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Chapter 1

Introduction

1.1. Definition and relevance of the topic

Ancient pavements are composedofariety of preparatory or foundation layers constituting

the substrate, anof a layer oftesseragpebblesor marble slahsforming the surface of the

floor. In other cases, the surface consistsaahortar layer beaten and polish@dhe term
mosaic is associated with the presenceées$eraeor pebbles, while the more general term
pavement is useid all the casedVvit62, Pli71, Alb65]. The use of mosaic as floor decoration
dates back to the Hellenistic period, whire opus tessellatunisurface made of stone
tesseral theopus signinunfsurface made of a mortar layer with stdeeseraenserted into

it, either scattered or disposed to form geometrical patterns) andptie vermiculatum
(surface made of very small irregularly shaped st@sserag were the commonly used
mosaic style§Fio02]. It is then in the T century A.D. that there was the best development of
floor mosaics, with the advent of tlopus sectilg(surface made of marble elements with
various geometric shapes), which substitutedthes vermiculaturfLav88].

While a wide documentation of thdifferent floor mosaic styleexists much lesshas been

done about thénvisible part of the structure of a pavemewhich isits substrate Ancient
pavements wereomplex artefactswith both aesthetic and functional dutigso02]. Their
structure is the result of the development of construction criteria that were spread throughout
a large geographiarea and include a careful selection of a wide range of raw alatékie
limestones, aggregates amubzzolans.As past and mode archaeologicalexcavations
demonstrated, all pavements do not necessarily display the stratigraphy of the substrate
described in the ancient treatises by Vitruvius [Vit62], Pliny [Pli71] and Leon Battista Alberti
[AIb65] [M0s03]. In fact, the number artlickness of the preparatory layers, as well as the
nature and the properties of their constituent materials, are often varying in pavements which
are placedeither in different sites or in different buildings within a same site or even in a
same building For such a reason it is evident how important is an investigation that takes

account of the whole structure of the pavement, when studying the archaeological context of
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the site where it is placed, when designing materials to be used for its maintanance
restoratiorfPap03 Fio02], when documenting it and when presenting it to public.

1.2. Objectives of the research

The objectives of this research, which has focused on the study of the materials, the function

and the technol oggubstdte,amenci ent pavementso

- to contribute to the characterization of the constituaaterials of ancient pavements

- to contribute to the understanding of the function and the technology of ancient
pavements' substrate;

- to cortribute to the development ofiteria for designinghe materials to be used in the
maintenance and restoration of ancient pavements;

- to develop a model for the documentation of ancient pavements in the conservation
practice;

- to suggest solutions for theresentation to publiin situ and in museums of ancient
pavements.

To reach these objectives, five case studies represented by archaeological sites containing

floor mosaics and other kind of pavements, dated to the Hellenistic and the Roman period,

have leen investigated by means iof situ and laboratory analyses. The theoretical section

included a review of the literatureno anci ent p aan evergiewt obtibe medenm d vy

practice in mosaic conservation, and a description of the general charastevistine

different types of mortarthat werecommonlyusedin the construction cdincient pavements.



Chapter 2

Theory

21.The mosaicsd6 substrate in the anci e
In the £' century B.C., Vitruvius in hi®e Architectura[Vit62], and in the ¥ century A.D.,

Pliny in his Naturalis Historia[Pli71], described in detail the methods of construction of
pavements. Vitruvius distinguishes between pavements to be built on ground level and on
upper floors. Accordingat the Latin author, when building on ground level the soil was
rammed and leveled and then three foundation layers were spread on top of it. The first layer,
calledstatumenwas made of large stonBse ach of whi ch i s ,laidbon | es.
the ground. The second layer, callaglus was spread over theatumenand consisted of

stones mixed with lime in proportion of three to one. This layer was rammed by means of
wooden stamps and its thickness was no less than about 23 cm. The third ldger, cal
nucleus was made of powdered pottery and lime in proportion of three to one and it was
about 15 cm thick. On top of teicleusai pav e ment of mar biaslaid! abs
and rubbed down. After the rubbing down, when the pavementfiva® mp |l et el y s
and f i,marlslendest was sprinkled over it, and over that coats of lime and sand were
applied. In case of pavements to be built on upper floors, Vitruvius recommends that no wall
from the rooms of the level below have to be brght up to the pavement. In fact, this

would cause the formation of cracks in the pavement as it dries or sags in contact with the
solid structure of the wall [Vit62]. Pliny [PIli71] describes a kind of pavement that he defines

At er-raafe p awhcmaceotding to the Latin author were invented by the Greeks,
who were used to coveheir houses with them. In making these pavements the first step was

to lay down two layers of boards running different ways and nailed at the extremities. Upon
this plarking, i f r e s h mixedowithiiead0 t hi rd of its weivwaht i n
laid. On top of this layer, another layer of rubble two fifths composed of lime and rammed
down to a thickness of about 30 cm, was laid. Tibeleuswas then laid down with a
thickness of about 12 cm, and upon thatge square stones not less than about 4 cm thick
were laid. An inclination of about 4 cm to about every 3 m was maintained and, finally, the
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surface of the pavement was carefully polished with grindstones [PRIfdY. describes also
another kind of pavement called graecanic. When building it the ground was well rammed
down and a layer of rubble or of pounded potsherds was laid on it. On the top of this layer, a
layer of charcoal was spred@dwe | | t r o dhd ean ndioxwtnu rwei tof sand,

a thickness of about 15 cm. The surface of this layer was then smoothed with a grindstone
until it had the appearance of a black stone floor [Pli71]. In tifecg&tury A.D., in hisTen

Books on ArchitecturpAlb65], Leon Battista Alberti treated of pavements referring to Pliny

and Vitruvius and tothd Wor ks o f tlihparticAlar,cAlbertndeseribes the way to
convey into cisterns or sinks the water from the surface of outdoor pavements. Then, after
descrbing the construction of pavements according to Pliny and Vitruvius, the author reports
what he says he discovered about pavements from the actual work of the ancients. He begins
with a description of thé o u t wa r ,dvhich heewritesit is very diffidtto make, so it

shall not rot or crack. This outer layer was made either of tiles or of stone, often of very large
slabs of marble, some other time of smaller pieces, and little square [AIb65]. There are other
ancient pavements, continues Alberti, whigerei ma de al | ocbmposedeby 0 i e C «
Ami xture of | i me, sand and. This mirtwes accotdingita Kk ,
the author, could be made even more strong and lasting by the addition of a fourth part of
ATy{serone, b e at or ofdhe paodvakieProdz z ,ucalledioR a p i Thiso 0

i pl a sesigmedfor pavements was subjected to continual beating, which nfadeati | vy
acquire greater andjifitpes akahepwatheart danrkds,stiéi ns e
grewii al molsdr casas gl ass, and d ¢Alb65¢ Befoeelgding oma n n e |
with the description of the inner layers, Alberti mentions again the use of linseed oil as
organic additives in flooring mortar&c Mor t ar wor ked up with oil .
keep out ever yt Wnderthe duterdayer, it was maue a layer of nortar, 8

5 ¢cm thicksmalolnt @ii emd erg. NBAt to this leretrwasbmade @ kayer
composed of brick and stone fragments, about 30 cm thick. Therawtfers that in some

cases, between these two layers, it was interposed a layer méade afk ed t i | e, o]
Finally, the bottom layer was composedibpE t on e s |, none bigdhese t ha
stones, writes Alberti, are thogef o un d iasforiinstanees tlsose round ones which
partake of t hwhicmiadtruyr ei nonfe dfi laitretidy when .t hey
For this reason, continues the authbrmany af firm t hat the damp
earth will never be able to peneteato the shell of the pavement, if it is underlaid with those

st o nAlberi also describes the case of pavements built in Baths, which have the same

structure of those above described but were laid upon a serfepof| ast ers a f o
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high nextto the ground, standing about two foot distance one from the other, upon which they

| ai d b a.kFeally, the altleospdints out which are the most suitable conditions for the
building of a pavemenfi Pavement s del i ght i n ydaeempking, and
and endure best and longest in moist and shady places; and their chief enemies are the

| ooseness of t he e acFutthermorg hedstressasdoudt ¢he imgpbrtanae gfh t s
keeping the pavement wet, so it acquires good mechanicallpesp@ For as r epeat
make the ground close and firm, so pavements being heartily wetted, grow compact, and hard
as i.A® a conclusion of this paragraph abdt mos ai csdé substrate
treatises, irFigurel is reported a graphic reproduction of a floor mosaic stratigraphy adapted
from ancient literary sources by The Getty Conservation Institute and the Israel Antiquities

Authorities in the frame of thélosaics In Situ ProjedMos03].

Figure 1 Graphic reproduction of mosaic stratigraphy: 117 Statumen- First preparatory layer which is made of large
stones laid on the ground, previously leveled and rammed. This layer only exists if the mosaic has been constructed on
a natural soil. 27 Rudus- Second preparatory layer which is spread over thetatumen This layer is made of a lime
mortar with large aggregates. 3 Nucleus- Third preparatory layer which is spread over the rudus in a thinner layer.

The nucleus is made of a mortar with fineaggregates. 4 Bedding layer- Fourth preparatory layer of mortar which is

very rich in lime, and thinly applied in small sections overthe nucleus Tesserae are inserted in this layer before the
mortar sets. 51 Tessellatum- Layer which constitutes the mosaic surface and is composed of tesserae and mortar
filling the interstices betweenthem [Mos03].

22Modern studies oen mosaics0 substrat
Nowadays mosaicsd6 substrate is studied in c
about the original mortars constituting the preparatory layers of the pavement is needed for
the design of compatible repair mortata. this section,some of he published works

including a documentation of the whole substrateucturearelisted in chronological order.
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Todua [Tod75] descrilsethe restoration of a®™century A.D. floor mosaic discovered in a
temple of the ancient town of Pitiunt, today BicheinAbkhazia. The work included the
recording of the mosaicbdés stratigr aipMay,erwh
proof | ayer 0,40 emethidk, buiti by thedanceemnt argftemeént o pr ot ect
templ e fr om gr oAbovelthisnaydr,¢he autha peportsstie presence ofia 20

30 cm thick layer consisting dic obb |l es mi x efdlowed by Bfi smorrotnagr ol i
concr et e lvihoseinh | tah it @ kdsdcoveredrwithh ¢t @0 ee | ayer s ¢
mixed with fine sand,ftbok en cer ami ¢ p,respeetigely & ond 3 @anhaad 1c o a |
cm thick. Finally, the bedding layer, on whitdsseraare set, is composedidfp ur e mor t a
[Tod75]. Idil [Idi82] describes an intervention of restoration and conservation carried out on a
4™ century A.D. floor mosaic from the Episcopal Palace at Aphrodisias, in Turkey, which
included a study of the mortar foundation |
substrate given by the authért he r udus i s mafdggregage composed of f i r ¢
5-15 mm gravel laid on the natural soil and a second layer of aggregate #fn2m gravel

mixed with lime mortar. The nucleus above the rudus is made up of river sand with particles
measuring 1 mm or less, crushed brick and lifriee tesserae themselves are set in a layer of
pur e [ldiB2jn€iori et alii [Fio87] describe structure and materials composition of two
floor mosai c fragments <comi ng adological ar&a. of Se v
Classejn Ravenna, ItalyAccording to the authors, the two mosaic fragments have substrates
composed of three layers of mortar each: a bedding layérrBm thick on which tesserae are

set, containing a fine aggregatn intermediate layer 6 7 cm thick with an aggregate
composd exclusively of brick fragments having max diameter ofi125cm; a last layer 13

15 cm thick containing an aggregate composed of brick fragments with diameter up to 4 cm.
Furthermore, the authors report the results of laboratory analyses perfornmednoortars of

each single preparatory layer and make some hypothesis about their production technology. In
particular, the authors suggest that the presence of ma@tlline calcite grains in the
mortars, not related to the carbonation of lime, coddlbe to an incomplete calcination of

the limestone used for the lime production. In this case, the transformation of calcium
carbonate into calcium oxide is incomplete and fragments of the original limestone are present
in the lime used to make the mogdFio87]. Authors also point out that the abawentioned
macrocrystalline calcite grains are not present in the layer on which tesserae are set,
indicating that only the finer lime was selected to be used for the mortar of this layer. Always
the same ahors make the hypothesis that the brick fragments used as aggregate in the

mortars of the intermediate and the lowest layer could be recycled material once used for the
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internal walls of ceramic kilns. In fact, some of these brick fragments show to bbakesl

or to have undergone repeated baking cycles [Fio87]. Puettadii [Pue94a, Pue94b]
characterized the preparatory layers of a numbefbéeghtury A.D. floor mosaics from the
Roman city of Italica, in Spain. The analytical methodology includeehcal, physical,
mineralogical and mechanical analyses of the mortar layers as well as schematic

reproductions of trigureQubstratesodo stratigrap

—— TESSERAE
1 ;:'n MORTAR A
!
510cm — MORTAR B
;
!
5-15cm — COMNCRETE C
.

Figure 2 Schematic reproduction of the stratigraphy of the Mosaic of Tellus from the Roman city of Italica [Pue94a].

In the case of the Tellus mosaic, located in thealed House of the Birds in the Roman city
of ltalica, the authors describe a substrate composed of three mortar layers whose

characteristics are showedrigure3.

Layer Binder Aggregate Dosage Aggregate Compressive Density Porosity
(¢ Maximum mm) strength (MP,) (g/cm?) (% vol.)
1 Lime Siliceous 1/2 <05 ND ND ND
Lime Siliceous 3/21 2 ND 1.7 285
3 Lime Siliceous 3/1 >20 16 2.07 122

Figure 3 Characteristics of the mortars from Tellus mosaic [Pue94a].

Layers number 1, 2 and 3 in the table correspond to mortars A, B and C respectively, in
Figure2. The authors also report the results of analyses performed on the mortar foundation
layers of mosaic fragments for which the house of provenance within theastynknown
(Figure4).

Layer Binder Aggregate Dosage Aggregate Compressive

(¢ maximum mm) strength (MP,)
A Lime + pozzolana Siliceous 1/10 < 05 ND
B Lime + pozzolana Siliceous 2/1 2 6-7
{ & Lime + pozzolana Siliceous ND >30 ND

Figure 4 Characteristics of the mortars from mosaics fragments [Pue94a].
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Authors point out that while the substrate stratigraphy of these mosaic fragments is very
similar to that of thélellus mosaic, although with differences in layers thickness, the binder
composition of the mortars is different. In fact, while the binder of the mortars of the Tellus
mosaic is composed of the only calcium carbonate, the one of the mortars of the mosaic
fragments contains also calcium silicates hydrates due to the addition of natural pozzolanic
materials to lime. The same authors also make some consideration about the function of each
mortar layer in the mosaic structure. Specifically, they define the deget | aanyatenal as
of considerable thickness that acts as a base upon which mortar 2, being more porous and
less compact,isla@d [ Pue94a] . Furthermore, they al so
of mortar layer 2 [Pue94b]. Roby [Rob95] dalses the conservation treatments carried out

on the architectural remains of a Byzantine basilica in Petra, Jordan, that include two mosaic
pavements. According to the description given by the authbrh e t esser ae wer e
bedding mortar on whitthe preparatory design was painted using red pigment. Underneath
the bedding mortar is a preparatory mortar, or nucleus, made of lime and sand with the
addition of charcoal. This layer was placed over a foundation or statumen of small stone
slabs setirmo r t [Rab9b]. Montanar@t alii [Mon98] describe the restoration intervention
carried out on a"™ century A.D. floor mosaic from the archaeological are#listoniumin

Vasto, Italy. The restoration was supported by the study of the constituent maiétiae

mosaic, included those of the foundation layers. The authors reproduced schematically the
stratigraphy of tFiguee 5)mrhisha dcaordlisg tos thelr sidsari@ioneis  (
composed of six layers. The bedding mortar on which tesserae are set is composed of air lime
and a small quantity of aggregate. Tiecleusis made of air lime, silicatic sand and brick
fragments, which gave hydraailproperties to the mortar. The binder/aggregate ratio in this
mortar is approximately equal to 1/2, the average size of the sandy aggregate is around half
millimeter, while that of the brick fragments is smaller. Authors also point out the presence in
this mortar layer of calcite fragments that could be due to incomplete calcination of the stone
used for the production of lime. Theidus contains coarser brick fragments, stone and
vitreous tesserae fragments up to few centimeters in size, mixed witimairahd sand.
Authors attribute low hydraulicity to this mortar, for which they estimate a binder/aggregate
ratio equal to 1/1.5 and report, as in the previous one, the presence of unbaked fragments of
the stone used for calcination. Below thidusthe awhors found two layers made of air lime,
silicatic sand and brick dust. For both the layers they estimated a binder/aggregate ratio close
to 1/1, an average size of aggregate around one third of millimeter and low hydraulic

properties. Also for these twayers the authors confirm the presence of unbaked limestone
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fragments. The last layer, namely gtatumenis reported in the schematic reproduction of
the substrate but, as specified by the authors, was not analyzed.

s

Tt = 2 ==
e aCooNooaeanagoCcK
Nucleus ik }-—Q—m TR e T e TR L st ] T
id T R A A R B S i R TR R S
3. 00 A OLGE20%)
Il strato di battuto /(QQ Dl A= o O
- 3 0&700\9¢>§GD 0eDDb a5 o VU
| strato di_battuto \\1 ,—ﬂﬁﬁ, "ZAAtv——k——— e o s T

E\i/lgurgs? Schematic reproduction of the stratigraphy of a 2 century A.D. floor mosaic from Histonium, Vasto, Italy

ongs].

Lopreatoet alii [Lop03], describe a conservation and restoration intervention Bfcariury

A.D. fl oor mosai cs hedrabimGr&la, ttalyathatinclidedra saudyof Ca-
its constituent materi al s. According to tF
substrate is composed of three mortar layers: a bedding layer on which tesserae are set,
composed almost exclusivelyy air lime; anucleuscomposed of air lime and mostly
carbonatic aggregate in ratio close to 1.5/1; a third layer composed of air lime and mostly
carbonatic aggregate with maximum grain size of two millimeters and half, in ratio close to
1.5/1. Chlouverakand Politis [Chl03], report the documentation and conservation of the
Early Byzantine nave mosaic in the basilica of Agios Lot, Jordan. The work included the
recording of the substrate stratigraphy and the characterization of the construction materials
used for the pavement. According to the description given by the authors, the following layers
were distinguishe¢Figure6) [Chl03]:

A. Tesselatum, 1.62 cm thick;

B. Fine white lime mortar, 2 cm thick with a small amount of fine aggregates in which the
tesselatum is set;

C. Grey limebased mortar with coarse aggregates consisting of sand and ceramic sherds

mixed gravel with charcoal inclusions. Debitage fro@sseraecutting have also been

used instead of 3 cm sized gravel. This second layer is2cn thick;

Grey lime mortar with finer aggregates and the same gravel, 3.6m thick;

Rubble hard core made up of fEzed rounded cobbles; B cm thick;

Red silt, 10" 11 cm thick;

. Parallel rows of stones and wooden beam remnants existed under the mosaic floor

@ m m O
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Figure 6 Schematic reproduction of the stratigraphy of the nave mosaic in the basilica of Agios Lot, Jordan [ChI03].

Papayianni and Pachta [Pap03], studied the mortar layers of the substrate of a number of floor
mosaics located in eight archaeological sites in Greece, dated to the Classic, Hellenistic,
Roman and Early Christian period. The authors describe and comeateatigraphies of the
studied mosaics, and the mineralogical, chemical, physical and mechanical characteristics of
their mortar layers, underlining which properties seemed to be peculiar of each layer.
Furthermore, the authors stress the importanceeoétiamination of the whole structure of a
mosaic before any kind of conservation interventknally, two still unpublished works on

floor mosaics in which a special attention is focused on the importance of substrate are those
presented by Wootton [Wo8pand Chlouveraket alii [Chl08] at the last conference of the
ICCM (International Committee for the conservation of Mosaics) that has been held in
Palermo, Italy, on the 30 26" of October 2008. Wootton stresses out how case studies
highlight the quality and the quantity of technical data that can be gleanedirfrgitu
recording and the examination of fragmentary mosaics. Chlouvetatii further illustrate

the conservatioproject carried out at the monastic complex of Saint Lot, Jordan, pointing out
how the variation in the bedding stratigraphy, together with other characteristics of the
mosaics, contribute to the study of the archaeological context and especially irtantiegs

the succession of the renovation and modification phases of the building.

2.3. Mosaic conservation: an overview of the modern practice

This section summarizes the history of mosaic conservation focusing on conservation

activities like documentation,datment and presentation to public. One can say that mosaic
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conservation is a practice as old as the making of mosaics themselves, in the sense that
already when the floors were still in use they were undergoing maintenance performed by the
ancient craftsmn when needed [deGO06]. During the postwar period discoveries of mosaics
occurred very frequently throughout Europe. At that time strategies for mosaic conservation
were very limited, detachment was the primary option available, materials used were
exclusvely cement, gypsum and glues and, furthermore, documentation was lacking [deGO06].
The original context of mosaics was destroyed and mosaics were valued only by the image
created by a fine layer of tesserae. These early approaches evolved when themadiiet
components of archaeological sites increased and the attention shifted from the single object,
the mosaic, to its context, represented by the room, the building and the site. This new view
led to a trend to keejp situ all those elements, mdsa included, which qualify and identify

the site [Nar03]. The shift from mosaics removalinositu conservation recognized the
historic and scientific value of context, represented by the architectural ensemble for which
they were made, and technologyeaning the information that resides in the mosaic
stratigraphy [Ste06]. This approach fostered knowledge about mosaics, since the constituent
materials, the building techniques and the traces that time had left started to be studied and
documented [Nar03].The increasing attention paid to mosaics and especially to
archaeological sites generated a growing number of projects and initiatives. In 1977, in
occasion of a first meeting on mosaic conservation was founded in Rome the International
Committee for theConservation of Mosaics (ICCM). Since then the ICCM organized a series

of regular conferences, whose themes were pointing out the importande sifu
conservation, the rejection of the use of cement in the restoration of mosaics, the issues of
public presentation of mosaics. Materials and techniques used in the treatment of mosaics
were modified according to new principles and methods, aimed at reproducing the original
recipes for mortars and at respecting the signs that time has left on mosaics [Nat08D,

the Italian conservation scientist Giorgio Torraca launched research to replace cement with
one of the oldest construction materials known, {maged mortar, which use has allowed the
development ofin situ consolidation [deG06]. Both conservatoand archaeologists have
always recognized the fundamental importance of documentation. Corfield [Cor03], in his
framework for the documentation iof situ mosaic conservation projects, suggests that all the
elements of documentation like iconography, enats, condition, treatments, should be
brought together into a single integrated archive. In this way, the best conservation could be
applied in relation to the mosaicbés condit

and t he morskipto the site andl istinterpretation [Cor03]. Furthermore, the
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author stresses out the importance of considering the reason for collecting the data and the
purpose to which it will be put. One of the most complex subjects in the field of presentation
and interpretation of heritage is the presentation of mosaics to the public [Ren03]. It is
recognized in the mosaic conservation field that an objective of the conservation profession is
to present and to interpret for the public the cultural propeftas rieed to be conserved
[deGO06]. Renée [Ren03], points out the differing problems to face for mosaics prasented
situand in a museum. While in the case of mosaics exhibitsdu one has to contend with

the problem of protecting them from the ravagésiature and man, in the case of museum
exhibition the problem relates more to the character of the display and the aim of the
exhibition [Ren03]. Once the mosaic is removed from its natural surroundings, it loses much
of its intrinsic value and becomesore of an object, which can be moved to the most suitable
place for display, chosen taking into account, for example, the angles of lighting or how
people will move around the mosaic. On the other hand, a miosaitu is not an isolated
object but parbf an architectural context [Ren03]. One of the most discussed topicsiabout
situ presentation of mosaics is the role of the shelter to be constructed over them, whether it
should be to resemble the original architectural structure or to fulfil a ptuebtional
purpose. In the first case, the shelter would be part of the presentation itself, while in the
second case exclusively a protective device [Ren03]. Renée considers several other aspects of
mosaics presentation, stressing out how in presgatil interpreting a mosais necessary to

deal with different levels of information, that together evoke the cultural significance of the
mosaic and the site. Illustrating two case studies, both in the ancient city of Sepphoris, Lower
Galilee, he describesotv the displaying of a reproduction of the original building can make
the public understand the structure and function of the site. Always through a case study,
Renée illustrates the use of interactive computerized material through which visitors can find
information about the discovery of the sites and the restoration of the mosaics, as well as

about how the mosaics were made.

2.4. Definition of mortar

A mortar can be defined as a mixture of inorganic or organic binders, mostly fine aggregates,
water and eventl organic and/or inorganic additives (or a mixture of just binder and water)

in the proportions necessary to give to the mixture proper workability in the fresh state and
adequate physical (porosity, permeability to water etc) and mechanical (resistance,
deformability, adhesion etc) properties, outward aspect, durability etc, in the hardened state
[UNIO1]. Mortars are classified according to several factors. They are distinguished in
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mortars for use in interior environment and mortars for use in exten@mronment.
According to their function, they are divided in mortars for bedding, pointing, rendering,
plastering and for decorations (stuccoes) [Gro04]. Furthermore mortars are classified
according to their composition. The nature of the mortar compsrzertt their combination

and proportion in the mix determine the properties of the mortar itself. Following are briefly
described the various types of the main components of mortars.

2.5. Components of a mortar
According to the UNI 10924 standard [UNIO1], thergmnents of a mortar are:

inorganic or organic binders;

aggregates;

water;

eventual organic and/or inorganic additives;

Furthermore, several added materials can be present such as straw, animal hair, charcoal etc.

2.5.1. Types of binder

Binders are materials that mixed with water generate plastic masses that harden resulting in a
compact mass resistant to mechanical stresses and to atmospheric agents [Got78]. Binders are
classified according to their capability adtsng and curing irair or under water. In the first

case they are defined as air binders (air lime and gypsum), in the second case as hydraulic
binders (hydraulic lime, air lime with the addition of pozzolanic materials, cement). Other
types of binder ke the organic and the argillaceous ones are less used [Piec@8. next
pagesthe types of binders related to the experitabwork done in this researeine treated

theoretically

2.5.1.1. Air lime

Air lime is a binder produced by burning in a ki&t,a temperature of 88200 °C, carbonatic

rocks containing no less than 95% of calcium and/or calcium magnesium carbonate [Pec08].
When in the burning process, called calcination, limestones containing the only calcium
carbonate (CaCg are usedcalcitic lime is produced. When the rocks used for calcination
are magnesian limestones, dolomitic limestones or dolomites, that are limestones containing
up to 10%, 50% and 100% respectively of calcium magnesium carbonate (Caf)hy(CO

magnesian lime is producgéec08].
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2.5.1.1.1.Calcitic lime
During the calcination process, the calcium carbonate contained in the limestones is converted

in to calcium oxide, the scalled quicklime, according to the following endothermic reaction:
CaCQY CaO ,+ CO

The production of CaO tak place with the elimination of GGn an amount equal to the
44% in mass of the initial quantity of CagOSeveral factors control the thermal
decomposition of CaC£ O One of these is the dimension of the stone fragments burned in the
kiln. Because of théow thermal conductivity of limestones, the bigger fragments the longer
time is necessary before all the CaQfonverts in to CaO [Pec08]. Once the calcination is
completed, the quicklime is added to water in a process called slaking. During the slaking
calcium oxide reacts with water to produce calcium hydroxide according to the following

exothermic reaction:
CaO+HO Y Ca( OH)

If the amount of water used in the slaking process is calculated stoichiometrically, hydrated
lime is produced. If the quicklimis slaked with water in excess, the final product is called
lime putty. Both hydrated lime and lime putty have the same chemical composition but while
hydrated lime is in form of a very fine white powder, lime putty consists of a white unctuous
paste withplastic consistency. Lime putty is the traditional-préustrial era material used,
whose preparation was already described by Plinius and Vitruvius in the ancient treatises
[Pli71, Vit62]. Hydrated lime or lime putty is a binder that sets and curesaiitreacting

with the CQ in a process called carbonation:

Ca(OHp+CO,Y CaLO

This reaction develops slowly in time due to the low concentration efifCtBe air and leads
to a more or less complete transformation of calcium hydroxide in to calcitvonezde
[Pec08].

2.5.1.2. Natural hydraulic lime

Natural hydraulic lime is a binder produced by burning at a temperature «f1900C a
limestone with clay content percentage ranging from 6% to 20% [Pec08]. During the
calcination of such a limestone, the claynerals (hydrous aluminum silicates) dehydrate

forming free silica, alumina and iron oxides that combine with calcium oxide forming calcium
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silicates, aluminates and ferrites. Once the calcination is complete, the uncombined calcium
oxide is slaked with wat to produce calcium hydroxide. The final product is calcium
hydroxide together with calcium silicates, aluminates and ferrites. The more or less hydraulic
character of the obtained binder is directly related to the percentage of calcium silicates,
alumimates and ferrites formed during burning. In fact, these compounds react with mixing
water to form calcium silicates and aluminates hydrates, which contribute to the setting and
hardening of the mortar. For this reason, a special care has to be takenaimotmt of water

to use in the slaking process. Water should be in the quantity necessary to combine with all
the calcium oxide. An excess of water would cause the hydration the calcium silicate,
aluminates and ferrites resulting in an early hardeninthe@fbinder [Mar76]. On the other
hand, too little water would be responsible of the presence-sfalied calcium oxide in the

final product, which would later on react with the mixing water forming theafled lime

lumps. Lime lumps are among the mostenon technological defects of historic mortars.
They cause swelling phenomena in the mixture and are associated with the presence of

fractures in the hardened mortar.

2.5.1.3. Air lime and pozzolanic materials

Hydraulic binders can be produced also adding pozzolanic materials to air lime. Pozzolanic
materials are materials rich in reactive silica, or alumina plus silica, that react with lime and
water in the mortar mixture forming calcium silicate and alumihgtirates with hydraulic
properties. Pozzolanic materials can be natural or artificial. The former are products of
volcanic origin, specifically volcanic ash or artificially crushed volcanic tuff. Ancient Greeks
were using pumice and other volcanic matsrimbm the island of Thera, today Santorini,
while Romans used volcanic materials from Colli Albani and Pozzuoli. In Pozzuoli it was
extracted the soalled Pozzolana (from the Latpulvis puteolang a greydark trachytic tuff

with low cohesion and pungdike structure [Pec08]. Atrtificial pozzolans are brick, tile and
other ceramic fragments, also used in the ancient times by both Greeks and Romans. Another
type of artificial pozzolanic material already used in the pasf {135" century A.D.)
[Pec08]is metakaoline, produced by burning kaoline, a rock composed of the clay mineral

kaolinite.

2.5.2. Aggregates
According to the UNI 10924 standard [UNIO1], aggregates can be divided, depending on their
origin, in:

- sand (fluvial, quarry, marine);
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- artificially crushed rocks;

- natural pozzolanic materials;

- artificial pozzolanic materials;

- hardened mortar fragments.

In the past, sand used as aggregate in mortars was extracted from rivers bed or lacustrine
shorelines. The use of marine sand was not recommended already in the ancient treatises
because of the presence of salt that affects negatively the setting pAstiésglly crushed

rocks were used where sand was not available or in cases when mortars with special colors
were needed. For example to obtain a white mortar, artificially crushed marble or calcite dusts
were used [Men92]. The aggregate representsrédotidn of the mortar mixture that has the
function to avoid the formation of cracks and fissures during the mortar setting and curing. In
fact, the aggregate, if homogeneously distributed in the mixture can contrast the process of
shrinking of the bindedue to the evaporation of the water used in the mix and to the creation

of a new crystalline structure. However, there exist some kinds of aggregates, such as natural
and artificial pozzolanic materials, that have also the capability to react chemidallyhei

binder giving it hydraulic properties (ssection 2.51.3. The characteristics of aggregates

that affect mortar properties are mechanical resistance, porosity, granulometric distribution,
morphology, superficial texture and composition. Since abgregate represents a sort of
skeleton of the mortar, its mechanical characteristics influence those of the mortar itself. For
this reason, aggregates should have higher mechanical resistance than that of the binder of the
mortar [Cag00]. Porosity of agegates depends on porosity of rocks and minerals
constituting them, which varies from 2% in plutonic rocks such as granite-49%0in
limestones or volcanic rocks. Porosity of aggregates influences physical, chemical,
mechanical properties and durabilitymortars [Pec08]. The granulometric distribution of the
aggregate affects mortar properties such as mechanical strength and porosity [Ste05].
Aggregates characterized by a wide range of grain sizes (poorly sorted) need a minor quantity
of binder in themortar mixture. This happens because the smaller aggregate grains fit into the
spaces left among the bigger ones. This way the shrinking phenomena are reduced and the
resulting mortar has a relatively low porosity [Pec08]. Morphology includes sphenndty a
roundness of the aggregate grains, which influence the workability of the mortar in the fresh
state [Pec08]. Superficial texture of the aggregate grains affects their adhesion to the binder
and the amount of water that is necessary to add to the mixthee aggregate/binder
adhesion theninfluences the mortar resistance to traction, while the quantity of water its

porosity. Finally, the composition of the aggregate plays an important role in the durability of
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a mortar. In fact, the aggregate should catain a number of substances that would affect
negatively the mortar durability. The presence of sulfates in general is responsible of the
formation of expansive compounds like gypsum in air lime mortars, which causes their
disaggregation. Chloride sslin the aggregate are also harmful not only because of the
mechanical action due to their crystallization but also because their presence is altering the
mortar setting. Clay minerals adsorb water in their crystalline structure, causing an extra need

of water in the mixture that result in a less durable mortar [Pec08].

2.5.3. Water

The characteristics of mixing water that influence mortar properties after its application on the
masonry are quality, quantity and temperature. The water osie imortar mixture shuld

not contain, either in solutioor in suspension, impurities that could interfere with the
adhesion between binder and aggregate. The content of salts like sulfates, chlorides, nitrates is
to be low, since they can slow down the drying of the morsaisiog the formation of
superficial efflorescence and stains and can weaken its mechanical resistance after the setting
and curing [Pec08]. The quantity of water in the mixture should be such as to produce a
plastic homogeneous mortar. An excess of waieneases mortar workability but slows down

the setting of the binder and decreases the mechanical resistance of the final product. In
general, the higher is the amount of aggregate and the finer is the binder, the higher is the
volume of water necessary tine mixture [Pec08]. Furthermore, the quantity of mixing water
depends on the masonry units that the mortar bonds, on the weather conditions and on the
porosity of the building stone in contact with the mortar. For example, mortar for heavier
units needsess water in order to l#enserto prevent uneven settling and to keep excessive
mortar from being squeezed out of the joints. On the other hand, on hot dry days mortar is
subject to a higher water loss by evaporation that requires an extra additiomngf water to
compensate for evaporation [Bea00]. Building stones with high porosity absorb water from
the mixture, which needs to be replaced to keep mortar workability [Pec08]. Finally,
temperature of the mixing water affects setting time of the madtiarwater accelerates the
setting process. In fact, in winter in areas where temperature drops below zero, mix water is
heated to avoid the freezing of lime mortars before the setting, which would cause their

disaggregation [Pec08].

2.5.4. Additives
An additive is a substance that added to the mortar mixture improves its properties and

workability. The use of additives in mortars dates back to ancient times. A first differentiation
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of additives used in the past separates additives of proteinic nature, podyghccdditives,

oils and fats [Pec08]. The use of proteinaceous substances in mortar mixtures dates back to
the T' century B.C. [Sic81]. There are indications about the use of additives by the ancient
Cretans (arabic gum, animal glue, blood, mixed widtk) and Egyptians (egg white, keratin,
casein) especially for stuccoes. Pliny the Elder in his Naturalis Historia [Pli71] refers that
Romans produced highly resistant mortars using additives of animal and vegetal origin. In the
Middle Ages and Renaissam@dditives of animal and vegetal origin like wax, egg white,
beer, bitumen, urine, sugar, fruit juices, gluten, rice, blood were used [Ban08, Arc01]. The use
of proteinic additives, according to an empirical practice handed down through centuries,
makes mortars especially durable in time. The use of proteinic additives in the mortar mixture

has the following effects:

increases air entrainment in the mortar mixture enhancing its workability [Pec08, Bea00];

- increases the dispersion of the lime particlesthe mixing water lowering water
requirements and minimizing volume loss due to evaporation [Pec08];

- accelerates or retards carbonation and therefore the setting process [Arc01, Ber98];

- makes pores surface hydrophobic and therefore the mortar water rejpediedB].

Further indications on the use of organic additives by the ancient craftsmen come from Leon

Battista Alberti [Alb65], who refers to the use of oil, specifically linseed oil, in the

manufacture of mortars for pavements. According to Alberti tidbtian of linseed oil to a

mortar increases its mechanical resistance and durability.

2.6. Types of mortar

Following are described the main characteristics of mortars made with the different types of

binder that have been treated in the previous paragraphs.

2.6.1. Air mortars

An air mortar is produced mixing hydrated lime or lime putty with aggregates and water. Air
mortars set and harden only with air by the reaction between lime and carbon dioxide, which
produce calcium carbonate. The curing is initially fastesecko the surface of the mortar, and
then it gradually slows down toward the interior part of it. This is due to the formation of
calcium carbonate around the aggregate grains, which decreases mortar porosity [Mar76]. In
general, after twahree weeks thé0-70% of lime turned in to calcium carbonate, while the
curing takes up to one year to be completed [Pec08]. As already explained in the previous
paragraphs, factors affecting mortar properties are the amount of mixing water, the weather
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conditions duringthe application and the characteristics of the aggregate. Aggregates with
different composition and granulometric distribution are selected depending on mortar
function. For example, coarser aggregates are chosen for mortars used in foundations,
siliceoussands are preferred for walls, while artificially crushed colored stones are used for
the mortar bedding tesserae in mosaics or in mortars for decorations [Men92, Pec08]. Also the
binder/aggregate ratio depends on use and function of the mortar. Inlgéreeguantity of

lime should be such as to fill the spaces left among the aggregate grains. The most commonly

used binder/aggregate ratios range from 1/2 to 1/3 [Mar76, Pec08].

2.6.2. Hydraulic mortars

A hydraulic mortar is produced mixing natural hydraulicdiwith aggregates and water.
Since natural hydraulic lime contains both calcium hydroxide and hydraulic compounds,
hydraulic mortars set and harden both with air and under water. The aerial setting and curing
is due to the reaction of calcium hydroxide lwdarbon dioxide to form calcium carbonate.

The hydraulic setting and curing is due to the reaction of calcium silicates, aluminates and
ferrites with mixing water to form calcium silicates and aluminates hydrates. As for air
mortars, hydraulic mortars puerties are influenced by the amount of mixing water, the

weather conditions during the application and the characteristics of the aggregate [Pec08].

2.6.3. Natural and artificial pozzolanic mortars

A natural or artificial pozzolanic mortar is produced mixingliaire with natural or artificial
pozzolanic materials respectively, other aggregates and water. Pozzolanic mortars set and
harden both with air and under water. The aerial setting and curing is due to the reaction of
calcium hydroxide with carbon dioxide form calcium carbonate. The hydraulic setting and
curing is due to the reaction between calcium hydroxide, free silica and alumina contained in
the pozzolans, and mixing water, which produces calcium silicates and aluminates hydrates.
Pozzolanic mortarsvere used especially in the ancient times for hydraulic works like
aqueducts, cisterns, bridges etc. Furthermore, the Romans also used mortars made with
pozzolana for external walls coating [Sca83, Fio80]. Finally, the use of mortars containing
either pozmlana or brick fragments in the construction of pavements is described in the
ancient treatises by Vitruvius [Vit62] and Pliny [PIli71], and later by Leon Battista Alberti
[AIb65].
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Chapter 3

The Case Studies

3.1. Introduction

Five archaeological sites characterized by the presence of floor mosaics and other kind of
pavements have been investigated. Some of these sites were undergoing archaeological
excavation at the time of the sampling operations, like the Palace of Aegaggima/ the
House of Epigenes in the ancient city of D
Some others were recently restored, like the Roman Villa in Tortoreto, or were waiting for
restoration intervention, like the pavements fragments dtame the courtyard of the
Archaeological Museum of Florence. Ithis chapter, geographical position, history,
geological and geomorphological features of the area of the investigated case studies are
described. The information available about the sitegesdrom site to site, depending on
factors like the state of archaeological excavations, the existence of published material, the

policy of the institutions in charge of managing the site, etc.

3.2. The ancient city of Dion

3.2.1. Geographical position

Dion is located in the foothills of Mount Olympos, at the southern end of the Prefecture of
Pieria, Greece, 425 km to the north of Athens and 65 km to the-aegthof Thessaloniki.

The archaeological site can be reached either directly from the Aihérisessaloniki

motorway or from Katerini via a local road.

3.2.2. History

The first mention of the city of Dion in history occurs in the description given by Thucydides
of the advance of the Spartan general Brasidas from Thessaly to Macddmais.the first

city that Brasidas came to after crossing the borders in the summer of 424 B.C. According to

Diodoros, it was the king of Macedonia Archelaos whaha end of the 5th century.®,,

20



THE CASE STUDIES

gaveto the city its subsequent importance by institgtia nineday festival that included
athletic and dramatic competitions in honor of Zeus and the Murs@4.9 B.C., Dion was
destroyed by Aetolian invaders but was immediately rebuilt by Philip V. Then, iB.069

the Roman consul M. Philippus captuiiedThe city was given a new lease of life in 32/31
B.C., when Octavian founded a Roman colony there, the Colonia Julia Augusta Diensis. The
city grew and prospered, flourishing particularly in tﬁ%cﬁéntury A.D. and the early part of

the 3%, until thelatter half of that century when barbarian invasions, earthquakes and floods
drove it into decline. Dion knew a further period of prosperity in theehtury A.D., when it
became the seat of a bishopric. After the middle of thecéntury A.D., howevera
combination of natur al di sasters and Got hi
into the mountains. The last reference to Dion, which dates from theeb@ury A.D., occurs

in the work by Constantine Porphyrogennefas, ThematibusThe uins of the ancient Dion

were discovered in 1806 by the English officer W.M. Leake, who identified the fortifications,
theatre, stadium, a temple and a tumulus. Excavations began in 1928 and continued at
different time intervals until today. They brougbt light the enceinte of the fortified walls

and an urban core laid on a grid plan including the remains of public buildings, shops,
workshops, public latrines and luxurious dwellings. Furthermore, in 1983 Dion acquired an

archaeological museurfRan97]

Figure 7 Dion: The sanctuaries and the city [Pan97].

3.2.3. Geological and geomorphological features
Dion, located in the plain in between the sea and the Mt. Olympos, lies on Pleistocenic scree
and talus cones. These deposits are composed of calcareous -boegboomerates, with

elements of various size, loose to cohesive, with clayey and carbonatat.cé@ime rock
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formations which outcrop west andsouth of the city consist of the Mt. Olympos
autochthonous series. This is made of regular continuous carbonate bed sediments, mainly
composed of crystalline limestones and dolomitic limestones, locally aehjsteritic and
organogenic (Triassit Cretaceous). South to Dion and west to the town of Litochoro, along
the east flank of Mt. Olympos, overthrust rock formations of metamorphic and volcanic origin
are present. These formations consist of metamorphsic bophiolitic and volcano
sedimentary greenrocks mainly composed of amphibolites and amphibolite schists with

serpentinite bodies tectonically placed into thHgm85]

333.The AVilla Romana dell e Muraccheo i
3.3.1. Geographical position

The AVilla Romana delle Muraccheo is | oca
Teramo, in the Abruzzo region of Italy. Tortoreto can be reached either by car, from the
Bolognai Taranto highway, taking the exit to Val Vibrata, or by train, arrivinthe station

of Tortoreto Lido. The Villa, placed at about 10 m above the sea level and at a distance of
about 25 km from the Statale Adriatica Road, can be found following the road that from

Tortoreto Lido leads to Tortoreto Alto.

3.3.2. History

Starting fromthe half of the 19th centurya number of archaeological findings dated to the
Roman period have been discovered in the area of Tortoreto. Considering these evitdences
can be stated that a seriesMilfae rusticaewere built in the area of Tortoreto rifg the 2°

and f'century B.C. One of these is the AVill a
presence of an ancient wall (in Italiamuro) that still stands next to théilla. The building
underwent two archaeological excavations in 1988 and ¢&8@ucted by the Soprintendenza
Archeol ogica dell 6Abruzzo, which brought t
peristyle. TheVilla is composed of pars rusticaand apars urbana the first occupying the

area toward the hill, the second the afaeing the sea. The building went through four
construction phases. The first one, recognized in the structure phitheustica dates to the

Late Roman Republic period (end df 2entury B.C: first half of I century B.C.). To the
second phase, wth dates to the period of the Emperor Augustus (27 BX4.A.D.), can be
referred the construction of thpars urbanaof the Villa. In the third phasehe pars rustica
underwent modifications aimed at the improvement of the wine production proceskes, an

the fourth phase thpars urbanawas enlarged. The last evidences of the occupation of the
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Villa date to the % century A.D. for thepars urbanaand to the 8 century A.D. for thepars
rustica TheVilla was then abandoned in th&56™ century A.D.[Lap96]

3.3.3. Geological and geomorphological features

Tortoreto, located on the oriental edge of the hilly area that separates the Apennines from the
Adriatic Sea, lies on sedimentary Pleistocene deposits of marine origin. These deposits are
compeed of conglomerates and, downward, of stratified sands and sandy clays. Moving

toward the inland, first Miocene foredeep deposits composed of stratified sandstones

alternated to sandy clays and marls, and then Cretacic limestones and Jurassic limastones a

marly limestones, are outcroppirj&er69]

3.4.The archaeological area of St. Severo, Classe

3.4.1. Geographical position

Classe is located 5 km to the south of the city of Ravenna, in the Emilia Romagna region of
Italy. It can be reached either by car from th@dgnai Ancona highway, taking the exit to
Cesena Nord and then following the road E45 to Ravenna, or by train, arriving at the station

of Classe.

3.4.2. History

The ancient city of Classe was built in tHe &ntury A.D. as commercial port of Ravenna,
whenitbecame the capital of the occident al e mj
and partially excavated in the 196@sd from 2006 is undergoing a new archaeological
excavation campaign. The first evidences of the occupation of the area of theaRasibkist

of the remains of a Romaiilla, dated to the *Lcentury A.D., which was composed of
several rooms with mosaic pavements, and a bathhouse. Probably this building was inhabited
until the 6th century A. D. , t Iwthedollowinghcentutes . Se
further structures were constructed close to the Basilica, like a bell tower dating td"the 12
century A.D. After a long period of decline the Basilica was rebuilt a first time in the 15
century A.D. and a second time ireth8" century A.D., before being demolished in thd'19
century A.D.JAug03] [Mai91] [Ber83]

3.4.3. Geological and geomorphological features

Ravenna and Classe are located on the Romagna coastal plain, which is filled by late

Quaternary depositsomposed of saly clays and clayey sands. The area is characterized by

23



THE CASE STUDIES

saltwater intrusion in the phreatic aquifer and by natural and anthropogenic land subsidence,
which has dropped most of the territory below mean sea level, modifying the river and normal
groundwaterlbw regimes. Toward the inland the outcropping geologic formations are mainly
composed of Pliocene marly clays, Miocene gypsum, sands, sandstones and silty marls,
Oligocene marls, Eocene and Paleocene marly limestones, Giurassic diabase, serpentine and
vulcanite.[Gia07] [Ser56]

35,The ACortile Romanoo in the Archaeo
3.5.1. Geographical position

The so called fACortile Romanoo is one of
Cr oc et {"eedtyry palacd tfat from 1881 hosts theidteal Archaeological Museum of

FIl orence, in the Tuscany region of l'taly.

Santissima Annunzi at ao.

3.5.2. History

In the ACortile Romanoo, the remains of R C
during works of enovation of the city center executed at the end of tffeceatury, are

stored. These monuments belonged to the Roman city of Florentia, whose foundation, still
uncertain, is likely to be dated to the end of tfiecéntury B.C. The archaeological finds

come from the excavation of different areas of the city of Florence. In the area of the
Baptistery of St. Giovanni, a Roman House dated to theehtury B.C. was discovered

below the sacred Christian building. The House, which underseeral construicin phases

until in the 3° century A.D. itwas transformed in a bathhouse, had its entrance on the south
side of the building, which gave access toatinmum surrounded by several rooms. In the
specific, thampluviumof the House and a number of floor mosaics fragments dated t&'the 2
century A.D., also found in St. Giovanni 0s
The remains of further houses were found in the same period in other parts of thetbay. In
area between the fAVia Strozzio, the fAVia de
Thermae Capitoline of the ancient Florentia, also partially reconstructed and stored in the
ACort il e[PdRye2hSatD@] o .

3.5.3. Geological and geomorphologicaleatures
Florence lies on an alluvial plain filled by fluvial and lacustrine quaternary sediments

composed of sand and clay with gravel beds, and by actual fluvial deposits made of gravel
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and sandy clays. The plain, which is extended from Florence to Pistoia, is located on the side
of the Apennines facing thEyrrhenianSea, in between two ridges of gPéocene sediments
oriented from northwest to southeast. The southwest ridge is mostiyosed of Oligocene
sandstones alternated to schist, above which, on the northeagherd@are allochthonous
deposits composed of Eocene and Cretaceous slates, limestones and marly limestones,
sandstones. On the northeast ridge, higher of the presmmesautochthonous deposits made

of Oligocene sandstones alternated to schist and allochtonous deposits made of Oligocene
sandstones, marly limestones, slates, and the ophiolite series including serpentine, gabbro and

diabaseare presen{Ser67] [Ser69]

3.6. The Palace of Aegae in Vergina

3.6.1. Geographical position

The Palace of Aegae is placed in Vergina, a small town in northern Greece located in the
prefecture of Imathia, about 13 km southeast of the district centre of Veria, 80 km southwest
of Thessaloniki ath 515 km northwest of Athens. The Palace is built on the northern slope of
the PierianMountains and occupies the higher among the terraces of the fortified city.
Vergina can be reached by car following the Athiefifiessaloniki motorway and continuing
through the E90 Egnatia road.

3.6.2. History

The modern village of Vergina, founded in 1922, knew worldwide renown in 1977, when the
archaeologist Manolis Andronikos discovered in its vicinity the tomb of King Philip Il of
Macedon, father of Alexander the Great. Hmeovery confirmed that & gina was the site of

the city of Aegae, the ancient capital of the Macedonian kings, and its cemeterye Aega
flourished chiefly in the " half of the &' century B.C. To this period dates the Palace, which
is considered the deest royal residence in the late Classical Greece, destroyed by the
Romans in the mid "2 century B.C. The Palace, discovered in 1856 by the Rrenc
archaeologist Leon Heuzevs since 1938 the nucleus of the Aristotle University of

Thessalonikexcavations[Dro00]

3.6.3. Geological and geomorphological features
Vergina lies on the southwest end of the Thessaloniki plain, the largest deltaic area of Greece.
The plain is filled with Pleistocene conglomerates and Holocene alluvial sandy deposits. To

thewest and south of Vergina the plain ends towards the Veriviaamtain where Mesozoic
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limestones and marbles, schists and ophiolites are outcropping. To the south andithe east
the hilly range of Pieria made of Neogene fliNadustrine deposit$GhiO8] [lgm82]
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Chapter 4

Materials and Methods

4.1.In situ analyses and sampling

A first characterization of the studigghvements including the description of number,
thickness and mutual adhesion of the prepardaygrstheme asur ement of t e s
and theinvestigation of the type of surface on whittte pavementsvere built has been

carried outin situ. The layers constitutinthe substrate have been indicated with progressive
numbersfrom the deepedb the most superficial one. The stratigraphy of the substrates has
been reproduced in a schematic graphic form, in order to corntpanearacteristics among

the pavementsunder study. Furthermore, information about the sites have been collected,
especidl those regarding the ancient use of the rooms where the investigated pavements are
located, and an effort to connect these information with substrates characteristics has been
made.The sampling has been performed according to the lItalian standard NORKAL
[Nor80]. The samples have been collected by means of hammer, chisel and scalpel and stored
in sealed plastic cups or bags for the transfer to the laboratory. The quantity of the collected
material varied according to several factors, in the spdbiidayer thickness, the size of the
mortard6s aggregat e, t drtefactsandattvas randing foom fessehanv at i
10 g to up to 300 g. The location of the studied pavements within each site and of the
sampling points on each pavemenvéndeen documented by means of graphic plans, when
available, and/or by photographs.

4.2.Laboratory analyses

4.2.1. Preparation of samples

According to sampling conditions situ, collected samples were made up of one or more
layers of mortar. In the latter ®athe different layers have been separated in the laboratory by
means of scalpel, chisel and rock saw when necessary. Analyses have been then performed on

each mortar | ayer of the substratesd strat.i
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4.2.2. Optical microscopy

The mortars have been studied by means of reflected and transmitted polarized light optical
microscopy. Observations have been carried out on cross sections using a Leica Wild M10
stereomicroscope and on thin sections using a Leitz Labd? Pol S polarizing microscope.
Cross section and thin section photomicrographs have been made by means of a Nikon
Coolpix 4500 digital camera coupled to the microscope through an eyepiece adapter. The
mortar samples have been oriented the way tleadrtba of the thin section to be observed was
that perpendicular to the surface of the layer, so as of the pavement. The preparation of the
thin sections has been committed to Mr. Saviozzi Gherardo, who realized them in his
laboratory of Colignola, Pisataly, according to the Italian standard NORMAL 14/83
[Nor83]. The observations in reflected light have been carried out on the mortar fragments left
over from the thin sections preparation, taking advantage of their polished surfaces obtained
by the cuttig of the samples. The colour of the mortar samples has been classified by
comparisons with the Munsell Soil Color Charts [Mun00]. The optical microscopy analyses
aimed at the description of mortars porosity, mineralogy, morphology, distribution and
orientdion o the aggregates in the mortafarbonate rocks in the aggregate of the studied
mortars have been classified by means of b«
classification. For each sample, a characterization form based on the modaptides
scheme proposed in the Italian standard UNI11176 [UniO6] has been filled out.

4.2.3. Mortars disaggregation

A fraction of each mortar sample, ranging in weight from less than 10 g to about 80 g, has
been disaggregated following a procedure described by Pecdhtialii [Pec08] for the
separation of the binder from the aggregate. According to this method tipde sanfirst

ground in a porcelain mortar, paying attention in not to break the aggregates, until mortar
fragments no smaller than the biggest aggregate grains are obtained. The sample is then
transferred in to a glass beaker filled with distilled watet pat in an ultrasonic tank, also

filled by water up to the same level in the beaker, where it is disaggregated for 30 min. After
the first disaggregation cycle by ultrasounds, the content of the beaker is filtered by means of
a sieve with si&e The passiagfectionus tkesso called binder enriched
fraction, considered to be composed mainly by the binder of the mortar. The retained fraction,
constituted by the aggregate and part of the binder still adhering to the aggregate grains, has to
undergo further disaggregation cycles by ultrasounds until the aggregate grains, examined

under the stereomicroscope, are totally free of binder. The used beald®0 ml volume;
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the ultrasonic bathwas an Elmasonic with 0.9 | tank capacity and 35 kHzaslbnic
frequency, manufactured by Elma.

4.2.4. Mechanical sieving

Grain size distribution of the mortar layers has been determined by mechanical sieving.
According to the used method the sample, about 80 g, is disaggregated according to the
procedure describech ithe section4.2.3 and fractionated in a column of sieves (ISO 3310
series sieves with 31.5, 16, 8, 6.3, 4, 2.5, 1, 0.5, 0.2, 0.1, 0.075, 0.063 mm openings size)
stirred for 10 min by means of a Matest electronic sieve shaker. Then, the masses of the

collected fractions are determined.

4.2.5. Chemical analyses

The analyses described in the following three paragraphs, namely the loss on ignition test
(L.O.1.), the atomic absorption spectrometry (AAS) and the ion chromatography (IC) have
been performed by the chests of the chemical laboratory of the Civil Engineer Department
of the Aristotle University of Thessaloniki. The used methodologies have been developed
during years of local experimentation on building materials, adapting traditional analytical
methods andreferring to the existing international standards. The pyrolysis gas
chromatography mass spectrometry (Py/GC/Migscribed in the section 4624, have been
carried out in the Laboratory of Environmental Sciences R. Sartori of the C.I.LR.S.A.
University d Bologna Ravenna, ltaly, by Dr. Simona Montalbani, under the supervision of
Prof. Daniele Fabbri and Prof. GiuggpChiavari. The activity of the C.I.R.S.mboratory

includes the characterization of the organic matter in cultural heritage materials.

4.2.5.1. Loss on Ignition
The tests have been executed the granulometric fraction of particle size75e m.
According to the used method, the sample is first dried in an electric furnace at 60 °C until the
difference between two successmeighingis less than 0,005 g. Then, 1 g of the dried
sample is weighed into a porcelain crucible which has been previously ignited and tared, as
described in the EN 198:1994 standard [EN94]. The crucible is placed in an electric furnace
controlled at 975 £ 25C and heated for 90 min. The crucible is then cooled to room
temperature in a desiccator and weighed. The loss on ignition of the sample expressed in
percentage is calculated from the following equation:

)

(’17
L.O.l.= (“’— x 100
(g Gy
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where

L.O.l. is the loss on ignition of the dry mass of a solid sample, in percentages;
m, is the mass of the empty pigmited crucible, in grams;
my, is the mass of the crucible containing the sample, in grams;

m. is the mass of the crucible containing the igniteda, in grams.

The results of the tests are expressed to two decimal places.

4.2.5.2. Atomic Absorption Spectrometry

A wet chemical analysis of catioby means of atomic absorption spectrometry (ARS$

been carried out on the granulometric fractionof parec si ze < 75 em of t |
AAS analyses have been performed on a Perkin Elmer 3110. Two kinds of analyses by acid
dissolution methods have been executed. According to theofirdte two method used,

0.25¢g of the sample are weighed into argelain crucible and treated by wet ashing with
HCIO, and HF (37% wt.) in oven at 80 °C until the sample is dried, normally afted4 3
hours. Then, HCI 12N is added and the sample in the crucible is kept in oven for 30 more
minutes. The sample is themmsferred in to a 500 ml flask filled with distilled watet.tAis

point, three flasks for three differing sample dilutions are prepared: 10 ml of the sample are
transferred from the 500 ml flask into a first 100 ml flask filled with distilled water; am

ml are moved into a second 100 ml flask together with 2 ml of lanthanum and distilled water
until filled; 10 ml are taken from the first 100 ml flask and transferred into a third 50 ml flask
together with 1 ml of lanthanum and distilled water. The danspnow ready to be analyzed

by the spectrometer. The cations content is expressed in oxidgd, (K, CaO, MgO,

Fe0s, Al,Os, Si0y). The CaO content is estimated from the loss on ignition test and the SiO
content is calculated by difference after all the other cations are determined. According to the
second method used, 0.25 g of the sample are weighed and transferred in to a 500 ml glass
beaker with 200 ml of HCI 0.1 N. After 2 hours on the magneticestitre content of the
beaker is filtered through a filter paper
passing is transferred in a 250 ml glass flask successively filled with distilled water. Three
kinds of dilution are then made: 10 ml of ts&mple are movefilom the 250 ml flask ito a

first 200 ml flask filled with distilled water; 10 more ml are transferred in to a second 100 ml
flask together with 2 ml of lanthanum and distilled water until filled; 10 ml are taken from the
first 100 mlflask and moved in to a third 100 ml flask with 4 ml of lanthanum and distilled

water until filled. At this point the sample is ready to be analyzed by the spectrometer.
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4.2.5.3. lon Chromatography

The water soluble saltsontent CI, NOs, SQ?) of the granulomeit fraction of particle

sizecx 75 em has been deter mi ned .bAgcordimg sonhe o f
used method, 1 g of the sample is weighed and mixed with 200 ml of distilled water into a
500 ml glass beaker on the magnetic stirrer for 15Qites1 The content of the beaker is then
filtered through a filter paper with a meal
transferred in a 250 ml glass flask successively filled with distilled water. The obtained
sample is ready to be analyzey the ion chromatograph. The analyses have been performed

with an Alltech 330 column.

4.2.5.4. Pyrolysis Gas Chromatography Mass Spectrometry

The presence of organic additives in the binder fraction of some of the studied mortars has
been investigated by meanspyfrolysis gas chromatography mass spectrometry (Py/GC/MS).
Four methods have been applied: conventional pyrolysis in combination with onlifd$3C
pyrolysis/silylation with hexamethyldisilazane (HMDS) in combination with onliné I3E;
pyrolysis/silylationwith hexamethyldisilazane (HMDS) offline; pyrolysis/methylation with
tetramethylammonium hydroxide (TMAH) in combination with online TAS.
Hexamethyldisilazane 99% and tetramethylammonium hydroxide (25% in water) were from
Aldrich. The samples consistedl 0.17 0.5 mg of the granulometric fraction of particle size
<63 ¢&m, obt ai n edesdibed ih theeparagrapha32 Acaording to the used
method the sample is inserted into a quartz capillary tube and, in case of pyrolysis/silylation
andy r ol ysi s/ medf the/deravatisation agend(HNMDS or TMAH, 25% aqueous)

is added prior to pyrolysis. Pyrolyses are carried out at 600 °C for 10 s at the maximum
heating rate of a CDS 1000 pyroprobe heated filament pyrolyser (Chemical Data,System
Oxford, USA) directly connected to the injection port of a Varian 3400 gas chromatograph
coupled to a Saturn Il ion trap mass spectrometer (Varian Analytical Instruments, Walnut
Creek, USA). A Supelco SPB5 capi llmthickyessy ol un
has been used with a temperature programme from 50 °C (held for 10 min) to 300 °C (held
for 5 min) at 5 °C mitt with helium as carrier gas. Temperatures of split/splitless injector
(split mode) and pyrolysis/GC interface were kept at 250Mf&ss spectra were recorded at 1
scan & under electron impact at 70 eV, scan range from 45 to 650 m/z. Structural assignment
of the products was based on match with the NIST 1992 mass spectra library.
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4.2.6. Water absorption under vacuum

The open porosity of thsamples has been measured according to the European Standard EN
1936:2006[ENO6]. Nevertheless the used method differs from the one described in the
standard in the value of the pressure within the evacuation vessel, which has been possible to

lower withthe available apparatus only to 29 + 0.7 kPa instead of to 2 £ 0.7 kPa.

4.2.7. Compression test

Compression tests have been executed on some of the studied samples by means of a

hydraulic universal testing machine Mohr & Federhaff AG (up to 1000 kN capacigratep

by Dr. Maria Stefanidou. The specimens have been loaded with a constant crosshead velocity.

Since it has been not possibler both technical and conservational reasdnsobtain

specimens of the size and shape required by the testing standardsmce, as it is known,

size and shape of a testing specimen have a significant influence on the measured strength, a

correction factor has been applied to the experimental results. The correction factor used is the

one developed by Drdaclet alii [Drd08] for lime/metakaoline mortar specimens of differing

base edge length, differing height to base edge length ratio, and constant lime/aggregate ratio:
- ﬁ

bl

w

where

fcis the computed compressive strength;
feis the experimentally attainetmpression strength;

h/ais the height to base edge length ratio;

Specimens in the shape of prisms with base length ranging from 2 cm to 4 cm and height
ranging from 1 cm to 3 cm have been realized from some of the collected mortar samples
(Figure8). The prismatic shape has been obtained grinding each side of the sample by means
of abrasive paper, paying attention in disturbing as little as posssbluperficial strata
[Drd08]. Depending on the characteristics of the sample, one or both the horizontal surfaces
of the prism, where the compressive load is applied, havelbeelledwith gypsum. Every
specimen has been oriented the way that theebbadrfacevasthe one parallel to the surface

of pavement.
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Figure 8 Some of the specimens prepared for the execution of the compression tests.
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Chapter 5

Results and Discussion

5.1. Results of the analyses

In the following paragraphs the results of the analyses performed on the stadesdents

are reported. For eaof the investigated case studid®ein situanalyses are first illustrated.

Then, for each of the samples collected from the substrates, a characterization form filled out
with the data obtained by the laboratory analyses is reported. In section 5.2, the results are
compared by means of graphicssalissed and elaborateflinally, in section 5.3, some

practical applications of the results are suggested.

5.1.1. The ancient city of Dion
Five pavements that belonged to five different buildings within the ancient city of Dion have
been studied. The locatiori these buildingsvithin the city plan is showed iRigure9. The

mosaics are indicated in the text with the name of the building where they ai place

Oy i MH

Polygoni;ﬁ

I i
] House of Eubulu \b £
= e \' : ’
= 1 I
Augusteum\:ﬂé’ L
House of Epigene——= " &

‘ ot 1 E

oo T

Figure 9 Plan of the city of Dion with the location of the studied mosaics. Fromandermalis[Pan97], modified.
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- Mosaic ofthe Augusteum

The investigated floor mosaic is located in a single room building that stood in the middle of
the west side of the Roman forumidure 9). This building, probably a temple dedicated to

the cult of the Roman emperors, has a Doric front and walls painted to resemble marble
cladding Figure 10). Inside it, archaeologists found fragments of marble statues of male
figures and of a semicircular platform [Geo08]. The mosaic pavement lost almost completely
thetessellatumwhich wasmade of ston¢éesseraewith average size smaller than 1 cm, still

lasting only on a narrow area next to the south wall of the réagare10, Figurell).

Figure11Re mai ns of téssekbatumrotise areacnéxsto the south wall of the room.
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Neverthel ess, the mosai c énsituanalysastamdahe samplisg we |
have been performed in an area of the pavembatena crack is cutting the substrate through

its whole thickness. The position of the sampling point, located 3.4 m from the west wall and

3 m from the south wall of the room, is showedFigure12.

Figure 12 The point of the pavement where the substrate has been investigated.

Thein situinvestigation of the mosaic of theugusteumevealed that its substrate was built
on naturalevelledground and made of four preparatory mortar layeigure13). The layers
mutual adhesion is very good, even though layer number 3 is locally detached from the

underlying one.

Figure13Cr oss section of the mosai c odfferenuniogatlayars.e wi t h t he
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In Figurel4,a schematic graphic reproduction of
with the indication of the layers thickness and of the sampled layergheitborrespondent

sample codes is etwved. A total of four mortar samples have been collected from the

preparatory layers of the mosaic of thegusteum

layer layer
thickness number

1,5cmT
2cm

4cm

14 cm

Figure 14 Schematic graphic reproduction of the stratigraphy of the mosaic of théugusteumwith the indication of
the sampled layers and the correspondent sample codes.

In Tablel, Table2, Table3 andTable4, the results of the laboratory analyses on the mortars

of the ' 2% 3%and 4" layer of the studied substrate are summarized.
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Table 1 Ancient city of Dion, mosaic of theAugusteum results ofthe laboratory analyses orthe mortar layer n. 1.

OPTICAL MICROSCOPY
(Figure 78, Figure 79 in Appendix)

Stratigraphy Layer 1 Munsell colour White 10YR8/1
Microscopic description of the binder on thin section

Reaction with the

aggregate None visible

Structure Homogeneous

Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 8 mm

Granulometry Most abundant sizes: 8-4 mm, 4-2 mm Roundness From subangular to very rounded
Sorting Poorly sorted G = 2. Distribution Homogeneous
Shape Natural Orientation None

Mineralogic and
Sphericity Low petrographic
composition

Limestones (biomicrite, mudstone;
intrasparite, grainstone), marble.

Classification of the aggregate Fluvial sand and gravel
OPEN POROSITY % 13.25 COMPRESSIVE STRENGTH ND
100 —
%0 [ tavert]
g 80
570
£ 60
GRANULOMETRIC g0
CURVE ggg 5
2 T
o JEEEEE
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations NaZO Kzo CaO MgO Fe203 A|203 SIOZ
content % w.t. 0.59 0.39 42.82 5.17 0.56 1.13 19.04
Cations soluble in NaZO Kzo CaO MgO Fezo3 A|203 SIOZ
HCI 0.1 N % w.t. 0.01 0.03 41.70 4.69 0.16 0.79 1.01
cr NO3 S0~
Uy ﬁ/O'“b'e el Loss on Ignition % 30.30
o W.t. <0.01 <0.01 <0.01
Py-GC-MS

ND

spectrum




RESULTS AND DISCUSSION

Table 2 Ancient city of Dion, mosaic of theAugusteum results ofthe laboratory analyses orthe mortar layer n. 2.

OPTICAL MICROSCOPY
(Figure 80, Figure 81 in Appendix)

Stratigraphy Layer 2 Munsell colour Very pale brown 10YR8/2
Microscopic description of the binder on thin section

Reaction with

the aggregate None visible

Structure Homogeneous

Texture Micritic Shape of pores From subcircular to irregular
Microscopic description of the aggregate on thin section

Maximum size: 11 mm

Granulometry Most abundant sizes: 8-4 mm, 4-2 mm Roundness From angular to subangular
Sorting Moder ately sorted Distribution Homogeneous
Shape Due to artificial crushing Orientation None

Mineralogic and
Sphericity Low petrographic Ceramic fragments
composition

Classification of the aggregate Artificially crushed bricks (cocciopesto)
OPEN POROSITY % 37.31 COMPRESSIVE STRENGTH 11.80 MPa
100 — - . - .
90 [[—arerz
$80 A
e /.
gSO /
g 7
GRANULOMETRIC 250 T
CURVE Ep e
- V
g //
10 =
0
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations NaZO Kzo CaO MgO Fe203 A|203 SIOZ
content % w.t. 1.81 1.16 18.61 4.63 3.15 7.48 23.93
Cations soluble in Na,O K>O CaO MgO FEQOa A|203 Si02
HCI 0.1 N % w.t. 0.02 0.06 18.03 3.75 0.45 1.72 1.75
cr NOs S0~
Watler ﬁ/OIUbIe : ! Loss on Ignition % 39.24
salts % w.t. <0.01 <0.01 <0.01
kCounts
3M1 . 18:0
750 16:0
Py-GC-MS 500
spectrum
250
R == j—
Ly 1 Il 1 X I 1
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Table 3 Ancient city of Dion, mosaic of theAugusteum results ofthe laboratory analyses orthe mortar layer n. 3.

OPTICAL MICROSCOPY
(Figure 82, Figure 83 in Appendix)

Stratigraphy Layer 3 Munsell colour Pinkish white 2.5YR8/2
Microscopic description of the binder on thin section

Reaction with

the aggregate Reaction rims around ceramic fragments

Structure Not homogeneous

Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 4 mm

Granulometry Most abundant sizes: 4-2 mm, 2-1 mm Roundness From angular to subrounded
Sorting Poorly sorted G = Distribution Not homogeneous
Shape Due to artificial crushing Orientation Oriented sub-parallel to the layer surface

Mineralogic and
Sphericity Low petrographic Ceramic fragments
composition

Classification of the aggregate Artificially crushed bricks (cocciopesto)
OPEN POROSITY % 41.92 COMPRESSIVE STRENGTH 3.95 MPa
122 layer 3

f80
70
£ 60
GRANULOMETRIC gjg
CURVE 2o
é 20

10 5%
0
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sieves diameter (mm)

CHEMICAL ANALYSES

Total cations NaZO Kzo CaO MgO Fe203 A|203 SloZ
content % w.t. 2.24 1.28 14.83 5.04 3.89 8.84 31.25
Cations solublein NaZO Kzo CaO MgO Fezo3 A|203 SlOz
HCI0.1 N % w.t. 0.02 0.07 1357 3.83 0.90 1.93 1.98
cr NOs Sleka
Watler soluble Loss on Ignition % 32,63
salts % w.t. <0.01 - -
MCounis
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Py-GC-MS e i
spectrum 0.50
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Table 4 Ancient city of Dion, mosaic of theAugusteum results of laboratory analyses on mortadayer n. 4.

OPTICAL MICROSCOPY
(Figure 84, Figure 85 in Appendix)

Stratigraphy Layer 4 Munsell colour ND
Microscopic description of the binder on thin section
Reaction with -
Structure Homogeneous the aggregate None visible
Texture Micritic Shape of pores Irregular

Microscopic description of the aggregate on thin section

Maximum size: 1 mm

Granulometry Most abundant sizes: 0.5-0.251 mm Roundness From very angular to subangular

Sorting Moderately sorted Distribution Homogeneous

Shape Due to artificial crushing Orientation Oriented sub-parallel to the layer surface
Mineralogic and

Sphericity From high to low petrographic Marble fragments

composition

Classification of the aggregate Artificially crushed marbles

OPEN POROSITY % ND COMPRESSIVE STRENGTH ND
GRANULOMETRIC ND
CURVE
CHEMICAL ANALYSES
Total cations Na,O K0 Ca0o MgO Fe20s Al,O3 SiO,
content % w.t. 0.30 0.08 33.44 1.46 0.11 0.76 22.86
Cations soluble in Na,O K20 Cao MgO Fe.0s AleOs SiO;
HCI 0.1 N % w.t. 0.04 0.02 32.92 1.33 0.04 0.66 0.97
cr NOy SO~
Watler ﬁ/OIUbIe : ! Loss on Ignition % 41.00
salts % w.t. 0.02 0.01 0.01
MCounis *
25| 2M1
20
Py-GC-MS b 16:0
spectrum 10 i [ o
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05 * 140 18:
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- Mosaic of the House of Epigenes

The studied mosaic covers the floor of one of the @i of a house that stood on the west
side of the forum, south of theugusteun{Figure9). The house, which dates to the second
half of the ' centuryA.D., was altered many times [Geo08]. The studied mosaic, located in
theatrium on the west side of the hougeédure15), shows a geometric patterrade of stone

tesseraavith average size of about 1.5 cRiqure 16).

Figure 15 View of the House of Epigenes from its southwest corner. In theentre of the picture the two atria are
visible.

Figure 16 The mosaic of the weshtrium of the House of Epigenes. A wide lacuna of both theessellatumand the
substrate is visible.
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Thein situ analyses and the sampling have been carried out in an area of the pavement where
a wide lacuna of both thessellatumand the foundation layer was presdfig(re 16). The

position of the sampling point, located at 2.5 m from the west wall cditthem and at 1 m

from its north central wall, is showed kigure17.

Figure 17 The westatrium with the position of the sampling point.

The observations carried out situ showed that the studied saic was probably built upon

artificial ground used to backfill and level an ar@aere there wergemains of older

structures. I n fact, di spersed in thae grou

mortar layer plus theessellatumthere are bck fragments and lime grains which might have
belongedo older structuregFigure18).
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Figure18Cr oss section of the mosai cOdifferenuldyesst r at e wi t h th
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RESULTS AND DISCUSSION

A singe sample composed of tpgeparatory layer of mortar and of a small portion of the
tessellatumhas been collected from the mosaic of the HousEpifenes In Figure 19, a
schematic graphic reproduction of the mosa

layers and the correspondent sample code is ethow

layer layer
thickness number

1.5ecm7 @
3.5cm 0

Figure 19 Ancient city of Dion, schematic graphic reproduction of the stratigraphy of the mosaic of the weatrium of
the House of Epigenes with the indication of the sampled layers dithe correspondent sampleode

In Table5, theresults of the laboratory analyses for the mortar of thiayler of the studied
substrate are summarized.
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RESULTS AND DISCUSSION

Table 5 Ancient city of Dion, mosaic of theHouse of Epigenesresults of the laboratory analyses onthe mortar layer
n. 1.

OPTICAL MICROSCOPY
(Figure 86, Figure 87 in Appendix)

Stratigraphy Layer 1 Munsell colour Pinkish white 5YR8/2
Microscopic description of the binder on thin section

Reaction with

the aggregate Reaction rims around ceramic fragments

Structure Homogeneous

Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 4 mm

Granulometry  \» ~ Jbundant sizes: 4-2, 2-1 mm Roundness From angular to rounded
Sorting Poorly sorted 0 = Distribution Homogeneous
Shape Part _natural, part due to artificial Orientation Oriented sub-parallel to layer surface
crushing
Mineralogic and leestone§ (intrasparite, grainstonet
packstone; intramicrite, mudstonei

Sphericity From high to low petrographic

o wack n rami fragmen marbl
composition ackestone), ceramic agments, arble,

quartz, quartzite, k-feldspar, chert.

Classification of the aggregate Fluvial sand and artificially crushed bricks (cocciopesto)
OPEN POROSITY % 33.80 COMPRESSIVE STRENGTH 4.50 MPa

12g '7// | —layerll

g0 - -

70 Pt

£ 60 >

GRANULOMETRIC ESU
CURVE 2 Zg e

1.

12 //
0.0 02 05 1.0 25 40 8.0 16,0 315

sieves diameter (m}n)

CHEMICAL ANALYSES

Total cations Na,O K20 Cao MgO Fe:0s Al,O4 SiO,
content % w.t. 2.08 1.42 20.85 6.95 3.00 7.03 31.41
Cations soluble in Na,O K20 Cao MgO Fe0s Al,O3 SiO,
HCI 0.1 N % w.t. 0.03 0.07 16.37 454 0.55 1.62 2.28
cr NOg SO~
Watler ﬁ/oluble ! Loss on Ignition % 27.27
salts % w.t. <0.01 <0.01 <0.01

spectrum




RESULTS AND DISCUSSION

- Mosaic of the Housef Eubulus

The pavement investigated is located in d@tium of a house that belonged to a man called
Eubulus as we know from the stamps on its lead water pipes [Pan97], and occupied the
northwest corner of the forunfrigure9). Theatriumis in central position within the house,
next to a large room where a fountain was placed [Pair83ire20). The actual pavement of

theatrium misses completely thessellatumwhile its substrate is preservdedure2l).

Figure 20 View of the House ofEubulus from its northwest corner. It is visible the centralatrium and, behind it, the
large room that contained a fountain.

Figure 21 View of the atrium from its northeast corner.
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RESULTS AND DISCUSSION

Thein situanalyses and sampling have been carried out at the edge of the northeast corner of
the atrium, next to its entrancd~(gure 22). Here, after the removal of a superficial layer of
loose gravel, a fragment of the whole substrate, oseqb of one single mortar laydras

been collectedHigure 23). As for the mosaic of thélouse of Epigeneglescribed in the
previous paragraph, the situinvestigation revealed that the mosaic of iHaise of Eubulus

was probably built upoartificial backilled ground. In fact, also in this case the ground below

the mosaicbdbs substrate contains brick fragn

Figure 22 View from east of the north corridor of the atrium. In the low right corner of the picture the entrance to the
room is visible. The red arrow indicates the sampling point of the substrate.

Figure 23 The mortar sample collected from the substrate of the pavement of therium of the House of Eubulus. The
sample consists of a fragment including the whole thickness of the substrate.
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RESULTS AND DISCUSSION

InFigure24, a schematic graphic reproduction of

the sampled layer and the correspondent sample code is showed.

layer layer
thickness number

4cm‘[

Figure 24 Ancient city of Dion, schematic graphic reproduction of the stratigraphy of the mosaic of thatrium of the
House of Eubulus with the indication of the sampled layer and the correspondent sample code.

In Table 6, the results of the laboratory analyses the mortar of the studied substrate are

summarized.
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RESULTS AND DISCUSSION

Table 6 Ancient city of Dion, mosaic of theHouse of Eubulus results of laboratory analyses on mortar layer n. 1.

OPTICAL MICROSCOPY
(Figure 88, Figure 89 in Appendix)
Stratigraphy Layer 1 Munsell colour Pinkish white 5YR8/2
Microscopic description of the binder on thin section
Reaction with N .
Structure Homogeneous the aggregate Reaction rims around ceramic fragments
Texture Micritic Shape of pores From sub-circular to irregular
Microscopic description of the aggregate on thin section
Maximum size: 6 mm
Granulometry Most abundant sizes: 4-2, 2-1 mm Roundness From angular to very rounded
Sorting Poorly sorted G = Distribution Homogeneous
Shape Part _natural, part due to artificial Orientation Oriented sub-parallel to layer surface
crushing
Limestones (intramicrite, mudstonei
Mineralogic and  wackestone; intrasparite, grainstonei
Sphericity From high to low petrographic packstone-wackestone), ceramic fragments,
composition quartz, k-feldspar, plagioclase, marble,
quartzite.
Classification of the aggregate Fluvial sand and artificially crushed bricks (cocciopesto)
OPEN POROSITY % 38.26 COMPRESSIVE STRENGTH 2.96 MPa
100 L
% . —tayeri]
80 -
g0 -
£ 50 —
GRANULOMETRIC §5°
CURVE 2 =
£30 —
820 — —
10—t
., B
0 0.2 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations Na,O K>O CaO MgO F6203 A|203 Si02
content % w.t. 1.51 1.23 18.75 7.46 3.35 6.99 18.68
Cations soluble in Na,O K>O CaO MgO F6203 A|203 Si02
HCI 0.1 N % w.t. 0.04 0.09 18.33 5.80 0.65 1.61 2.72
cr NOs’ Sloia
Wwater soluble : ! Loss on Ignition % 42.03
salts % w.t. <0.01 - <0.01
Py-GC-MS ND
spectrum




RESULTS AND DISCUSSION

- Mosaic of the Polygon

At the junction of the central avenue with the road that leads to theyatesfigure9) there
stoodthe Polygon,a building square on the outside and organized around a tsidke
courtyard Figure25). The building, which should date to th® entury A.D., was probably

used as a market hall [Geo08]. The studied mosaic is located in a room having irregular
shape, occupying the southwest corner of the buildigue25, Figure26), which served as
Vespasiar(lavataies) [Geo08]. The mosaic still preserves thégsellatumwhich is made of

stonetesseraavith average size of 2.5 cm.

Figure 26 View of the room from its northwest corner, the studied mosaic is covered by a temporarily protection.
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RESULTS AND DISCUSSION

The area of the mosaic, which is located in central position within the room, is significantly
smaller than that of the room floor. The situ analyses and the sampling have been
performed on the northwest corner of the pavement, in an area where lsumaluncovers

the substrate. The sampling point is showeligure27.

Figure 27 The position of the sampling point on the studied pavement.

As visible inFigure 26 and Figure 27 the mosaic of th&olygonwas built upon a structure
elevated above the ground, composed of an outer wall made of bricks and stones that is
delimitating an internal area backfilled with adifl ground. The mosaic substrate, laid upon

this structure, is composed of three preparatory layers of mbrtané28).

Figure28Cr oss section of the mosai c odifferenuniodar layars.e wi t h t he
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RESULTS AND DISCUSSION

The adhesion betweethe mortar layers is very good. IRigure 29, a schematic graphic
reproduction of the mosaicd0s substrate wi

correspondent sample codes is showed.

layer layer
thickness number

™4

8M4

9M4

Figure 29 Ancient city of Dion, schematic graphic reproduction of the stratigraphy of the mosaic of the Polygon with
the indication of the sampled layers and the correspondent sample codes.

In Table7, Table8, andTable9, the results of the laboratory analyses on the mortars of the
1%, 2%and #° layer of the studied substrate are summarized.
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RESULTS AND DISCUSSION

Table 7 Ancient city of Dion, mosaic of thePolygon results ofthe laboratory analyses orthe mortar layer n. 1.

Stratigraphy Layer 1
Structure Homogeneous
Texture Micritic

Maximum size: 6 mm
Granulometry

Sorting Poorly sorted
Shape Natural
Sphericity Low

Classification of the aggregate

OPEN POROSITY % 22.45
GRANULOMETRIC
CURVE
Total cations Na;O 50
content % w.t. 264 0.12
Cations soluble in Na.O {0
HCI 0.1 N % w.t. 0.02 0.01
Water soluble cr ]
salts % w.t. <0.01 <0.01
Py-GC-MS
spectrum

Most abundant sizes: 4-2 mm, 2-1 mm

OPTICAL MICROSCOPY

(Figure 90, Figure 91 in Appendix)

Munsell colour White 2.5Y8/1

Microscopic description of the binder on thin section

Reaction with the

aggregate None visible

Shape of pores From subcircular to irregular

Microscopic description of the aggregate on thin section

Roundness From subangular to very rounded
G = 2. Distribution Homogeneous
Orientation None
Mineralogic and Limestones (intrasparite, grainstone-
petrographic packstone; micrite, mudstone),
composition marble, quartz, quartzite.
Fluvial sand and gravel
COMPRESSIVE STRENGTH ND
=3 e
£80
Em
£ 60 £
8 50
an /
2w v
&2
10 =
o =N
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
CaO MgO Fe203 A|203 SIOZ
39.46 6.90 0.41 1.40 14.08
CaO MgO Fezo3 A|203 SIOZ
38.76 6.42 0.10 0.45 0.41
S0~ .
Loss on Ignition % 35.00
<0.01

ND
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RESULTS AND DISCUSSION

Table 8 Ancient city of Dion, mosaic of thePolygon results ofthe laboratory analyses orthe mortar layer n. 2.

OPTICAL MICROSCOPY
(Figure 92, Figure 93 in Appendix)

Stratigraphy Layer 2 Munsell colour White 10YR8/1
Microscopic description of the binder on thin section

Reaction with

Structure Homogeneous the aggregate

Reaction rims around ceramic fragments

Texture Micritic Shape of pores Mostly subcircular
Microscopic description of the aggregate on thin section

Maximum size: 8 mm

Granulometry Most abundant sizes: 4-2 mm, 2-1 mm Roundness From subangular to very rounded
Sorting Poorlysort ed G = 2. 00 Distribution Homogeneous
Shape Part natural, part due to artificial Orientation None

crushing

Limestones (micrite, mudstone; dismicrite,
mudstone; intrasparite, grainstone-packstone),
ceramic fragments, marble, quartz, k-feldspar,
micaschist, quartzite.

Mineralogic and
Sphericity Low petrographic
composition

Classification of the aggregate Fluvial sand and artificially crushed bricks (cocciopesto)
OPEN POROSITY % 31.43 COMPRESSIVE STRENGTH 3.41 MPa
100 —_—
% > [—taver2]
380 /’
70 7
£ 60 —
GRANULOMETRIC §5° vz
CURVE 25 L
%_20
10 '//
0
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations Na,O K20 CaO MgO Fe;0; Al,O4 SiO;
content % w.t. 1.16 0.70 29.80 6.40 1.80 3.70 32.82
Cations soluble in Na,O K20 Cao MgO Fe;0s Alz0s 2
HCI0.1N % w.t. 0.02 0.04 28.68 551 0.49 1.17 1.38
cr NO3 SO~
Watltter ﬁ/OIUk;Ie : ! Loss on Ignition % 23.61
SaISRANE 0.01 <0.01 0.01
Py-GC-MS

ND

spectrum




RESULTS AND DISCUSSION

Table 9 Ancient city of Dion, mosaic of thePolygon results ofthe laboratory analyses orthe mortar layer n. 3.

OPTICAL MICROSCOPY
(Figure 94, Figure 95 in Appendix)

Stratigraphy Layer 3 Munsell colour Pinkish white 7.5YR8/2
Microscopic description of the binder on thin section

Reaction with the

Structure Homogeneous aggregate

Reaction rims around ceramic fragments

Texture Micritic Shape of pores From subcircular to irregular
Microscopic description of the aggregate on thin section

Maximum size: 4 mm

Granulometry Most abundant sizes: 2-1 mm, 1-0.5 mm Roundness From subangular to very rounded
Sorting Moder ately sorted G Distribution Homogeneous
Shape Part natural, part due to artificial crushing Orientation Oriented sub-parallel to layer surface

Ceramic fragments, limestones (micrite,
mudstone; dismicrite, mudstone;
intrasparite, grainstone-packstone),
marbles, quartz, quartzite, vulcanite.

Mineralogic and
Sphericity From high to low petrographic
composition

Classification of the aggregate Fluvial sand and artificially crushed bricks (cocciopesto)
OPEN POROSITY % 50.18 COMPRESSIVE STRENGTH 3.32 MPa
100 g l—l
90 L
T80
g 70
£ 60
GRANULOMETRIC g5
CURVE a4
£30
820 ——
10 1%
0
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations NaZO Kzo CaO MgO FezO3 A|203 SIOZ
content % w.t. 1.21 0.99 21.55 6.93 3.69 7.29 16.09
Cations soluble in Na,O K>O CaO MgO F9203 A|203 Si02
HCI 0.1 N % w.t. 0.03 0.07 20.43 5.31 0.81 2.14 2.56
cr NOs S0~
WatI?r ﬁ/OIUkile ! Loss on Ignition % 42.25
S Y0 Welke <0.01 <0.01 <0.01
Py-GC-MS

ND

spectrum




RESULTS AND DISCUSSION

- Mosaic of the Villa of Dyonisos

The last studied mosaic from the ancient city of Dion is located in the Villa of Dyonisos
(Figure9). This Villa, which dates from the second half of ti&c@ntury A.D., consists of a
complex of buildings, with a row of shops, the residence rooms, a banquet room, a cult area,
theatria, alibrary and the a bathhouse [Pan97]. The mosaic investigated covered the floor of
a small room in the bathhouse, at the south side of the VAigure 30, Figure 31). The
mosaic misses almost completely tessellatumwhich was made of stonsseraewith
average size of 2.5 cm.

__:(...;.'~_
PG oIS 40T et

Figure 30 Plan of the Villa of Dyonisos. The red dot indicates the room in the bathhouse whose floor was covered by
the studied mosaic.

Figure 31 View of part of the bathhouse from east. In the low right cornerof the picture, the room with the studied
pavement is visible.
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RESULTS AND DISCUSSION

Thein situanalyses and sampling have been carried out in two areas of the pavement where
cross sections of the whole substrnatrevisible due to the presence of deep fractures caused
by a strong downward deformation of the mosé&igyre 32). The substrate is composed of

three motar layers Figure33). The layers mutual adhesion is very good.

Figure 32 View of the room from westwith the position of the points where then situ investigations have been carried

out. The sampling point is indicated by the red arrow.

Thein situinvestigation revealed that the studied mosaic was built on top of a structure made
of large ceramic tiles each one about 5 cm thikigure 34), probably the so callegilae tiles

that were used in Roman times as an element of the under floor heating system of baths,
called the hypocaust. As it is knowthis system consisted in constructing the floor at an
elevated position above pillarpilae stacks), in order to allow the hot air to freely circulate

underneath the pavement and heat the room [AlgF@glire50).

Figure33Cr oss section of the mosai c Odfferenunosarlayars.e wi t h t he
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RESULTS AND DISCUSSION

Figure 34 Southwest corner of the room(see black arrow inFigure 32): the studied pavement and the underlying
raised structure made of large ceramic tiles.

In Figure 35, a schematic graphic reproduction of

indication of the sampled layers and the correspondent sample codes is showed.

layer
thickness

6.5cm

Figure 35 Ancient city of Dion, schematic graphic reproduction of the stratigraphy of the mosaic of thbathhouseof
Villa Dyonisoswith the indication of the sampled layers and the correspondent sample codes.

In Table10, Table11 and Table 12, the results of the laboratory analyses on the mortars of

the £, 2" ard 39 layer of the studied substrate are summarized.
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RESULTS AND DISCUSSION

Table 10 Ancient city of Dion, mosaic of theVilla of Dyonisos results of the laboratory analyses onthe mortar layer
n. 1.

OPTICAL MICROSCOPY
(Figure 96, Figure 97 in Appendix)

Stratigraphy Layer 1 Munsell colour White 10YR8/1
Microscopic description of the binder on thin section

Reaction with the

aggregate None visible

Structure Homogeneous

Texture Micritic Shape of pores From subcircular to irregular
Microscopic description of the aggregate on thin section

Maximum size: 4 mm

Granulometry Most abundant sizes: 4-2 mm, 2-1 mm Roundness From subangular to rounded
Sorting Poorly sorted O = 2. Distribution Homogeneous
Shape Natural Orientation None
Mineralogic and Limestones (micrite, mudstone;
Sphericity From high to low petrographic dismicrite, mudstone; intrasparite,
composition grainstone-packstone), marble.
Classification of the aggregate Fluvial sand and gravel
OPEN POROSITY % ND COMPRESSIVE STRENGTH ND
GRANULOMETRIC ND
CURVE
CHEMICAL ANALYSES
Total cations Na,O K20 Ca0 MgO Fe;0s Al,O; Sio,
content % w.t. 0.37 0.16 46.03 4.94 0.72 1.13 9.51
Cattons el i Na,O K20 CaO MgO Fe;0s Al,O; Sio,
HCI 0.1 N % w.t. 0.04 0.02 41.84 4.46 0.43 0.66 1.49
bt sl o NOs S0 Loss on Ignition % 37.14
salts % w.t. 0.12 <0.01 0.02
s ND
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RESULTS AND DISCUSSION

Table 11 Ancient city of Dion, mosaic of theVilla of Dyonisos results of the laboratory analyses onthe mortar layer
n. 2.

OPTICAL MICROSCOPY
(Figure 98, Figure 99 in Appendix)

Stratigraphy Layer 2 Munsell colour Very pale brown 10YR8/2
Microscopic description of the binder on thin section

Reaction with

the aggregate Reaction rims around ceramic fragments

Structure Homogeneous

Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 12 mm

Granulometry Most abundant sizes: 4-2 mm, 2-1 mm Roundness From subangular to rounded
Sorting Poorly sorted 0 = Distribution Homogeneous
Shape Part natural, part due to artificial OrEmETEn None

crushing

Limestones (micrite, mudstone; dismicrite,
mudstone; intrasparite, grainstone-packstone),
ceramic fragments, marble, micaschist,

Mineralogic and
Sphericity Low petrographic
composition

quartzite.
Classification of the aggregate Fluvial sand and artificially crushed bricks (cocciopesto)
OPEN POROSITY % 34.02 COMPRESSIVE STRENGTH 8.00 MPa
100 : efZl
90 =
X 80 //
e 70 A
£ 60 /,/
GRANULOMETRIC 5 i
CURVE o
£ e
820 ==
10 =
0
0 02 05 1 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations Na,O K>O CaO MgO F9203 A|203 Si02
content % w.t. 1.08 0.72 20.29 8.54 2.89 5.33 25.73
Cations soluble in NaZO Kzo CaO MgO FezO3 A|203 SlOz
HCI 0.1 N % w.t. 0.03 0.06 20.13 7.78 1.02 2.02 3.28
cr NOs S0
Watlttar ﬁ/OIUTe Loss on Ignition % 35.42
salts o w.t. 0.04 0.01 0.03
Py-GC-MS

ND
spectrum




RESULTS AND DISCUSSION

Table 12 Ancient city of Dion, mosaic of theVilla of Dyonisos results of the laboratory analyses onthe mortar layer
n. 3.

OPTICAL MICROSCOPY
(Figure 100, Figure 101 in Appendix)

Maximum size: 5 mm

Classification of the aggregate

Stratigraphy Layer 3 Munsell colour White 7.5YR8/1
Microscopic description of the binder on thin section
Reaction with —_ .
Structure Homogeneous the aggregate Reaction rims around ceramic fragments
Texture Micritic Shape of pores From sub-circular to irregular

Microscopic description of the aggregate on thin section

Granulometry Most abundant sizes: 4-2 mm, 2-1 mm Roundness From angular to rounded
Sorting Poorly sorted 0 = Distribution Homogeneous
Shape Part _natural, part due to artificial Orientation None
crushing
Mineralogic and Ceramic ' frggmer}ts, Ilmeston.es_ (mlcr!te,
. . A mudstone; dismicrite, mudstone; intrasparite,
Sphericity From high to low petrographic

grainstone-packstone), k-

feldspar, quartzite.

marble, quartz,

composition

Fluvial sand and artificially crushed bricks (cocciopesto)

OPEN POROSITY % 31.89 COMPRESSIVE STRENGTH 7.72 MPa
pe e g
g 80
570
£ 60
GRANULOMETRIC g 50
CURVE 5 ‘0
% 30
8 20
10 +—
0
0 02 05 i) 25 4 8 16 315
sieves diameter (mm)
CHEMICAL ANALYSES
Total cations Na,O K>O CaO MgO F9203 A|203 Si02
content % w.t. 1.54 1.30 17.07 463 403 7.44 37.80
Cations soluble in Na,O K>O CaO MgO F9203 A|203 Si02
HCI 0.1 N % w.t. 0.03 0.09 15.11 3.45 1.02 1.68 1.88
cr NOs S0~
WatI(:r ﬁ/olutzle : ! Loss on Ignition % 26.19
salts “o w.t. <0.01 <0.01 0.01
Py-GC-MS
spectrum ND
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RESULTS AND DISCUSSION

512. The #AVilla RomanaTaltmdtol e Mur accheo in
Two mosaics covering the floor of two adjacent rooms withirptrs urbana(see paragraph
3.3.2) of theVilla delle Muracche(1® century B.C.) in Tortoreto have been investigated
(Figure 36, Figure 37). In Figure 36, a plan of the Villa [Lap96] with the location of the

studied mosaics is showed.

Figure 36 Plan of the Villa delle Muracche with the location of the rooms where the studied mosaics are placed. From
Lapenna [Lap96], modified.

B i X [ R

@ KT
‘L ‘_"; x‘]\!“.w, n

Figure 37 View from southeast of the area of th&/illa where the stidied mosaics are located.

62



RESULTS AND DISCUSSION

- Mosaic of the Cubiculum

The studied mosaic is located in a room that served as bedondeujun) located on the
east side of the VillaRigure 36, Figure 37). The mosaic shows widacunaeof both the
tessellatumand the substratén the sampled area thiessellatums made of ston¢esserae
with average size of about 1 cm. Tihesitu analyses and the sampling have been carried out

on an area of the pavement where a large cavity uncovered the foundationAeyees3g).

-t

—— SN ). ! >
o TV Y/

Figure 38 The position of the sampling point on the pavement of theubiculum.

The in situ investigation indicated that the mosaic of ticulumwas built upon natural
levelledgr ound. The mosaicds substrate i s made

mutual adhesionFgure 39).

Figure39Cr oss section of the mosai c Ofissttlwae mertardagerse wi t h t he
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RESULTS AND DISCUSSION

In Figure 40, a schematic graphic reproduction of
with the indication of the layers thickness and of the samlplgsrs with the correspondent

sample codes is showed.

layer layer
thickness number

05cm I §
2cm | ¢

5cm

10 cm

Figure 40 Vi | | a Romana dell e Muracchebo, schematic graphic rep
cubiculumwith the indication of the sampled mortar layers and the correspondent sample codes.

In Table 13, Table14 and Table 15, the results of the laboratory analyses on the mortars of

the £, 2" and3“ layer of the studied substrate are summarized.
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RESULTS AND DISCUSSION

Table13d Vi | | a Romana del | e MNuhicauwncréselts ofthenedbaradory @nalgses obthe enortar
layer n. 1.

OPTICAL MICROSCOPY
(Figure 102, Figure 103 in Appendix)

Stratigraphy Layer 1 Munsell colour White 10YR8/1
Microscopic description of the binder on thin section

Reaction with the .
Structure Homogeneous aggregate None visible

Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 7 mm

Granulometry Most abundant sizes: 4-2 mm Roundness From angular to very rounded
Sorting Poorly sorted 0 = 2. Distribution Homogeneous
Shape Part natural, part due to artificial crushing Orientation None

Limestones (biosparite, grainstone;
biomicrite, mudstone-wackestone),
ceramic fragments, quartz, k-feldspar,
plagioclase, muscovite, biotite, shells.

Mineralogic and
Sphericity Low petrographic
composition

Classification of the aggregate Fluvial sand and gravel and artificially crushed bricks.
OPEN POROSITY % 31.89 COMPRESSIVE STRENGTH ND
GRANULOMETRIC ND
CURVE

CHEMICAL ANALYSES

Total cations Na,0 K0 Ca0 MgO Fe;0s Al,Oz SiO»
content % w.t. 0.70 1.06 25.19 1.89 1.52 5.44 32.21
Cations soluble in Na.O K20 Ca0 e Fez0s Alz0s Si0,
HCI0.1 N % w.t. 0.08 0.10 23.79 1.18 0.57 1.36 1.57
Water g/f)’m'e salts cr e SO.” Loss on Ignition % 32.00
0.03 0.02 0.03
Py-GC-MS

ND
spectrum




RESULTS AND DISCUSSION

Tablel4i Vi | | a Romana del | e MNuhicauwncréselts ofthenedbaradory @nalgses obthe enortar
layer n. 2.

OPTICAL MICROSCOPY
(Figure 104, Figure 105 in Appendix)

Stratigraphy Layer 2 Munsell colour White 2.5YR8/1
Microscopic description of the binder on thin section

Reaction with the Reaction rims around ceramic
Structure Homogeneous aggregate fragments
Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 9 mm

Granulometry Most abundant sizes: 8-4 mm, 4-2 mm Roundness From angular to rounded
Sorting Moderately sorted @ Distribution Homogeneous
Shape Part natural, part due to artificial crushing Orientation None
Mostly ceramic fragments, in less
Mineralogic and quantity quartz, k-feldspar,
Sphericity Low petrographic plagioclase, limestones (biomicrite,
composition mudstone; biosparite, grainstone),
chert , marble.
Classification of the aggregate Artificially crushed bricks (cocciopesto) and fluvial sand.
OPEN POROSITY % 38.97 COMPRESSIVE STRENGTH ND
GRANULOMETRIC ND
CURVE
CHEMICAL ANALYSES
Total cations NaZO Kzo CaO MgO Fe203 A|203 SIOZ
content % w.t. 0.46 0.82 26.58 1.77 0.92 4.84 29.61
Cations soluble in Na,O K>,O CaO MgO FEQO:; A|203 Si02
HCI0.1N % w.t. 0.10 0.13 25.56 1.33 0.48 1.53 2.37
cr NOs S0~
IS i/OIUt;Ie sl : ! Loss on Ignition % 35.00
O W 0.03 0.01 0.03
Py-GC-MS ND

spectrum




RESULTS AND DISCUSSION

Tablel5A Vi | | a Romana del | e MNuhicauwncréselts ofthenedbaradory @nalgses obthe enortar
layer n. 3.

OPTICAL MICROSCOPY
(Figure 106, Figure 107 in Appendix)

Stratigraphy Layer 3 Munsell colour Very pale brown 10YR8/2
Microscopic description of the binder on thin section

Reaction with the Reaction rims around ceramic
Structure Homogeneous aggregate fragments
Texture Micritic Shape of pores Irregular
Microscopic description of the aggregate on thin section

Maximum size: 2 mm

Granulometry Most abundant sizes: 1-0.5 mm Roundness From very angular to rounded
Sorting Moderately sorted @ Distribution Homogeneous
Shape Part natural, part due to artificial crushing Orientation Oriented sub-parallel to layer surface
Ceramic  fragments, limestones
Mineralogic and (biomicrite, mudstone;  biosparite,
Sphericity Low petrographic grainstone; intrasparite, packstone),
composition quartz, k- feldspar, plagioclase, chert,
quartzite, marble, shell fragments.
Classification of the aggregate Artificially crushed bricks (cocciopesto) and fluvial sand.
OPEN POROSITY % 33.95 COMPRESSIVE STRENGTH 3.05 MPa
GRANULOMETRIC ND
CURVE
CHEMICAL ANALYSES
Total cations NaZO Kzo CaO MgO Fe203 A|203 SIOZ
content % w.t. 0.59 0.84 25.05 2.22 1.29 5.10 31.91
Cations soluble in Na,O K>,O CaO MgO FEQO:; A|203 Si02
HCI 0.1 N % w.t. 0.15 0.13 24.17 1.69 0.59 1.81 2.49
cr NOs SO~
] i/OIUt;Ie sl : ! Loss on Ignition % 33.00
O W 0.09 0.06 0.05
MCounis
1.00

16:0 18:0

Py-GC-MS
spectrum




RESULTS AND DISCUSSION

- Mosaic of the Tablinum

The studied mosaic is placed in a room that served as offibkn(m) located west of the
cubiculum(Figure 36, Figure 37). Also in this case the mosaic shows wideunaeof both
thetessellatumwhich is made of stone tesserae with average size of 1 cm, and the substrate.
Thein situanalyses and sampling have been carried out in two areas of the pavement, in the

specific the inner area and the outer fraffigure4l).

Figure 41 The position of the sampling points in the inner area (M) and in the outer frame (F).

The mosaic was built upon natudavelled ground and its substrate is composed of four
preparatory layers of mortafigure42) char acteri zed by good mut
substrate below the two studied areas showed some differences in the thicknes&’cfrttie 2

3% layer Figure43).

Figure42Cr oss section of the mosaicb6s substrate bel ow
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™2 TMF3
T™1
Figure 43 Vi | | a Romana dell e Muraccheo, schematic graphic re

tablinum below the inner area (left) and the outer frame (right).

In Table 16, Table17 and Table 18, the results of the laboratory analyses on the mortars of
the 279and 3 layer of the substrate in the inner area and of thiayger of the substrate in the

outer frame of the pavement are summarized.
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