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ABSTRACT  

This research aims to deepen knowledge on geomaterials used in building operations of a very important 
monumental complex bel onging to the "Porta Mediana" necropolis the archeological site of Cuma.  
The entire site counts 70 mausoleums among which, the one named "Sphinx complex" or A63, is particularly 
important. For its realization  several geomaterials have been used. 
Analytica l results were carried out from several techniques such as optical microscopy, microchemical and 
mineralogical -petrographical analysis, scanning electron microscopy with EDS and X-ray powder 
diffraction.  This approach allows to clarify the provenance of na tural geomaterials and also the technological 
processes involved in the production of artificial geomaterials (mortars, plasters, cocciopesto). 
Phlegrean tuffs, due to their easy workability and good mechanical features, were used mainly for 
masonries and for decorative function (a bas-relief of a "sphinx" for example). As far as artificial geomaterials 
are concerned, the use of a volcanic aggregate, was privileged too. Some examples of imported stones were 
also found: limestones and marbles, the first one implemented as a building material for cippi of the fence 
while the second one for prestigious coating elements. Results permitted to evaluate building techniques of 
the period and mainly the wide potential of Phlegrean fields' materials when used as a bul ding stone. This 
research aims also to give important informations for restoring and conservative actions useful for 
mausoleums of the entire site. 
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1. INTRODUCTION  

Archaeometric studies on geomaterials from ar-
chaeological sites are commonly very useful to iden-
tify raw materials used in the building oper ations 
and to obtain information on provenance  (e.g. 
Mahmoud et al., 2012). This kind of researches is also 
able to determine the technological processes in-
volved in the pr oduction of artificial geomaterials 
(mortars, plasters, cocciopesto), revealing important 
information on the hi story of buildings and their 
different construction phases. 

The study area is located in Campania region 
(southern Italy), that, from the geological point of 
view, is largely dominated by Phlegraean Fields and 
Somma-Vesuvius volcanic district, accompanied by 
the Sorrento peninsula (along with Capri island) 
with its sedimentary c arbonatic series. This geologi-
cal context provides geomaterials with high avail a-
bility and good petrophysical features used, since 
ancient times, in local architecture (de Gennaro et al., 
2013 and references therein). The archaeological site 
of Cuma is an outstanding example of this utiliz a-
tion.  Part of the archaeological area is represented by 
the funeral site named "Porta Mediana" necropolis 
(Fig. 1), known since the seventeenth century, and 
revealed by the Centre Jean B®rard archaeologists 
between 2001 and present, counting something like 
70 tombs belonging from 4th BC to 6th century AD 
time range. Among funerary buildings, the 
òComplesso monumentale della Sfingeó (identified by 
the ID: A63), so named for the presence of a sphinx 
sculpture (Fig. 2a) found on the monumental facade, 
dated back to the end of 1st century BC and was 
used as burial place until the 2nd century AD (Brun 
et al., 2017). A63 complex is important and interest-

ing not only for archaeological reasons, such as the 
chronological building p eriod, the mausoleum loca-
tion, the particulars (fence and mausoleum), the 
types of burials (cremation and inhumation), but 
also for the geological point of view. This funerary 
complex is unique in its kind, as it shows use of the 
widest variety of geomater ials both for the masonry 
and for decorative apparatus (yellow tuff, grey tuff, 
mortar, cocciopesto, limestone, marble).  

The goal of this research is to study geomaterials 
used in A63 complex in order to, through mineralo g-
ical and petrographic approach: a) characterise 
building materials; b) provide some hypotheses on 
their provenance. This approach can be considered 
as a mandatory basis to allow right actions both for 
the conservation and a conscious fruition of cultural 
heritage. 

2. MONUMENT DESCRIPTION  

The A63 funerary monument, investigated during 
two excavation campaigns in 2006 and 2009, is made 
up of a fence enclosing a monumental tomb and is 
located at 110 m W of Porta Mediana, along the road 
axis that bordered western walls of the necropolis.  
 The monumental balustrade front is made of large 
carved grey tuff blocks, while perimetral walls are 
realized with opus reticulatum technique with yellow 
tuff blocks. Large grey tuff slabs were used also for 
the floor of part of the fence to create a terraced 
basement. On the outer side of the perimeter, there is 
a tank, built in opus reticulatum with yellow tuff 
blocks and covered by a thick layer of cocciopesto. 
The tank was connected to a fountain on the facade 
(Fig. 1). 

 

Figure 1. Schematic map of the archaeological  area of Porta Mediana Necropolis (Cuma -Italy).  
In the box a focus on A63 mausoleum. 
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The actual mausoleum was lined with limestone 
blocks, still partially preserved in the SW corner, and 
decorated in bas-relief, as evidenced by a fragment 
of whit e corner marble block with a frieze (Fig. 2a). 

The tall structure covered a hypogean funerary 
room, accessible by a staircase located at the mauso-
leum SW corner. The internal organization of the 
funeral chamber presents some peculiar aspects. The 
E and W sides of the room are occupied by two brick 
beds to accommodate the burials. The N side was 
arranged to accommodate two tanks in which the 
remains of two cremated individuals were deposi t-
ed. 

The archaeological study of the monument recog-
nized at least four building phases. The first corr e-

sponds to the construction of fence, tank, the monu-
mental facade and the basement and dates back to 
the Augusteo-Tiberian age. In this phase the burial 
space is defined by a wall made up with opus reticu-
latum technique with yellow tuff blocks.  During the 
1st century AD, in the second phase, only small con-
structive interventions (like a step addition to access 
ladder) were carried out.  A third phase, correspond-
ing to the via Domitiana construction time, contem-
plated the partia l obliteration of the burial complex, 
while in the fourth construction phase, the N/S wall 
was built in opera reticulata always with yellow tuff 
blocks. The complex was completely abandoned in 
the last decades of the 3rd century AD.  

 

Figure 2. Archaeological finds from A63 mausoleum's excavation campaigns (modified after Brun et al. , 2017). 
The study of the monument and the epigraph analysis allows to identify Caius Gavius Garra Cavonius and his family 

as the owners of the funerary building (A63). 

 

In 2009, during the expansion of excavation on the 
W side of the complex, an epigraph was found. The 

inscription summarizes, in few lines, the story of an 
illustrious character named Caius Gavius Garra Ca-
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vonius, a 16 years old praetor. As reported by the 
inscription ( Fig. 2b), the young man was part of an 
important family in Giulio-Claudia age and died 
when he was 21, before his cursus honorum was over. 
The honor of his social position was renewed, with 
his death, giving him public funerals and a public 
burial p lace very close to one of the main gates of the 
city (Brun et al., 2017). 

3. GEOLOGICAL SETTINGS  

The archaeological area of Porta Mediana necropo-
lis (Cuma) is located in the northwestern side of the 
Phlegraean Fields volcanic area (Melluso et al., 2012) 
(Fig. 3). Phlegraean Fields represent a volcanic field 
set in the northern sector of the Bay of Naples. Its 
activity, mainly expl osive, extends even in marine 
environments with the Ischia and Procida islands 
(De Astiis et al., 2004).  

 

Figure 3. Geological map of Phlegraean Fields area (modified after De Bonis et al. , 2016). 

 
The geological history of the area has been domi-

nated by two main volcanic events: Campanian I g-
nimbrite ( 40Ar/ 39Ar, 39 ky; Fedele et al., 2008) and 
Neapolitan Yellow Tuff ( 40Ar/ 39Ar 15 ky; Deino et 
al., 2004) eruptions. These events are related to two 
collapse episodes that, overlapping, generated a 
complex caldera representing the most evident struc-
ture of the Phlegraean volcanic district (Orsi et al., 
1996; Perrotta et al., 2006). Phlegraean products be-
long to the alkaline -potassic series with shoshonitic 
affinity (Conticelli et al., 2004). The most widespread 
lithotypes are the trachytes with the following most 
abundant minerals: clinopyroxene, plagioclase, alka-
li feldspar (sanidine), biotite and magnetite. Both 
events generated huge deposits of geomaterials 
commonly used in building sector since ancient 
times.  

4. MATERIALS AND METHOD S 

Sampling was carried out under close supervision 
of archaeologists in order to preserve integrity of the 
monument and to get representative materials to 
investigate. 

Studied geomaterials are the following:  

¶ Tuffs: yellow tuffs samples respectively from 
the external wall (opera reticulata blocks - 
A63YT) and from the tank (opera reticulata 
blocks - A63YTT); grey tuff sample from the 
ornaments (A63GT).  

¶ Mortars: binder between blocks from opera 
reticulata (A63M). 

¶ Cocciopesto: two different samples belonging 
respectively to main building (A63C) and to 
tank (A63C2).  

¶ Limestones: one sample from one in ten cippi 
(border signs consisting of a column or pillar 
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trunk) delimiting the mausoleum from the 
Via Domitiana (A63L).  

¶ Marbles: one sample from a lining block 
with a frieze (A63MA)  

Sampling points are reported in Fig. 4. 

 

Figure 4. Sampling map. Legend of samples: YT = yellow tuff, wall; YTT = Yellow Tuff, tank; GT = Grey Tuff, orn ament; 
M = Mortar, C and C2 = cocciopesto, L = Limestone, MA = M arble. 

Experimental investigations include optical m i-
croscopy (OM), microchemical and mine ralogical-
petrographical analysis (SEM-EDS). Optical micros-
copy allowed to obtain info rmation on texture and 
main components of samples. Image acquisition and 
grain size measurements were carried out using a 
Leitz Laborlux 12 POL microscope equipped with a 
Leica DFC280 camera and Leica Q Win image analy-
sis software and following the terminol ogy reported 
in UNI11305:2009 standard recommendations.  

Microchemical analysis of mineral s, glass phases 
and ceramic fragments were determined, through 
spot analyses, with a scanning electron microscope 
coupled with an Energy Dispersive Spectrometer 
(SEM-EDS) Oxford Instruments Microanalysis Unit 
and a JEOL JSM-5310 microscope operating at a 15 
kV primary beam voltage, 50-100 mA filament cur-
rent, a 15-17 spot size and a net acquisition time 
of 50 s. Measurements were done with an INCAX-
stream pulse processor. Details of standards are pro-
vided in Melluso et al. (2017) and Guarino et al. 
(2017). 

Mineralogical analyses were carried out by X-ray 
diffraction  (XRPD) with Panalytical XõPert Pro dif-
fractometer equipped with a RTMS XõCelerator de-

tector with the following oper ative conditions: CuK Ȁ 
radiation, 40 kV, 40 mA, 2ȇ range from 4Á to 70Á, 
equivalent step size 0.017Á 2ȇ, 60 s per step counting 
time. Samples for XRPD analysis were prepared us-
ing a McCrone micronising mill (wet grinding time 
15 min with agate cylinders  to obtain <10 mm final 
grain size) or dry crushing by hand in agate mortar, 
in order to prevent  (for binders ) any loss of infor-
mation on solub le phases. The software for identifi-
cation of mineral phases was Panalytical Highscore 
Plus 3.0e with PDF2 and ICSD databases.  

5. RESULTS 

Macroscopic and microscopic observations 

Yellow tuffs samples show very similar characte r-
istics. Macroscopically, a prevailing yellow cineritic 
matrix with components variable in size (up to 7 mm 
for A63YT and 9 mm for A63YTT) can be observed. 
Thin section observations show, for both  samples, a 
vitrophyric structure consisting in a brown ash m a-
trix with abundant glassy shar ds, quite devitrified, 
in which pumice, obsidian, and loose crystals of al-
kali feldspar (sanidine), clinopyroxene and rare pl a-
gioclase are reported (Fig. 5).  
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Figure 5. Micrographs  (parallel polars) of A63YT (a) and A63YTT (b) samples. 
Abbreviations: cpx, clinopyroxene; afs, alkali feldspar.  

Grey tuff sample (A63GT), shows a dominant 
grey cineritic matrix, with  feldspars and mica (bio-
tite). Thin section observations (Fig. 6) show a vitr o-
phyric texture, consisting of a grey ash matrix with 

abundant glassy shards, in which pumice, loose 
crystals of alkali feldspar (sanidine), clinopyroxene, 
plagioclase, rare volcanic fragments, fiamme, and bio-
tite are present.  

 

Figure 6. Micrograph  (parallel polars) of A63GT sample . 
Abbreviation: cpx, clinopyroxene.  

The analyzed mortar (A563M) is constituted by a 
light brown matrix with abundant pre sence of ag-
gregates. OM reveals that the matrix appears homo-
geneous and thickened (Fig. 7), aggregates (up to 5 
mm in size) not oriented. Matrix has carbonatic 
composition and medium porosity due to shrinkage 
cracks. Aggregates are, in order of abundance, pum-
ice and obsidian, crystal fragments of alkali feldspar, 
plagioclase, clinopyroxene, and mica (Fig. 7). Spo-
radic presence of white lumps is observable. A good 
adhesion between aggregates and binder is detecta-
ble. 

Two cocciopesto samples (Fig. 8a-c) are both consti-
tuted by brown carbonatic matrix with clasts, vari a-
ble in size from few microns up to 9 mm in A63C2 
and 11 mm in A63C respectively. The carbonatic ma-
tri x is homogeneous with pottery fragments, pumi c-
es, obsidian, and loose crystals of alkali feldspar, 
plagioclase, clinopyroxene, and secondary mica. 
Sometimes white lumps are present . Both samples 
show medium porosity due to shrinkage cracks. A 
good adhesion between aggregates and binder ma-
trix, due to recrystallization processes of calcite is 
also recognized. 
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Figure 7. Micrograph  (parallel polars) of A63M sample.  
Abbreviations: cpx, clinopyroxene; afs, alkali feldspar . 

 

  

 

 

Figure 8. Polarized light images (parallel polars) of A63C (a) and A63C2 (b) samples . Evidence of hydraulicity (r eaction 
rim ) observed by SEM, in A63C sample (c). Abbreviations: cpx, clinopyroxene; afs, alkali feldspar.  
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The results of SEM observations allowed to con-
sider a high hydraulicity of mortars assoc iated to the 
abundant presence of materials with òpozzolanicó 
activity (ceramic and volcanic fragments) beacuse 
the reactive silica contained in the aggregates reacts 
with calcium hydro xide, leading to the formatio n of 
calcium silicate hydrates: the so-called C-A-S-H 
phases (calcium, aluminum; silicate, hydrate). This 

reaction is evident by the presence of reaction rims 
rounding ceramic fragments ( Fig. 8c, De Luca et al., 
2015). 

The A63L sample, a micritic limestone, shows a 
grey-white matrix , with medium to fine te xture. It is 
made exclusively of calcite crystals (Fig. 9a,b). Evi-
dent cracks with from fine to m icrocrystalline car-
bonates are reported.  

  

Figure 9. Polarized light images, parallel (a) and crossed  (b) polars of A63L sample. 

 
The marble sample (A63MA), white in colour, 

show a very homogeneous texture exclusively made 
of carbonate grains (principally calcite) with med i-
um-large dimension of crystals (Fig. 10 a,b).  

 

  

Figure 10. Polarized light im ages, parallel (a) and crossed (b) polars of A63MA sample. 

 

Phase chemistry (EDS analysis) 

This analysis was performed on juvenile m ateri-
als, mainly glasses as pumice and/or obsidian, iden-
tified by OM . Results are listed in Table 1 and classi-
fied according to TAS diagram (Fig. 12). 

The analysed glasses from samples A63YT and 
A63YTT, show a quite similar chemical composition, 
SiO2 vary between 56.2 and 58.4 wt.% and 
Na2O+K2O between 11 and 12.7 wt.%. Two zeolites, 
phillipsite and chabazite , were analyzed on the rim  
of altered glasses (Table 2 and Fig. 11). 
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