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Abstract

Recent archaeological investigations conducted at contrada Mella, an alluvial terrace near
Oppido Mamertina, in southwestern Calabria, have uncovered the remains of a town that was
settled by the Tauriani, an Italic people, between the third and the first centuries BC. A unique
deposit excavated in 1990 and 1992 yielded numerous fragments of mortar and painted plaster
associated with Hellenistic pottery and other cultural materials. Chemical analyses of samples
of these fragments, point to the use of aerial mortars with hematite and calcite as pigments.
The characteristics of the mortar and painted plaster found at contrada Mella are comparable
to those of similar materials from Locri Epizephyrii, the closest Greek city on the lonian coast
of Italy, and from Hellenistic sites in Calabria and Sicily. They provide new evidence for
interior decoration from the houses of the Tauriani.
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Introduction

The ancient settlement located at contrada Mella (Strabo’s Mamertion?), near Oppido
Mamertina in south-western Calabria (Italy) (Fig. 1), was the main stronghold of the Tauriani,
an Italic people akin to the Brettians. Built on an alluvial terrace at the foot of the Aspromonte
massif, less than 20km from the Tyrrhenian coast, this hilltop town dominated the Petrace River
Basin between the third and the first centuries BC. Its irregular layout included three
cobblestone avenues oriented north-south and at least one east-west avenue, encompassing an
area of 12 to 14 hectares. The site was destroyed (possibly during the Social War in 91-88 BC);
it was partially re-occupied between the late first century BC and the late first century AD [1,
2]. Controlled excavations since 1984 have been focused upon the top and the western side of
the terrace, where remains of several houses have been uncovered. In 1990 a deposit of
archaeological debris was also found on the north-western slope of the terrace (Fig. 2A), within
parcel 85 of Oppido Mamertina’s cadastral register, at an elevation between 210 and 215m
above sea level (GPS: 38° 17.59 N / 015° 57.67 E on 11.06.2012, at 1:00 PM) [3], under thick
vegetation. It consisted of a large quantity of Hellenistic pottery in very good condition and
other cultural materials, which were embedded in two distinctive strata of charcoaly and yellow
soil overlaying a sterile light gray silty clay (Munsell: 2.5Y 7/2). It is uncertain whether this
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heterogeneous debris may have been an accumulation of ancient refuse or slope wash [4]. The
most unusual inclusions were numerous fragments of mortar and painted plaster.

Fig. 1. Location of contrada Mella and of the nearest Greek cities in southern Calabria.
Satellite map courtesy of Bing and Microsoft Corp.
Computer-aided visualization by J.R. Jansson and L.F. Chapman

Fig. 3. Site map showing the areas (A, B) of the 1992 salvage excavations
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Similar materials have occasionally been reported from Greek, indigenous, and Roman
sites in Calabria [5-8]. Comparable examples are also known from Sicily and Sardinia, and
from further afield [8-13, 17-18]. The entire deposit was removed in a 1992 salvage excavation
of two adjacent areas, labeled A and B (Fig. 3). Most of the finds, including fineware ranging in
date from the fourth to the first centuries BC and three bronze coins of Agathocles of Syracuse
(c. 310-290 BC), come from area A, a 5.7m long x 1.2m wide trench (Fig. 2B). This study aims
to characterize and classify the Hellenistic mortar and painted plaster from this archaeological
context.

Experimental

Sampling

All the samples of bulk mortar and finishing plaster examined in this study (Table 1),
totaling c. 1.75kg, come from the salvage excavations conducted in 1992. After being
inventoried, they were placed in LDPE bags until their arrival at the laboratory, in order to

avoid contamination.
Table 1. Description of the samples

Group Fragment Sample Description
A2a A2a m Pink@sh solid mortar
A2a p Pinkish solid plaster
A2b m Mortar
A2 — A2b p White plaster
A2c A2c m Friable mortar
A2c p White thin plaster
A3a A3a m Moﬁar ;
A3a p White soft and friable plaster
A3b A3b_m Mortar . o .
A3 A3b p White plaster with brown stains, thin and glossy like a film
A3c A3c m Mort'ar
A3c p Pinkish plaster
A3d A3d m Mortar ) )
A3d p Grey-orange plaster with fine-grained sand
Ada Ada m Mortar from 2 matching fragments
A4 Ada p Plgster from 2 matching fragments
Adb Ad4b m Lm;d mortar
Adb p White plaster
AS5a m Grey-yellowish mortar (4th layer)
AS Asa AS5a pl Red plaster (1st layer)
ASa p2 Pink plaster (2nd layer)
ASa p3 White plaster (3rd layer)
ATa A7a m Grey friable mortar
ATa p White-grey plaster
A7b m Grey mortar
A7 AT7b AT7b pl Grey-yellowish film
ATb p2 White layer under the grey-yellowish film
ATc A7c m Moﬁar ‘
ATc p White plaster with cracks
A9a m Very friable mortar
A9 Ada A9a p Pinkish solid plaster
Al5a AlS5a m White mortar
Alsa p Pink plaster
Al5bc m Yellowish mortar under A15b_p and Al5¢c p
AlS Al5Db Al5b p Yellowish plaster
Al5c p White plaster
Al5d m Mortar
Alsd Al5d p Pink plaster
A22 A22a A22a Smooth fragment
A22b A22b m “Chocolate-brown” spongy mortar
B2 m White mortar
B2 B2 B2 p White plaster
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The samples were then carefully sorted, in order to identify the peculiar features of each
of them and to separate out those that were potentially more informative. Subsequently, they
were dry-cleaned and the dirt with which they were covered was removed with a soft brush.
Lastly, they were photographed, catalogued, and stored in LDPE vials or bags, until the time of
analysis.

The samples were labeled according to the pottery bucket system used by the
archaeologists: capital letter and number, A2, A3, etc., followed by a lowercase letter that
identifies each fragment (a, b, c, etc.) and by the initials m and p (for bulk mortar and finishing
plaster, respectively). Mortars came from the “bulk layer” of the samples and consisted of a
lime binder and a coarse aggregate. The finishing layers of the samples were classified as
“plasters”; this particular kind of mortars was prepared with a lime binder and a finer aggregate,
and it was smoothed at the surface.

Since FTIR, TG-DSC and XRD techniques require pulverized samples, a small fraction
was taken from each sample that would be representative of the entire fragment. This
subsequently was ground in an agate mortar or by means of a steel ball mill, in order to obtain a
fine and homogeneous powder.

Samples for SEM-EDX were analyzed both without any pre-treatment and in polished cross
sections.

X-ray powder diffraction analysis

X-ray diffraction analyses were conducted using a Bruker AXS D8 ADVANCE
diffractometer (30kV, 40mA, Cu-Ko radiation (A=1.5418A), graphite monochromator, 5-55°
20, step scan A20 = 0.02°, counting time t = 1s) and a Rigaku Miniflex 300 (30kV, 10mA, Cu-
Ka radiation (A=1.5418A), 5-55° Theta/2-Theta, step scan 0.02°, scan speed 3°/min).
DIFFRACplus EVA and PDXL2 softwares and paper-based databases were used to identify the
mineral phases in each X-ray powder spectrum, by comparing experimental peaks with
reference patterns. The semi-quantitative mineralogical composition of each sample was also
calculated.

Thermal Analysis

Thermal analysis (TGA/DSC) was performed by means of a NETZSCH STA 409 PC
instrument. Samples were placed in aluminum crucibles, with the temperature program ranging
from room temperature to 900°C, at a heating rate of 10°C min" under pure nitrogen
atmosphere. TG and DSC raw data were corrected on the basis of a background curve.

Fourier Transform Infrared Spectroscopy

FTIR spectra were recorded on KBr pellets (Sigma-Aldrich FTIR Grade) in transmission
mode, by a BioRad Excalibur Series FTS 3000 spectrometer (detector DTGS) in the 4000—
400cm range, with a resolution of 4cm™.

Pellets were prepared by mixing samples and KBr in an agate mortar, pouring the
mixture into a press and then applying a pressure of 6t/cm’ for 1 minute.

Paper-based databases were used to identify the species in each FTIR spectrum, by
comparing experimental peaks with reference patterns.

Scanning Electron Microscopy and Energy Dispersive X-ray spectroscopy

The morphology of a selection of samples was observed with a FEI/Philips XL30
ESEM. The elemental analyses were carried out using an X-ray energy dispersive spectrometer
EDX Quantax 400 coupled to SEM.

Every sample was analyzed “as is” in low vacuum mode (1torr) at 20kV, by using GSE,
BSE and X-Ray detectors.

A selection of samples was embedded in an epoxy resin, cross-cut with a diamond saw
and then mechanically polished. Polished cross sections were then observed with SEM-EDX
using the same methodology described above.
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Optical microscopy

Polished cross sections were observed using an optical microscope Nikon Eclipse
LV150, equipped with a Nikon DS-FI1 digital image acquisition system. Images were acquired
and elaborated using the NIS-elements F software.

Results and Discussions

Most of the samples showed a “bulk layer” (referred to as “mortar” in this work),
consisting of lime binder and coarse aggregate, and a single finishing layer (referred to as
“plaster”), of variable thickness, composed of a different mortar, with lime binder and a finer
aggregate, refined and smoothed at the surface [13]. In some cases, the aggregate could not
even be seen with an optical microscope. The sample A5 (Fig. 4C) was a notable exception, as
it showed the presence of three colored layers (white, pink and red) above the coarse mortar.
Other samples with more than one layer of plaster were A2b, A3c, A7b and A15b, even if the
sequence of the layers was often irregular or poorly defined. Worth noting was the apparent
presence of cocciopesto in the sample A2a, both in the mortar and in the plaster. Sample A3b
(Fig. 4) showed a layer of mortar and a layer of white hard plaster, with brown spots perhaps
due to another superimposed layer, above which, in some points, a glossy film seemed to be
present. Finally, two fragments, A4a (Figure 4B) and A7c (Fig. 4D), had grooves similar to
those mentioned by Bonturi et al. [6], which may have been scored on the plaster while it was
still wet to facilitate the adhesion of a subsequent layer. However, the possibility that these
grooves had a decorative function, like those on some of the Hellenistic plaster from the “casa
dei leoni” at Locri Epizephyrii [5], cannot be ruled out.

Fig. 4. The samples: a - A3b, b - Ada,c-A5,d- ATc

FTIR

FTIR analysis allowed determining the qualitative composition of the samples under
examination. The results are presented in Table 2.

FTIR analyses revealed the presence of carbonates in all the samples. Carbonates were
identified by means of their characteristic bands in the 1440-1430cm™ range, bound to the
asymmetric stretching of C-O. The peaks at 874 (out-of-plane bending vibration), 713 (in-plane
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bending vibration), 1798 and 2514cm™ (combination modes) led us to identify these carbonates
as calcite [CaCOs].

In some samples (A2c_m, Ada p, A7b_m, A15bc_m, Al5c p, B2 p), it is possible to
find another peak at about 858cm™ (out-of-plane bending vibration), which indicates the
presence of aragonite, the metastable orthorhombic form of calcium carbonate, less common
than calcite.

Almost all the samples show bands in the ranges 1200-900 and 500-400cm™, generally
coming from the vibrations of SiO, group of silicates. Specifically, quartz [SiO,] can be
identified from the presence of a peak at 1080cm™ and from its peculiar doublet at about 780
and 795cm™.

All samples show peaks around 2870-2980cm™, characteristic of the stretching of the C-
H groups; many of them also display bands in the regions around 1630cm™ or 1230cm™, thus
suggesting the presence of organic substances, but the amount was too small for a reliable
identification [14]. See, e.g., in Figure 5, the FTIR spectrum of sample Ada_p. Peaks of calcite,
aragonite, quartz and silicates are noticeable.
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Fig, 5. FTIR transmission spectrum of sample Ada_p in KBr. Peaks of calcite (2517, 1794, 1442, 874, 713cm™),
aragonite (856cm™), quartz (1083, 796, 779cm™), silicates (1032, 576, 519, 421cm™),
organic substances (2984, 2930, 2876, 1235cm’™) are noticeable

XRD

All the samples were analyzed by X-ray diffraction (XRD). The results are reported in
Table 3.

With regards to carbonates, XRD analyses showed the presence of abundant calcite
[CaCOs] or magnesian calcite [(Ca,Mg)COs] in all the samples, as expected [11]. Traces of
aragonite [CaCO;] were found in samples Ada p, A3a p, and B2 p, all of which were
fragments of white (or whitish) plasters.

Dolomite [MgCa(COs3),] was found in two samples of mortars (A3b_m and A22b_m).

Quartz [Si0,], generally very abundant, was found in all the samples.

Feldspars  (albite [NaAlSi3;Og], anorthite [CaAlSi,Og], and anorthoclase
[(Na,K)AISi;04]) are also widespread, since they were found in all but three samples of plasters
from the A7 group.

Phyllosilicates, generally muscovite [KAI;Si;0,¢(OH,F),], were found in a large number
of samples, both plasters and mortars.

Of particular interest is the presence of hematite, found in small quantities in four
samples of pink plasters and in the only sample of red plaster [11]. Hematite was identified by
means of its characteristic peak at d = 2.70A [15]. One can see that some results are slightly
different from those obtained from FTIR analysis, e.g. in regards to aragonite: this may be due
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to the different sensitivity of the two techniques, or to some problem related to overlapping
peaks.

Table 2. FTIR transmission results

Group Fragment Sample Calcite Aragonite Quartz Silicates Organic
compounds
A2a m * * * *
Ala A2a1) * * * *
A2b m * * * *
A2 A2b AZb:p o o o o
A2C m * * * * *
A2c A2c7p * * * *
A3a m * * * *
A3a A3aj:) * * * *
A3b m * * * *
A3b A3b;3 * * * *
A3
A3C m * * * *
A3c A3cip * * * *
A3d m * * * *
A3d A3d1) * * * *
Ada m * * * *
Ada A4a;3 * * * * *
Adb A4b7p * * * *
ASa:m * * * %
A5a pl * * * *
AS ASa ASap2 " % %
AS5a p3 * * * *
A7a m * * * *
ATa A7a:p * * * *
A7b7m * * * * *
A7 ATb AT7b _pl * * *
ATb p2  * * * *
A7C m * * * *
ATc A7cip * * * *
A92 m * * * *
A9 A9a A9a1) N N % %
AlSa m * w < w
AlSa AlSa}) " " - "
AlSbc m * * * * *
s Al5b AlSb p  * % % %
AlSbc m * S h S h
Al5c Al5c p * * * * *
Al5d m * * * *
Als5d Alsdp  * « % %
A22a A22a L L o L
A22 A22b A22b m  * * * *
B2 m * * * *
B2 B2 B2;) * * * * *
TG-DSC

TG-DSC analysis of mortars is useful to highlight the quantity and composition of the
binder, making it also possible to detect the nature of the compounds constituting the hydraulic
binder that are often not perfectly crystallized, and are therefore difficult to identify by other
techniques such as XRD. TG-DSC allowed us to compute the percentage of calcite present in
the samples investigated.
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Table 3. XRD semiquantitative analysis data

Group Fragment Sample  Calcite Aragonite (I:gficg;?:smn Dolomite Quartz Feldspars Phyllosilicates Hematite Other
A2am  ++t -+ s + /-
A2a —
A2a p +++ +++ ++ +
A2b_m +++ ++ + +/-
A2 o) A2b p - ++ +
A2¢_m -+ ++ ++
A2e A2c p +H+ + +
A3a_m -+ -+ ++
A3a A3a_p /- =+ ++ +
A3b_m -+ ++ + +/-
A3 A3b A3b p +++ +/- +
A3c_m A= AHEF AHEF
Ase A3c p +++ + +/- +-
A3d_m -+ ++ +++ +/-
A3d A3d p +++ +++ ++ +/-
Ad Ada_m ++ +++ ++ +
v a Ada p +++ + ++ +
A4b_m ++ S5HF b
— A4b p +++ ++ + ++
ASa_m +++ ++ +++ +
AS5a_pl +++ +++ ++ + +
AS Ada ASa p2  +++ +++ +++ + +/-
AS5a p3 +++ ++ + +/-
ATa A7a m +++ +H+ ++ +/-
ATa_p ERRE - AHEHE +/-
ATb_m -+ -+ +++
A7 AT7b ATb_pl  +++ +
ATb_p2 -+ ++ +/-
AT A7c_m AP b =P +/-
¢ ATcp +-
A9a_m ++ +++ + +
A9 Ada A% p o+ +- +-
AlSa AlSa_m ++ AP 4HE b
AlSa p  +++ -+ ++ +
AlSbc m  +++ +++ ++ +
AlS AlSb Al5b p  +++ ++ +
AlSc AlSbc m  +++ +H+ ++ +
Al5c p  +++ 4HEF AHF +/-
Al5d m ++ - ++ +
Alsd AlSd p  +++ e + +/- +
A22 A22a A22a +H+ AHHF + +-
A22b A22b m ++H+ ++ + +/-
B2 B2 B2_m =P A=EF =P +/- +/-
B2 p AHAF 4 ++ +

Legend: +++ very abundant (>40%); ++ abundant (15-40%); + present (3-15%); +/- scarce (<3%)

When the carbonate component is completely and exclusively attributable to the binder,
it is possible to calculate the ratio of binder/aggregate, which provides fundamental information
on the production technology of the mortars.

An examination of the geological map of the region of Oppido Mamertina points to the
presence of gneiss outcrops, producing a quartz-silicate sand, typical of the small streams near
Oppido. This region is also characterized by Pliocenic sediments, such as clayey fossiliferous
sands, blue fossiliferous clays, crystalline conglomerates, white marls with foraminifera.
Fossiliferous sands contain a carbonate fraction due to the shells of fossil.

On the basis of these considerations, of preliminary data from an archaeological site
closely related to contrada Mella [16], and of the results of XRD analysis that found some
evidence of aragonite in some samples, the presence of a small carbonate fraction in the
aggregate cannot be ruled out. This could lead to an overestimation of the binder, as calculated
by TG analysis.

As the analyzed mortars are coeval and come from the same site, it can be inferred that
their raw materials came from the same areas and that this overestimation applies to all the
samples. To use this technique for a comparison and a classification of the different mortars is,
in our opinion, still valid.
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The coefficient of hydraulicity of the mortar, defined as the ratio between the percentage
of CO,, lost above 600°C, and the percentage of water bound to hydraulic compounds, lost
between 200 and 600°C, was also calculated. These coefficients are defined by these relevant
ranges of temperature [17-21]:

* <120°C loss of hygroscopic water;

* 120-200°C dehydration of gypsum and salt hydrates;

* 200°-600°C loss of water bound to hydraulic components;

* 600°C decomposition of calcite and other carbonates.

TG-DSC analysis was conducted on a selection of 17 samples, chosen in order to be
representative of all the typologies. As had already been found from FTIR and XRD analysis,
all samples contain calcium carbonates, losing CO, above 600°C; almost all samples exhibit a
single peak in DTG (thermogravimetric derivative curve) around 700-750°C. The samples
A3d m and Al5c p show a second peak at a temperature above 800°C: the presence of less
pure forms of calcite could be assumed.

Samples containing quartz have a characteristic endothermic peak at about 570°C in the
DSC plot, due to a transition between two crystalline phases: the results show that all the
samples contain quartz, except for the samples A3b_p, A3c p, A7c_p (quartz poor in FTIR and
XRD) and A7b_pl (quartz absent in FTIR, poor in XRD).

Finally, some samples exhibit weight losses in the region between 400 and 450°C that
could be related to the presence of organic matter. This can be noted, in particular, in the
samples A3d_p, A4b_p and in the group of three plasters of the fragment A5 (ASa pl, ASa p2,
ASa p3); for some of these, the possible presence of organic compounds was also highlighted
by FTIR analysis. The data relating to calcite %, binder/aggregate ratio and coefficient of
hydraulicity can be represented graphically for clarity.

The graph of calcite % vs. the group (A3, A4, etc.) is shown in Figure 6A. A glance at
this figure reveals that sample A7b pl is clearly distinctive. This sample consists of a sort of
film overlying the plaster layer. Furthermore, in nearly all cases, plaster samples are richer in
calcite than mortar ones.
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Fig. 6. a - % calcite relative to the different groups, b - hydraulicity coefficient relative to the different groups,
¢ - B/A ratio vs. hydraulicity index, relative to the different groups, d - Loss of weight between 200-600°C vs. above
600°C, relative to the different groups. In all the four graphs, circles correspond to mortars and triangles to plasters
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In addition, as far as the hydraulicity coefficient is concerned, it can be noted that there
are no particular differences between plasters and mortars, although the samples that have
higher aerial characteristics are still those of plaster (Fig. 6B).

Observing the graph representing the binder/aggregate ratio vs. the hydraulicity
coefficient (Fig. 6C), with samples grouped by type (plaster or mortar), it can be noticed that
mortar samples cluster at low B/A ratios and low hydraulicity coefficients, whereas plaster
samples show less homogeneous results. The different groups of samples (A3, A4...) do not
show significant groupings, except for the two A4 samples and for the three different fragments
of plaster of sample AS.

The last graph (Fig. 6D) shows the amount of water (%) lost between 200 and 600°C vs.
the amount of carbon dioxide (%) lost above 600°C, with the indication of the type of the
samples. It is possible to note the grouping of mortar samples, which appear more homogeneous
than those of plaster. As regards the different groups, no particular trends can be noted, apart
from the plasters coming from group AS. Sample A7b pl confirms its peculiarity among all the
samples that have been analyzed.

SEM-EDX and Optical microscopy

Some representative samples were observed by means of SEM-EDX, both without pre-
treatment and in polished cross sections. Sample A5, with its red plaster (Fig. 7), was
particularly interesting. In Figure 8A a global view in backscattered electrons of the surface of
this plaster can be seen. In Figure 8B, a magnified view of some “bright” particles can be
appreciated. As can be seen from their EDX spectra (Figure 8C and Figure 8D), these particles
are particularly rich in Fe if compared with the mean spectrum of the total area. A
semiquantitative analysis gave estimation that the content in Fe equals about 30% w/w for the
particles, versus 8% w/w for the total area. Similarly, other “bright” particles showed content in
Fe (% w/w) between 40-45%, versus a mean content in the total analyzed area lower than 5%.
These data confirmed the presence of a pigment rich in iron, diffused in the plaster in the form
of particles of irregular dimensions, as can be seen even in Figure 9, where a SEM-EDX
analysis of the cross section of this sample can be seen. The elemental map shows clearly the
general presence of diffuse iron and of some coarser particle rich in this element. On the basis
of the results of XRD analysis, this pigment can then be identified as hematite [11].

Fig. 7. Optical microscopy image of the red plaster of
sample A5 in polished cross section (bar=0.5mm)
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Fig. 8. SEM image and EDX spectrum of sample A5: a - area of the surface of red plaster,
b - bright particles on the surface of the red plaster, ¢ - EDX spectrum of an area on the surface of the red plaster and
d - EDX spectrum of bright particles on the surface of the red plaster

Fig. 9. EDX maps of a polished cross section of the red plaster on Sample A5

One can see in Figure 9 that iron is diffused in a matrix of calcium and is particular
abundant in regions corresponding to coarser bright particles
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Fig. 10. EDX maps of a polished cross section on sample A3b

It also can be seen in figure 10 that the bulk mortar is constituted by a Ca-rich binder and
a coarse Si-Al aggregate. As far as plaster is concerned, it is composed of a binder rich in Ca
and a very fine aggregate.

SEM-EDX analysis of cross sections determined that mortars consist of a calcitic binder
and an irregular aggregate. While the coarser fractions mostly consist of silico- and silico-
aluminate particles (Figure 10), the presence of carbonate particles in the finer fraction of
aggregate cannot be ruled out. The finishing plasters, on the other hand, are generally more
homogenous than bulk mortars, with a calcium binder and a finer aggregate.

Conclusions

This study seeks to characterize and classify samples of mortars and painted plasters
from the Italic town of contrada Mella which attest to the local use of these materials in the
Hellenistic period. Examples of plaster with similar colors are known from contemporary Greek
and indigenous sites in Calabria and Sicily [7, 11, 12, 22]. An examination of select fragments
has revealed the presence, in most cases, of a bulk layer (“mortar”) consisting of lime and
coarse aggregate and a single layer of plaster, with a finer aggregate and a smooth surface. In all
the samples the aggregate fraction contained quartz and other silicates, usually phyllosilicates
and feldspars. The identification of a natural pigment made of hematite in four samples of pink
plasters and in the only sample of red plaster is especially noteworthy. The finding of hematite
points to the use of a natural ochre, the cheapest and most widespread red pigment [5, 23]. For
the most part, the samples of plaster were richer in calcite compared to the corresponding
mortars, as confirmed by the standard “formulas” of preparation. Since mortar or plaster has
rarely been found in excavations at contrada Mella, and mostly in granular form (possibly
because of the high acidity of the soil), this unique trove suggests that some houses of the
Tauriani may have had patterns of wall decoration similar to those found elsewhere in Magna
Graecia and Sicily.
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