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Abstract
Three of the most important polychrome stones of Greek origin used in antiquity,
especially in Roman times, namely krokeatis lithos (the lapis lacedaemonius of the
Romans, called serpentino by the Italian stonemasons), a Permian meta-andesite
from near Sparta in the Peloponnesus;; marmor taenarium (rosso antico), an Eocenian
hematite-marble from the Mani peninsula, Peloponnesus;; marmor chalcidense (ﬁor di
pesco), a Triassic cataclastic limestone from Eretria, Middle Eubea, are considered here
for a history of use, the geographical distribution in antiquity, the ancient and modern
quarries, geological setting, minero-petrographic and geochemical characterisation, and
possible archaeometric and deterioration problems.

Introduction
Greece is renown for its famous white marbles, like the Pentelic, Parian
and Thasian ones, mostly coming from Attica, the Cycladic islands and from
Macedonia, and much used for sculpture and architectural elements all over
classical antiquity. Less known is that it also produced a small number of no less
important coloured stones that were used especially in Roman times to decorate
public buildings and the houses of rich people in all the provinces of the empire,
from Spain to Syria, and from Britannia to Egypt.
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All these stones were later re-used for ornamental purposes in European
churches and palaces from the Middle Age to the Baroque, especially in Italy.
Some of them are also often present in important mosques and royal buildings
of the Islamic world.
The geological history of Greece is quite complex and at the base of the
formation of rare rock types, some of which were exploited as ornamental stones
[1]. The Romans in fact found in Greece some of the most beautiful coloured
stones (poikiloi lithoi) they used as versiculores maculae (polychrome materials)
in slabs for opera sectilia and/or in columns and other objects. Some of them
were already known and used locally, then with a tradition and often with a
legendary history connected to their provenance and symbolism. All this is also
reﬂected in the high prices they reached in imperial times, of which we have
some examples in the Diocletian’ Edict of 301 A.D., and the prestige accumulated
continued during the Byzantine Era, the eastern and western Middle Ages, and in
the Renaissance, as testiﬁed by the extensive re-use of these marbles from spolia
of ancient monuments. Seven were the most famous coloured marbles of Greek
origin used by the Romans, namely krokeatis lithos (the lapis lacedaemonius
of the Romans, called serpentino by the Italian stonemasons), a Permian meta-
andesite from near Sparta in the Peloponnesus;; marmor taenarium (rosso
antico), an Eocenian hematite-marble from the Mani peninsula, Peloponnesus;;
marmor chalcidense (ﬁor di pesco), a Triassic cataclastic limestone from Eretria,
Middle Eubea;; karystìa lithos (marmor carystium, cipollino verde), a Cretacic
chlorite-marble from Southern Eubea;; marmor chium (portasanta), a Triassic
tectonic breccia from the island of Chios;; breccia di settebasi, a Triassic calcareous
metabreccia from the island of Skyros, and marmor thessalicum (verde antico), a
Cretacic ophicarbonate breccia from near Larissa in Thessaly. All these stones,
and other Greek decorative ones were already studied in the sixties of the last
century by Papageogakis [2], and more recently (2007) by Lazzarini [3]. The ﬁrst
three of those mentioned above are considered again here, with some updating,
mainly for a short history of use, distribution in the Mediterranean area and
in the rest of Europe, their quarries, ancient and modern (when existing), the
geological setting, minero-petrographic and geochemical characterisation, and
their eventual archaeometric and deterioration problems.
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Lapis Lacadaemonius (serpentino, porfido verde antico)
One of the most beautiful and important stones of antiquity is the green
porphyry quarried in the southern hills of Peloponnesus (Greece). There are
several coloured varieties of this porphyry ranging from a dark-green to a
yellowish-green, to a brownish-violet (Figure 1). The texture is also quite
variable, but typically porphyric with millimetric to centimetric phenocrysts
formed by well-developed twinned, often associated, plagioclases (and
sometimes small pyroxenes), to single millimetric plagioclase phenocrysts in
the rare variety known as porﬁdo vitelli (Figure 1). Green porphyry is the stone
most mentioned by ancient writers and poets, and the one with the largest
known number of names. It was in fact called krokeatis lithos, lakaina lithos,
smaragdos lakaina, piganusio marmaro by Greek authors such as Pausanias,
Theophratus and Constantinus Rhodius, who in turn refer to its origin near
Krokea, in ancient Lakonia, or to its colour recalling that of the emerald. The
Romans called it lapis lacedaemonius or marmor lacedaemonium (Pliny), as
well as green from Lakonia or from Sparta. In the late Middle Ages it was given
the name serpentino by Italian stonecutters who observed its resemblance to the
skin of snakes. The name now most commonly used - porﬁdo verde antico – was
introduced probably in the second half of the XIX c.

Figure 1
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The use of this porphyry started in the Middle Minoan III (1700 BC) and
continued throughout the Late Helladic [4]. At this time the stone was used
mainly for the production of seals, many of which have been found in Crete and
the Peloponnesus. The subjects depicted include animals, such as lions, men and
master of animals, taurokathapsia scenes, minotaurs, etc. Rarer objects include
vessels like bowls, chalices and rithà, of which the most famous is that from Kato
Zakro (Figure 2).

Figure 2

These vases, together with the deposit of small blocks of green porphyry
found at the palace of Knossos in the so-called Lapidary’s Workshop (Figure
3), are clear evidence of an early import to Crete, where this hard rock was
worked (probably with Naxian emery) and perhaps also exported as ﬁnished
objects. There is no evidence for the use of Lakonian porphyry in the Archaic
or Classical periods, but the stone must have been known at the end of the IV
century BC, when Theophrastus (de lapidibus, 25) mentions it. The Romans
rediscovered the stone in the very Late Republic, most probably in the Caesarian
period, but its use developed from Augustus on, spreading all over the empire.
We can say, in fact, that almost all ruins of Roman towns from Syria to Spain
and from Tunisia to Britain have yielded at least a fragment of green porphyry.
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The most common use was in slabs for opera sectilia, coupled especially with
red Egyptian porphyry, in very beautiful pavements, like those of the Imperial
houses on the Palatine (Figure 4), or in wall crustae, for example in those of the
building outside Porta Marina at Ostia.

Figure 3

Figure 4
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Small composite capitals are also known (such as those in the Vatican
Museum and in the church of S.Saba, Rome, and a few columns (e.g. those of
the Baptistry of S.Giovanni in Laterano, Rome, and of the church of Martorana,
Palermo (now in the “Casa Martorana”);; the columns too were of small
dimensions (around one m) since the stone was available only in blocks of
limited size. The Greek porphyry was also used for statuary, with several pieces
being assembled together, such as the fragments of a colossal Dace in the Zeri
collection, Rome, and the foot in the De Ravenstein collection in Brussels [5],
both most probably coming from Trajan’s forum in Rome;; in these statues the
symbolic use of the stone (coming from a land inhabited by barbarians) is quite
evident. In the Byzantine period, especially in the reign of Justinian, our stone
continued to be quite popular, as testiﬁed by the citations in the writings of
Paul the Silentiary and Constantinus Rhodius and the presence of large slabs
and rotae at Aghia Sophia and other important contemporary basilicas (e.g. St.
John of Ephesus). In the late Byzantine period and in the western Middle Ages
Greek porphyry was re-used for decorative purposes, such as the extraordinary
medallion once owned by the emperor Nikephoros Botaniatas, now in the
Victoria and Albert Museum in London and especially for ﬂooring. It is very
abundant, for example, in the pavements that the Cosmati family and their
followers laid in the XII and XIII centuries in Central Italy, but also as far away
as Westminster Abbey in London. Leon Battista Alberti re-introduced it with its
red “pendent”, porﬁdo rosso antico, into Quattrocento architecture: a notable
occurrence is the sarcophagus of Piero and Giovanni de’ Medici in the Basilica of
S.Lorenzo in Florence by Verrocchio. In the Italian Renaissance it was so popular
and famous that it was frequently imitated in panel and mural paintings such
as those by Piero della Francesca at Arezzo, and at Borgo S.Sepolcro, or those by
Andrea del Castagno in the refectory of S.Apollonia, Florence.
An overall idea of the importance of this stone is immediately given by its
map of distribution in antiquity and connected re-use in later periods (Figure 5).

The quarries
In describing Lakonia Pausanias (3.21.4) mentions the village of Krokea, and
“a quarry where the stones found are like those of rivers”;; he also says “that they
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are difﬁcult to work, but once worked they become so beautiful that they may be
used for decorating the sanctuaries of gods “.

Figure 5: Map of distribution of marmor lacedaemonium (porﬁdo verde antico): red dots
correspond to primary use (pre-Roman-Byzantine);; blue triangle, to re-use (Medievale-
Baroque). For a legend of the localities corresponding to numbers, see appendix of note N°2

Figure 6

28

Figure 7

This quarry area is situated all around a hill called Psephì, between the
villages of Stephanià and Krokeai, on the Gythion-Sparta road (Figure 6). The
stone was not quarried from a mountain as were most rocks in antiquity, since
the outcrops are of small size, and the stone is quite tectonised and broken into
pieces;; so when found it was and is already split into small blocks (normally
from a few dm to a m) (Figure 7).
It is most likely that the porphyry was collected from the ground, or
dug from it by forming the numerous roughly conoidal trenches visible on
the site: these probably correspond to ancient extraction zones. Mycenaean
tombs have been found close to the quarry area, and we know from Pausanias
that a bronze statue of the Dioscuri stood by the quarry in Roman times. A
prehistoric settlement has been found at Aghios Stephanos, 6 km from Psephì,
which in ancient times was by the sea and most probably, together with
Gythion (ancient Cranae), the point from which the porphyry was exported
overseas. The presence of the ruins of a Byzantine tower at the top of the hill
of Psephì is clear evidence that the quarry area was still known and probably
productive at least until Early Byzantine times.
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The geological setting, characterisation and petrographic classification
Philippson [6] was the ﬁrst geologist to study the area of Krokea and to investigate
the origin of the lapis lacedaemonius. The next author to deal with the geology,
geochemistry and petrography of the green porphyry was Paraskevopoulos [7].
He places the porphyry among the phyllites belonging to the Tripolis series of the
southern Peloponnese, dating between the Middle Carboniferous and the Permian.
The rock in fact belong to the volcano-sedimentary series of the “Tyros beds” of
the Permian (?) age which lies transgressively through basal conglomerates upon
slightly metamorphic shales and associated sandstones, marls and phyllites [8]
all of the Carboniferous age [9]. It forms a 5 km-long dike of basaltic-to-andesitic
composition which was originally (and for most of its length still is) a blackish,
porphyritic lava, but which was locally altered by metasomatic and metamorphic
processes into a green metadiabase. The petrographic study of thin sections of
several varieties of our porphyry (with different colours and textures) allows the
following general observations:
- in most cases the porphyry shows typical glomeroporphyric textures
(Figure 8) with average porphyric indexes
- the large (mm to cm) greenish to whitish or yellowish phenocrysts are
formed by twinned albitic-to-oligoclasic plagioclases (Figure 8): their asso-
ciation often forms beautiful small star-like shape. Plagioclases often show a
pervasive alteration into sericite, calcite and clay minerals. Other phenocrysts
formed by small black, more or less chloritised, pyroxenes (augite) and iron
oxides are sometimes present
- the micro-cryptocrystalline groundmass is mostly formed by a partly devet-
riﬁed glass (Figure 8);; it often contains small chlorite (delessite) (Figure 8),
calcite and epidotes (including zoisite) crystals;; opaque minerals are very
frequent as small diffused particles
- very often white, bluish, reddish nodules and amigdalae of chalcedony
(called “agate” achates, by Italian stonecutters) are present (Figure 8), with
the same already mentioned mineral association
- some dispersed hematite is present in the brownish variety. Hematite is
also sometimes present concentrated in red veins or associated with the red
amigdalae.
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Figure 8

The modal analysis of 9 samples (5 from quarries, 4 from artefacts) is shown
in table 1. The results indicate that the groundmass forms more than the half
the rock, sometimes almost 66% of it;; plagioclases are always over 30%, with a
maximum of 39%;; chlorite varies from 0.6 to 4.6%;; chalcedony from 0.1 to 3.2;;
epidote from 0.2 to 2.8;; calcite from 1 to 2%.
From the quantitative chemical composition of 11 samples (8 from quarries, 3
from artefacts) one may notice the average amount of silica (around 53 %), and
of total alcali (5%), the high FeO content (an average of 3.08 %) that may explain
the green colour of the rock;; if summed to Fe2O3 , it makes a remarkable total
Fe content of around 8 %. The plotting of the results in the TAS (Total alkali-
silica) diagram indicates that green porphyry may be classiﬁed as a basaltic
andesite /trachyandesite. Taking into consideration the frequent presence of the
amigdalae, and the metasomatic/metamorphic modiﬁcations, this classiﬁcation
should be considered with caution: more basic terms (basalts) offer better
representation of the real composition of the original magma.
In conclusion, considering together the geological setting, the petrographic
characteristics and the chemical composition of the stone, Lapis Lacedaemonius
may be classiﬁed as a metadiabase of basaltic/basaltic-andesitic composition [3].
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This porphyry is in general a very durable material, but if it is exposed for
long time to water in monuments or archaeological sites, it may be subjected
to hydrolithic deterioration processes. These are only showing the initial steps
of hydrolysis, namely some superﬁcial colour change from green to brown
due to the leaching of Fe from chlorite and Fe-oxides, with the formation of
a limonitic patina, and more rare corrosion of the groundmass. This produces
micromorphologies such as differential alteration where the plagioclases
and other phenocrysts are standing in relief from the corroded and slightly
argilliﬁed groundmass.

Marmor Taenarium (rosso antico)
Marmor Taenarium and rosso antico were the names given by the ancient
and modern Romans, respectively, to a beautiful red marble (Figure 9) outcrop-
ping near Cape Tainaron, the present Cape Matapan, on the southernmost point
of the Mani peninsula (southern Peloponnesus). One of the most important
coloured marbles of antiquity, it was used from at least the Middle Minoan III
period (i.e. 1700 B.C.), with several gaps, to the Neo-Classical period (XIX c.) for
ﬁne vases, statues, carvings, and various architectural-decorative elements such
as ﬂoors, walls, small columns, cornices, etc. [3, 10].

Figure 9
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Some very ancient examples of its use are the vases (Figure 10), lamps, and
other precious objects that held a place of honour in the most important pal-
aces of Crete, and the reliefs of the portal of the so-called Treasury of Atreus
at Mycenae.

Figure 10

It seems that it was not used in the Archaic Greek and Classical periods,
but reappeared instead in the Late Hellenistic Age as an epigraphic support
for Messenian and Laconian stelae, and for mosaics. It was rediscovered by the
Romans at the end of the Republican period and used from then onwards for
a number of architectural-decorative and artistic applications. The height of its
use was in Imperial times, when this marble was considered one of the most
precious stones, because of its purple colour, similar to that used for the robes
of the wealthy, powerful people, and especially of Emperors. In particular, it
was widely employed, in Augustan times, in small capitals and opera sectilia
(Figure11). From the Flavian Age onwards, it was often used for sculptures,
and especially in Hadrianic times for ﬁne statues representing Bacchus and
his Thiasos (fauns, satyrs, goats, centaurs, etc.) (Figure 10). This practice had
obvious symbolic signiﬁcance, with the colour of the stone resembling that of
wine. In later times, it was extensively reused in Christian churches, mosques
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and other monuments, sometimes as a substitute of the red Egyptian porphyry.
Of the good fortune encountered by this marble throughout all centuries is
testifying its distribution map (Figure 12).

Figure 11

Figure 12: As for ﬁgure 5, but relative to marmor taenarium (rosso antico)
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The quarries and geological setting
Rosso antico occurs in numerous areas along the southern slopes of Mount Tay-
getus and elsewhere on the Mani peninsula (Figure 13, right). The most important
outcrops with connected quarries are those of Proﬁtis Elias (Figure 14) (where the
remains of a large Roman quarry are still visible and have been mapped geologi-
cally, see ﬁgure 13, left), Paganea, and Kokkinoghia-Mianes (Figure 13, right). This
marble unit belongs to the metamorphic series of the southern Taygetus moun-
tain-Mani peninsula belt, an area geologically linked to the Ionic-Adriatic zone,
which is the continuation of the Alpine-Dynaric system [11]. More speciﬁcally, it is
found in the top layer of the “Plattenkalk” formation of the Senonian-Priabonian
age and at a lower level in the same formation, in rather thin outcrops (usually not
more than 10-20 m thick) included in white-grey marbles of average grain size.
The latter, especially those from the areas of Diros, Mezapos and Proﬁtis
Elias, were also exploited in antiquity (Gorgoni et al., 1992). The same can be
said for a number of dark-grey to black marbles and limestones occurring on
the Mani peninsula (i.e. Bigio Antico and the famous Nero Antico or Bigio
Morato) [3].

Figure 13: Map of outcrops and quarries of rosso antico (right) and
geological sketch of the “Roman quarry” (left)
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Minero-petrographic features
Generally speaking, the samples of rosso antico from the different quarries
of the Mani peninsula are mineropetrographically quite similar to each other.
Under the microscope, they usually show a crystalloblastic-homeoblastic fabric,
sometimes developing into a local lepidoblastic fabric when associated with
more abundant phillosilicates (i.e. K-mica and/or chlorite) (Figure 15).

Figure 14

Figure 15
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Layering is clearly visible in thin sections perpendicular to foliation or
schistosity, often giving place to dimensionally-preferred orientation produced
by syntectonic crystallisation of quite equidimensional calcite grains. The average
grain size (AGS) of the latter grains is 0.5 mm, and the MGS (Maximum Grain Size)
is around 1.3 mm. Areas with much ﬁner or larger calcite crystals than usual are
also frequently found. Hematite is more or less abundant, thus determining the
intensity of the red colour of the rock which is sometimes turned purplish by the
occasional presence of the Mn-epidote piemontite. Hematite is ﬁnely dispersed in
the mass, or concentrated along much darker and roughly isoparallel veins most
probably referring to relic-stylolithes. Foliation is quite common, and sometimes
emphasised by these darker veins. Other common accessory minerals are quartz,
albitic plagioclase, and opaque iron ores (Figure 15).

Archaeometric problems
Because of their attractive colour and rarity, red hematitic marbles were
among the most sought stones of antiquity. They normally outcrop in associa-
tion with normal white-grey marbles in different areas of the central-eastern
Mediterranean basin. They are all rather similar macroscopically, and so a
careful characterization and archaeometric (e.g. mineropetrographic and geo-
chemical) investigation was carried out to identify any distinctive parameters
and features.
Several ancient quarries and outcrops occurring along the Mani peninsula
in southern Peloponnesus (i.e. at Proﬁtis Elias, Platsa, Paganea and Marmaro),
had already been studied by the author and colleagues, together with other
local white-grey marble formations [10, 11]. These preliminary archaeometric
investigations followed previous marble studies in the same area and in other
supply districts of central Peloponnesus (e.g. Doliana). Additional occurrences
of the coloured stone called rosso antico have recently been discovered on the
Mani peninsula (e.g. at Laghia, Kokkinoghia, Mianes, Vathia, etc.;; Figure 12),
thus suggesting the need to integrate and critically re-evaluate the previous
reference database with the aim of ﬁngerprinting ancient artefacts. Other red
marbles similar to those from Mani occur in Caria, south-western Anatolia,
Turkey, e.g. at Iasos [10, 12] and Aphrodisias [10, 11]. They have also been
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investigated and critically compared to those from Mani (Figure 16). They
may all be petrographically classiﬁed as impure marbles deriving from
the metamorphic evolution, at low T, high P, of slightly marly limestones
with abundant primary iron phases (complex oxides-hydroxides, etc.). The
transformation of these original sedimentary iron minerals into tiny hematite
crystals, ﬁnely dispersed in the calcite matrix or more concentrated in veins
and spots, is responsible for the more or less intense and differently hued red
colour. More detailed information on the various iron phases responsible for
the colour of rosso antico and other coloured marbles (Cipollino Mandolato and
ﬁor di pesco) is given by Calogero et al. [13]. In addition to iron, the colour also
depends on the concentration of the other colouring elements such as titanium,
manganese, vanadium, etc. With the exception of the red marble variety from
Aphrodisias, the presence of white veins of pure calcite (usually from a few mm
to 10-15 cm thick) alternating with the red layers indicates that the protolith was
a rithmite. Almost linear, parallel banding is more frequent at Mani, giving a
typical striped appearance to the outcrops in general and some of the samples
and artefacts. At Iasos, in contrast, due to a more complex tectonic history these
red and white bands are more convoluted. Such a tectonic (and consequently
stratigraphic) complexity is testiﬁed by the additional presence of brecciated red
marble facies in this locality.

Figure 16
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The uniform/banded variety of marmor iassense is rather similar to rosso
antico not only macroscopically (Figure 16), but also microscopically (Figure
17). It is again characterised by a crystalloblastic-homeoblastic to lepidoblastic
fabric, depending on the abundance of phyllosilicates, and by a rather ﬁne and
homogeneous grain. Also the accessory phases are the usual: hematite, quartz,
albitic plagioclase, K-mica (i.e. muscovite/phengite), chlorite, and rarely epi-
dote. In contrast, however, the distribution of hematite can be different. It is
normally dispersed along the boundaries of calcite crystals, but sometimes it
concentrates in characteristic small nodules (often visible macroscopically)
rather than in veins.
This feature may be useful for an initial macroscopic distinction of marmor
iassense from rosso antico.
The C&O isotopic data collected with standard methods [14] for the three red
marbles showed a more or less extended overlapping of the δ13C - δ18O values
conﬁrming the poor reliability of the isotopic data alone for discriminating
purposes, and this not only for characterising the different outcrops of rosso
antico present on the Mani peninsula, but also for univocally distinguishing
rosso antico from marmor iassense and the red Aphrodisian one.

Figure 17
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In the three red marble varieties considered, the quantitative chemical analysis
showed that the concentration of the main, minor and trace elements with a non-
carbonatic afﬁnity varies widely, the global content of detrital fraction passing
from less than 5 % to a maximum of about 15 %. This strictly controls (according
to a 1:10 ratio) the amount of iron oxides, and consequently the intensity of the
red colour. In detail, the concentration of Fe2O3 passes from less than 0.5 % in
the paler samples to around 1.5 % in the darker ones. More in general, a good,
usually almost linear correlation between the total amount of non-carbonatic
fraction and the concentration of the ‘detrital’ elements was found, thus fully
conﬁrming the results of preliminary investigations [9]. A few other elements
do not follow this general rule. The concentration of strontium, in particular, an
element characterised by a strong carbonatic afﬁnity, is strictly dependent, in
addition to the general geological (i.e. sedimentological) features, mostly on the
other biological, and marine (i.e. physical-chemical, and compositional) features
controlling the formation of the original protolith(s). However, the stratigraphic-
environmental (and potentially diagnostic, especially if critically compared to
the C-O isotopic distribution) importance of strontium, must be better evaluated
and conﬁrmed through further studies. Strontium generally presents a high but
random concentration, and rather limited variability (e.g. from about 400 to
1,000 ppm) for Mani and Iasos, while at Aphrodisias its content is one order of
magnitude less (46 ppm). Probably, this anomalous low value is not a primary
feature, but the consequence of secondary processes. More precisely, it can be
explained by considering the possibility that the same diagenetic/metamorphic
ﬂuids responsible for the large carbon and oxygen isotopic depletion observed
were able to mobilise and leach out this element during one (or more) interaction-
recrystallisation phase(s). Magnesium, which has a complex detrital-carbonatic
afﬁnity being associated with some phillosilicates in addition to carbonates,
shows an intermediate behaviour, varying less randomly compared to the
‘detrital’ elements (from 0.5 % to 2.5 %) and showing a silicatic to carbonatic ratio
roughly around 1:3. Again, the Aphrodisian sample is anomalous since it also
shows a very low value for magnesium (0.3 %), probably depending on the same
diagenetic-metamorphic processes indicated above for strontium. Generally
speaking, the absolute concentrations of the many elements considered were
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not found to show a direct/univocal diagnostic signiﬁcance, and will not be
presented and discussed in detail here. On the other hand, as already indicated
above, the detailed geochemical (i.e. isotopic and compositional) data are of
interest for a number of genetical-paleoenvironmental implications, and will be
better discussed in further papers.
Apart from the unique sample from Aphrodisias, which is peculiar for the
distribution of a number of elements, all the other red marble samples from Mani
and Iasos are rather similar compositionally. In addition to the C-O isotopic
parameters, the whole set of compositional data was submitted to a ﬁrst, simple
statistical treatment in the form of binary correlation graphs. Again, these
proved not diagnostically signiﬁcant. The only ones that allow discrimination of
the supply areas are those concerning iron and the iron-group elements such as
Mn, Cr, Co, V, and Ni. In the general Fe-Ni correlation graphs of Figure 17, for
example, the various marbles clearly deﬁne a series of trends characterised by
different slopes, with an evident diagnostic signiﬁcance.
The same does not apply when trying to characterise the various outcrops
and quarries of rosso antico on the Mani peninsula, which would seem not to be
distinguishable by simple binary correlation. A more sophisticated statistical
treatment of the data was then applied. By using multivariate analysis, a
very good discrimination of the various localities is possible. Since for most
areas a limited number of samples is available, the result of the statistical
treatment is reported only for the three main areas of Proﬁtis Elias, Paganea
and Kokkinoghia. In this respect, the discrimination between the three groups
is 100 %, as shown by the plot of the two principal components of Figure 8. The
following parameters and elements are the most diagnostically signiﬁcant: Rb,
K, Co, δ18O, δ13C, Sr, Zn, V, Mn, Si, and P.
In conclusion, the sample from Aphrodisias seems to be distinguishable
on account of its peculiar macro-microscopic, isotopic, and chemical features.
On the other hand, further studies on a larger and more suitable number of
samples are needed for a better characterisation of this red marble level and
its geochemical-genetic relationships with the hosting white-grey marble
formation. In contrast, rosso antico and marmor iassense are rather similar
to each other in many respects. Apart from some mineropetrographic
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differences, the only signiﬁcant geochemical features and parameters are
those concerning the distribution of the iron-group elements, and especially
their reciprocal binary correlation. Still more complex is the discrimination of
the various quarries and outcrops of Rosso Antico on the Mani peninsula. This
is possible, however, through the application of more sophisticated statistical
treatment of the geochemical data and, in this respect, both the iron-group
elements and those with carbonatic afﬁnity are found to be of fundamental
importance. In conclusion, the archaeometric database presented here is more
suitable than previous ones for provenancing ancient artefacts made of red
marble [15]. Preliminary analyses of Sr isotopes seems to be very promising in
differentiating the three marbles.
The few examples of deteriorated rosso antico observed in monuments
showed the typical deterioration morphologies (crystalline decohesion and
powdering) of ﬁne-grained white marbles, plus some discoloration most
probably due to the hydration of the hematitic pigment.

Marmor Chalcidicum (fior di pesco)
Marmor chalcidicum was the name given by the Romans to a stone
quarried some 20 km south of ancient Chalkis, the most important town
of Euboea (Greece), after which it was named. The holotype, e.g. the most
representative and diffused variety, has a nice overall pinkish colour resulting
from a mixture of white, reddish and pinkish areas, sometimes with irregular
brown spots and patches (Figure 18), often crossed by white veins. There exists
a red variety quarried and exported in recent times, still available on the Greek
market, called “red of Eretria” or “of Byzantium” which was known, but not
much appreciated, in antiquity [16, 3].
Marmor chalcidicum was already known to the Greeks in the Hellenistic
period and used for stelae and other small objects in the town of Eretria, the
nearest to the quarries. It was used locally in Augustan time but it is not known
when it was exported to Rome. Being present at Pompeii and Herculaneum, it
is quite possible that it arrived in the capital under Augustus. There, the stone is
quite rare in monuments of the Roman age, having been spoiled especially dur-
ing the Baroque period, when it became very popular with the name of “ﬁor di
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pesco” (peach blossom) and much sought for decorating churches and palaces
of Rome and other major Italian towns. The marble was always used especially
in slabs for facing pavements and walls: fragments of it have been found in the
excavations of Ostia and of several imperial villas of Latium.

Figure 18

Figure 19
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It was also used for columns of small to average size: the best preserved
example of such use is in the theatre of Leptis Magna of Severan age (Figure 19).
A ﬁrst study of its diffusion indicates that it was not among the widely used col-
oured stones, but still we can consider it one of the important decorative stones
of Roman antiquity. It seems that it was mainly used in the central Mediter-
ranean areas, including North Africa (Figure 20), being rare in Asia Minor and
Spain. Its re-use in Baroque Italy is so common that we can afﬁrm that there is
not a single important church without at least a piece of it.

Ancient quarries
The ancient and modern quarries of marmor chalcidicum-red of Eretria
are situated very close to Eretria, some 3 km to the NW of the town (Figure
21) [16]. There, as in many other Mediterranean places, modern quarries have
unfortunately been opened on ancient extraction sites, almost completely
destroying the traces of ancient exploitation. Only a few small Roman quarries
are in fact still preserved untouched, and several traces of ancient activity are
visible in the modern quarries.

Figure 20: As for ﬁgure 5, but relative to marmor chalcidicum (ﬁor di pesco)
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The former are close to the church of Aghios Pavlos (Figure 22);; the latter
have to be carefully sought near and in the top parts of the largest modern
quarry.

Figure 21: Detailed map of theancient/modern quarries of ﬁor di pesco

Figure 22
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At Aghios Pavlos, the biggest ancient quarry was on the other side of the
road passing by the church, which is built on the ancient debris: it was some
60 m long, 30 m wide, with a quarry front 5 m high, and is now ﬁlled with
modern debris. There is a second, slightly smaller quarry beside the ﬁrst. Sev-
eral other very small ancient quarrying sites are spread over the area, espe-
cially N, NE of the church, and the large ﬁeld in front of it is scattered with
quarry debris, ancient worked blocks (some with the typical stepped proﬁle)
and small column shafts, all half-ﬁnished and with dimensions based on the
Roman foot. In the large modern quarry, ancient quarry marks are visible on
the top wooden area, where small trenches and quarries were open towards
the southern part of the hill, several of which are now hanging. Here too
ancient half–ﬁnished blocks and columns are scattered over the area. At the
top of the highest modern quarry front (very interesting for the geological
setting of the various lithofacies composing the formation) a small locus still
shows traces of the heavy pick and of wedge-holes. The best preserved marks
of the heavy quarry pick are visible in a small, well- preserved quarry to the
SW of the large modern one, east of the road, below a house. It is quite evident
that the Roman exploitation took place at the top part of the formation where
the pinkish variety was more thick and geologically undisturbed.

Geological setting
Euboea is the second largest island of Greece and is characterised by a
complex geological structure. According to Katsikatsos [17], it consists of the
following units of the Hellenides (from base to top):
- the autochthonous, which is found only in southern Euboea and is repre-
sented by the unit of Almyropotamos formed by a series of coarse marbles of
great thickness, passing upwards to metaﬂysch formations
- the Neohellenic nappe, which in the same area consists of two tectonic units:
Styra and Ochi. The ﬁrst is formed by medium bedded marbles and cipolins
(the famous marmor styrium or karystìa lithos/marmor carystium) with inter-
calations of mica scists, sometimes passing gradually to quartzites: tectoni-
cally it underlies the second one and overlies the metaﬂysch or marbles of
the unit of Almyropotamos. The unit of Ochi is composed of metasediments
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(mainly metapelites) with intercalations of red or black quartzites and of
metabasites - metatuffs
- the Pelagonian zone of non-metamorphic formations, present in central and
northern Euboea;; it is overthrust on the tectonic units of the southern part of
the island. The central area is mostly represented by limestones and dolomias
of a geological age passing from the Neo-Paleozoic-Middle Triassic to the
Middle-Upper Triassic/Upper Jurassic.
The rock under consideration is located in central Euboea and pertains to the
Pelagonian zone. The formation including the “ﬁor di pesco” in fact outcrops
in the area of Eretria-Amarynthos and Mont Olympos [18]. At the base it has a
very thick clastic series (sandstones, graywackes, shales, phyllites and breccias)
covered by alternations of clastic rocks (sandstones, shales, sericite and chlo-
rite-schists) and basic igneous rocks and limestones, all possibly dating to the
Lower-Middle Triassic. The igneous rocks and the limestones are found only in
lenticular beds of various thickness: the former are mainly considerably altered
basalts formed in a submarine environment;; the latter include our rock. Forma-
tions of this series are generally in stratigraphic unconformity with underlying
Neo-Paleozoic formations.
The Eretria stone (including ﬁor di pesco) shows a thickness ranging from
a few to 100 m, occasionally to 200 m, with medium-to-thick beds, often with
nodules of chert, and sometimes with small occurrences of manganese ore.
The beds are characterised by a variety of colours (cherry, violet, red-brown,
pink, white, etc.) and sometimes show thin, dark red, clayey intercalations and
criss-crossing nets of white calcitic veins. In places, where the limestone is red,
the primary sedimentary-to-early diagenetic characters are well preserved;; in
others, where the limestone is pinkish-white, areas of “boudinage” and evi-
dent recrystallisation may be observed. Fragments of red limestones are very
often embedded in the pinkish one.

Petrographic and geochemical characterisation
As a ﬁrst result of the petrographic study it emerged that the red variety is
a very different rock from the typical pink stone .In the “Red of Eretria”, which
we consider the source rock, or protolith, primary sedimentary characteristics
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are normally well preserved: the aspect is that of a compact white-veined red
limestone, sometimes showing abundant macrofossils such as ammonoids and
corals (Figure 23);; local nodular textures, stylolites and stromatactis cavities
ﬁlled by calcitic cement of various types, colour and generation may be observed.
This limestone is in fact a biomicrite, sometimes passing to a biopelmicrite,
very rich in bioclasts, and sometimes in peloids. The bioclasts are composed
of ammonites, ﬁlaments, calcitised radiolars, gastropods, echinoderms and
ostracods. Very often the internal part of the ammonoids is ﬁlled with large
calcite crystals, probably indicating syn-sedimentary hydrothermal activity
(probably connected to the submarine magmatic activity which produced
the deposition of basalts). Small authigenic crystals of quartz and feldspar
rich in inclusions are disseminated in the micritic mass (Figure 23), as well
as ﬁne particles of hematite which is also observed concentrated in stylolites
and ﬁlled cracks.
The microfacies features in combination with the lithostratigraphic position
suggest a sedimentation of this red limestone facies in a fore-reef area, with
direct analogies to other red limestones of the “Hallstatt” type (for example of
the Argolis region) which are dated to the Triassic age. This age and not the
Paleozoic [15] is here proposed also for our stone.

Figure 23
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The X-Ray diffraction analysis carried out on the whole rock, insoluble residue
and phyllosilicate fraction, has revealed small amounts of dolomite and of clay
minerals, essentially illite and more abundant chlorite. In the true ﬁor di pesco
(the pinkish variety used in antiquity that we may call the holotype), there is clear
evidence of a weak metamorphic transformation of the original red limestone.
The fabric is in fact slightly crystalloblastic-heteroblastic, often showing areas
characterised by “microboudinage”, lineation and stress. The recrystallisation of
calcite has slightly increased the overall grain size of the rock;; in some areas the
blastesis was stronger, leading to the formation of a mosaic of quite large calcite
crystals showing deformation in the traces of polysynthetic twinning, and dec-
ussate fabric. New metamorphic minerals have formed such as chlorite, K-mica
(sericite) and albitic plagioclase. The phyllosilicate fraction is quite abundant
and often concentrated forming thin levels and trains. Hematite is present as
ﬁne grains dispersed in the matrix, or in concentrated areas (ﬁlled cavities, rel-
ics of protolith and stylolites, or in very ﬁne particles included in quartz crys-
tals: it is the main cause of the red/pinkish colour of the rock [16]. Rare epidote
crystals are sometimes present as granules of small dimensions. Clasts of the
red limestone (protolith) described above are quite frequently observed in this
metamorphic facies. They are immersed in the recrystallised matrix and some-
times surrounded, like the ﬁlled cavities, by a deposition of hematite.
Suspecting a variable content of the non-carbonatic fraction connected with
the remarkable macroscopic variability of the rock, 17 samples were selected
for determination of the insoluble residue and of the chemical composition. The
insoluble residue was determined after chemical dissolution of the carbonatic
fraction of the rock in a 2% solution of HCl. The results indicate the presence of a
considerable detritic fraction ranging from 6 % in the purest samples, to 18 % in
the most impure ones. A quantitative chemical analysis by X-Ray ﬂuorescence
using, as for the former marble international rock standards for comparison,
of the major, minor and some trace elements was made on 4 whole samples
of rocks and on 13 insoluble residues. Calcium and silicon oxides represent
approximately ninety percent of the whole rock. The chemical composition of
the insoluble residue shows high percentages of silica, aluminium and iron,
which expressed as oxides, account for 85-96 % of the residue. Less abundant
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are magnesium and potassium, which, like iron, vary considerably with the
colour of the stone. The most abundant trace elements are Ba, Zn, and Zr which
together often exceed 70 % of the total. In general, it should be noted that the
chemical variability is in good agreement with the mineralogical composition of
the insoluble residue. In fact, similar trends were found for:
i: a dark purple phyllosilicatic vein (# 11) and the ﬁor di pesco variety which
is rich in purplish levels where the higher amount of Al, Fe, Mg and K cor-
responds to higher contents of K-mica, chlorite and hematite.
ii: the ﬁor di pesco with a purplish matrix, where the high Si content (abundant
quartz in the residue) corresponds to a low Al, Fe and Mg percentage (low
amount of mica and chlorite).
iii: the holotype, showing an intermediate behaviour between (i) and (ii).
It should be stressed that the holotype and the protolith exhibit a very similar
composition, the only notable difference being the low Mg, high Na contents in the
latter connected to the absence of chlorite and the presence of albitic plagioclase.
The isotopic composition of oxygen and carbon was determined with the
usual standard methodology, indicated δ 13C values, ranging from 1.75 to 3.3,
typical of marine carbonates.

Figure 24

However, the δ18O values of at least part of the samples might have been
slightly lowered by interaction with hydrothermal ﬂuids and /or low-grade
metamorphic phenomena, in keeping with the petrographic data. Figure 24
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shows that the isotopic composition of marmor chalcidicum is well differentiated
from that of marmor scyreticum (breccia di settebasi) from the island of Skyros
with which it may sometimes be macroscopically confused. This discrimination
represents a useful tool for the positive identiﬁcation of the two marbles,
especially when dealing with very small archaeological objects.
In the few examples of deteriorated ﬁor di pesco so far observed in Venice
and other Mediterranean countries (for example in a column of Aghios Titos
at Gortyn, island of Crete), it is quite evident that in outdoor conditions this
limestone is submitted to dissolution phenomena due to rain water that
produce discolouration and differential deterioration morphologies. The ﬁrst
morphology is mainly due to re-precipitation of secondary calcite, the second
one to preferential dissolution of the micrite of red cement with a very ﬁne grain
size over the sparite of the white calcitic veins: the latter appear in relief over
the former, corroded and sometimes powdering.
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