDS) measurements have been performed in order 
to investigate chemical composition of the volcanic 
inclusions of some analyzed samples. Data have 
been collected using a Tescan Vega LMU scanning 
electron microscope, equipped with an EDAX Nep-
tuneXM4-60 micro-analyzer, characterized by an ul-
tra-thin Be. Measurements have been carried out by 
using spot mode analysis on polished thin sections, 
with 20 kV accelerating voltage and 0.2 nA beam 
current.  

Finally, the painted decorations have been inves-
tigated through chemical (SEM-EDS) and spectro-
scopic analyses, in order to obtain information on 
colors composition and technological features. In 
particular, micro-Raman spectra have been acquired 
with a Raman Jasco NRS-3100 apparatus, equipped 
with a microscope with x10, x20 and x100 objectives, 
by using a laser excitation source at 785 nm; laser 
power has been controlled by means of a series of 
density filters, in order to avoid heating effects. 
Depth resolution was set to few micrometers by 
means of a confocal hole. The system has been cali-
brated using the 520.7 cm-1 Raman band of silicon 
before each experimental session. 

3. RESULTS 

3.1 Minero-petrographic analyses 

Petrographic analyses on thin section have been 
performed on a representative selection of studied 
samples with the aim at characterizing texture and 
mineralogical composition, following the scheme 
proposed by Whitbread (1995). Three different fab-
rics have been recognized (Figure 2), mainly charac-
terized by fossil-rich and micaceous groundmass, 
with and without volcanic inclusions.  

In detail, Fabric A (specimens GETCA2 and 
GETCA8; Figure 2.a) is characterized by fossil-rich 
groundmass and volcanic inclusions. The vughy mi-
crostructure is due to single-double space distribut-
ed vugs and vesicles, the latter one partially pre-
ferred oriented (in GETCA8). The groundmass is 
quite homogeneous and fossil-rich, with scarce mi-
cas in GETCA8. The color is mainly brownish and 
the optical activity is from medium (GETCA2) to low 
(GETCA8). The inclusions (c:f = 40:60) are mainly 
represented by coarse-grained and polimodal vol-
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canic rock fragments and by quartz, plagioclase and 
pyroxene. Amorphous phases are also present, red 
in color and with altered edges. 

Fabric B (specimens GETCA4 and GETCA7; Fig-
ure 2.b) is characterized by a more heterogeneous 
micaceous groundmass and volcanic inclusions. The 
vughy microstructure exhibits open spaced vugs and 
vesicles, the latter one preferential oriented. The 
groundmass, from yellowish to yellow-brownish in 
color, is very heterogeneous; therefore, it is probably 
the result of the mixture of two different clay sedi-
ments (micas-rich and mica-poor). It also exhibits 
low/medium-low optical activity. Inclusions (c:f = 
30:70) are characterized by coarse grain sized volcan-
ic rock fragments, and minor amount of quartz, pla-
gioclase pyroxene and altered feldspars. Amorphous 
phases are present, both red and black, mainly char-
acterized by evident altered edges.  

 

Figure 2. Microphotographs of samples representative of 
the petrographic fabrics recognized by thin section analy-
sis: (a) GETCA 8, (b) GETCA 7, (c) MDA 5, and (d) MDA 3. 

Finally, Fabric C (specimens MDA1-MDA6; Fig-
ure 2.c-d) is characterized by fossil-rich and mica-
ceous groundmass with chamotte inclusions. The 
vughy microstructure is due to (in order of abun-
dance) channel, vugs, vesicles, mainly open spaced; 
preferred oriented vesicles can be observed in sam-
ples MDA1 and MDA2. The groundmass is mainly 
from brown-yellowish to brown-reddish in color and 

exhibits a medium-low optical activity, high only in 
MDA5. It is also homogeneous, with fine quartz and 
mica (scarce in MDA6) and microfossil molds, with 
re-crystallized calcite. Inclusions (c:f = 10:90), sub-
angular in shape and mainly exhibiting a bimodal 
grain size distribution (unimodal in MDA4, MDA, 
MDA6), are characterized by dominant fine-grained 
chamotte (scarce in MDA2), quartz, plagioclase and 
rare metamorphic quartz in MDA5. Amorphous 
phases are also present, mainly reddish-black in col-
or. Noteworthy is that the sample MDA3 exhibits the 
same textural features of the other MDA specimens, 
except for the presence of volcanic inclusions (small 
fragment of volcanic rocks, glass, plagioclase and 
pyroxene).  

In order to obtain information on firing tempera-
ture, for the evaluation of which the groundmass op-
tical activity can be also used as supporting data, 
semi-quantitative mineralogical analyses have been 
carried out by means X-ray diffraction method. In 
fact, as it is well known (Cultrone et al., 2011; 
Maggetti, 1982; Riccardi et al., 1999), the presence of 
specific mineralogical phases in archaeological ce-
ramics are suitable to esteem firing temperature. 

In particular, in Ca-rich clays, chemical reactions 
between minerals in the clay allow the newly for-
mation of Ca-silicates phases as gehlenite, anorthite 
and diopside, indicative of high firing temperature 
(about 850-900 °C); of course, neither anorthite nor 
diopside can be used for temperature esteem when 
related to tempers composition. In the case of poor-
Ca clays, the absence of carbonates does not allow 
the formation of Ca-silicate and changes are mainly 
related to textural features, with the only transfor-
mation of low-T phases in high T-phases; however, 
some minerals can be used as temperature indica-
tors, as phyllosilicates and hematite (Cultrone et al., 
2001). In fact, in XRD patterns of Ca-poor clay mate-
rials, a gradually reduction of peaks intensity of 
phyllosilicate due to dehydroxilization of clay min-
erals and an increase of peaks related to hematite can 
been observed with the increasing of firing tempera-
ture.  

Table 2. Mineralogical data of the studied samples. For GETCA samples, the semi-quantitative XRD results are reported 
for both total bulk and only groundmass. Qtz = Quartz; CM = clay minerals; Cal = calcite; Ab = albite; An = anorthite; 

Di = diopside; Hem = Hematite; Pl = plagioclase; Gh = gehlenite; Ms = muscovite. The number of (+) is related to the 
mineralogical phase abundance; tr = trace. 

Sample ID Bulk/groundmass Qtz Cal An Ab Di Hem Gh CM Ms 

GETCA1 Total bulk +++  ++ + + + tr tr  

GETCA1 groundmass +++ tr tr  tr ++ ++ tr  

GETCA2 Total bulk +++  ++  +    + 

GETCA2 groundmass +++ tr- tr  tr  tr   

GETCA3 Total bulk +++  ++  + tr tr tr  

GETCA3 groundmass +++ tr tr  tr + + +  

GETCA4 Total bulk +++  ++  +    + 

GETCA4 groundmass +++ tr tr ++ tr + tr   
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GETCA5 Total bulk +++  ++  + tr tr tr  

GETCA5 groundmass +++ tr tr  tr + + tr  

GETCA6 Total bulk +++  ++  + tr + tr  

GETCA6 groundmass +++ tr tr  tr + + tr  

GETCA7 Total bulk +++  ++  ++ tr tr   

GETCA7 groundmass +++ tr tr  tr + + tr  

GETCA8 Total bulk +++  + +      

GETCA8 groundmass +++ tr tr  tr + tr tr  

GETCA9 Total bulk +++ tr ++  ++ + tr tr  

GETCA9 groundmass +++ tr +  + + tr tr  

GETCA10 Total bulk +++ tr ++  + tr tr tr  

GETCA10 groundmass +++ tr +  tr + tr tr  

MDA 1 Total bulk +++ ++ +  + + tr +  

MDA 2 Total bulk +++ ++ +  + +  +  

MDA 3 Total bulk +++ tr ++  ++ + + +  

MDA 4 Total bulk +++ tr ++  + + + +  

MDA 5 Total bulk +++ tr +  + +  +  

MDA 6 Total bulk +++ ++ ++  ++ + + +  

 
In consideration of the presence of volcanic rock 

fragments, and plagioclase and pyroxene as inclu-
sions, in samples labeled as GETCA, XRD analyses 
have been carried out on both total bulk and on the 
only groundmass, the latter one obtained by gently 
crushing samples in agate mortars and separating 
magnetically the volcanic inclusions. The semi-
quantitative data obtained by the analysis of X-ray 
patterns are reported in Table 2. On the basis of the 
obtained data and the information gained from the 
optical activity features of analyzed materials, it is 
possible to assess an overall medium-high firing 
temperature for both the set of studied architectural 
terracottas (namely GETCA and MDA).  

In detail, in GETCA samples, the analysis of XRD 
patterns related to the only groundmass allows to 
highlight the presence of newly formed minerals as 
anorthite, diopside and gehlenite, that suggest a fir-
ing temperature of about 850-950 °C, according to 
the medium-low optical activity observed in thin 
sections. Similar mineralogical composition has been 
obtained for samples labeled as MDA, in which the 
presence of hematite, anorthite, and diopside can be 
considered indicators of medium-high firing tem-

peratures (850-950 °C, in accordance with the medi-
um-low groundmass birefringence). Exception is 
represented by sample MDA3, in which the presence 
of volcanic inclusions does not allow to esteem firing 
temperatures because of its mineralogical composi-
tion. Finally, noteworthy is that, in some cases, the 
coexistence of newly formed minerals and calcite has 
been observed, especially in samples characterized 
by fossil-rich groundmass; this aspect can be ex-
plained only considering the presence of secondary 
calcite due to circulation of Ca-rich solutions in buri-
al conditions (Cultrone et al., 2014). 

3.2 Chemical analysis on pyroxenes 

According to Barone et al. (2010), the petro-
chemical characterization of the volcanic inclusions 
may allow obtaining useful information on the prov-
enance of archeological artifacts in terms of sources 
of supply of raw materials. In particular, as clinopy-
roxenes keep the original composition unaltered, 
their chemical composition can unambiguously dis-
criminate volcanic products belonging to distinct 
magmatic provinces.  

Table 3. Average compositions and relative standard deviations of pyroxenes from each analysed sample. 

Oxide wt% 

GETCA 4 (n = 14) GETCA 2 (n = 16) GETCA 7 (n = 13) GETCA 8 (n = 3) MDA 3 (n =2) 

Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean 
St. Dev. Mean 

St. 

Dev. 

SiO2 51.01 1.36 50.59 1.44 51.67 1.58 50.81 0.72 50.27 1.45 

TiO2 1.19 0.49 1.15 0.41 0.93 0.52 1.25 0.16 1.37 0.36 

Al2O3 3.65 0.93 4.21 1.38 3.30 1.36 4.19 1.03 4.73 1.02 

Cr2O3 0.18 0.10 0.39 0.45 0.40 0.36 0.12 0.02 0.14 0.11 

FeO 7.96 1.12 6.86 1.60 5.95 1.73 7.00 0.45 7.98 0.70 

MnO 0.31 0.08 0.25 0.10 0.26 0.09 0.25 0.10 0.27 0.10 

MgO 14.97 1.07 15.04 1.41 16.03 1.68 15.10 0.24 14.46 1.03 

CaO 19.94 0.61 20.26 2.58 20.90 0.51 20.57 0.45 20.00 1.15 

Na2O 0.60 0.11 0.49 0.14 0.44 0.14 0.54 0.01 0.65 0.08 

K2O 0.20 0.14 0.13 0.04 0.14 0.06 0.16 0.04 0.13 0.04 
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On the basis of the aforementioned, from the stud-
ied architectural terracottas exhibiting volcanic in-
clusions (Fabric A and B, as well as sample MDA3, 
belonging to Fabric C), 48 pyroxenes have been se-
lected and analyzed; the average compositions are 
listed in Table 3.  

 

Figure 3. (a) Classification diagrams (Morimoto et al., 
1988) of pyroxenes from volcanic inclusions in GETCA and 
MDA3 samples, and (b) DF1 vs. DF2 diagram showing the 

correspondence between clinopyroxenes from volcanic 
rocks and those from terracottas samples. It = Hyblean 

tholeiites; Ia = Hyblean alkaline basalts; E = Mt. Etna; A 
= Aeolian Arc; P = Pantelleria Island; C = Campanian 

province. 

The preliminary classification of the analyzed py-
roxenes has been made according to Morimoto et al. 
(1988); the obtained results (Figure 3.a) allow to 
highlight a quite homogeneous sub-calcic composi-
tions; in fact, the analyzed pyroxenes mainly fall in 
fields from diopside to augite. The statistical analysis 
of pyroxenes obtained by plotting chemical data on 
the DF1 vs. DF2 diagram proposed by Barone et al. 
(2010) (Figure 3.b), in which the different popula-
tions of southern-Italy and Sicilian volcanic products 
are clustered into clearly distinguishable groups, 
shows that the inclusions identified in the Geloan 
architectural terracottas have a strong affinity with 
the products of southeast Sicilian magmatic provinc-
es (Iblean alkaline basalts and Mt. Etna products, 
small overlapped in the pyroxenes discrimination 
diagram). Therefore, this result suggests these areas 
as possible source of supply of the raw materials 
employed in the Geloan revetments manufacture. 

3.3 Geochemical data 

Ceramic materials are usually characterized by 
two main components: the plastic fraction, consisting 
in the clay sediments employed in the manufacture 
of the artifacts, and the aplastic one, due to aggre-
gates, that can be included in the original sediment 
or even intentionally added by artisans to the mix-
ture for technical aims. From the chemical point of 
view, the composition of the whole ceramic artifact 
is therefore the sum of the geochemical features of 
both clays and inclusions. In this perspective, in or-
der to investigate aspects as the provenance of the 
artifacts, the contribute of possible intentionally 
added inclusions in changing the geochemical com-
positions of clays has to be considered. Therefore, on 
the basis of the above mentioned, in this study, 
chemical analysis by XRF have been performed on 
the only groundmass of the samples with the aim at 
obtaining the chemical composition of the solely clay 
sediments and integrating these data with the prov-
enance information gained from the chemical analy-
sis of pyroxenes in volcanic inclusions. Only in this 
way, the possibly common or different geographical 
source of both plastic fraction and aggregates can be 
verified. 

The chemical composition of terracottas samples 
obtained by XRF on the groundmass fraction is re-
ported in Table 4. The results suggest a quite homo-
geneous composition for the overall studied sam-
ples; however, some differences in term of major and 
trace element abundances between the two sets of 
architectural terracottas (namely GETCA from 
Giardino Calì and MDA from Madonna 
dell’Alemanna) can be inferred. In particular, 
GETCA samples exhibit higher contents of Fe2O3, 
TiO2 and Co than MDA ones; on the contrary, these 
latter ones are characterized by higher levels of Ni.  

The statistical treatment of data allows better 
highlighting the differences in geochemical features 
between the two sets of materials, as well as obtain-
ing additionally information on the provenance of 
the clayey sediments. 

In fact, data have been compared with reference 
groups consisting in several ceramics and clayey raw 
materials of certain Geloan provenance (Aquilia et 
al., 2012; Barone et al., 2012), and with ceramics and 
clays from Siracusa (Barone et al., 2014) and Lentini 
(Barone et al., 2005). The selection criterion of the 
reference groups used to compare the terracottas is 
based on the similarity between petrographic fea-
tures of studied materials and other Sicilian archaic 
artifacts, as well as on the results obtained from 
chemical analysis of pyroxenes, indicating the Iblean 
magmatic province as source of the volcanic aggre-
gates.  
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Table 4. Chemical composition of the analyzed samples. Major element are reported in wt%, minor elements in ppm. 

Sample ID SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 

GETCA1 57.89 0.96 15.09 6.93 0.09 2.11 12.55 1.57 2.32 0.49 

GETCA2 58.31 0.98 14.97 7.26 0.09 2.20 11.69 1.71 2.22 0.56 

GETCA3 57.19 0.95 14.93 6.77 0.09 2.39 13.59 1.61 2.09 0.39 

GETCA4 57.36 0.95 14.69 6.74 0.09 2.35 13.73 1.64 2.11 0.35 

GETCA5 58.34 0.87 14.03 6.26 0.08 2.37 14.29 1.61 1.83 0.31 

GETCA6 58.53 0.92 14.06 6.65 0.09 2.15 13.50 1.42 2.34 0.33 

GETCA7 58.65 0.84 14.17 6.33 0.08 2.22 13.89 1.25 2.23 0.34 

GETCA8 59.69 0.90 14.38 6.17 0.08 1.85 12.73 1.37 2.51 0.30 

GETCA9 61.08 0.72 13.84 5.57 0.08 2.11 13.45 0.94 1.99 0.22 

GETCA10 59.56 0.90 14.63 6.47 0.08 2.03 12.18 1.48 2.31 0.35 

MDA1 62.80 0.81 12.91 5.32 0.11 2.29 12.27 0.79 2.37 0.33 

MDA2 61.72 0.86 12.94 5.58 0.10 2.31 12.97 0.80 2.53 0.18 

MDA3 61.06 0.89 13.56 5.68 0.07 2.72 12.80 1.10 1.96 0.16 

MDA4 60.67 0.92 13.66 5.70 0.10 2.75 12.43 0.92 2.61 0.26 

MDA5 62.82 0.86 13.05 5.13 0.08 2.39 12.04 0.91 2.56 0.16 

MDA6 62.90 0.80 12.36 4.99 0.08 2.96 13.11 1.03 1.62 0.16 

 
Sample ID Sr V Cr Co Ni Zn Rb Y Zr Nb Ba La Ce Pb Th 

GETCA1 632 80 71 24 28 53 65 28 232 29 475 44 86 16 7 

GETCA2 444 80 66 23 34 51 44 12 149 11 454 48 97 13 6 

GETCA3 615 82 67 25 29 53 59 26 226 30 419 47 118 15 7 

GETCA4 604 79 67 27 31 59 56 26 225 29 436 45 94 14 9 

GETCA5 668 75 70 23 31 53 49 27 228 24 368 38 92 11 6 

GETCA6 588 78 62 24 32 57 63 27 226 26 421 38 78 15 9 

GETCA7 559 73 70 23 31 52 67 28 236 24 344 40 91 19 8 

GETCA8 579 82 66 25 30 49 60 27 219 23 355 33 83 14 7 

GETCA9 222 65 79 18 43 46 33 6 101 n.d. 264 30 77 3 n.d. 

GETCA10 598 80 63 25 28 49 64 28 230 24 423 35 88 17 8 

MDA1 677 94 88 14 37 91 72 24 270 16 659 44 66 18 9 

MDA2 603 100 90 11 42 87 84 24 227 17 378 31 74 18 9 

MDA3 436 104 89 7 49 71 40 27 161 6 341 35 65 0 8 

MDA4 495 93 92 8 50 72 50 30 144 3 592 46 86 17 8 

MDA5 348 91 76 6 47 64 35 15 105 1 373 38 71 12 6 

MDA6 354 76 66 4 43 56 20 18 146 2 377 28 57 13 6 

 
The biplot of Figure 4 shows a good accordance 

between GETCA and MDA samples, and the Geloan 
ceramics and clays. In the case of samples exhibiting 
volcanic inclusions from the southeast Sicilian mag-
matic provinces, the results clearly neglect the expec-
tations, as they also group with Geloan reference 
materials. This result suggests an overall local pro-
duction of the analyzed specimens, claiming a dif-
ferent provenance of clays and aggregates used in 
the manufacture of GETCA terracottas. 

 

3.4 Painted decoration characterization 

The analytical characterization of the painted deco-
ration, representative of the different colors observed 
on GETCA samples (see Table 1), have been obtained 
by performing both chemical and spectroscopic anal-
yses. In detail, SEM-EDS measurements, performed 
by using spot mode analysis on small chips drawn 
from the painted surfaces, have allowed obtaining 
quantitative data about the chemical composition of 
the pigmenting agents along with eventual compo-
nents related to deterioration processes. The average 
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chemical composition of the analyzed samples, ex-
pressed as weight percentage (wt%), is reported in 
Table 5.Regarding black surfaces, the color is due to 
the presence of manganese oxide; on creamy white 
surfaces, silica, calcium and alumina (in order of 
abundance) have been detected; finally, red surfaces 
are characterized by iron oxides. It is worth of note 
that on some surfaces (for example on the GETCA7 
sample), chloride and sulfate have been also detected, 
interpretable as deterioration products. 

In order to obtain in-depth information on pig-
menting agents, micro-Raman non-destructive and 
non-invasive analyses have been carried out on the 
painted surfaces. The analysis of Raman spectra 
(Figure 5.a) have allowed to identify pyrolusite 
(strong band at about 640 cm-1 ascribed to Mn-O 
stretching mode; Sepúlveda et al., 2015), meta-kaolin 
(Frost, 1997) and haematite (226, 292, 410, 496, 611 
cm-1; Zoppi et al., 2008) as pigments for black, 
creamy white and red, respectively. 

As regards the firing behavior, taking as reference 
the assumptions recently made in a multidiscipli-
nary study on some archaic architectural terracottas 
from Capua (Rescigno and Sampaolo, 2005), we have 
also verified the possibility that the Geloan artisans 
have performed one or more firing phases to obtain 
the different colors. In fact, according to that study, 
the artifacts from Capua would have been fired 
twice (the first time at high temperature, with dilut-
ed base colors; the second time at a lower tempera-

ture, with the complete polychrome decoration), or, 
more probably, in a single firing cycle, but with a 
skillful alternation of oxidizing and reducing atmos-
phere in order to achieve the colors red and black 
from pigments consisting of iron oxides. 

 

Figure 4. Biplot of the two principal components. 

 
 

Table 5. Semi-quantitative average chemical composition (wt%) of pigment layers (black, red and creamy white) in 
studied samples obtained by EDS analyses. 

 Black layers Red layers Creamy layers 

 GETCA4 GETCA 7 GETCA 11 GETCA 13 GETCA 12 GETCA 14 GETCA 11 

Na2O 0.8   0.5±0.3 0.5±0.3 0.4  

MgO 2.0 ±0.5 2.2±0.8 2.7±0.4 3.6±0.5 1.0±0.2 2.7±0.8 5.7±4.0 

Al2O3 7.8±1.0 7.3±2.0 8.3±0.6 12.2±3.6 8.7±2.5 9.4±1.1 10.1±4.9 

SiO2 17.9±4.7 29.4±8.5 29.5±3.8 29.8±14.6 23.9±2.6 31.0±7.3 58.7±12.6 

SO3  14.1±5.7      

Cl2O  0.8±0.1      

K2O 0.9±0.1 1.0±0.6   1.6±0.8 0.5±0.2 2.0±1.1 

CaO 4.6±1.5 21.7±6.0 11.6±4.3 5.3±1.2 3.6±2.1 10.9±0.4 15.5±6.1 

TiO2 0.7±0.4 0.5±0.2    0.5±0.1 1.1±0.2 

MnO 24.4±3.3 7.0±0.2 15.3±2.0 16.3±3.0    

FeO 41.0±4.4 18.7±2.0 32.7±5.5 32.4±9.7 60.6±7.9 44.5±6.9 6.9±4.4 

 
Effectively, according to the macroscopic observa-

tion, there are no traces of any diluted base color in 
our samples and the creamy white color looks ap-
plied in the decorative patterns as well as the other 
two colors, which means that the artisans have not 
used it as a slip. Therefore, for Gela specimens we 

can exclude the hypothesis of two different firing 
phases. 

Moreover, the detection of Mn-based pigment in 
black color suggests very interesting implications in 
this regard. In fact, contrary to the use of iron oxides, 
which during firing needs two different atmosphere 
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conditions (oxidizing and reducing, respectively) in 
order to produce the colors red and deep black, the 
use of manganese oxides allows to obtain stable 
black hue also in an oxidizing atmosphere and with 
firing temperature about 950 °C. Therefore, by em-
ploying this technical device, a single firing phase in 
oxidizing atmosphere was just enough to obtain both 
colors. 

A confirmation of the proposed hypothesis - in 
this case, however, regarding the creamy white color 
-comes from an experimental study, which we have 
conducted on laboratory tests samples, slipped with 
depurated kaolin and fired in controlled oxidizing 
conditions at 750, 850 and 950°C. Taking advantages 
from both the structural modifications of kaolin-
based materials along with temperature and the sen-
sitiveness of Raman spectroscopy to supply struc-
tural information on minerals, micro-Raman anal-
yses have been performed on the laboratory test 
samples and spectra have been compared with data 
acquired on Geloan terracottas (Figure 5.b).  

 

Figure 5. µ-Raman spectra collected on (a) black, red and 
creamy white surfaces, and on (b) laboratory samples 
slipped with kaolin and fired at different temperatures 
along with spectra collected on GETCA 14 sample for 

comparison. 

The obtained results suggest a good spectral 
matching between the creamy white surfaces and the 
test samples fired at 950 °C. It is of great interest that 
the temperature esteemed on the basis of spectro-
scopic data acquired on painted decorations are in 
agreement with the firing Tmax suggested by the 
mineralogical composition of the ceramic bulk; in 
this sense, it can be assumed a single firing phase for 
the manufacture of both terracotta and decoration. 

4. DISCUSSIONS AND CONCLUSIONS 

All the analyses performed on the Geloan archi-
tectural terracottas have provided very interesting 
results, filling a gap in the current archaeological 
and archaeometric literature on this important class 
of artifacts.  

First, according to our investigations, all the stud-
ied specimens seem to have been manufactured in 
Gela, because the petrographic and chemical charac-
teristics of the ceramic bulk show a good agreement 
with the published data on local raw materials and 
locally produced ceramics. The slight differences in 
chemical composition between the two set of sam-
ples from Giardino Calì and that from Madonna 
dell’Alemanna may be due to the use of distinct local 
sources of clay supply. In all cases, we can assign to 
Gela this production of high quality architectural 
decorations, confirming with laboratory data a hy-
pothesis so far only supported by archaeological ar-
guments.  

The analyses have also provided significant in-
formation concerning the manufacturing technology. 
In particular, in the samples from Giardino Calì, the 
petrographic investigations have revealed an abun-
dant presence of intentionally added temper of non-
local provenance. The specimens are in fact charac-
terized by coarse-grained volcanic inclusions, which 
are absent in the clay sources within the territory of 
Gela (see Figure 1). The chemical analyses per-
formed on the pyroxenes have indicated their strong 
affinity with the products of southeast Sicilian mag-
matic provinces (Iblean alkaline basalts and Mt. Etna 
products). Therefore, we can hypothesize that the 
Geloan artisans imported the volcanic material from 
neighbouring areas and added it to the clay paste in 
order to improve the production process. Indeed, 
they surely knew that the presence of numerous 
coarse inclusions reduces the plasticity of clay, thus 
making the artifacts more resistant during the drying 
and firing phases and limiting the risk of cracks or 
deformations. But, why to choose volcanic materials 
of non-local provenance? Probably because the arti-
sans had experienced that these materials ensured a 
better performance in the case of large size and 
painted artifacts of exceptional value, as the architec-
tural terracottas from Giardino Calì. Conversely, in 
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the case of smaller size or even undecorated roof re-
vetments, it was not necessary to use a very coarse 
clay paste with a specific added temper, as demon-
strated by the results of the analyses on the architec-
tural terracottas from Madonna dell’Alemanna. In-
deed, these terracottas, belonging to smaller size re-
vetments, therefore to minor sacred buildings, are 
characterized by absence of volcanic inclusions.  

Regarding the painted decoration, both chemical 
and spectroscopic analyses have given relevant data 
on the composition of colors and on the firing behav-
iour. For red and black colors, the use of iron oxides 
and pyrolusite, respectively, has been identified, 
while depurated kaolin has been detected in the 
creamy white color. The use of manganese oxides in 
order to obtain the black color, as well as the spec-
troscopic evidences on the kaolin, strongly suggest a 

single firing phase in oxidizing atmosphere at about 
900-950 °C for the manufacture of both ceramic bulk 
and painted decoration.  

In conclusion, the archaeometric approach applied 
to the study of the Geloan architectural terracottas 
can be considered a starting point for a more com-
prehensive interpretation of the numerous archaeo-
logical issues related to the coroplastic production in 
Sicily during the archaic age. Thanks to the availabil-
ity of these new analytical data and the definition of 
the manufacturing characteristics of the Geloan pro-
duction, future studies on roof revetments from oth-
er Greek colonies in Sicily could be approached in 
the prospective of providing a detailed overview on 
the various manufacturing traditions as well as un-
veiling the local coroplasts “techne”. 
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