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The 2016-2017 seismic sequence of Amatrice and Norcia
Cocco M.*! & Doglioni C.**!
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1) Source complexity inferred from rupture models and seismicity evolution

The seismic sequence that struck the sector of the Central and Northern Apennines (Italy) comprised between the
towns of Amatrice, Accumoli, Norcia and Visso consists of a series of moderate-to-large magnitude earthquakes (5.0 <
M,, < 6.6) occurred within a few months activating a nearly 70 km long normal fault system oriented in the Apennines
direction. The seismicity is relatively shallow (depths < 10 km) and the largest shocks nucleated at a depth of nearly 8
km. The main shocks and most of the aftershocks show NNW-SSE striking focal mechanisms in agreement with the
current NE-SW extensional tectonic setting of Central and Northern Apennines.

The sequence began on August 24™ with a M,, 6.0 earthquake, which struck the region between Amatrice, Accumoli
and Norcia and caused 299 fatalities and extensive damages in the urban and rural surrounding areas. On October 26"
2016, another M, 5.9 main shock occurred near Visso and Ussita at the northern edge of the aftershock zone that
followed the August 24™ event extending the activated seismogenic area toward the NW. Four days after the second
main shock and more than two months since the beginning of the sequence, on October 30" 2016, a third larger
earthquake (M,, 6.5) occurred near Norcia, roughly midway between Accumoli and Visso, severely damaging the
already afflicted towns and villages in this sector of the Apennines. On January 2017 four moderate-magnitude (5.0 <
ML < 5.5) earthquakes occurred in the southern part of the activated seismogenic volume near Montereale and
Campotosto. All the main shocks nucleated at the base of a SW dipping normal fault system, segmented by the presence
of crosscutting compressional structures.

Field observations, GNSS and InSAR data and seismic waveforms reveal the heterogeneity of the rupture process
during individual earthquakes and the complexity of the activated fault system. The August 24™ M,, 6.0 earthquake
ruptured a nearly 20 km long normal fault with a quite heterogeneous slip distribution characterized by two shallow slip
patches located up-dip and NW from the hypocenter. For this earthquake fault dimensions and peak slip values are
relatively large for a moderate-magnitude event. The October 26™ M,, 5.9 main shock consists of a double event
rupturing contiguous patches on the fault segment (SW dipping) of the normal fault system. The rupture history during
the largest main shock of the sequence (M,, 6.5), occurred on October 30" 2016, reveals an extraordinary complexity:
the coseismic rupture propagated on a normal fault and on a blind fault inherited from compressional tectonics.

Geodetic and seismological observations corroborate the interpretation of a seismic sequence characterized by
complex multi-fault coseismic ruptures and heterogeneous distribution of slip on individual segments. These
earthquakes raise serious concerns on our understanding of fault segmentation and seismicity evolution during
sequences of normal faulting earthquakes.

2) Origin of the seismicity in the Apennines

The geodynamics of the Apennines is controlled by the "easterly" retreat of the Adriatic-Ionian subduction zone.
This mechanism provides contractional tectonics in the frontal thin-skinned accretionary prism and contemporaneous
thick-skinned backarc extension along the Apennines and Tyrrhenian Sea. Local transfer zones of differential slab
retreat, salients and recesses in the accretionary prism, transfer zones within the dilatational backarc basin are rather
characterized by strike-slip tectonics. This scenario is shaped by different geotherms that generate variable depth of the
brittle-ductile transition (BDT), hence controlling the volumes that can be activated during the seismic cycles. The
largest extensional earthquakes occur where the BDT is deeper along the Apennines belt. This happens where the
topography is higher and the lithostatic load (sigma 1) is therefore greater, increasing the differential stress. Vice-versa,
the most energetic contractional earthquakes generate where the topography is low, since the lower the lithostatic load
(sigma 3), the larger the differential stress. All earthquakes are associated to the propagation of elastic waves. However,
they are fueled by different types of energy. In contractional and strike-slip settings, the earthquakes dissipate elastic
energy accumulated within a volume above the creeping layer of the crust. In extensional settings, earthquakes are
rather the result of gravitational collapse of the brittle upper crustal prisms. Since the evolution and energy
accumulation of earthquake preparation and nucleation between normal fault and thrust-related earthquakes are
different, we need to distinguish the different processes, i.e., graviquakes and elastoquakes. Graviquakes have the
maximum depth of the seismogenic zone about one third with respect to the length of the volume affected by the
collapse. The dimension of the volume dictates the length of the fault system that allows the crustal volume to fall and
deform into a sag basin. InNSAR data of the 2016 Amatrice-Norcia sequence show that the subsided area during the

2
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coseismic stage is about 10 times larger than the uplifted volume (180-230 Mm® vs. 15-20 Mm®). This supports the
notion that extensional earthquakes are due to the closure at depth of dilated crustal volumes throughout microfractures
in the brittle upper crust during the interseismic stage. Gravitational energy is hundreds of times larger with respect to
the earthquake energy, confirming that it is far than enough to generate the earthquake, plus folding, fracturing and
shearing rocks. This may also explain why aftershocks last longer along normal faults, since the crust will continue to
move in favour of gravity until the equilibrium will be reached, whereas along thrusts, the aftershocks are inhibited
because the volume has to move against gravity. Seismic precursors, if any, may then have different sign and this can be
one of the reasons why they have not yet been recognized.
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Petrochronology — deciphering the temporal archive in rocks
Engi M.*'
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Not long ago, rocks had an age — even an “absolute” age — as detemined by geochronological methods based on one
or more radioactive decay clocks (e.g., U-Pb, Th-Pb, Nd-Sm). Recent advances have lead to a paradigm shift: as ever
smaller sample volumes have become datable with increasing precision, results often showed not one age but a range of
dates. Interpreting such results demands an integrative approach that combines petrogenetic analysis with local
chronometry.

Petrochronology is this ambition of deciphering and dating detailed stages in a rock’s evolution (Engi et al., 2017).
In essence, this involves four steps: (1) investigation of petrographic textures and mineral assemblages with the aim of
establishing a relative chronology; (2) microchemical analysis of coexisting minerals by EPMA (electron microprobe)
and LA-ICP-MS (for trace elements); (3) petrological quantification of P-T conditions by thermodynamic (or kinetic)
modeling; (4) micro-dating of individual growth zones in one or more datable minerals from the assemblages analyzed
(in 1-3).

Sounds like a lot of work — what’s the benefit? Whether we aim to understand the formation of magmas — their
chemical and physical evolution with time — or to trace metamorphism in a subduction factory, the rock archive
preserves evidence of how the tectonic engine has changed thermal and baric conditions. Insight into the duration and
rates of geological processes demands a detailed temporal sequence of well delimited events. While numerical models
help us sharpen the questions we address when studying select samples, in turn the relevance of such models can and
must be tested by comparison to the rock record. It is particularly critical to compare the rates — of heating and cooling,
(de)compression and strain — determine in sample-scale studies with those used in numerical models or obtained from
these. It is a two-way test: petrochronological data can provide critical tests to our understanding of Earth dynamics;
conversely, the significance of individual age data needs testing in the context of a tectonic model.

This lecture highlights the state of the art and outlines current limits, both technical and conceptual. The key in
petrochronology is establishing context: we must aim to link age data obtained by LA-ICP-MS or ion probe (SIMS,
SHRIMP) reliably to the minerals or assemblages used to quantify physical growth conditions. Petrology now uses
sophisticated tools, e.g., inclusion barometry, thermometry in chemical domains or using trace elements in accessory
minerals. Diffusion has long been seen as essentially a limitation or obstacle to age dating, while its utility is only
starting to be realized, notably for constraining the duration of processes (Kohn & Penniston-Dorland, 2017).

Select studies of applied petrochronology will be presented, covering a wide range of geological contexts.

Engi, M., Lanari, P., Kohn, M.J. (2017): Significant ages-An introduction to petrochronology: Rev. Mineral. Geochem., 83, 1-12.
Kohn, M.J. & Penniston-Dorland, S.C. (2017): Diffusion: obstacles and opportunities in petrochronology: Rev. Mineral. Geochem.,
83, 103-152.
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Structure characterization of impact natural diamond from Popigai crater

Alvaro M.*l, Jones A.P.z, McMillan P.F.3, Salzmann C.G.3, Murri M.l, Domeneghetti M.G.l, Nestola F.4, Prencipe M.S,
Dobson D.z, Hazael R.3, Moore M.(’, Vishnevsky S.7, Logvinova AM.” & Sobolev N.K.”
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? Department of Earth Sciences, University College London, United Kingdom
? Department of Chemistry, University College London, United Kingdom
* Dipartimento di Geoscienze, Universita di Padova
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Impact cratering is one of the most frequent high-energetic and potentially catastrophic event occurring at the Earth
surface and in the planetary system. For example, the energy released from an impact occurring on the Earth’s surface
as calculated even for a small impact crater appears to be 3 orders of magnitudes higher than the Hiroshima atomic
bomb. These enormous energies and the very short duration can cause unique irreversible changes to rocks and minerals
(e.g., deformations, phase transformations) and are compatible with P and T conditions required to transform graphite
into diamond (4.5 GPa at 1000°C) and are also enough to induce deformation in the newly formed diamonds.

Popigai impact diamond represents a shock-metamorphosed mineral found in the large ~100 km diameter Popigai
crater in Siberia, Russia, dated at ~ 35.7 Ma. The impact reached the basement rocks (e.g., depth > 5 km) containing
graphite-bearing gneisses, producing peak pressures ~ 600 GPa. It is estimated that shocked graphite was transformed
throughout a large central region, within ~ 13.6 km of ground zero, into “lonsdaleite”-bearing “impact diamond”
(Masaitis, 1998). The Popigai impact diamond contains up to 50% diamond and 50% diamond-related materials with
significant hexagonal characteristics, interpreted as “lonsdaleite”.

High-resolution synchrotron X-ray diffraction data of Jones et al., (2016) collected for a laboratory-shocked (DC4)
and a natural impact diamond from Popigai (POP20) showed that hexagonality can be achieved by shocking diamond as
well as from graphite precursors. Their approach provides an “hexagonality index” (Salzmann et al., 2013) that can be
used to characterize and distinguish among samples that have experienced different degrees of shock or static high
pressure-high temperature treatments. To better understand the origin of Popigai diamond and if the stacking disorder
could provide an entire record of the impact shock event, we have investigated by high-resolution X-ray diffraction the
preserved traces of deformation (Salzmann et al., 2013) in other natural impact diamonds from Popigai impact crater.
Therefore, the new quantitative analyses, performed by analyzing X-ray diffraction data with the DIFFaX software
package, enabled us to better characterize and constrain the high pressure and high temperature conditions experienced
by diamonds from Popigai impact crater.

Acknowledgements: This work has been supported the Barringer Crater Award to M. Murri, and by the MIUR-SIR
Mile Deep (grant number RBSI1140351) to M. Alvaro.

Jones, A.P., McMillan, P.F., Salzmann, C.G., Alvaro, M., Nestola, F., Prencipe, M., Dobson, D., Hazael, R., Moore, M. (2016):
Structural characterization of natural diamond shocked to 60GPa; implications for earth and planetary systems. Lithos, 265, 214-
221.

Masaitis, V.L. (1998): Popigai crater: Origin and distribution of diamond-bearing impactites. Meteor. Planet. Sci., 33, 349-359.

Salzmann, C.G., Murray, B.J., Shephard, J.J. (2015): Extent of stacking disorder in diamond. Diamond Relat. Mater., 59, 69-72.
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Impact ejecta from the Australasian microtektite layer:
implication for target parent rock and impact location

Campanale F.*', Folco L. & Glass B.P.
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* Corresponding email: fabrizio.campanale2@gmail.com
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The nature of the target rock hit by the km-sized impactor that generated the Australasian tektite/microtektite strewn
field ~ 0.8 Ma ago is still poorly constrained, although most authors suggest a sedimentary source rock (e.g., Mizera et
al., 2016). Its identification is of crucial importance to address the outstanding issue of the yet unknown crater location
of the largest tektite/microtektite strewn field so far discovered on Earth (~ 15% of Earth's surface). Many authors
suggest, however, that it should be located somewhere in Indochina and that its diameter should exceed 30 km (Ma et
al., 2004; Glass & Koeberl, 2006).

In order to better constrain the nature of the target rock, we focused on the petrographic and geochemical
characterization of hundreds of impact ejecta particles (namely, rock fragments and partly glassy particles up to some
hundreds of micrometers in size) from the Australasian microtektite layer in two deep-sea sediment cores in the
Indochina area (ODP 1144A, and SO95-17957-2).

Data so far gathered by means of p-Raman Spectroscopy, FE-SEM, EMPA and LA-ICP-MS confirm the occurrence
of highly shocked target rock material in the microtektite layer consisting of unmelted to totally melted particles.
Unmelted and partly melted particles show evidence of shock metamorphism including coesite, high-pressure TiO,
polymorph with an a-PbO, structure (i.e., TiO, II) and shocked quartz with PDFs. The glass in the partly melted to
totally melted particles is vesicular with major element bulk composition similar to that of the Australasian
tektites/microtektites, thereby documenting their petrogenetic association. The mineral assemblage include mainly fine-
grained quartz plus less abundant K-feldspar, plagioclase, mica phase and as accessory garnet, rutile, zircon, ilmenite,
titanite, and apatite. Remarkably, some partly to totally melted particles bear evidence for dust accretion (mainly SiO,
grains) during ejection. Additional evidence for late accretion are high Fe-Ni microcrystals, on the external surface of
some particles, which may carry a signature of projectile contamination.

This study documents the potential for the impact ejecta materials found in the Australasian tektite/microtektite
layer to yield further insights not only on the nature of the target rock but also on the impact scenario.

Acknowledgements: MIUR-Programma Nazionale delle Ricerche in Antartide grant PNRA16 00029

Glass, B.P. & Koeberl, C. (2006): Australasian microtektites and associated impact ejecta in the South China Sea and the Middle
Pleistocene supereruption of Toba. Meteorit. Planet. Sci., 41, 305-326.

Ma, P., Aggrey, K., Tonzola, C., Schnabel, C., de Nicola, P., Herzog, G.F., Wasson, J.T., Glass, B.P., Brown, L., Tera, F., Middleton,
R., Klein, J.A. (2004): Beryllium-10 in Australasian tektites: constraints on the location of the source crater. Geochim
Cosmochim Acta, 68, 3883-3896.

Mizera, J., Randa, Z., Kamenik, J. (2016): On a possible parent crater for Australasian tektites: Geochemical, isotopic, geographical
and other constraints. Earth Sci. Rev., 154, 123-137.



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Reflectance and Raman spectroscopy of glassy igneous material with variable oxidation states
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Silicate glasses with igneous compositions may represent an abundant component of planetary surface material via
effusive volcanism or impact cratering processes. Several planetary surfaces are mapped with hyperspectrometers in the
visible and near-infrared (VNIR) and the middle infrared (MidIR) from Earth-based, orbit remote sensed and in situ
rover data. In VNIR, crystal field absorptions are useful to discriminate iron-bearing silicate components; while in
MidIR vibrational absorptions are related to asymmetric and symmetric stretches varying with the crystal lattice.
Moreover, future Mars rover missions will carry aboard Raman spectrometers, which will permit identification of
molecular vibrations related to inelastic scattering of the sample.

So far, few studies investigated the spectral properties of systematic glasses compositions and at different oxygen
fugacity. For these reasons studying glasses represents an important effort to document and to interpret spectral features
of planetary crusts where glasses are present, but may be difficult to map.

We consider samples from Carli et al. (2016), regarding VNIR spectroscopy of glassy igneous materials produced in
Earth-like atmospheric conditions. Here, we expand on that effort by including glasses formed under reducing
conditions. In this study, glasses were produced at -9.3 log fO, and 1400/1500°C at the University of Munich using a
gas-mixing furnace. The major element composition, homogeneity, and the Fe*"/Fe,, ratio of products were analytically
determined. Moreover, we extend the analysis to the MidIR and to Raman spectroscopy for all the samples.

Afterwards, powders were produced with sizes from 250-224 to 50-20 um and measured in reflectance at IAPS-
INAF, Rome. Reflectance spectra were acquired in the VNIR from 0.35 to 2.5 um with a FieldSpec-Pro” mounted on a
goniometer and in the MidIR from 5 to 14 um with a Vertex-80 Bruker” FTIR. Spectra were obtained with 30° incident
and 0° emission angles. Raman spectra were acquired using a m-Raman (HORIBA®; XploRa-Raman-System) equipped
with a green laser focused through the 100x objective to a ~1 um spot. The system was set with a 1200T grating and
confocal hole of 300 um and slit of 200 um.

Reflectance spectra show the expected diagnostic bands in the VNIR correlated to the iron. Christiansen reflectance
minimum in the MidIR shows a position related to the SiO, and an absorption at longer wavelength varying with the
sample compositions. Moreover, Raman spectra show a clear variability between the different samples. These spectral
characteristics will be discussed in this work and the comparison with spectra collected from samples synthesized at
oxidizing and reducing condition will be investigated.

Carli, C., Rousch, T.L., Pedrazzi, G., Capaccioni, F. (2016): Visible and Near-Infrared (VNIR) reflectance spectroscopy of glassy
igneous material: Spectral variation, retrieving optical constants and particle sizes by Hapke model. Icarus, 266, 267-278.
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Microscopic impactor debris at Kamil Crater (Egypt):
the origin of the Fe-Ni-oxide microscopic spherules
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Kamil is a small (J 45 m) impact crater in southwestern Egypt (22°01'06"N, 26°05'16"E) generated by the
hypervelocity impact of a small iron meteorite (Gebel Kamil) on a sedimentary target (Cretaceous sandstones Gilf
Kebir Formation) less than 5000 years ago. Due to its extraordinary state of preservation Kamil is considered a type
structure for small-impact craters on Earth and thus a natural laboratory to investigate all the processes and products
associated with the impact of small projectiles (Folco et al., 2011).

We focus here on the nature of the microscopic Fe-Ni oxide spherules abundantly found in the soil around crater
whose origin is still uncertain. Folco et al.(2015) concluded that these Fe-Ni oxide spherules are i) the product of the
melting of the iron projectile, having similar Ni/Fe (~ 0.3) and Ni/Co (~ 26) ratios to that of Gebel Kamil (D'Orazio et
al., 2011); ii) likely impact melt debris being found together with other impact melt particles. These spherules are
however similar to Fe-Ni oxide spherules found at the Sikhote Alin crater field (Russia) and interpreted as ablation
spherules (Badyukov & Rajtala, 2012), i.e., formed during the atmospheric flight of the Sikhote Alin iron meteorite
through the melting of debris produced during its disintegration. Thus, whether the microscopic Fe-Ni oxide spherules
formed through impact melting or ablation in the atmosphere is an open question.

We have selected 23 Fe-Ni oxide spheres in the 100-400 pm size range from four soil samples (S23, S24, S25, S26,
downrange of the crater) collected during our 2010 geophysical expedition for a detailed mineralogical and geochemical
investigation by FE-SEM, EPMA, p-Raman and LA-ICP-MS analyses. SEM observations of the whole particles show
that they are all spherical and characterized by a variety of quench textures, mainly dendritic. Minor amounts of target
elements, e.g., Si and Al, have been detected by EDS at the interstices between oxide dendrites. Target contamination is
a key factor in discriminating ablation spheres from impact melt spheres, since the latter record the interaction
projectile-target. The ongoing mineralogical and geochemical investigation of the interior of the Fe-Ni oxide spheres is
expected to provide definitive proof on their origin as impact melt spheres and not ablation spheres as reported in
literature for the Sikhote Alin impact event.
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Features related to mud, water and gas resurgences on Mars are primary objectives for climate change and
astrobiology studies. Such environments have been recognized in numerous locations on the Martian surface (e.g.,
Ochler & Allen, 2010; Pondrelli et al., 2011; Okubo, 2016) and many different interpretations have been suggested
spanning between mud volcanism, ice-related phenomena and tsunami deposits and accordingly, to understand the
processes that lie behind, various scenarios need to be addressed. Indeed, investigating the nature of the unconsolidated
materials that have been mobilized could help us understand if the resurgences are related to i) sediments that could
have been deposited and trapped during the Martian ancient past thanks to surficial sedimentary processes, hence
hydrous alterations and possibly putative organic matter could be found, ii) or to serpentinisation, iii) or other
hydrothermal alteration systems. We hence performed reflectance spectroscopy, from ultraviolet to far-infrared, at one
fixed geometry (incidence 30°, emission 13°) on samples of basalt epithermal alterations, clay minerals, stromatolites
and samples representative of wet sedimentary environments. We assigned the absorptions features to specific crystal
field or molecular processes (Clark et al., 1999, and references therein) identifying diagnostic spectral parameters or
indicator to provide new loads of information for present and future planetary exploration. In particular, considering the
wavelength range from visible to near-infrared we retrieved parameters to be applied on hyperspectral images, as
CRISM (onboard Mars Reconnaissance Orbiter) and OMEGA (onboard Mars EXpress), of Martian regions where
mound fields, interpreted as sediment and water resurgences, have been detected in the lowlands (De Toffoli et al.,
2017).

Clark, R.N. (1999): Spectroscopy of rocks and minerals, and principles of spectroscopy. In: "Manual of Remote Sensing, Volume 3-
Remote Sensing for the Earth Sciences", A.N. Rencz, ed. Wiley, New York, 3-58.
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The solar system changes from a more reduced to a more oxidised chemistry with distance from the Sun (Baedecker
& Wasson, 1975).

Most of the information on the genesis and evolution of the terrestrial planets in the inner solar system derives from
geological studies of our own planet and the rare meteorites from Mars since samples from the two innermost planets
Venus and Mercury are yet unavailable.

Enstatite chondrites (EC) are a relatively rare and unusual class of chondritic meteorites. They are made up of a
highly reduced mineral assemblage consisting of FeO-free enstatite, variable amounts of metal and a complex
assemblage of sulphides, phosphides and nitrides. This is indicative of formation in the innermost part of the solar
nebula, possibly as near to the Sun as Mercury.

Rare earth elements (REE) are unique and valuable proxies for early solar system processes. REE have condensation
temperatures between 1850 and 1400 K. At these conditions they are among the first elements that condensed ~4.6 Ga
ago in the cooling solar nebula into refractory oxides and silicates, and so provide insights into the first stages of planet
formation. Thermodynamic calculations predict that the REE abundances in meteorites are controlled by the relative
REFE volatilities, which depend on their oxidation state and are not smooth function of ionic size (Boynton, 1975).

EC contain oldhamite (CaS), which is recognized to be the major carrier of REE (Barrat et al., 2014). There are,
however, few in situ studies of REE in EC.

Oldhamite and silicates (both enstatite and plagioclase) of 18 EC from the NHM-London, the Smithsonian NMNH,
the meteorite collection of NASA and the MNA-Siena, have been analysed by LA-ICP-MS.

Preliminary results indicate that the REE distribution in oldhamite appears to be heterogeneous both between and
within unequilibrated EC. For instance, data of 7 oldhamites in one unequilibrated EC (LAP 91020) show that REE are
enriched 50 to 100 times with respect to CI, have variably fractionated LREE/HREE pattern and both positive and
negative anomalies in Eu and Yb. It is unclear whether these patterns are related to nebular and/or planetary processes.

On the contrary, in equilibrated EC, oldhamite carries REE at concentrations ~150xCI and has deep Eu anomaly.
Such pattern is likely the result of igneous processes.

Additional REE patterns, as well as the relationships between oldhamite and the other REE-rich phases will be
discussed at the Meeting.
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Projectile identification is one of the challenges of large-scale impact cratering research due to the dilution of
meteoritic material in impactites (typically < 1 wt%; Koeberl et al., 2012). The nature of the projectile that generated
the Australasian tektite/microtektite strewn field, i.e., the largest Cenozoic strewn field (~ 15% of Earth's surface), the
youngest (~ 0.78 Myr old) on Earth, and the only one without a known impact crater so far (e.g., Glass & Simonson,
2013), is an outstanding issue in large-scale impact cratering study.

We identify a chondritic impactor signature, most likely of an LL chondrite, in Australasian microtektites based on
Co/Ni vs. Cr/Ni ratios in 77 Australasian microtektites (139 LA-ICP MS spot analyses from 47 microtektites studied in
this work and 33 INAA bulk compositions of microtektites from literature) from within 3000 km from the hypothetical
impact location in Indochina (~17°N, 107°E; Ma et al.2004).

Together with previous evidence from the ~ 35 Myr old Popigai and Chesapeake Bay ejecta (Glass & Simonson,
2013), our finding suggests that at least three of the five known Cenozoic distal impact ejecta layers were generated by
the impacts of stony asteroids of chondritic composition, and most likely of ordinary chondritic composition. Tagle et al.
(2007) pointed out that ordinary chondrite projectiles are responsible for a significant number of terrestrial impact
craters. Our finding would thus strengthen previous hypothesis that this abundance could be related to the original
position of their parent bodies close to the main resonance in the asteroid belt which generates a bias in the impactor
population towards inner main belt objects.

The impactor signature found in Australasian microtektites documents mixing of target and projectile melts upon
impact cratering, lending support to the impact cratering rather than to the low-altitude airburst scenarios discussed in
the literature (Boslough & Crawford, 2008) as the process that formed the Australasian tektite/microtektites. Thus, the
search for the Australasian tektite source crater needs to continue.
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Forty-nine achondrites from Natural History Museum of London, Museo del Cielo e della Terra of San Giovanni in
Persiceto, Museo Nazionale dell’Antartide of Siena, and the private collection of one of us were analysed with a
handheld energy dispersive X-ray fluorescence (HH-EDXRF) spectrometer.

The studied achondrites include: 9 lunar meteorites, 17 Martian meteorites (SNCs), 5 angrites and 18 meteorites
from asteroid 4 Vesta (HEDs).

The aim of our study is to demonstrate the effectiveness of HH-EDXRF for the preliminary classification of stony
achondrites. The advantages of this technique include: i) portability of the instrument, ii) easy handling of the operating
system, iii) minimal sample preparation, iv) rapid, non-destructive analyses with remarkable reproducibility and low
detection limits for elements heavier than Na.

The instrument used in this study is a NITON XL3t GOLDD+ XRF spectrometer (50 kV, 200 pA, 2W). Analyses
were carried out on smooth-flat surfaces and, if not available, on the most even surfaces. We have developed an
analytical protocol for the accurate determination of elements of cosmochemical relevance, such as Mg, Al, Si, P, K, Ca,
Ti, Mn and Fe.

Our results show that: (i) Fe and Mn are routinely obtained by HH-EDXRF allowing classification of differentiated
stony meteorites based on bulk Fe/Mn ratios. (ii) The combination of Fe/Mn ratio with the concentration of other
elements and/or element ratios can help to improve discrimination between different classes of achondrites where some
overlap exists. We here demonstrate that Si and Ca/K against Fe/Mn can resolve the partial Fe/Mn overlap between
lunar meteorites and angrites and between HEDs and SNCs, respectively. (iii) Fe/Mn values of achondritic meteorite
fusion crust are indistinguishable from those of the interior. This implies that “rough and ready” Fe/Mn measurements
of the fusion crusts of achondrites could be sufficient for preliminary screening and identification of their parentage.

Our study demonstrates that HH-EDXREF is a valuable and practical tool for curatorial purposes and is ideal both in
the laboratory and in the field for first discrimination of achondritic meteorites.
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In an astrochemical viewpoint, inorganic carbonates are often associated with the presence of organic matter and
could be one of the key aspects of the Solar System complex chemistry (Flynn et al., 2003).

Carbonates are well known for their connection to organic molecules in cometary dust particles and are investigated
in the context of planetology (Borg et al., 1999; Ehlmann et al., 2008; Busemann et al., 2009; Wray et al., 2016; De
Sanctis et al., 2016). Recently, the role of carbonates as a cooling material in the context of the delivery of organic
matter to biosphere from Space was pointed out (Bisceglia et al., 2017; Micca Longo et al., 2017).

Carbonate minerals decomposes into oxides and carbon dioxide (degassed), when moderately heated in vacuum.
The kinetics of this process is still under investigation and its peculiarities have never been addressed in the space
science field.

Here, we report on a research in progress aimed to establish decomposition kinetic models of carbonate materials of
geochemical occurrence (aragonite, calcite, fossil materials).

Our models are based on simplified grain shapes, thermochemistry, Langmuir law of degassing, stoichiometry and
empirical combination rules. In the experimental part, a set of carbonate samples is processed at different temperatures,
between 900 and 1400 K. A transmittance spectrum of each powdered sample is taken before and after the processing,
as well as an accurate measurement of its weight, both aimed to detect structural and chemical changes occurred in the
sample.

Comparison suggests a lower decomposition rate than the one prescribed by thermochemical considerations.
Possible explanations include the presence of water in the mineral sample, an activation energy, the diffusion of CO; in
the porous material.
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In the view of the future ExoMars 2020 mission, an activity of VIS-IR spectral investigations on terrestrial and
extraterrestrial Mars Analogues is ongoing, in support of the Ma Miss in situ measurements. Ma_Miss is an imaging
spectrometer that works in the range 0.4-2.2 pm with 20nm spectral sampling and that will observe the lateral wall of
the borehole generated by ExoMars Rover's drill (Coradini et al., 2001). In this abstract, we describe some results about
the spectral properties and characterization of mineral grains of the slabs of two Martian meteorites by means of the
SPIM imaging spectrometer. SPIM works in the 0.22-5.05 pm spectral range, with a spatial resolution of 38x38 um on
the sample and represents the spare of the spectrometer on Dawn spacecraft (De Angelis et al., 2015). The meteorites
investigated are North West Africa 8657 (NWA8657) and Dar Al Gani 489 (DAG489), basaltic shergottites. The
average spectrum of the NWAS8657 slab, in comparison with spectral measurements on other martian meteorites
(Mcfadden & Cline, 2005) shows low reflectance values and 1 and 2 pm spectral absorptions indicating the strong
presence of Ca-pyroxenes. The successive pixel by pixel analyses for the pyroxenes spectral speciation showed a great
variability of clinopyroxenes in NWA8657. In fact, the 2 um absorption at longer wavelength in some pixel does not
always correspond to the 1 um feature at longer wavelength. The average spectrum of DAG 489 is marked by a
signature typical of low-Ca pyroxenes. Pixel by pixel analyses of DAG489 shows a more homogeneous composition of
the pyroxenes characterized by the two major features centered at 0.98-0.99 and 1.98-2 um. Further spectral absorptions
related to sulfates, phosphates and carbonates were detected that are being validated by SEM-BSD to constrain the
formation hystories of these two shergottites.
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The OMEGA and CRISM spectrometers revealed the presence of different hydrated minerals, including clay
minerals, sulfates, carbonates and chlorides (Bibring et al.,2006), located in several areas of the Martian surface. The
formation processes of clay minerals on Mars (Chevrier & Mathé, 2007; Ehlmann et al., 2013; Meunier et al., 2012;
Bristow et al., 2015) is crucial to reconstruct the weather conditions and also the potential habitability of the planet.

On Earth, clay minerals mainly form through pedogenetic processes, or hydrothermal alteration or direct
precipitation in water bodies.

Clay formation processes on Mars is thought to have been occurred early in its geological history, however
reactivation of slope features (RSL) likely due to brine melting during the summer season has been extensively
observed on recent data (Mushkin et al., 2010; McEwen et al., 2014). This may also indicate that chemical alteration of
bedrock still occurs at places.

While we found the typical spectral adsorption bands of Al-rich clays, such as illite and montmorillonite belonging
to the smectite group in Valles Marineris by using the CRISM hyperspectral data, a different clays assemblages was
observed in Margaritifer Chaos, a complex fluvial system nearby Valles Marineris. The spectral signature of allophane
(poorly crystalline clay), vermiculite, chlorite and other phyllosilicates belonging to the Fe/Mg smectite group, such as
saponite and nontronite characterise the Margaritifer study area. This may suggest either a different alteration origin or
an overlapping of different depositional processes. Polygons features are often associated to the clay signatures,
suggesting the occurrences of desiccation processes.

On the contrary, large surrounding areas are dominated by basaltic composition with no evidence of diagnostic
bands of clays or other phillosylicates, indicating the scale-dependency of these sedimentary events.
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Carbonates have been found in Mars meteorites (Borg et al., 1999), on the surface of Mars (Orofino et al., 2000), on
the surface of Ceres (Rivkin et al., 20006), as well as in cometary dust (Busemann et al., 2009). Carbonates (dolomite)
have been reported in a micrometeorite from the CONCORDIA collection (Duprat et al., 2007) and found in the form of
mm-globules into Mars meteorites. Micrometeoroids, with a composition mainly based on carbonate minerals, have
been the subject of recent studies (Micca Longo et al., 2017) as a possible delivery medium of organic matter to Earth.
This concept complements previous studies on dolomite made in the STONE artificial meteor experiment (Brack et al.,
2002) which considered macroscopic samples and LEO entry speed. In this context, decomposition kinetics and
chemical self-cooling play an important role.

To address this issue, we generalize our previous atmospheric entry model in order to account for a mixed
composition, including calcium and magnesium cations. The model is essentially an extension of that by Love and
Brownlee (Love et al., 1991). Improvements include chemical decomposition, evaporation and consequent cooling. In
the present extension to a solid mixture, we have included the stoichiometry of the material in its conversion from
mixed carbonate to mixed oxide. Empirical relations are used to account for the energy transfer coefficient and the
vapor pressure which are connected to the chemical composition.
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More than 3200 exoplanets with different mass/radius ratio, therefore with a large diversity of sizes and
compositions, have been discovered so far. Exoplanets with a mass between 1 and 10 times the mass of the Earth are
defined as super-Earths and their mineralogical composition depends on that of the protoplanetary disk. The key
variable in determining the chemical make up of such planets is the C/O ratio. Values of C/O ratio smaller than 0.8
correspond to an interior dominated by silicates (e.g., terrestrial planets) whereas C/O ratio > 0.8 indicate interior
enriched in carbon, resulting in a C-rich planet where Si may form carbides instead of silicates (Duffy et al., 2015). The
recent detection of planet 55 Cancri e, with a particularly high C/O ratio, has increased the interest in carbon-rich
planets. 55 Cancri e has been modelled as a layered structure of carbon, SiC and iron (Madhusudan et al., 2012).
However, the accuracy of such type of models suffers the lack of experimental data on the behaviour of silicon-carbon
compounds at extreme condition of pressure and temperature. Equations of state, determined from experimental data,
only cover pressures up to 80 GPa (Nisr et al., 2017) and small amount of information are available about subsolidus
relation, with only one theoretical study from Wilson & Militzer (2004) at pressures of multi-megabar. We performed
high pressure and temperature experiments on SiC samples, combining laser heated diamond anvil cell and synchrotron
X-ray diffraction. The obtained set of data provide information on the P-7 region between 30-180 GPa and 300-3500 K.
The results show evidences of coexistence of SiC with Si or C, depending on the starting composition, without the
appearance of intermediate compounds. Moreover, between 65 and 80 GPa, SiC undergoes a phase transition with the
zinc blend structure (B3), typical of ambient conditions, replaced by the rock salt structure (B1). This phase transition,
also reported in previous literature work (e.g., Yoshida et al., 1993), corresponds to a change in the coordination of the
atoms, and is accompanied by a 20% volume reduction.
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The term forsterite (F) chondrites was used, for the first time, by Graham et al. (1977). These authors related four
similar chondrites (Kakangari, Mount Morris, Pontlyfni and Winona along with some inclusions in the Cumberland
Falls aubrite) to a new group of meteorites distinct from carbonaceous, enstatite and ordinary chondrites.

Soon after, further chemical and O-isotopes analyses allowed Davis et al. (1977) to establish a new meteorite group
called Winonaites, whereas Kakangari was recognized as the type specimen of a separate grouplet. Nevertheless, the
mineralogical and chemical characteristics of the inclusions in Cumberland Falls (CF) aubrite, as well as the inclusions
in the Allan Hills A78113 (ALHA 78113) aubrite, were quite different from those of the winonaites and kakangari and,
therefore, some authors decided to study systematically and completely such inclusions (Neal & Lipschutz, 1981;
Verkouteren & Lipschutz, 1983; Lipschutz et al., 1988). Those clasts were provisionally named forsterite or F-
chondrites, for the fact that the olivine found in these lithologies consisted of the pure magnesium-rich end-member of
olivine.

Finally, Moggi Cecchi et al.(2009) studied and classified a new unequilibrated chondrite (Acfer 370) with similar
textural (chondrule types PO, POP, PP, GOP-pk, RP, BO, C; mean size = 460 um; abundance > 80% of the total
volume), mineralogical (olivine Fa5.65; pyroxene Fs6.94-22.63) and isotopic (8''0 = 2.67%0; 6'°0 = 4.17%0; A0 =
0.50%o0) characteristics to the chondritic inclusions of the Cumberland Falls and ALHA78113.

Therefore, Acfer 370 was recognized as the third member of the still unofficial Forsterite (F) chondrites group.
However, differently from the Cumberland Falls and ALHA78113, it is a homogeneous meteorite and not a fragment or
inclusion within an aubrite. Over the following years, other two meteorites with similar characteristics have been found,
namely NWA 7135 (Irving et al., 2015) and E1 Médano 301 (Pourkhorsandi et al., 2016) meteorites.

In conclusion, the finding of Acfer 370 confirmed the existence of a new group of chondrites derived from a small
and primitive chondritic asteroid of forsteritic composition that, at least in part, collided with the aubrite parent body
short after their formation in the early solar system. The authors, consequently, recommend introducing the term F-
chondrites in the official meteorite nomenclature.
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Pallasites are stony-iron meteorites essentially composed of olivine [(Mg,Fe),Si0,4] with a metallic portion covering
one-third of the total volume (Boesenberg et al., 2012) and principally consisting of Fe-Ni metal. The sample studied in
the present work is a piece of the Mineo pallasite, named as the place where it fell in the South-Eastern part of Sicily
(Italy) in 1826. The sole sample available in the world belongs to the Department of Physics and Geology at the
University of Perugia. Preliminary chemical analysis allowed to locate Mineo meteorite in among the Main Group
(MG) pallasites. A peculiar compositional variability of olivines was observed in terms of both iron (11-14 wt%) and
trace elements. This observation is quite interesting because the composition of olivines is normally rather uniform
within an individual pallasite (Buseck & Goldstein,1969; Boesenberg et al., 2012). The study of oxygen isotopes and
trace elements is needed to definitely classify the Mineo meteorite.

The Mineo pallasite was sampled and the collected fragments were embedded in epoxy resin and polished up to 1
um. The isotopic oxygen analysis was obtained by means of Time of Flight — Secondary Ion Mass Spectrometry (ToF-
SIMS), which is a static technique used for surface analysis. Samples are bombarded with primary ions at typical
energies of 10-30 keV. The corresponding secondary ions are than accelerated into a flight tube and their mass is
determined measuring their time of flight. Major advantages of this technique are: a) the high lateral resolution; b) only
a limited destruction of the sample, i.e., the erosion is very small due to the use of a pulsed beam; ¢) parallel detection
of all secondary ions with one polarity in a single measurement; d) an adequate mass resolution for the separation of
major mass interferences (Stephan, 2001). Five measurements were performed on Mineo fragments: 4 points in olivine
and 1 in the metal phase. Oxygen isotopic ratios were used to calculate the 3'°0 values. Four measurements have been
done on a sample of the Brenham meteorite, used as internal standard. The ToF-SIMS analysis showed a variability of
the oxygen isotopic composition in the Mineo olivines, on average 8'*0 = 2.3+0.3, in agreement with the previous
findings on the chemical composition. Such a value lies in the lower part of the range of variation of MG pallasites and
allows us to definitely classify Mineo among the MG pallasites.
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Fine-grained particles dominate particle size distribution of many planetary surfaces. The electromagnetic radiation
will interact differently for different sizes as the ratio of surface to volume scattering changes (Hapke, 1993). Fine
particles also dominate the optical properties of the bulk soil, even if they constitute a minor mass fraction (Pieters et al.,
1993).

On Mars, dust particles range between 1.2-2.5 pm (Erard et al. 1994); the interpretation of remotely acquired spectra
will have to account for the fine nature of the dust. On the Moon, coarse sizes of the regolith are chemically and
mineralogically very similar, while the <10 pm fractions are different and more feldspathic, probably due to simple
comminution processes (Horz et al., 1984). Despite the predominance of fine particles in planetary regolith, there have
been few investigations of the effects of the finest sizes on reflectance spectra.

Here, we focused on a set of plagioclase-bearing mixtures analyzed at the <10 pm size, according to the more
feldspathic nature of the very fine lunar soils.

Two mafic end-members, E1 (56 vol.% opx+44 vol.% cpx) and E3 (68 vol.% 0l+28 vol.% opx+ 4 vol.% cpx), and
two plagioclases, An80 with 0.36 (PL2) and 0.5 (PL3) wt.% FeO, respectively, were used to prepare mixtures and
reflectance spectra (0.35-2.5um; i=30°, e=0°) have been acquired. Quantitative analyses have been performed through
the MGM algorithm (Sunshine et al., 1990).

We demonstrated how very reduced sizes imply higher albedo and decrease in the spectral contrast, with the
plagioclase that becomes almost featureless. We also showed how in ol-bearing mixtures the complex absorption of
olivine and plagioclase always shows the typical olivine value, differently from coarser mixtures. Furthermore, we
evidenced how very fine plagioclase can be underestimated till 50% of abundance.

These results can have several implications for the lunar regolith: for example, remote sensed spectra with a well-
defined and deep 1250 nm absorption reflect not only the crystallinity of the plagioclase but indicate also that the size
cannot be too fine.
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The Ca-Al inclusion present in a sample of the CR2 Renazzo chondrite, preserved in the Mineralogical Museum of
the university of Parma (Italy), was investigated by optical microscopy, scanning electron microscopy with energy
dispersed X spectroscopy (SEM-EDS), cathodoluminescence (CL) and micro-Raman mapping. The use of separate
techniques was necessary to unravel the mineralogy of this strongly altered inclusion. Optical microscopy shows clear
Wark-Lovering rings, calcite alteration and, within the inclusion, poorly defined micrometer sized crystals. SEM-EDS
point analyses proved partially ineffective, by strong spatial overlap, and EDS-mapping was necessary to determine the
major phases. It was shown that Wark-Lovering rings are made of fassaitic pyroxene,
Ca(Mgg 7sFeq.03Cro.03Alp.16)(Alg.15S1) 85)O6, With an internal ring made of almost pure anorthite. Within the internal part
of the inclusion, gehlenite and spinel are found, surrounded by concentric rims of sodalite and forsterite. Calcite is
present in cracks.

CL measurements reveal that anorthite is readily distinguishable by blue luminescence, induced by the presence of
Ti; its presence was revealed by SEM-EDS in anorthite at the 0.1% concentration. Calcite is also distinguishable by a
reddish luminescence induced by Mn impurities.

Raman spectroscopy proved extremely difficult due to the very strong fluorescence of almost all the investigated
phases. Still it was possible to map the anorthite distribution, by the characteristic doublet at 485-505 cm™', as well as
the distribution of calcite and pyroxene. Our investigation also aimed to test the feasibility of a mapping of laser
induced fluorescence using a micro-Raman apparatus. Strong fluorescence for Cr'* and Fe’" was found in the fassaitic
pyroxene, whereas in anorthite the fluorescence is due to Cr’’, present in quantities below EDS detection, but clearly
recognizable in the Raman spectra by its characteristic fluorescence.

The resulting analysis shows a picture of a B type CAI inclusion, made originally by gehlenite and spinel, which
underwent subsequent alteration with formation of sodalite and forsterite in concentric rims (sodalite intenal, fassaite
external). Anorthite, present only in rims at the border of the inclusions, and subsequently fassaite were formed in a
secondary stage. The presence of sodalite and forsterite only in the inclusion and not in the bordering rims indicates that
alteration occurred before the formation of anorthite-fassaite rims. Late calcite alteration is instead ubiquitous.
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Melbourne and Rittmann volcanoes are located in the Victoria Land. Whilst Rittmann’s last eruption dates probably
to Pleistocene, Melbourne’s most recent eruption between 1862 and 1922, testifying it is still active. At present, both
volcanoes display fumarolic activity. Melbourne was discovered in 1841 by James Clark Ross, Rittmann during the 4™
Italian Expedition (1988/1989). Our knowledge on both volcanoes is really little. The position of these volcanoes in the
Antarctic region (characterised by absence of anthropic noise) and its proximity with the Italian Mario Zucchelli Station
makes them ideal sites for studying volcano seismic sources, geothermal emissions, seismo-acoustic signals caused by
cryosphere-hydrosphere-atmosphere dynamics, and volcanic gas impact on environment.

Hence, the main aim of the ICE-VOLC (“multiparametrIC Experiment at antarctica VOLCanoes: data from volcano
and cryosphere-ocean-atmosphere dynamics™) project is the study of Melbourne and Rittmann, by acquisition, analysis
and integration of multiparametric geophysical, geochemical and thermal data. Complementary objectives include
investigation of the relationship between seismo-acoustic activity recorded in Antarctica and cryosphere-hydrosphere-
atmosphere dynamics, evaluation of the impact of volcanic gas in atmosphere. This project involves 26 researchers,
technologists and technicians from University of Perugia and from Istituto Nazionale di Geofisica e Vulcanologia of
Catania, Palermo, Pisa and Rome.

In this work, we show the preliminary results obtained after the first expedition in Antarctica, aiming to perform
geochemical-thermal surveys in the volcano ice caves, as well as to collect ash samples and to install temporary seismic
stations.
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The East Antarctic Craton is characterized by major intracontinental basins and highlands buried under the 34M
East Antarctic Ice Sheet. Their formation remains a major open question. Paleozoic to Cenozoic intraplate extensional
tectonic activity has been proposed for their development and in this work the latter hypothesis is supported. This study
presents the results of forward numerical models of a series of sections of the Aurora Trench (East Antarctica) derived
from radio echo-sounding data that allowed to reconstruct the 3D shape of the Aurora Fault, a crustal listric normal fault
characterized by a length exceeding 100 km. A similar extensional fault setting allows to replicate the asymmetric
buried morphology of the magnetic basement at the Lake Vostok depression derived by the available gravity and
magnetic profiles. Both the Aurora and Vostok listric faults reach their basal decollment at 34 km depth, possibly the
base of the crust in this intracratonic environment. Integration of these results with the existing geologic interpretations
of the tectonic origin of the Concordia Trench and of the Adventure Subglacial Trench by normal faulting allows to
frame the Vostok, Aurora, Concordia and Adventure normal faults within an intraplate deformation belt. This intraplate
corridor is about 800-km long and characterized by a left-lateral transpressional component. The westward projection of
the proposed strike-slip deformation belt may develop in correspondence of an older tectonic lineament stretching from
the Eastern flanks of the Gamburtsev Subglacial Mts to the Lambert rift and characterized by a poly-phased complex
tectonic history. The possible Cenozoic reactivation of these structures is discussed. The corridor may represent the
effect of far-field stresses induced by plate motions.
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Marine sediment records from West and East Antarctic ice sheet (WAIS, EAIS) have shown that the ice sheet
volume and extent have fluctuated substantially over the past millions of years. Antarctica started to grow about 33
million years ago, under climate conditions warmer than today and with an atmospheric CO, concentration almost twice
as large as today. Because the range of climates under which Antarctica was able to maintain in the deep past is wide, it
is crucial to understand the dynamical response of the ice sheet to different climate states. Over the last decade, the
interest has focused increasingly on Antarctica while observations clearly show that the on-going climate changes
induce a melting of the ice shelves and under the marine-terminating glaciers around Antarctica. The increase of
melting is caused the strengthening of the westerly winds that push the warm Circumpolar Deep Water more
systematically towards the Antarctic coasts. However, the melting of the ice shelves is not homogeneous around
Antarctica, the West marine-based part being more exposed. The melting under the cavities contributes to the thinning
of the ice shelves and the glacier fronts, reducing the buttressing effect that those floating areas exert on the grounding
part of the Antarctic ice sheet. If the grounding line of the ice shelves or glaciers lies on a retrograde slope, the decrease
in buttressing triggers the fast retreat of the grounding line, causing a rapid mass loss of the area of interest (e.g., Larsen
B, Antarctic Peninsula). This mechanism is called the Marine Ice Sheet Instability (MISI) and depends on the feedbacks
between ice dynamics, ocean-induced basal melting and the morphology of the bedrock. This mechanism is thought to
have caused the repeated collapses of the WAIS and part of the EAIS over the past 5 Millions of years at least, under
different climate conditions.

In order to better constrain this dynamical mechanism, the numerical models need to be constrained by data that are
used as forcing conditions to the models or as validation after simulation. Accurate reconstructions of the seabed
morphology evolution as well as the ocean water masses and atmospheric conditions are needed to define the precise
threshold of the MISI in the past. In turn, reconstructing the past evolution using both models and data is important to
estimate the future tipping point of the Antarctic ice sheet, i.e., the temperature threshold beyond which its mass loss
will be irreversible under the projected climate states. Here we illustrate this mechanism by means of an ice sheet model
forced by simulated Last Glacial Maximum and/or Eemian Interglacial/mid-Holocene climates. Conceptual simulations
using idealised seabed bathymetries of the Ross Sea are used to test the relative importance of ice fluxes, ocean water
masses and bathymetry in the advance and retreat processes of the ice sheet on the continental shelf. Results illustrate
the importance of the synergy between geologists, geophysicists, oceanographers and ice sheet modellers in advancing
the knowledge of Antarctic evolution.
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Mantle xenoliths from two localities in Northern Victoria Land (Greene Point, GP and Handler Ridge, HR) were
investigated for noble gas (He, Ne, Ar) and CO, contents, in order to characterize the lithospheric mantle beneath the
Western Antarctic Ridge System (WARS).

The majority of samples is anhydrous spinel-bearing lherzolite with rare secondary phases (secondary cpx and glass).
Geochemical models evidence that this mantle domain represents a residuum after ~7 to 21% of partial melting in the
spinel stability field, that was variably affected by metasomatizing melts with different compositions, acting in different
times, from at least Jurassic to Cenozoic (Pelorosso et al., 2016).

He, Ar and CO, contents (varying between 1.52x10'*-1.07x10'"% 4.09x10 " -3.47x10""" and 2.60x10*-6.4x10"
"mol/g, respectively) are directly related in both HR and GP samples, except for some pyroxenes from GP that probably
suffered a selective helium loss.

The *He/*Ar* ratios, ranging between 0.004 and 0.39, are below the typical mantle values (‘*He/*’Ar=1-5; e.g.,
Marty, 2012), suggesting that the pristine signature could have been modified by partial melting processes in agreement
with major and trace element geochemistry of minerals.

The “He/*He values measured in the HR and GP xenoliths partially overlap, ranging between 6.76Ra and 19.79Ra in
the HR samples and between 2.30Ra and 7.88Ra in the GP samples (where Ra is the *He/*He ratio of air). The lowest
and the highest values of *He/*He are systematically measured in the He-poorer samples and are probably caused by
post-eruptive input of cosmogenic *He and radiogenic *He, modifying the primary *He/*He values, ranging between
6.76 and 7.45 Ra. This isotope signature reflects a SCLM, which suffered the influence of rising asthenospheric melts,
featured by a MORB-type signature. In addition, the measured isotopic carbon values (3"°C of -3.5%., where
8C=["C/*Cample — "C/Cya)/*C/*Cqq10%) and CO,/ He ratios (7x10™- 6x10™'"), suggest that the mantle beneath
WARS has a metasomatic memory of subduction-related fluids probably belonging to the fossil subduction occurred
before 100 Ma.

Marty, B. (2012): The origins and concentrations of water, carbon, nitrogen and noble gases on earth. Earth Planet. Sci. Letters, 313-
314, 56-66.

Pelorosso, B., Bonadiman, C., Coltorti, M., Faccini, B., Melchiorre, M., Ntaflos, T., Gregoire, M. (2016): Pervasive, tholeiitic
refertilisation and heterogeneous metasomatism in Northern Victoria Land lithospheric mantle (Antarctica). Lithos, 248-251,
493-505.
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Polar regions are geodynamic environments where it is possible the observation of interactions among lithosphere,
cryosphere and hydrosphere connected in the global climate system.

Their complex interactions and their evolution can be studied and evaluated by integrated geophysical observations.
We have collected Radio Echo Sounding (RES) measurements combined with continue passive seismic observations in
the area of David Glacier (Victoria Land) in order to improve our knowledge about changes in basal conditions due to
melting processes.

This work provides detailed maps of the bedrock morphologies, ice thickness and physical condition at ice/bedrock
interface in the domain of the David Glacier. Moreover, the inferred 3D structural model of the ice and bedrock is
integrated in the inversion algorithm in order to improve the accuracy of the seismicity location. In continuity with
previous seismic monitoring experiments in the area, we analyse the seismicity induced by the glacier flow and we
discuss the characteristic of seismic occurrences in terms of location, frequency and possible seasonal cycling.
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This study offers an innovative view of the petrogenetic processes responsible for the magmas erupted in the
Western Antarctic Rift System (WARS) by studying the chemical composition and the volatiles content of basic lavas
and olivine-hosted melt inclusions (MI). Lavas come from three localities: Shield Nunatak (Mt. Melbourne), Eldridge
Bluff and Handler Ridge. They are olivine-phyric basanites (42.41-44.80 SiO, wt%; 3.11-6.19 Na,0+K,0 wt%) and
basalts (44.91-48.73 SiO, wt%; 2.81-4.55 Na,O + K,0O wt%) with minor clinopyroxene and plagioclase. Samples from
Handler Ridge clearly differ by having the highest TiO, (3.55-3.65 wt%), Rb, Ba, Nb, La, Zr despite their more
primitive features (60.83-44.87 Mg#, MgO/(MgO + FeO)%mol). Olivine-hosted melt inclusions (MI) were analyzed for
major element and volatiles (H,O, CO,, S, F, and Cl) after HT (1300°C) and HP (6 kbar) homogenization. Despite a
larger variability, MI are compositionally comparable to the host lavas and are characterized by two distinct trends
(high-Fe-Ti-K and low-Fe-Ti-K). The H,O content in MI ranges from 0.70 wt% to 2.64 wt% and CO, from 25 ppm to
341 ppm (H,O/CO»~ 1). At comparable H,O contents few samples show an higher CO, values (1322 ppm to 3905 ppm)
with a H,O/CO, down to 0.8. F and Cl content varies from 1386 ppm to 10 ppm and from 1336 ppm to 38 ppm
respectively. Concentration of volatiles show a good correlation with alkalies, especially with K,O; Handler Ridge
presents the highest total value of F and Cl (2675 ppm). Chondrite-normalized trace elements concentration in MI show
a intraplate pattern with negative anomalies in Rb, K, Ti. Accordingly to the lava contents, MI from Handler Ridge have
a significant higher concentration in Rb (12-45 ppm), Sr (700-834 ppm), Ba (433-554) and Nb (48.8-83.4 ppm) with
respect to the other localities at comparable Mg#. Mantle melting mass balance calculations simulate the observed H,O,
CO, and CI concentration by melting a spinel lherzolite from 3 to 7% of melting (F) with a 5% of modal amphibole
with the same composition and modal proportion of mantle xenoliths from Baker Rocks, a locality near to Shield
Nunatak. The model was not able to predict the F content which is less concentrated in natural sample. From the
resulted partial melting percentage we calculated a total amount of CO; in mantle source of 273 ppm by assuming the
highest 3900 ppm measured in MI as starting value. The estimated maximum content of H,O and CO, in the primary
melt is 2.6 wt% and 8800 ppm respectively. Obtained data were compared with those from mantle xenoliths from NVL
with the aim to reconstruct the composition of the mantle source of the Cenozoic magmatism and to model the whole
volatile budget from mantle to magmas starting from the measured volatile content in hydrous (amph) and NAM phases
in mantle xenoliths. Preliminary results evidence that high-Fe-Ti-K basanites found in MI are very similar to the
calculated metasomatic agent involved in the formation of the very peculiar Fe-rich lherzolites.
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Remnants of the Palacozoic Ross orogen are present in northern Victoria Land (NVL, Antarctica) where three main
fault-bounded litho-tectonic units occur (Palmeri et al., 2012, cum bib.): (i) Wilson Terrane (WT) composed of low to
high grade metamorphic and Cambro-Ordovician igneous rocks, (ii) Bowers Terrane (BT) dominated by volcanic and
sedimentary rocks which experienced low grade metamorphisms, and (iii) Robertson Bay Terrane (RBT) with very low
grade turbidites.

WT and BT are tectonically juxtaposed by a shear belt involving also eclogites. The Dessent Unit (DU), made of
amphibolite and metasediment (Capponi et al., 1988), marks this contact in the Mountaineer Range. In contrast to the
amphibolites (e.g., Capponi et al., 1988; Palmeri et al., 2012), very few data are available for the metasediments
(Capponi et al., 1988). We present a microstructural and petrological reappraisal of the DU metasediments (collected
during Italiantartide expeditions). The main regional foliation in the DU is related to at least a second deformation event,
since an older foliation is preserved within microlithons and intertectonic porphyroblasts. Evidences of upper
amphibolitic to lower granulitic #7 mylonitic shearing has been detected, later overprinted by a static growth of chlorite
(and minor white mica). Pseudosections and multi-equilibrium thermobarometry indicate that most of the
metasediments have equilibrated in the P-T range of 600-650°C and 6.5-8.5 kbar, followed by cooling and
decompression, compatible with results from the DU amphibolites (Palmeri et al., 2012). Interestingly, relicts of a
previous granulitic stage, already reported for some DU amphibolites (Scambelluri et al., 2003), have been also
identified in one sample. In summary, our results demonstrate that metasediments shared a common history with the
amphibolites, giving new constraints on the prograde path and the tectono-metamorphic evolution of the WT-BT suture
zone, supporting starting of shearing at high 7' conditions. Trace element profiles through garnet show different intra
samples trends, likely reflecting various developments of pairs of garnet and accessories phases.

Capponi, G., Messiga, B., Piccardo, G.B., Scambelluri, M., Traverso, G., Vannucci, R. (1988): Metamorphic assemblages in layered
amphibolites and micaschists from the Dessent Formation (Mountaineer range — Antarctica). Mem. Soc. Geol. It., 43, 87-95.

Palmeri, R., Sandroni, S., Godard, G., Ricci, C.A. (2012): Boninite-derived amphibolites from the Laterman-Mariner suture (northern
Victoria Land, Antarctica): New geochemical and petrological data. Lithos, 140-141, 200-223.

Scambelluri, M., Messiga, B., Vannucci, R., Villa, .M. (2003): Petrology, geochemistry and geochronology of the Dessent Unit,
northern Victoria Land, Antarctica: some constraints on its evolutionary history 2003. Petrology, geochemistry and
geochronology of the Dessent Unit: some onstraints on its evolutionary history. Geol. Jahr., B85, 95-131.
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The Pleiades volcanic complex is made up of at least a dozen monogenetic, partly overlapping scoria and spatter
cones and an endogenous dome that crop out at the edge of the high Polar plateau close to the head of Mariner Glacier,
in northern Victoria Land. On the basis of previously published and rather imprecise K—Ar ages (3£14 and 40+50 ka),
the Pleiades complex was considered active. New *’Ar-"’Ar laser step-heating experiments on alkali feldspar from two
pristine samples of the most prominent edifices (i.e., Atlas-Pleiones and Aleyone-Taygete) yielded late Pleistocene ages
(within 20-35 ka) thus precluding the inclusion of this complex among active Antarctic volcanoes.

The erupted products vary in composition from hawaiite to trachyte, defining a complete Na-alkaline differentiation
trend, without any Daly Gap. The samples are mildly alkaline, mostly weakly silica-undersaturated, whereas the most
evolved samples exhibit both a peralkaline character and/or silica oversaturation.

Primordial Mantle-normalized multi-element patterns of mafic samples are characterized by humped patterns,
typical of OIB magmas, low ¥'St/**Sr (~0.7037) and high 'Nd/'*Nd (~0.51284) ratios, suggesting a within-plate
affinity and derivation from a sub-lithospheric mantle source. Increasing Sr isotope ratios (up to 0.7052) and decreasing
Nd isotope ratios (down to ~0.51277) along with increasing SiO, contents supports an open-system evolution, with a
significant amount of crustal assimilation concomitant with fractional crystallization processes.

The erupted products are quite small in volume, we estimate approximately ~70 km® of trachytic magma. However,
according to fractionation models, the accompanying volume of primitive magma may be 40 times larger, i.e., about
2700 km’. The large volume implied would correspond to a ~1300 m high stratovolcano, suggesting an unusually large
magma plumbing system consistent with published suggestions that the exposed outcrops may be distributed along a
caldera ring fracture of a much larger volcano, now almost completely covered by ice. According to our new “*Ar-Ar
ages, the volcano was active during the last glacial maximum, when the ice sheet may have been much thicker. A
preceding thicker mantling ice cover would be capable of suppressing eruptions and ultimately lead to a high magma
residence time in the subsurface. These conditions would also favour high rates of crustal assimilation and significant
fractionation.
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The Earth’s magnetic field shows temporal variations which go from seconds to hundreds of thousands of years.
Variations with period from a few seconds to several days take most of their energy from the interaction with the solar
wind. Antarctica is an excellent site for this kind of observations and the study of geomagnetic data sets from Antarctica
gives important information about magnetospheric dynamics because local field lines reach extreme magnetospheric
regions where the interactions with the solar wind occurs. Italian Antarctic research activities cover more than a quarter
of a century providing very long data sets. This presentation describes Italian geomagnetic observatory activities and
some important scientific results obtained studying these data sets, regarding mainly the daily variation and low
frequency pulsations observed at these latitudes; the studies are based also on the comparison with data recorded at
different sites in Antarctica, as well as with solar wind and interplanetary magnetic field data from satellite.
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The petrological study of anhydrous (Greene Point, GP; Handler Ridge, HR) and amphibole-bearing (Harrow Peaks,
HP; Baker Rocks, BR) xenoliths from four sites in northern Victoria Land (NVL), Antarctica, provide a general
overview of the complex geochemical/geodynamic features that characterise the lithospheric mantle beneath a large
area of the West Antarctic Rift System.

On the basis of mineral major and trace element modelling, this mantle domain represents a residuum after 10-20%
of partial melting, largely modified by metasomatic melts acting in different times, from at least Jurassic to Cenozoic.
The similarity between trace element contents of GP clinopyroxene and those from clinopyroxene of Ferrar tholeiites,
as well as, the high modal orthopyroxene content (28%) at low Mg# value (88.54) in association with clinopyroxene
with high HREE (Lux=17) content (i.e., HP), allows to ascribe the first refertilisation event to the Jurassic Ferrar
magmatism.

LREE—enriched clinopyroxene, recorded in all localities, suggest that silica—poor alkaline/carbonatite metasomatism
heterogeneously affected the NVL lithospheric domain.

Using mineral geochemical models, the metasomatic agent was characterised and its action delimited in a time span
of 10°-10° years, just before xenolith’s uprising.

At HP, clinopyroxene and amphibole are in disequilibrium between them and with the rest of the paragenesis. They
can be considered as the main products of the reaction between olivine/orthopyroxene/spinel and silica poor CaO-MgO-
enriched metasomatising agent.

Geothermobarometric calculations based on the Fe/Mg distribution among the peridotite phases at P of 15 kbar,
reveal that the anhydrous suites have higher temperature (950-1050°C) than the amphibole-bearing population (850°C).
Moreover, oxygen fugacity values calculated on the basis of the oxy-amphibole equilibrium reveal a strong
disequilibrium of amphibole with the primary peridotitic paragenesis (i.e., HP) (+7 QFM; Gentili et al., 2015) with
respect to those obtained with anhydrous paragenesis (-2.78 -0.24 QFM). This discordance in the redox condition is not
detected at Baker Rock (Bonadiman et al., 2014), where amphibole is clearly in equilibrium with the primary mineral
assemblage.

Bonadiman, C., Nazzareni, S., Coltorti, M., Comodi, P., Giuli, G., Faccini, B. (2014): Crystal chemistry of amphiboles: implications
for oxygen fugacity and water activity in lithospheric mantle beneath Victoria Land, Antarctica. Contrib. Mineral. Petrol., 167, 1-
17.

Gentili, S., Bonadiman, C., Biagioni, C., Comodi, P., Coltorti, M., Zucchini, A., Ottolini L. (2015): Oxo-amphiboles in mantle
xenoliths: evidence for H2O-rich melt interacting with the lithospheric mantle of Harrow Peaks (Northern Victoria Land,
Antarctica). Mineral. Petrol., 109, 741-759.
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During the Last Glacial Maximum (LGM) an extensive ice sheet grounded in the Ross Sea Embayment towards the
continental shelf break, fed by the West Antarctic Ice Sheet but with an important contribution of the outlet glaciers
from the East Antarctic Ice Sheet. The extension and timing of retreat to the current position after LGM are well
constrained by terrestrial and marine geomorphological, geological and geophysical data. Indeed, once retreated, the
Ross Sea Ice Sheet (RSIS) left drift sheets and moraines along the glaciated margin of the Ross Embayment, where a
key area is represented by McMurdo Sound. In this region these glacial deposits are known as Ross Sea Drift and they
have been studied in depth to reconstruct thickness, extent and chronology of the RSIS during the LGM. However,
paleo ice-flows reconstructions in the region, also in the light of recent chronological data, are still under debate.

Herewith we present a provenance analysis of Ross Sea Drift deposits applying a petrographic approach. A total
amount of 19 samples was collected in the Dry Valleys region in a coastal area comprised between the Wright Valley
and the Royal Society Range (RSR) foothills, with four main sampling areas (Wright Valley, Taylor Valley, Miers-
Marshall Valleys, and Walcott Bay). Deposits were classified following the lithological composition of cobble, granule,
and coarse to very coarse sand-sized granulometric fractions, both with macroscopic and microscopic classification.
Mineral chemistry of selected samples was also carried out in order to reveal different source rocks. Composition of
clasts predominantly shows source rocks which crop out in the region between Mackay and Koettlitz glaciers, with
volcanic lithics fragments of the McMurdo Volcanic Group being the most represented lithology in RSR samples, while
granitoid rock fragments of the Granite Harbour Intrusive Complex are the most abundant in Taylor and Wright Valley
samples. Lithological composition of Ross Sea Drift supports a glacial transport due to a grounded ice sheet from Ross
Sea in Taylor Valley and RSR foothills during LGM and it is consistent with an expanded grounded Koettlitz Glacier
lobe flowing northward, as recently supported by geomorphological and chronological studies.
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In glaciated terrains, volcanic morphologies and lithofacies of the volcanic products are valuable indicators (proxies)
for palaeo-ice type, thickness and extent. During the last 20 years, refinements to glaciovolcanic studies have enabled
investigators to establish the presence of ice, its age (mainly by *’Ar-’Ar dating), ice thickness and surface elevation,
and ice basal thermal regime. This is the largest range of critical parameters of past ice that can be obtained by any
proxy methodology, and many of these attributes are quantifiable, which is another important feature of glaciovolcanic
environmental investigations.

We describe the results of the first linked glaciovolcanic-cosmogenic nuclide study of a volcanic outcrop in northern
Victoria Land, Antarctica, where the remains of a small volcanic centre are preserved on a thin bedrock ridge at Harrow
Peaks. The outcrop is interpreted as a monogenetic tuff cone relict formed by a hydrovolcanic eruption of mafic magma
at 642420 ka, as dated by the **Ar-’Ar method, corresponding to the peak of the Marine Isotope Stage MIS16.
Although extensively dissected and strewn with glacial erratics, the outcrop shows no evidence for erosion by ice. From
interpretation of the lithofacies and eruptive mechanisms, the weight of the evidence suggests that eruptions took place
under a cold-based (frozen-bed) ice sheet. This is the first time that a tuff cone erupted under cold ice has been
described. Indeed, because of the dominance of wet-based ice worldwide, practically all of the published studies relate
to eruptions in that setting. Nevertheless, the distinction between wet-based and cold-based ice is important. Their
physical properties are very different and their impact on landscape development and relative rates of global sea level
change during climate variations are also different.

The most distinctive feature of the lithofacies is the dominance of massive lapilli tuff rich in fine ash matrix and
abraded lapilli. The lack of stratification is probably due to repeated eruption through a conduit blasted through a thin
ice cover probably just 50-100 m thick over the vent and accumulation mainly as crater (or ice conduit) infill. The
remainder of the tuff cone edifice was probably deposited supraglacially and underwent destruction by ice advection
and, particularly, collapse during a younger interglacial. '°Be cosmogenic exposure dating of granitoid basement
erratics indicates that the erratics are unrelated to the eruptive period. The '"Be ages suggest that the volcanic outcrop
was most recently exposed by ice decay at ca. 21 ka (MIS2) and the associated ice was thicker than at 642 ka and
probably polythermal rather than cold-based, which is normally assumed for the period.
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A single gem lithospheric diamond with 5 sulfide inclusions from the Udachnaya kimberlite (Siberia, Russia) has
been analyzed non-destructively to track the growth conditions of the diamond. Sulfides are the most abundant mineral
inclusions in many lithospheric diamonds and are the most favorable minerals to date diamonds by Re-Os isotope
systematics. Our investigation used non-destructive, micro-techniques, combining X-ray tomography, X-ray
fluorescence, X-ray powder diffraction and Raman spectroscopy. This approach allowed us to determine the spatial
distribution of the inclusions, their chemical and mineralogical composition on the micro-scale and, finally, the
paragenetic association, leaving the diamond host completely unaffected. The sample was also studied by X-ray
diffraction topography to characterize the structural defects of the diamond and to obtain genetic information about its
growth history. The X-ray topographic images show that the sample investigated exhibits plastic deformation. One set
of {111} slip lamellae, corresponding to polysynthetic twinning, affects the entire sample. Chemical data on the
inclusions still trapped within the diamond show they are monosulfide solid solutions of Fe, Ni and indicate a peridotitic
paragenesis. Micro X-ray diffraction reveals that the inclusions mainly consist of a polycrystalline aggregate of
pentlandite and pyrrothite. A thorough analysis of the Raman data suggests the presence of a further Fe,Ni sulfide,
never reported so far in diamonds: mackinawite. The total absence of any oxides in the sulfide assemblage indicates that
mackinawite is not simply a “late” alteration of pyrrhotite and pentlandite due to secondary oxidizing fluids entering
diamond fractures after the diamond transport to the surface. Instead, it is likely formed as a low-temperature phase that
grew in a closed system within the diamond host. It is possible that mackinawite is a more common phase in sulphide
assemblages within diamonds than has previously been presumed, and that the percentage of mackinawite within a
given sulfide assemblage could vary from diamond to diamond and from locality to locality.
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The investigation of multiphase inclusions trapped within super-deep diamonds provides extremely important
petrogenetic information from depths into the lower mantle (e.g., Palot et al., 2016, Smith et al., 2016). Methods
commonly used to investigate these inclusions require cutting, crushing or ion/laser ablating the diamond host to expose
inclusions for conventional and/or non-conventional geochemical analyses. These methods, however, can introduce
significant artefacts and contaminations, especially on metallic inclusions or iron carbides. Non-destructive, in situ
investigation of inclusions still trapped in their diamond host, is thus the only way to obtain, without ambiguities,
information about diamond formation. With this aim, we studied a sample (JUc4) of inferred super-deep origin from
Séo Luiz (Juina, Brazil) by using a multi-methodological approach. The inclusions still trapped within the diamond host
were investigated by micro-computed X-ray tomography (mCXRT), micro X-ray fluorescence (mXRF), micro-Raman
and Infrared (FTIR) spectroscopies. The structural defects were also investigated by X-ray topography (XRDT) (Agrosi
et al., 2016). The diamond sample exhibits an irregular morphology, a light-brown colour and five optically opaque
large inclusions from 100 to 300 um in diameter. XRDT images show a clear plastic deformation. Micro-chemical
maps, obtained by mXRF, show a high Fe content for all the inclusions; the identification of ferropericlase as a
constituent was later confirmed by micro-destructive Laser Induced Breakdown Spectroscopy (LLIBS). One inclusion
is different from the others because it exhibits a flask shape and a clear multiphase nature, as indicated by detailed
mCXRT reconstruction. FTIR maps show a concentric zoning of N defects and this inclusion appears to be located near
the center of diamond growth. Part of this inclusion consists of ferropericlase, as confirmed by non-destructive micro-
X-Ray Diffraction. u-Raman and FTIR investigations on this inclusion reveal also the presence of carbonates and
pseudo-amorphous carbon. In particular, p-Raman maps obtained reveal the typical large D and G bands corresponding
to pseudo-amorphous graphite. The FTIR spectra show a doublet at 1430-1440 cm™ corresponding to the presence of
carbonates, suggesting a genesis of this diamond in a carbonate-rich system. No Raman or FTIR evidences for OH" or
CH, were observed.

Agrosi, G., Nestola F., Tempesta G., Bruno M., Scandale, E., Harris, J.W. (2016): X-ray topographic study of a diamond from
Udachnaya: Implications for the genetic nature of inclusions. Lithos, 248, 153-159.

Palot M., Jacobsen S.D., Townsend J.P., Nestola F., Marquardt K., Miyajima N., Harris J.W., Stachel T., McCammon, C.A. &
Pearson. G. (2016): Evidence for H20-bearing fluids in the lower mantle from diamond inclusion. Lithos, 265, 237-243.

Smith, E.M., Shirey, S.B., Nestola, F., Bullock, E.S., Wang, J., Richardson, S.H., Wang, W. (2016): Large gem diamonds from
metallic liquid in Earth's deep mantle. Science, 354, 1403-1405.
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Recent theoretical and methodological development on the determination of the remnant pressure on the inclusion,
measured by X-ray diffractometry, birefringence analysis or Raman spectroscopy, provides an alternative and/or
complementary method of barometry using elasticity theory (e.g., Angel et al.,, 2014). A remnant pressure in an
inclusion is developed because the inclusion and the host have different thermal expansion and compressibilities, and
the inclusion does not expand in response to P and 7 as would a free crystal in air. Instead it is restricted to expand only
as much as the host mineral allows, and this constriction in volume can result in inclusions exhibiting over-pressures
when the pair is studied at room conditions (Angel et al., 2014).

Therefore, it is clear that the only validation for such elastic geobarometry methods and the theoretical approach has
to come from experiments performed at controlled P and T conditions rather than from naturally occurring host-
inclusion pairs.

To this aim we have performed preliminary test entrapping single crystals in host crystal at known P and T
conditions. We use Yttrium Aluminium Garnet (YAG) as host and Si metallic, Ti metallic, diamond and ruby as
inclusions.

The most common issues related to the host-inclusion synthesis quality are: i) a low degree of sintering; ii) a high
number of fractures; iii) low chemical inertness of the inclusion. Therefore, at first we assessed the sintering quality by
changing one variable at the time (7, P and setup of capsule). From the different experiments the best conditions of the
experiment resulted to be: 7= 1300°C, P = 3.0 GPa, with Pt capsule and two graphite disks at top and bottom of the
capsule to reduce the fracturing (Tingle, 1988).

The assembly was made of two mirror-polished YAG rods (2.5 mm diameter) placed inside a platinum capsule (OD
= 3.0 mm; ID = 2.8 mm) with YAG powder in between the two rods together with one single crystals of minerals as
inclusions (immersed into the powder). The rods and the powder have been annealed at 3.0 GPa and 1300°C for 24 h in
an end-loaded piston cylinder apparatus.

The preliminary analyses showed that YAG is not a reliable host because of its reactivity towards most of the
inclusions, with formation of new mineral phases. However, the used protocol turned out to be successful in prompting
a high degree of sintering and in reducing the number of decompression-related fractures.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the European
Union’s Horizon 2020 research and innovation programme (grant agreement No 714936) to M. Alvaro. MA has also
been supported by the MIUR-SIR grant “MILE DEEp” (RBSI140351).

Angel, R.J., Mazzucchelli, M.L., Alvaro, M., Nimis, P., Nestola, F. (2014): Geobarometry from host-inclusion systems: The role of
elastic relaxation. Am. Mineral., 99, 2146-2149.

Tingle, T.N. (1988): Retrieval of uncracked single crystals from high pressure in piston-cylinder apparatus. Am. Mineral., 73, 1195-
1197.
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The study of inclusions by means of Raman spectroscopy provides information about the stress state of host-
inclusion systems in terms of shifts of the Raman peaks that depend on the residual stresses still acting on the inclusion.
These Raman shifts can be coupled with elastic geobarometry theory to allow P-T conditions attained during UHP
metamorphism to be estimated (Angel et al., 2015). In this study we test the limitations of the commonly-used Raman
approach to evaluate residual stresses preserved by non-spherical anisotropic inclusion in terms of shifts of the main
Raman peaks. We investigated the changes in the Raman peaks for 20 zircon inclusions still entrapped in garnet
megablasts from the UHP Dora Maira Massif. The selected inclusions were located in a fracture-free garnet host, with a
radius at least three times larger than that of the inclusion. The proximity effect of the inclusion to the external host
surface, in terms of residual stress, has been tested experimentally for the first time using a step-by-step polishing the
host. After each polishing step immediate Raman measurements were carried out on the inclusion always at the same
position within the inclusion. Our Raman measurements show that the stress acting on the inclusion is released when
the inclusion approaches the surface. This approach confirms that for all analyzed inclusions the residual strain imposed
is elastic. As predicted by numerical models (Mazzucchelli et al., 2017), we observed that both the shape and aspect
ratio of the inclusions affect the Raman peak position. Rounded zircon grains exhibit the same Raman shifts throughout
the entire volume, whereas elongated zircon grains show a stress gradients along corners and edges. These results allow
us to develop a practical protocol to reliably determine residual stresses by considering all the above features and
limitations.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the
European Union’s Horizon 2020 research and innovation programme (grant agreement No 714936) to M. Alvaro. MA
has also been supported by the MIUR-SIR grant “MILE DEEp” (RBSI1140351) to M. Alvaro, and ERC starting grant
307322 to F. Nestola.
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The degree of recrystallization of halite crystals from a salt dome located in Verzino, Crotone Basin (Calabria,
southern Italy) is investigated using petrographic and fluid inclusion (FIs) studies. The salt dome investigated formed
during the Messinian (~ 6 Ma) and consists mainly of microcrystalline halite crystals. The samples of halite come from
the base, middle and top of the saline body extruded into Pliocene clays. Each sample contains crystals with mosaic
texture, sub-millimeter to millimeter in size and display prismatic habits and are oriented parallel to the water surface.
Petrographic and FI analyses highlights the presence of relict primary crystallization features that survive the burying
events. All samples show a low degree of deformation and display primary FIs located parallel to crystal growth zones
with negative crystal shapes. FIs observed (5 to 60 mm in their longest dimension) are monophase liquid (L) (Type 1),
two-phase (L+V) liquid-rich (Type 2) and multiphase solid-rich (L+V+S+0) with occasional organic matter trapped
within (Type 3). Ultra Violet Light Microscopy (UV) has been used to determine the nature of this organic matter and
confirm the occurrence of prokaryotes and eukaryotes. Their presence reflects the lack of deformation during burial.
This study highlights the potential of this type of study for elucidating the depositional history of diapiric salt walls.
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Petrographic and fluid inclusion (FI) studies of giant selenite crystals from the Catanzaro Trough (Calabria, southern
Italy) are used to investigate the palaeoclimate and palacoenvironment pertaining during evolution of the deposit. The
deposit, formed during the Messinian Salinity Crisis (~ 6 Ma), consists of twinned selenite crystals of centimetric to
metric scale (Cianflone et al., 2012). Petrographic analyses reveal the presence of abundant primary Fls trapped along
crystal growth zones. The majority are monophase liquid and show elongated and tabular morphologies (ranging in size
from 10 to 100 mm). Selenite crystals show two growth zones, i.e., turbid and clear. Turbid zones are rich in FIs,
organic matter and solid clay mineral inclusions. The clear zones are devoid of all inclusion types encountered in the
turbid zones. These alternating zones indicate possible variations in the temperature of crystallization that in turn lead to
alternations in gypsum growth zone rates, e.g., fast rate characterized by abundant FIs and organic matters, slow rate
lack of inclusions. The nature of the trapped organic matter (both inside and outside the fluid inclusions) has been
investigated using Ultra Violet light microscopy and Raman microspectroscopy. These techniques reveal the presence
of several types of organic matter (xanthophyll, lutein, lycopene) located mainly along crystal growth zones and
fractures i.e., peloids and coccoliths as well as aluminium hydroxide. The peloids and coccoliths inclusions are marine
in origin. The aluminium hydroxide is continental in origin (Bilonizhka et al., 2012) and may have been sourced from
weathered metamorphic basement. Characteristics of the fluid inclusions observed in combination with the trapped
organic matter, is used as a tool for palacoclimatic reconstructions of the environment characterizing the selenite
formation in the Miocene.

Bilonizhka, P., laremchuk, I., Hryniv, S., Vovnyuk, S. (2012): Clay minerals of Miocene Evaporites of the Carpathian region,
Ukraine. Biul. Panstw. Inst. Geol., 449, 137-146.

Cianflone, G., Dominici, R., Sonnino, M. (2012): Studio preliminare delle facies evaporitiche e carbonatiche del Messiniano della
Stretta di Catanzaro (Calabria centrale). Rend. Online Soc. Geol. It., 21, 71-73.
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Eight Plio-Pleistocenic lavas from the Hyblean Plateau, south-eastern Sicily (Italy), and varying in composition
from tholeiites to nephelinites, were investigated for the noble gas, trace element and Sr-Nd isotope geochemistry. The
noble gas content, extracted from fluid inclusions of olivine and orthopyroxene phenocrysts, was analysed for He, Ne
and Ar and displayed *He/*He ratios of about 7 Ra (where Ra is the atmospheric He/*He ratio of 1.38x107°), except for
two lavas characterized by low He abundance and showing *He/*He = 3.53 and 8.35 Ra, respectively. We suggest that a
mantle source characterized by the average helium marker of about 7 Ra, comparable to that measured in local
peridotitic xenoliths, generated the Plio-Pleistocenic lavas from the Hyblean Plateau. The deviation from the leading
value (7 Ra) is attributed to secondary processes modifying the primordial marker of the gas-poorer samples.

The more depleted Sr-Nd isotopes of tholeiites (*’Sr/**Sr = 0.702745-0.702842; “Nd/'**Nd = 0.513119-0.51162)
with respect to basanites and nephelinites (*'St/**Sr = 0.702937-0.703307; *Nd/"**Nd = 0.518928-0.513083) could be
the consequence of the higher melting percentages associated to their origin as well as the wide compositional spectrum
of the samples.

Trace element geochemistry evidenced that the mantle source feeding the Plio-Pleistocene volcanism is not perfectly
coincident with that of the peridotite nodules outcropping at surface. Indeed, the Hyblean mantle xenoliths, widely
studied in literature, suggest the action of a metasomatic carbonatitic component, modifying partially their trace element
signature. The investigated lavas probably originate from mantle portions that maintained more primordial geochemical
features, due to the milder metasomatic influence.
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During subduction, dehydration reactions release fluids that are responsible for the mass transfer from the subducted
crust to the overlying mantle wedge and, then, for the geochemical signatures observed in magmas derived by mantle
partial melting. The chemical-physical features of these fluids depend on the bulk composition of the subducted
lithology, on the dehydration reactions involved, and on the P-T conditions at which these reactions occur. The study of
natural fluid inclusions trapped in ultra-high pressure (UHP) minerals is the direct way to characterize the fluids
released during deep subduction.

The aim of this work is to study the processes involved in the building of the trace element signatures of UHP fluids
released by terrigenous sediments along intermediate gradients. We performed in situ LA-ICP-MS analyses on primary
multiphase solid inclusions (MSI) in kyanite core and rim of UHP Ky-quartzite from Sulu (China). This lithology was a
former clay-rich sandstone that experienced subduction up to 700-860°C and 3.0-4.0 GPa during the Triassic.

The MSI mainly consist of an aqueous fluid and an aggregate of paragonite + muscovite + anhydrite + K-Na-
hydrous sulphate. They are remnants of an alkali-alumino-silicate aqueous solution generated by internal dehydration
reactions involving phengite and occurring during the P-T increase in the UHP prograde-to-peak metamorphic
evolution.

The trace element patterns are relatively homogeneous and enriched in LILE and REE and depleted in HFSE with
respect to the primordial mantle. The element contents and fractionations changes during P-T increase because of the
progressive dissolution of minerals in presence or not of refractory minerals (e.g., Phg, Aln, Grt).

With respect to hydrous melts obtained from experiments on pelitic system, the UHP alkali-alumino-silicate
aqueous solution released by the Ky-quartzite from Sulu is more enriched in REE and have similar enrichments in U
and Th. These features makes these solutions effective metasomatizing agents of the mantle wedge.
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Crystallized melt inclusions (MI), or nanogranitoids, occur in garnet from ultramafic granulites hosted in
orthogneisses of the Conradgebirge, in the Pan-African belt of the Dronning Maud Land. The granulites contain the
peak assemblage Ampl+Grt+Cpx with rare relict Opx, and retrograde Pl+Spl+Opx+Amp2+Ol£Bt symplectites at
contacts between Grt and Ampl. Garnet contains two generations of MI. Typel MI are primary, isolated, < 10 pm in
size, and generally with negative crystal shape. They contain Kml, Kok and Phl, with Qz and Zo as minor phases; glass
was identified in one single inclusion. Type2 MI are up to 30 pm, pseudosecondary, and contain Amp, Felds, Zo, minor
Mgs, Hl and Opx. A CO,-rich fluid may be present in Type2 MI. MI were re-homogenized after heating for 24 h in a
piston cylinder at 950°C, 15-24 kbar. The composition of Typel MI is trachytic with ca. 68 wt.% SiO,, 17-18 wt.%
AlL)O3, K/Na = 3.55 and H,0 = 2.5 wt.%; Type2 MI are dacitic with K/Na = 0.56 and H,O =~ 12 wt.%. Thermodynamic
modelling of the ultramafite composition in the NCKFMMnASHTO system shows that the peak assemblage
Hbl+Grt+Cpx+melt£BttRt, inferred from petrography, is stable at ca. 15 kbar and 850-900 °C, and that at these
conditions the modelled melt composition is felsic, K-rich and quite similar to that analyzed in Typel MI. The
thermodynamic modelling, combined with the MI study, supports the interpretation that both melt and garnet are
products of the anatexis of the ultramafic boudins at peak conditions, most likely through amphibole and biotite fluid-
absent melting, and that the Typel MI contain the anatectic melt that was present during garnet growth. The high-silica,
K-rich melt composition of Typel MI, unexpected in an ultramafic source rock, can be explained by the participation of
biotite and amphibole as reactants in the melting reaction, and by low melting degrees.
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In the Lesina Marina area (northern Apulia) exotic Upper Triassic gypsum rocks belonging to the Burano Anhydrite
Fm crop out along the Acquarotta Canal (Festa et al., 2016). Cotecchia & Canitano (1954) and Bigazzi et al. (1996)
suggested that these rocks ascended from the deep Burano Anhydrite layer, dragging upwards Paleocenic hypabissal
magmatic rocks and Upper Triassic limestones. Bigazzi et al. (1996) hypothesized, but not demonstrated, that
gypsification of anhydrite occurred at very shallow depth. An useful contribution to better constrain the gypsification
process could arise from the analysis of fluid inclusions entrapped within gypsum. As this kind of study is lacking for
gypsum outcropping at Lesina Marina, a fluid inclusion and microstructural investigation has been started on samples
from surface outcrops and boreholes to elucidate the mineral growth and evolution of this gypsum.

Three distinct types of gypsum are found: stromatolitic, amoeboid and clear selenitic. The first one is found in the
lower stratigraphic layers; the latter two are strictly associated with each other in the upper stratigraphic layers. Every
gypsum type is characterized by a peculiar fluid inclusion texture, and several fluid inclusion assemblages (FIAs), i.e.,
groups of inclusions all trapped at the same time (Goldstein & Reynolds, 1994), have been observed. Monophase liquid,
monophase vapour, biphase liquid-rich, biphase vapour-rich, multiphase solid, and hydrocarbon inclusions are all found.
The petrographic analysis of fluid inclusion textures has been followed by preliminary microthermometric analysis on
the different FIAs. Heating experiments allowed to determine the homogenization temperatures of biphase liquid-rich
inclusions, and also to fix the upper temperature limit above which the gypsum is no more stable and dehydrates to
anhydrite. The temperature range for the mineral growth of gypsum at Lesina Marina is consequently derived. The
freezing-heating cycles allowed to gather some information on the composition and salinity of the entrapped fluids,
circulating when these gypsum rocks formed.

Bigazzi, G., Laurenzi, M.A., Principe, C., Brocchini D. (1996): New geochronological data on igneous rocks and evaporites of the
Pietre Nere Point (Gargano Peninsula, Southern Italy). Boll. Soc. Geol. It., 115, 439-448.

Cotecchia, V. & Canitano, A. (1954): Sull’affioramento delle Pietre Nere al lago di Lesina. Boll. Soc. Geol. It., 73, 1-19.

Festa, V., Tripaldi, S., Siniscalchi, A., Acquafredda, P., Fiore, A., Mele, D. & Romano, G. (2016): Geoelectrical resistivity variations
and lithological composition in coastal gypsum rocks: A case study from the Lesina Marina area (Apulia, southern Italy). Eng.
Geol., 202, 163-175.

Goldstein, R.H. & Reynolds, T.J. (1994): Systematics of fluid inclusions in diagenetic minerals. SEPM Short Course Notes, Volume
31. Society for Sedimentary Geology (SEPM), Tulsa, 199 p.
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High-density fluids (HDFs) encapsulated in micro-inclusions within diamonds provide key information on different
C-O-H-bearing mantle fluids (Navon et al., 1988), as well as water and carbonate cycling in the Earth’s deep interior.
These fluids vary between four major compositional types: saline, silicic, and high-Mg and low-Mg carbonatitic. IR
spectroscopy is the only method that provides the relative concentrations of water and secondary phases of the mineral
assemblage in the microinclusions (i.e., carbonates, silicates and apatite) that grew from trapped HDFs. Constraining
the relative abundances of these phases provides information on the amount of water and carbonate in different HDF
types, and was proven as a semi-quantitative method to determine carbonatitic to silicic compositions (Weiss et al.,
2010). However this was accomplished by manual subtraction of diamond intrinsic absorption and nitrogen absorption,
followed by deconvolution of the IR absorbance due to various phases in the micro-inclusions; a long and slow process
to be conducted routinely in the study of fluid-rich diamonds.

The complete automation of deconvoluting fluid inclusion-rich diamond IR spectra is complex for the following
reasons: (1) a "one size fits all" approach to baselining and subtracting the various components in the spectrum is almost
impossible given the chemical variability observed; (2) automation offers little to no user refinement, and the need to
discern the quality of the data output undermines the time saved by automating it. We therefore developed a semi-
automated approach — DiaMap Fluid — for fast subtraction and deconvolution processing of a fluid inclusion-rich
diamond IR spectrum. This software allows for user refinement during each stage of spectral processing, making it a
much faster user process, while also greatly enhancing precision in the data output from a single spectrum compared
with manual processing by different individuals.

We have applied the DiaMap Fluid program to 38 fluid inclusion-rich diamonds, from localities in Africa (Finsch,
Kankan, DeBeers-Pool, Koingnass), Canada (Ekati) and Russia (Udachnaya, Aykhal). The samples have been studied
by quantitative methods including electron microprobe and laser ablation ICP-MS (Weiss et al., 2008; 2010), allowing
the FTIR data on the water (OH), carbonate and silicate components of the microinclusions to be compared with their
bulk chemistry. The results provide the phase concentrations (in ppm by weight) in the diamonds, and show that on a
ternary plot of carbonate — water — silicates + apatite, the four HDF end-members fall in fairly distinct groupings. This
makes FTIR analyses using the DiaMap_Fluid software a very simple method for determining phase concentations and
broadly discerning the chemistry of HDF in fluid-rich diamonds.

Navon, O., Hutcheon, I.D., Rossman, G.R., Wasserburg, G.J. (1988): Mantle-derived fluids in diamond micro-inclusions. Nature,
335, 784-789.

Weiss, Y., Griffin, W.L., Elhlou, S., Navon, O. (2008): Comparison between LA-ICP-MS and EMPA analysis of trace elements in
diamonds. Chem. Geol., 252, 158-168.

Weiss, Y., Kiflawi, 1., Navon, O. (2010): IR spectroscopy: quantitative determination of the mineralogy & bulk composition of fluid
microinclusions in diamonds. Chem. Geol., 275, 26-34.
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Large bolide impacts were a transformational feature of the early Earth’s surface, producing well-characterised
impact craters, shock metamorphism and melting which must have influenced the development of the early lithosphere.
This contribution will assess the depth and scope for shock transformation of silicates in the subsurface target region
according to the size of the impact event in two size categories: (1) large impact events (100-300 km) capable of
penetrating average continental crust (~ 30 km thick); and (2) giant lunar Mare-sized impact basins (~ > 300-2500 km)
which would have penetrated both the crust and the Earth’s mantle to depths of > 150-250 km where diamond is stable.
The largest impact craters (1) preserved on Earth include the Vredefort and Sudbury craters, of which only the Sudbury
impact crater preserves a thick within-crater ejecta sequence and record of post-cratering surface geological activity.
Detailed investigation of the petrology and composition of the rocks at Sudbury (Ubide et al., 2017) has revealed that
explosive submarine volcanism was initially fed by crustal melts, but that with time, volcanic activity was progressively
fed by more Mg-rich magmas originating at deeper levels within the lithospheric mantle. This supports hypothetical
models for volcanism triggered by impact cratering, both in principle and in the size range predicted (Jones et al., 2002;
Jones, 2014). There are 17 Mare impact craters (2) on the Moon, and although none are preserved on Earth, we expect
there to have been 23 times this number (~ 400) on Earth. We have calculated the effects of large to giant impacts on
the terrestrial lithospheric target, taking a simple mineralogy for the mantle lithosphere dominated by olivine, and
including the effects of shock transformation for olivine inclusions trapped within diamond. We show that shock
pressures at the depth of diamond easily exceed conditions required to transform olivine to wadsleyite and ringwoodite,
but the kinetics of the transformations are less well understood. Comparable to the 3-stage model for impact-melting
(Jones 2014; Elkins Tanton et al., 2004) we consider 3 categories and time-scales of geological process capable of
driving shock transformation in lithospheric mantle silicates. This has implications for geodynamic models, and for the
future identification of dense relics in old lithospheric mineral assemblages.

Elkins Tanton, L.T., Hager, B.H., Grove, T.L. (2004): Magmatic effects of the late heavy bombardment. Earth Planet. Sci. Letters,
222, 17-27.

Jones, A.P., Price, G.D., Price, N.J., De Carli, P.S., Clegg, R.A. (2002): Impact induced melting and the development of large
igneous provinces. Earth Planet. Sci. Letters, 202, 551-561.

Jones, A.P. (2014): Impact volcanism and mass extinctions. In: "Volcanism, impacts, and mass extinctions: Causes and effects", G.
Keller & A.C. Kerr, eds. Geol. Soc. Am. Sp. Pap., 505, 369-381.

Ubide, T., Guyett, P.C., Kenny, G.G., O'Sullivan, E!M., Ames, D.E., Petrus, J.A., Riggs, N., Kamber, B.S. (2017): Protracted
volcanism after large impacts: evidence from the Sudbury impact basin. J. Geophys. Res., Planets, 122, 701-728.
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The redox processes taking place in the portion of the mantle on top of the subducting slab are poorly investigated
and the redox budget of crust-derived fluid phases is still poorly constrained. A case study of supra-subduction mantle
affected by metasomatism from crust-derived fluid phases is the Maowu Ultramafic Complex (China) deriving from
harzburgite precursors metasomatised at ~ 4 GPa, 750-800°C by a silica- and incompatible trace element-rich fluid
phase. This metasomatism produced poikilitic orthopyroxene and inclusion-rich garnet porphyroblasts. Solid multiphase
primary micro-inclusions in garnet display negative crystal shapes and infilling minerals (spinel, +orthopyroxene,
amphiboles, chlorite, + talc, + mica) occur with constant modal proportions, indicating that they derive from trapped
solute-rich aqueous fluids. FT-IR hyper spectral imaging analyses and micro-Raman spectroscopy, together with X-ray
microtomography performed on single inclusions, indicate that liquid water is still preserved at least in some inclusions.

To investigate the redox budget of these fluid phases, the Fe’" concentration of the micron-sized precipitates of the
multiphase inclusions has been measured for the first time using EELS on a TEM. Results indicate that spinel contains
up to 12% of Fe’'/ZFe, amphibole about 30%, while the ratio in inclusion phases such as chlorite and phlogopite may
reach 70%. The Fe’" fraction of the host garnet is equal to that measured in spinel as also confirmed by Flank Method
EPMA measurements.

Forward modelling fO, calculations indicate that the garnet orthopyroxenites record AFMQ = —1.8 + —1.5, resulting
apparently more reduced with respect to metasomatised supra-subduction garnet-peridotites. On the other hand, oxygen
mass balance, performed both on the Maowu hybrid orthopyroxenite and on metasomatised supra-subduction garnet
peridotites, indicate that the excess of oxygen (n0,) is the same (10 mol m™). An oxygen mass balance of the crust-
derived fluids also indicates that the fluid precipitates are more oxidised than the host rock, reaching up to 400 mol m™
of nO,. This suggests that even after their interaction with the metasomatic orthopyroxenites, the residual fluid phases
could be potentially carrier of oxidised components when escaping the slab-mantle interface.
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Ultra-high-pressure metamorphic (UHPM) rocks are the only rocks that can provide insights into the detailed
processes of deep and ultra-deep subduction. Minerals trapped as inclusions within other host minerals develop residual
pressure (Py,.) on exhumation as a result of the differences between the thermo-elastic properties of the host and the
inclusion. If correctly interpreted, measurement of the Pj,. allows good estimates of the entrapment pressure to be made
by means of elastic geobarometry.

The solution for isotropic non-linear elasticity has been recently incorporated into the classic host-inclusion model
available in the EoSFit7 suite of software (Angel et al., 2015 and references therein). However, this solution is only
valid for simple ideal geometries (e.g., small spherical inclusion located at the center of an infinite host).To extend the
analysis beyond the existing geometrical assumptions we performed numerical calculations using Finite Element
Modelling (FEM) that allows us to evaluate how the pressure (mean normal stress) in real host-inclusion systems
deviates from that predicted by the ideal analytical model. To determine the effects of the geometry alone we performed
calculations with isotropic elasticity. Moreover, the FEM simulations give the complete state of strain and stress inside
and around inclusions with any shape and with any position inside the host. This allows the interpretation of the strain
gradients developed within natural inclusions, as recently revealed by Raman measurements on inclusions entrapped in
garnets from UHPM rocks.

Our results show that when a spherical inclusion is close the external surface of the host the residual pressure in the
inclusion is partially released, and the strain and the stress within the inclusion becomes inhomogeneous. The pressure
release is greater than 1% when the distance is smaller than two times the radius of the inclusion. Deviations produced
by changes in the shape of the inclusions include two contributions. First, the effect of edges and corners is small, and
introduces pressure deviations of less than 5%. Second, the aspect ratio of the inclusion gives rise to large deviations in
Py, with shifts in the calculated pressures of more than 10% for platy inclusions (i.e., aspect ratio 1:5:5). The exact
effect on Py, is a complex function of both the values of the bulk and shear moduli of both host and inclusion, and the
contrast in these values. Moreover, the presence of corners and edges affects the homogeneity of the stress and of the
strain in the inclusion.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the
European Union’s Horizon 2020 research and innovation programme (grant agreement No 714936). MA has also been
supported by the MIUR-SIR grant “MILE DEEp” (RBSI140351) to M. Alvaro, and ERC starting grant 307322 to F.
Nestola.
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Coesite and diamond inclusions have been used as an evidence of UHP host mineral crystallization. However recent
findings of intergranular coesite (Liu et al., 2017) and diamond (Korsakov et al., 2004) raised the question about the
simultaneous growth of the inclusion and host mineral. The inclusion study in the UHP rocks is a source of the unique
information about the environmental conditions of the entrapment. Although thorough analysis of the inclusion-host-
mineral system is prerequisite for correct reading of the metamorphic history.

Raman spectroscopy is a non-destructive tool for identification of micro scale inclusion compositions, allowing to
estimate the value of residual pressure. Measurements of the residual stress in the inclusions can, in combination with
the equations of state (EoS) of the two phases, be used to infer the pressures and temperatures of the encapsulation and
consequently host-mineral crystallization.

Different types of inclusions in tourmaline along with its compositional zoning make this mineral an excellent
example of the inclusion-host system. Tourmaline from Kokchetav UHP metamorphic rock has the following
peculiarities: the significant amount of K in its structure (enough to separate out individual end-member maruyamaite
(Lussier et al., 2016)) and microdiamond inclusions. The presence of the latter in the K-dominant zone of tourmaline
was one of the main evidence of its crystallization in the diamond stability field (Shimizu & Ogasawara, 2005).

Tourmalines from Qz-Tour gneisses and Grt-Px rocks (Kumdy-Kol mining exploration gallery, Kokchetav massif,
Northern Kazakhstan) were examined with particular attention to the diamond-bearing grains. Tourmaline was found to
contain different types of inclusions, which can be divided into 2 groups: (i) fluid inclusions with a variation of
chemical composition, that carry information about tourmaline-forming fluid; (ii) solid crystalline inclusions presented
by abundant inclusions of the minerals from present mineral association of the host rock (quartz, K-feldspar, mica,
graphite) and diamond inclusions.

Formation of the tourmaline and its inclusions are not necessary simultaneous processes. The main purpose of our
study is to recover the P-T conditions of tourmaline crystallization and find its place in the Kokchetav metamorphic
history.

Acknowledgements: This study was supported by a grant from the Russian Science Foundation (RSF 15-17-300-12).
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It is well-known that diamonds are the only direct sampling of the deep Earth thanks to their capability to travel
through our planet from more than 1000 km depth to its surface remaining nearly uncorrupted over time (some
diamonds show crystallization ages close to 3.5 billion years) and space. Rarely, diamonds might bring to the surface
fragments of deep Earth, which are represented by mineral inclusions typical of the Earth’s mantle. In detail, recent
discoveries showed that not only diamonds entrapped inclusions from the upper mantle (down to 410 km depth) (these
are the typical lithospheric diamonds, representing about 94% of the diamond population), but also from the transition
zone (between 410 and 660 km depth) and even from the lower mantle (below 660 km depth). These super-deep
diamonds constitute a different diamond category representing only about 6% of the diamond population. Their study is
providing totally new scenarios about the very deep Earth, reporting unexpected mineral inclusions like ringwoodite
(Pearson et al., 2014), metallic iron and hydrogen plus methane fluid (Smith et al., 2016). A general overview of all the
recent discoveries about super-deep diamonds will be provided.

Pearson, D.G., Brenker, F.E., Nestola, F., McNeill, J., Nasdala, L., Hutchison, M.T., Matveev, S., Mather, K., Silversmit, G.,
Schmitz, S., Vekemans, B., Vincze, L. (2014): Hydrous mantle transition zone indicated by ringwoodite included within diamond.
Nature, 507, 221-224.

Smith, E.M., Shirey, S.B., Nestola, F., Bullock, E.S., Wang, J.H., Richardson, S.H., Wang, W.Y. (2016): Large gem diamonds from
metallic liquid in Earth's deep mantle. Science, 354, 1403-1405.
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H,0 plays a major role in many geological and biological processes occurring at the Earth’s surface including for
instance volcanism, which impacts the composition of the atmosphere. H,O is also recycled into the Earth’s interior
where is found as hydrogen defects in nominally anhydrous minerals of mantle peridotites (e.g., Bell & Rossman, 1992).
Even if present in very limited amounts, H,O can significantly alter the physical and chemical properties of minerals
(Bolfan-Casanova, 2005). Therefore, determining the H,O content of the mantle is crucial to understand Earth’s
dynamics and evolution.

Mantle H,O contents can be constrained by studying peridotite xenoliths found in kimberlitic rocks in cratons (e.g.,
Doucet et al., 2014). However, xenoliths can react with magmas that deliver them to the surface or melts/fluids that
infiltrate the cratons, affecting thus their original mantle signature. Alternatively, mineral inclusions trapped in
diamonds can be investigated to infer the mantle pristine H,O contents. Diamond inclusions are representative of the
mantle conditions before they were included in the strong and chemically inert diamond, which shields them during
their journey to the surface and prevent reactions with secondary melts/fluids to occur.

In this presentation we will discuss recent investigations of H,O content of mineral inclusions in diamonds from the
Siberian craton (e.g., Novella et al., 2015; Taylor et al., 2016). Minerals in diamonds have considerably lower H,O
contents compared to those found in xenoliths from the same locality (Doucet et al., 2014), suggesting that H,O
contents of xenolith minerals may be affected by secondary processes such as metasomatism. We will evaluate the
importance of studying H,O contents in diamond inclusions to infer the H,O content of cratonic lithosphere peridotites,
with implications for the stability of cratons over geological times, and the volatile nature of diamond-forming melts.
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Serpentinization-fueled systems in the cool, hydrated forearc mantle of subduction zones may provide an
environment that supports deep chemolithoautotrophic life. Here, we examine serpentinite clasts expelled from mud
volcanoes above the Izu—Bonin—Mariana subduction zone forearc (Pacific Ocean) that encapsule complex organic
matter and nanosized Ni—Fe alloys. Using time-of-flight secondary ion mass spectrometry and Raman spectroscopy, we
determined that the organic matter consists of a mixture of aliphatic and aromatic compounds and functional groups
such as amides (Pliimper et al., 2017). Although an abiotic or subduction slab-derived fluid origin cannot be excluded,
the similarities between the molecular signatures identified in the clasts and those of bacteria-derived biopolymers from
other serpentinizing systems hint at the possibility of deep microbial life within the forearc. To test this hypothesis, we
coupled the currently known temperature limit for life, 122°C, with a heat conduction model that predicts a potential
depth limit for life within the forearc at ~ 10,000 m below the seafloor. This is deeper than the 122°C isotherm in
known oceanic serpentinizing regions and an order of magnitude deeper than the downhole temperature at the
serpentinized Atlantis Massif oceanic core complex, Mid-Atlantic Ridge. We suggest that the organic-rich inclusions
within the serpentinites may be indicators for microbial life deep within or below the mud volcano. Thus, the hydrated
forearc mantle may represent one of Earth’s largest hidden microbial ecosystems. These types of protected ecosystems
may have allowed the deep biosphere to thrive, despite violent phases during Earth’s history such as the late heavy
bombardment and global mass extinctions. Only if we keep exploring the windows into the deep subsurface, such as the
organic inclusions within the serpentinite clasts presented here, will we be able to establish a full budget of Earth’s deep
carbon and the potential for a subsurface biosphere.

Pliimper, O., King, H.E., Geisler, T., Pabst, S., Savov, L.P., Rost, D., Zack, T. (2017): Subduction zone forearc serpentinites as
incubators for deep microbial life. Proc. Nat. Acad. Sci., 114, 4324-4329.
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Serpentinites release at sub-arc depths volatiles and several fluid-mobile trace elements found in arc magmas.
Constraining element uptake in these rocks and defining the trace element composition of fluids released upon
serpentinite dehydration improves knowledge of mass transfer in subduction zones and to volcanic arcs. The eclogite-
facies garnet metaperidotite and chlorite harzburgite bodies embedded in paragneiss of the subduction melange from
Cima di Gagnone derive from serpentinized peridotite protoliths and are unique examples of ultramafic rocks that
experienced subduction metasomatism and devolatilization. In these rocks, metamorphic olivine and garnet trap
polyphase inclusions representing the fluid released during high-pressure breakdown of antigorite and chlorite.
Combining major element mapping and laser-ablation ICP-MS bulk inclusion analysis, we characterize the mineral
content of polyphase inclusions and quantify the fluid composition. Silicates, Cl-bearing phases, sulphides, carbonates,
and oxides document post-entrapment mineral growth in the inclusions starting immediately after fluid entrapment.

Compositional data reveal the presence of two different fluid types. The first (type A) records a fluid enriched in
fluid-mobile elements, with C1, Cs, Pb, As, Sb concentrations up to 10° PM (primitive mantle), (110> PM TI, Ba, while
Rb, B, Sr, Li, U concentrations are of the order of 10 PM, and alkalis are [12 PM. The second fluid (type B) has
considerably lower fluid-mobile element enrichments, but its enrichment patterns are comparable to type A fluid.

Our data reveal multiple fluid uptake in these peridotite, including selective element enrichment during seafloor
alteration, followed by fluid—rock interaction along with subduction metamorphism in the plate interface melange. Here,
infiltration of sediment-equilibrated fluid led to As, Sb, B, Pb enrichment of serpentinites. This trace element-enriched
signature was then transferred to the fluid released upon serpentine dehydration (type A fluid). The type B fluid hosted
by garnet may record the composition of the chlorite breakdown fluid released at even greater depth.

The Gagnone study-case demonstrates that serpentinized peridotites acquire water and fluid-mobile elements during
ocean floor hydration and through exchange with sediment-equilibrated fluids in the early subduction stages.
Subsequent antigorite devolatilization at subarc depths delivers aqueous fluids to the mantle wedge that can be
prominently enriched in sediment-derived components, potentially triggering arc magmatism.
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In the last decade the study of fluid and melt inclusions has become a key tool to acquire unprecedented information
in crustal anatectic rocks. In this work a detailed microstructural and microgeochemical study has been performed on
polycrystalline inclusions trapped in peritectic garnets of felsic granulites from the Upper Deck domain, in the
Athabasca Granulite Terrane (Canada). Inclusions have been characterized by SEM-EDS and FIB-SEM techniques, and
by Laser Raman microspectroscopy. The inclusions are small (< 10 pm), they are primary in origin, and do not show
evidence of decrepitation. FIB-SEM analyses permitted to recognise the main crystalline phases and their distribution.
The polycrystalline assemblage is always made of ferroan magnesite, quartz and graphite, in association with minor
amounts of corundum and Zn-spinel. Calcite and dolomite can be present, and pyrophyllite was found only in one
inclusion. Quartz and corundum coexistence has been interpreted as the product of metastable growth within pores of
extremely small size. Raman microspectroscopy revealed the presence of CO,, with traces of CHy and N,. A good
negative correlation between the CO, density and the total amount of coexisting solid phases has been observed. The
main minerals occur in relatively constant proportions in the investigated inclusions, suggesting the entrapment of a
compositionally homogeneous fluid characterized by a high-carbon content. These carbon-rich inclusions coexist in the
same cluster with nanogranite inclusions. Because nanogranites are interpreted to be droplet of anatectic melt formed
and trapped during incongruent melting of crustal rocks, the investigated polycrystalline inclusions prove the presence
of a carbon-rich fluid during melting of these rocks, possibly in a situation of melt/melt or melt/fluid immiscibility.
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The podiform chromitites that occur in the mantle section of some ophiolites are enriched in platinum group
elements (PGE = Os, Ir, Ru, Rh, Pt and Pd), especially in the most refractory Os, Ir and Ru, compared to their host
peridotite. In accordance with this geochemical signature, the podiform chromitites contains platinum group minerals
(PGM) that mainly consist of Os-Ir-Ru sulfides, alloys and sulfarsenides. Generally the PGM occur as small grains (less
than 10 um) included in chromite crystal or associated with the altered silicates of the matrix. Based of textural position,
paragenesis and composition, the PGM can be divided in two groups: 1) primary: formed at high temperature, at the
magmatic stage, and 2) secondary: formed or re-worked at relatively low temperature. The crystallization of primary
PGM mainly depends on the proportion of Os, Ir and Ru, on the availability of sulfur and temperature prevailing during
the chromite formation. Experimental data supported by a large number of natural observations indicate that laurite is in
equilibrium with Os-Ir-(Ru) alloys at a temperature of 1300°C and relatively low sulfur fugacity. Laurite becomes
progressively enriched in Os with decreasing temperature and increasing sulfur fugacity, up to the stability field of
erlichmanite. Therefore, in the magmatic stage, the PGM crystallized in the following order of precipitation: Os-Ir-(Ru)
alloys, RuS,, OsS, and Ir-sulfides. The primary PGM can be modified and altered after their magmatic precipitation,
during serpentinization and weathering at low temperature. In particular, the magmatic PGE sulfides can be altered in
situ by progressive loss of S and addition of base metals and, possibly oxygen, leading to the formation of PGE alloys
or oxides. Few ophiolitic chromitites are enriched also in the more chalcophile Rh, Pt and Pd. This enrichment is
controlled by the formation, at magmatic stage, of an immiscible sulfide liquid that collected the PGE as cluster
consisting of few PGE atoms. During a sequent stage, part of the PGE bonded with chalcogenides to crystallize specific
minerals of Rh, Pt and Pd. These PGM are also very small in size and occur interstitial to the host chromite associated
with base metals sulfides. Part of the PGE remains in the immiscible sulfide liquid and precipitated to form PGE-rich
base metals sulfides. During alteration processes, sulfur can be removed from the magmatic PGM sulfides and PGE-
rich base metals sulfides. This process generated secondary sulfides as well as PGE and Ni-Fe alloys that sometimes
contain tiny blebs of PGE-rich phases that precipitated as low temperature exsolution products. Although the PGM
associated with podiform chromitites are rare and occur as tiny grains, their mineralogical investigation can be used to
evaluate the sulfur fugacity and temperature prevailing in the mantle during their precipitation. The alteration of PGM,
generally, caused only re-distribution of PGE on a small scale.

57



Session S4:
New insights on the mineralogical, petrological
and geochemical composition of the lithosphere

and implications on its geodynamical evolution

Conveners:
Paola Comodi (Univ. di Perugia)
Costanza Bonadiman (Univ. di Ferrara)

Patrizia Fumagalli (Univ. di Milano)



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Early evolution of mantle melts intruding the lowermost continental crust
of the Ivrea-Verbano Zone (southern Alps): insights from the Monte Capio
peridotite-pyroxenite lens

Berno D.*', Tribuzio R.'?, Zanetti A.> & Hemond C.’
! Dipartimento di Scienze della Terra e dell’ Ambiente, Universita di Pavia
2 Istituto di Geoscienze e Georisorse, Consiglio Nazionale delle Ricerche, Pavia

3 Institut Universitaire Européen de la Mer, Université de Bretagne Occidentale, Plouzané, France

* Corresponding email: davide.berno01@universitadipavia.it

Keywords: mineral trace composition, Nd-Sr isotopes, Ivrea-Verbano Zone, Mafic Complex, Mafic-ultramafic cumulates.

Magma chambers in the deep continental crust play a major role in modifying the compositions of ascending
mantle-derived melts, through complex evolution processes involving fractional crystallization, crustal assimilation and
melt-crystal mush reactions. To unravel the early magmatic evolution experienced by the mantle melts intruding the
lowermost continental crust of the Ivrea-Verbano Zone, we carried out a petrological and geochemical study of the km-
scale ultramafic lens exposed near Monte Capio. This lens spreads for a few km from Strona to Mastallone valleys, near
the Insubric tectonic line, and has a maximum thickness of 400 m. The magmatic ultramafic lens shows intrusive
relationships with respect to a basement made up of metasediments and metabasites recrystallized under granulite facies
conditions.

The Monte Capio ultramafic lens consists of peridotites (mainly dunites to olivine-rich harzburgites) and
orthopyroxene-rich pyroxenites that are locally olivine- or plagioclase-bearing. The ultramafic sequence includes minor
to accessory amounts of pargasitic amphibole, Al-rich spinel and, in places, clinopyroxene. Hornblendite to hornblende-
rich gabbronorite dykes crosscut the ultramafic sequence with diffuse to sharp planar boundaries towards the host rocks.
Gabbronorites also occur along the contact between the ultramafic rocks and basement metasediments. Olivine has
relatively low forsterite and NiO amounts. Pyroxenes and amphibole show wide variations in Mg/(Mg+Fe), which
decreases from peridotites to pyroxenites and crosscutting dykes. The anorthite content of plagioclase varies from 89
mol% in the pyroxenites to 75 mol% in the gabbronorites. The dykes overall have similar Rare Earth Element (REE)
signature, which may be reconciled with modern enriched MORB compositions. Conversely, amphibole and
clinopyroxenes from the peridotites and the pyroxenites show substantial variations in the REE patterns. Amphibole
separates and whole-rocks for the peridotites, pyroxenites and crosscutting dykes have lower initial '*Nd/'**Nd and
higher *’Sr/**Sr than MORB.

The Monte Capio ultramafic lens documents the intrusion of olivine- and spinel-saturated melts into the extending
lowermost continental crust of the Ivrea-Verbano Zone. These melts had previously experienced an evolution mainly
driven by fractionation of olivine and minor spinel. We attribute the formation of the exposed peridotite-pyroxenite
sequence to a magmatic evolutionary process ruled by fractional crystallization, with orthopyroxene replacing olivine at
the liquidus. The development of the peridotite-pyroxenite sequence at least locally also comprised the late-stage
reactive migration of amphibole-saturated melts through ultramafic crystal mushes. Furthermore, some of the samples
selected for the present study document a process of crustal contamination, presumably in response to interaction of the
melts with host metasediments. The primary melts of the Monte Capio ultramafic lens may have formed by mantle
sources that had experienced subduction-related metasomatism.

59



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Subsolidus phase relations in a secondary-type pyroxenite:
an experimental study from 0.7 to 1.5 GPa

Borghini G.*' & Fumagalli P.'
! Dipartimento di Scienze della Terra “A. Desio”, Universita di Milano

* Corresponding email: giulio.borghini@unimi.it

Keywords: pyroxenites, experimental petrology, piston cylinder experiments, garnet stability, plagioclase, spinel, subsolidus
assemblage.

Pyroxenites are diffuse heterogeneity in the upper mantle and represent key lithologies in melting processes and
mantle deformation. Mantle peridotites exposed in ultramafic massifs are often veined by pyroxenites that can be
originated by deep magmatic infiltration. Although these pyroxenites experienced the same metamorphic evolution of
the host peridotites, they are expected to develop sensibly different phase assemblages in response to the different bulk
composition. Despite of several experimental studies focused on melting relations in pyroxenites, subsolidus phase
relations are still poorly known. This study aims to provide new experimental constraints on phase stability and mineral
chemistry for a natural pyroxenite having a “hybrid” bulk composition, i.e., originated by interaction between a mantle
peridotite and pyroxenite-derived melt, characterized by a relatively high Xy, (0.83) and CaO (14.5 wt%), and low
Na,O (0.48 wt%) (Borghini et al., 2016). Piston cylinder experiments were conducted at pressure from 0.7 to 1.5 GPa,
temperatures from 1100 to 1250°C using a nominally anhydrous glass seeded with 1% of a mixture of synthetic pure
spinel (50%) and garnet (50%). Al-rich spinel, clinopyroxene, orthopyroxene and olivine are ubiquitous phases within
the whole pressure range investigated. At 1100°C, plagioclase is stable up to 0.9 GPa; anorthite content [An =
Ca/(Ca+Na)] decreases as a function of pressure from 0.70 at 0.7 GPa to 0.61 at 0.9 GPa. Plagioclase modal abundance
results of up to 14 wt% at 0.7 GPa; this amount is more than the double of modal plagioclase experimentally determined
at same P-T conditions in fertile lherzolite (5-6 wt%, Borghini et al., 2010). At intermediate pressure (1-1.4 GPa),
modal spinel abundance is almost constant (4-5 wt%). A pyrope-rich garnet is stable at 1.5 GPa and its modal
abundance increases with decreasing temperature from 5 to 10 wt% from 1230 to 1150°C. As expected, pyroxenes
composition varies significantly across the plagioclase-out and garnet-in transitions and is not pressure-dependent in the
spinel pyroxenite field. At 1100°C, the plagioclase-out curve occurs at comparable pressures in the pyroxenite and in
fertile lherzolites. On the contrary, the garnet-in curve is located at significantly lower pressure than the conditions
reported for mantle peridotites. Pseudosections calculated for the investigated pyroxenite bulk composition slightly
underestimates the pressure of plagioclase-out boundary and overestimates pressure of garnet appearance.

Borghini, G., Fumagalli, P., Rampone, E. (2010): The stability of plagioclase in the upper mantle: Subsolidus experiments on fertile
and depleted lherzolite. J. Petrol., 51, 229-254.

Borghini, G., Rampone, E., Zanetti, A., Class, C., Cipriani, A., Hofmann, A.W., Goldstein, S. (2016): Pyroxenite layers in the
Northern Apennines’ upper mantle (Italy)-Generation by pyroxenite melting and melt infiltration. J. Petrol., 57, 625-653.
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The Veneto Volcanic Province (VVP), a Tertiary magmatic province in the northeastern Italy, is one of the most
important volcanic events of the Adria Plate. It is composed of five volcanic districts: Val d’Adige, Marosticano, Mts.
Lessini, Berici and Euganean Hills. Most of its volcanic products are relatively undifferentiated lavas, ranging from
nephelinites to tholeiites, with the most alkaline lavas commonly carrying ultramafic xenoliths. This study reports a
petrological characterization of a new find anhydrous spinel-bearing mantle peridotites from Monte Gloso (MG) in the
Marosticano district, that reveals the unexpected sub-craton related features of the lithospheric mantle sector beneath
this area, including evidence for its metasomatic modification and evolution. Marosticano peridotites are cpx-bearing
harzburgites and lherzolites that tend towards high contents of residual components as observed for the on-craton
peridotites. These findings are consistent with ancient Re-Os ages (3.4 Ga) for Val d’Adige xenoliths and suggest that
portions of cratonic mantle underlie the VVP. Across all lithologies, Mg# values of olivine and orthopyroxene (91-93)
equate approximately to the point of clinopyroxene consumption in the sp-stability field, suggesting that they are
secondary in nature formed by a carbonatite/CO,-rich silicate melt reacting with residual peridotites. This is manifested
in the clinopyroxene geochemical features as: i) enrichment in Th, U, Rb and LREE, but depletion in both HREE and
HFSE (e.g., Ta, Zr and Hf); ii) high (La/Yb)y and low Ti/Eu ratios; iii) REFE patterns similar to those of cpx equilibrated
with a synthetic carbonatitic melt at 1100-1150°C and 1.5-2 GPa. Despite the common metasomatic fingerprints, two
different clinopyroxene trace element profiles highlights are observed. Group-1 are characterised by the least steep
HREE pattern and positive Eu anomaly and group-2 with pronounced convex-upward REE patterns. The coexistence of
the two clinopyroxene groups in the same populations is explained by a variable evolved carbonatite/CO,-rich silicate
metasomatic melt permeating different peridotite wallrocks. This metasomatic melt could be responsible also for the
observed 7-fO, conditions of MG peridotites (7= 923-1117°C; DlogfO, (FMQ) = -0.6 +1.1), which are anomalously
high for a proper cratonic environment but similar to the off-craton VVP xenoliths. Calculated dissolved CO, mole
fractions for the metasomatic agent are close to 1, indicating that CO, was the largest component of the metasomatic
melt. Therefore, 7-fO,conditions of MG primarily reflect matrix/carbonatitic melt interaction rather than the original
cratonic fO, conditions. These samples support numerous lines of independent evidence plate boundary processing
infuses CO, into cratonic mantle.
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The recycling of volatile and incompatible elements through the entire Earth’s history is one of the most important
processes for the chemical evolution of the lithosphere. In particular, some fluid-mobile elements (FME: e.g., Sb, As)
were demonstrated to be good geochemical tracers able to unravel geological processes where fluid-mediated mass
transfer occurs (e.g., subduction plate-interface; Cannao et al., 2016). Despite olivine and pyroxene represent the most
abundant mineral phases in the lower crust and upper mantle, the development of amphibole from a precursor hydrous
melt (Miintener & Ulmer, 2006) or by metasomatic processes replacing pyroxene (Smith, 2014) play an important role
in the chemical evolution of the lithosphere. The partitioning behavior of FME between amphibole, clinopyroxene,
olivine and melt is still poorly constrained. This hampers to model the transport of these elements in the mantle wedge
and to constrain if these elements can be stored in the upper mantle or in the deep crust.

In order to better constrain the partitioning of As and Sb between amphibole, clinopyroxene and melt, we carried out
hydrous partitioning experiments at P-T conditions of the lower continental crust considering an alkali-basalt as starting
material. The experimental runs were conducted at fixed pressure of 1.4 GPa and temperature ranging from 1075 to
1015°C. Given the multiple oxidation state of As and Sb different buffer techniques (graphite and hematite-magnetite)
were used. At all run conditions, Ti-pargasites and kaersutite either as individual crystals or replacing former pyroxenes
crystallized in equilibrium with the melt.

Trace and FME were determined by LA-ICP-MS techniques in melt, pyroxenes and amphiboles. Preliminary results
show that amphibole has better capability to incorporate As and Sb with respect to pyroxene and glass (*™" "D up to
2.6 and “™'Dg, up to 1.3).

Our first results highlight the capability of amphibole to trap FME in the lower crust and upper mantle becoming
thus an important potential reservoir for the cycling and re-cycling of these elements in the Earth system. Partitioning
results were applied to amphiboles from natural rocks of the lower continental crust in collisional settings in order to
better constrain the natural As and Sb fluxes.

Cannao, E., Scambelluri, M., Agostini, S., Tonarini, S., Godard, M. (2016): Linking serpentinite geochemistry with tectonic
evolution at the subduction plate-interface: the Voltri Massif case study (Ligurian Western Alps, Italy). Geochim. Cosmochim.
Acta, 190, 115-133.

Miintener, O. & Ulmer, P. (2006): Experimentally derived high-pressure cumulates from hydrous arc magmas and consequences for
the seismic velocity structure of lower arc crust. Geophys. Res. Letters, 33, L21308.

Smith, D.J. (2014). Clinopyroxene precursors to amphibole sponge in arc crust. Nature Commun., 5, 4329.
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The mobility and infiltration rates of carbonatitic melts, together with their influence on the annealing of mantle
peridotites, are processes poorly constrained. Although natural carbonatitic magmas are complex chemical systems
bearing H,O as a major chemical component, previous work has been performed in anhydrous model systems.

The percolation of carbonatitic liquids and the interconnectivity of melt pockets are investigated by placing a
cylindrical dunite rod against a liquid reservoir. As peridotitic matrix we used a synthetic dunite starting from natural
San Carlos olivine powder. Sintering has been performed in a single stage piston-cylinder apparatus at 0.8 GPa and
1200°C P-T conditions. Natural carbonatitic magmas in equilibrium with a mantle assemblage are mainly dolomitic.
The starting material composition (Cag s41Mg3890F€0.069)CO3 was prepared from a powder mixture of carbonates, using
free water as hydrous source (5 wt.% and 30% of the starting material). Time resolved infiltration experiments were
performed employing an end loaded piston-cylinder apparatus, at 7= 1200°C and P = 2.5 GPa. In order to account for
the different roles of gravity, chemical diffusion and Ludwig-Soret diffusion we used two opposite capsule geometries.

Hydrous carbonatitic melt pockets (> 3 mm) were found along olivine grain boundaries. BSE images and calcium
X-ray maps of elements allow quantifying 0 (apparent dihedral angle) between the liquid and olivine. True dihedral
angle was estimated by the median of frequency distribution of the apparent angles.

Experiments performed at 5 wt.% of water content result in dihedral angles evolving from ~ 31° for 3 hours duration,
to ~ 40° for 300 hours run. The volume of liquid infiltrated in the peridotitic matrix was ~ 8.5%, ~ 10.5%, and ~ 2.3%
for run duration of 3, 30, and 300 hours respectively. Experiments conducted with 30 wt.% of water content provide a
dihedral angle values of almost 50° with a volume of liquid infiltrated ranging from ~ 4% to ~ 8.7%. Overall the data
available consistently indicate that dihedral angles progressively increase with increasing water dissolved, from 25°-28°
in anhydrous carbonatitic liquids (e.g., Hunter & McKenzie, 1989) up to 50° at 30 wt.% H,O; as expected, the volume
of interstitial liquid decreases with increasing H,O (18 vol% in anhydrous experiments, Hammouda & Laporte, 2000).
Remarkably, fluids show the opposite behaviour, as CO,-rich fluids are less wetting (~ 90°) than H,O pure fluids (~
65°).

A quantitative assessment of melt distribution was obtained by calculating the grain boundary wetness, a measure of
the intergranular melt distribution, by EMPA X-ray maps combined with high resolution EBSD grain boundaries image.

Hammouda, T. & Laporte, D. (2000): Ultrafast mantle impregnation by carbonatite melts. Geology, 28, 283-285.
Hunter, R.H. & McKenzie, D. (1989): The equilibrium geometry of carbonate melts in rocks of mantle composition. Earth Planet. Sci.
Letters, 92, 347-356.
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Hydrogen is present as a trace element in nominally anhydrous minerals (NAMs) composing the Earth’s mantle.
Such hydrous point defects are thought to have important consequences on fundamental physical properties such as
rheology, seismic attenuation or electrical conductivity (Keppler & Smith, 2006; Demouchy et al., 2016). Hydrogen in
NAMs generally occurs as hydroxyl groups (OH) associated to vacancies. Although there is a vast literature on
hydrogen distribution in NAMs from relatively dry mantle xenoliths (Demouchy et al., 2016) there is a remarkable lack
of data on NAMs in water-rich environments which makes challenging to address the effect of hydrous melt or aqueous
fluids on the water partitioning in NAMs. The present work is aimed to investigate and quantify the water in olivine and
pyroxenes from an unique locality where upper mantle peridotites are strongly metasomatised by hydrous melts (Finero
Complex, southern Alps, Italy). This mafic complex might represents a useful, but yet unexplored, key location to
investigate the partitioning of hydrogen in NAMs and to link them to a multistage metasomatic event characterized by
the enrichment in volatiles, LILE, LREE and in radiogenic Sr, Pb but with low HFSE concentrations. Water content in
NAMs has been determined by means of infra-red spectroscopy (FTIR), which is the most sensitive technique for
measuring trace OH contents in NAMs that provides information on the speciation and orientation of the OH group in
the structure. These analyses were made on ten double polished thin sections and on crystals separated covering most
representative lithologies and deformation textures from the Finero peridotite (i.e., coarse grained lherzholite, harburgite,
dunite and clinopyroxenite veins). The approach of Kovacs et al.(2008) using unpolarized IR light was followed to
constrain water contents and compared with measurements using polarized light on randomly oriented grains (Asimow
et al., 2006). Preliminary results show water contents in olivine around 2 ppm wt. (Bell et al., 2003, calibration) with
minor variations depending on the lithology and texture. Water contents in orthopyroxene and clinopyroxene are also
comparatively low (around 42 ppm wt., and 137 ppm wt., respectively). These values are surprisingly low considering
the water-rich nature of the multistage metasomatising event that resulted in the extensive crystallization of amphibole
and phologopite (up to 30 vol.%). Interestingly the low water content in olivine is correlated with very low Ti contents
in olivine (between 5-10 ppm) measured by laser ablation mass spectroscopy (LA-ICP-MS) on the same samples. This
might suggest that Ti partitioning in the melt or in the hydrous phases is controlling the storage capacity in olivine
(Berry et al., 2005) despite the availability of volatiles in the system.

Asimow, P.D., Stein, L.C., Mosenfelder, J.L., Rossman, G.R. (2006): Quantitative polarized infrared analysis of trace OH in
populations of randomly oriented mineral grains. Am. Mineral., 91, 278-284.

Bell, D.R., Rossman, G.R., Maldener, J., Endisch, D., Rauch, F. (2003): Hydroxide in olivine: A quantitative determination of the
absolute amount and calibration of the IR spectrum. J. Geophys. Res., 108, No B2, 2015.

Berry, A.J., Hermann, J., O'Neill, H.S.C., Foran, G.J. (2005): Fingerprinting the water site in mantle olivine. Geology, 33, 869-872.

Demouchy, S. & Bolfan-Casanova, N. (2016): Distrubution and transport of hydrogen in the lithospheric mantle: A review. Lithos,
240-243, 402-425.

Keppler, H. & Smyth, J.R. (2006): Water in nominally anhydrous minerals. Mineralogical Society of America, Chantilly, 478 p.

Kovacs, 1., Hermann, J., O'Neill, H.S.C., Gerald, J.F., Sambridge, M., Horvath, G. (2008): Quantitative absorbance spectroscopy
with unpolarized light: Part II. Experimental evaluation and development of a protocol for quantitative analysis of mineral IR
spectra. Am. Mineral., 93, 765-778.
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Peridotitic xenoliths from Okete-Alexandra (2.74—1.60 Ma) and Ngatutura Volcanic Provinces (1.83—1.54 Ma), both
included in the Auckland Volcanic Field, North Island (NZ), have been geochemically characterized. Xenoliths are
entrained in piroclastites in Te Toto Gorge (Okete beach), while they can be found in alkaline basaltic boulders and
pebbles at Ngatutura Point beach. It is worth noting that in the Okete-Alexandra Volcanic Province both alkaline and
calc-alkaline magmas were erupted, in some cases almost contemporaneously. These ultramafic fragments may
therefore shed a light on the evolution of the lithospheric domain where this peculiar magmatic shifting occurred.

Okete collection is mainly composed by lherzolites with few harzburgites, characterized by medium to coarse-
grained protogranular textures; rarer clinopyroxenites, dunites and ol-clinopyroxenites with cumulitic textures also
occur. The great majority of Ngatutura (NG) samples are dunites, with scarce harzburgites, wehrlites and ol-
clinopyroxenites. Most of dunites are characterized by medium to coarse-grained equigranular textures; one is cut by a
series of intertwined orthopyroxene veins having a sharp contact with the host olivines, while another shows an ol-
websteritic portion.

On the basis of geochemical characteristics of olivine coexisting with spinels, Okete lherzolites and harzburgites fall
in the mantle field, at slightly different degrees of partial melting, while dunites, clinopyroxenites and all NG samples
clearly show the geochemistry of the phases properly assigned to crystallization products.

The lithospheric section represented by Okete peridotites underwent partial melting (F%) between 5 and 15%, as
confirmed by spinel, olivine compositions and clinopyroxene HREE contents. Samples showing the highest F% degree
are characterized by orthopyroxenes and clinopyroxenes with the highest degree of LILE, LREE and MREE enrichment.
A metasomatic event occurred after depletion, due to the interaction with a calc-alkaline melt similar in composition to
arc lavas found in the Alexandra Volcanic Group.

In the case of Ngatutura, the ultramafic xenoliths are cumulitic in nature. From both orthopyroxenes and
clinopyroxenes chemistry, we can infer that the magma crystallizing the dunites was very primitive (Mg# between 65
and 72) and silica-rich, but poor in the “fertile” elements (mainly Al and Ti), thus possibly generated by partial melting
of depleted mantle lithologies. The calculated melt resembles boninites from New Caledonia and Cape Vogel, although
no arc-related magmas have been found in Ngatutura Volcanic Field.
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In the western Alps, the Monviso meta-ophiolite complex of the Piemonte Zone is one of the best preserved relics of
the oceanic lithosphere formed during the opening of the Mesozoic western Alpine Tethys.

In the Monviso meta-ophiolite, two main tectonometamorphic units were distinguished on the base of the eclogite-
facies metamorphic peak experienced during the Alpine orogeny. In particular, the “Lago Superiore”
tectonometamorphic Unit experienced an early HP peak at 550°C and 2.5-2.6 GPa, followed by a re-equilibration under
progressively lower pressures at epidote-blueschist- (ca. 450°C, 1.0-1.5 GPa) and greenschist-facies (ca. 400°C, 0.5-1.0
GPa) conditions, respectively. This tectonometamorphic Unit is constituted by two tectonostratigraphic units: the “Lago
Superiore”, mainly consisting of serpentinized peridotite and metagabbro (both Mg-Al and Fe-Ti), and the “Basal
Serpentinite”, mainly consisting of serpentinite.

Within the Mg-Al “smaragditic” metagabbro of the “Lago Superiore” stratigraphic unit, a few m thick lens of
metaperidotite has been recently discovered. The metaperidotite, which exhibits an evident mylonitic fabric, consists of
variable amounts of both porphyroclastic and neoblastic olivine, porphyroclastic orthopyroxene locally with exsolutions
of clinopyroxene, Ti-clinohumite usually in equilibrium with neoblastic olivine, and magnetite. Hydrous minerals are
mainly represented by lizardite, both in mesh structures after olivine and in bastite after orthopyroxene, by chlorite,
mainly in association with olivine and Ti-clinohumite, and by antigorite after chlorite and olivine. Veins consisting of
diopside + chlorite, chlorite, antigorite, brucite + magnetite, talc, and carbonate are also present. The microstructural
relationships among minerals suggest that the metaperidotite experienced a very complex evolution recording both an
ocean-floor serpentinization and a polyphase Alpine metamorphism.
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The Loro Intrusive Complex is located in Valle d’Ossola (southern Alps) and is part of the Ivrea-Verbano Zone.
Literature data on this igneous complex are relatively scarce (Boriani, 1966) and a detailed geochemical and
geochronological study is missing. Therefore, for its location between the northern and the southern Ivrea domains, this
poorly studied igneous complex is important to correctly understand the structure and igneous evolution of the whole
Ivrea-Verbano Zone.

The Loro Intrusive Complex crops out along the Canavese Line and is in contact with the “Scisti di Fobello e
Rimella” to the west and with mafic and felsic granulites of the Kinzigite formation to the east. Within the whole
complex slices of basement rocks including milonitic granulites, marbles and serpentinites are locally found. Diorites
and hornblendites are the main lithologies of the Loro Intrusive Complex. Diorites are relatively fine-grained and
consist of pargasitic amphibole (60 vol%) and plagioclase (40 vol%) with average An contents of 47 mol%. A strongly
altered clinopyroxene (Mg# = 0.7) is locally found. Hornblendites consists of brown amphibole and accessory
plagioclase. The chondrite normalized Rare Earth Element (REFE) pattern of clinopyroxene is characterized by a marked
light—(L)REE enrichment (22 times CI chondrite) relative to heavy (H)-REE, which are at about 5 times CI chondrite
(Gdn/Yby up to 3.8). The REE pattern of amphibole is enriched in LREE (40 times CI chondrite) and HREE are about
15 times CI chondrite (Gdn/Yby = 1.5). Occasionally a positive Eu anomaly characterizes the REE pattern of amphibole.

U-Pb geochronology was carried out with laser ablation ICP-MS on zircons from diorites. Zircon grains have round
shape, thus suggesting a xenocrystic origin. Under cathodoluminescence they are generally homogeneous and rarely
show ghost zoning. Most of zircons gave discordant U-Pb dates, only few grains are concordant and allowed to
calculate a concordant date at 278+3 Ma (20). This date is interpreted as the age of reset of the U-Pb system induced by
the intrusion of the dioritic rocks.

Similarities between the Loro and the Finero intrusive complexes were already suggested by Boriani (1966). These
new results demonstrate a close geochemical affinity between the two complexes; in particular, peculiar similarities in
terms of trace element composition of minerals are observed (e.g., the positive Eu anomaly in amphibole). The inferred
age of intrusion suggests that the Loro intrusive complex belongs to the same mantle-derived magmatism that gave
origin to the Mafic Complex of the southern section of the Ivrea-Verbano Zone and perfectly overlap the Permian high-
temperature event recognized in the Kinzigite formation in the Finero section of the Ivrea-Verbano Zone.

Boriani, A. (1966): Lo stock gabbrico-orneblenditico di Loro (Val d’Ossola — Novara). Ist. Lombardo, Rend. Sci., A100, 896-921.
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Ultramafic rocks have high concentrations of trace metals such as Cr, Ni, and Co, which have potential impact on
environmental and human health once they are mobilized into soil, water or dust. Trace metals-bearing phases are
represented mainly by spinels (magnetite, picotite, and hercynite) and secondly by silicates (i.e., serpentine group
minerals, olivine, pyroxenes and chlorite). Hence, the knowledge of the spinel-group minerals distribution related to the
degree of serpentinization, metamorphic re-equilibration and deformations may have interesting implication both in
petrological and environmental fields.

In this study we investigated the mineralogy and the mineral chemistry of spinel-groups minerals of ultramafic
bedrock (e.g., partially serpentinized peridotites, antigorite-bearing serpentinites and serpentine schists) from different
soil profiles of the HP-LT Voltri Unit (Ligurian Alps). In particular we focused on variations of the spinels composition
in relation to different textures, microstructures and various degree of serpentinization and metamorphic re-equilibration.

The mineralogy, petrography, and mineral chemistry were analysed by means of optical microscopy, X-ray powder
diffraction (XRPD), scanning electron microscopy and microprobe analyses (SEM-EDS and WDS), and laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS).

In most of the analysed lithotypes, the spinel-group minerals occur with particular textural and microstructural
features that can be grouped in four classes: i) primary magmatic spinel-porphyroclasts, with the characteristic holly-
leaf texture, scattered within partially serpentinized peridotite and massive serpentinite. Primary magmatic spinels
(hercynite and picotite) are partially to completely replaced by ferrian chromite- and magnetite-pseudomorphs. ii)
Magnetite crystals within microfractures in primary magmatic spinels. iii) Idiomorphic to sub-idiomorphic magnetite
crystals in trails along the rims of the mesh textures and within bastites in massive serpentinites. iv) Aggregates of
magnetite crystals deformed and re-oriented along the foliation in microboudins or microfolds in serpentine schists. v)
Magnetite crystals within veins often associated to other infilling minerals (such as chrysotile, talc, and chlorite).

The results evidenced significant variation in trace metal concentrations in spinels during the metamorphic and
deformative evolution of the studied ultramafic bedrocks. In particular Cr, Ni, and Co concentrations progressively
decrease with the serpentinization of the rocks. Moreover, Ti and V concentrations increase significantly in ultramafites
occurring close to tectonic contacts with other lithologies such as eclogites, metagabbros and chlorite-Ca amphibole
schists.

These results evidenced that ultramafic bedrocks, even within the same metamorphic unit, could have substantial
differences in the trace metal distribution, which directly reflect on the soil chemistry.
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Plagioclase-bearing assemblages in mantle rocks witness mantle exhumation at shallow depth. We present new
constraints on the stability of plagioclase as a function of different Na,O/CaO bulk ratio and a new geobarometer for
mantle rocks. Experiments have been performed in a single stage piston cylinder at 5-10 kbar, 1050-1150°C at
nominally anhydrous conditions using seeded gels of peridotite compositions (Na,O/CaO = 0.08-0.13; X, = Cr/(Cr+Al)
=0.07-0.10) as starting materials. As expected, the increase of bulk Na,0/CaO ratio extends the plagioclase stability to
higher pressure; in the bulk composition with the highest Na,O/CaO investigated, the plagioclase-spinel transition
occurs at 1100°C between 9-10 kbar; whereas in the peridotite with the lowest Na,O/CaO ratio it occurs between 7-8
kbar, at 1100°C. This study provides, together with previous experimental results, a consistent database, covering a
wide range of P-T conditions (3-9 kbar, 1000-1150°C) and variable bulk compositions, to be used to define and
calibrate a geobarometer for plagioclase-bearing mantle rocks. The pressure sensitive equilibrium:

Mg,Si0, @' + CaALLSi,05 ™' = CaALSiO P + Mg,Si,04 O
Forsterite Anorthite Ca-Tschermak Enstatite

has been empirically calibrated by least squares regression analysis of experimental data combined with Monte Carlo
simulation. Result of the fit gives the following equation:

P =72 (£2.9)+ 0.0078 (£0.0021) T+ 0.0022 (£0.0001) T InK
R?=10.93

where P is expressed in kbar, temperature in kelvin, K is the equilibrium constant K = ac,.1s* den / @an * as, Where acy.ts,
Aen, Qan, Qs are the activities of Ca-Tschermak in clinopyroxene, enstatite in orthopyroxene, anorthite in plagioclase and
forsterite in olivine. The proposed geobarometer for plagioclase peridotites, coupled to detailed microstructural and
mineral chemistry investigations, represents a valuable tool to track the exhumation of the lithospheric mantle at
extensional environments.
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We report the study of compressibility, thermal expansion and solubility of chromium of the 11.5 A phase,
MgeAl(Si04),(OH); a new high pressure phase (Gemmi et al., 2016), suggested as a candidate water carrier in
subduction environments. It incorporates a significant amount of water, i.e., 13 wt%. The 11.5 A phase is a product of
the decomposition of chlorite. It has been synthesized at 6.5 GPa and 700°C using a Walker-type multi-anvil device, in
the MgO-AL,03-Si0,-H,0 (MASH) and Cr-MASH system. The compressibility and thermal expansion of the phase
was obtained by synchrotron high-pressure and high-temperature X-ray powder diffraction. The bulk modulus, obtained
fitting the data with a second order Birch-Murnaghan equation of state, is K, = 109.9(2) GPa. The thermal expansion
coefficients, derived using the Holland-Powell equation of state results in oy = 4.9(8));10'5 K and a;=-2.6(1)x10™ K"

The P-V and V-T EoS were used to model the density of the phase along subduction geothermal gradient, together
with chlorite and mantle anhydrous phase assemblage. The chlorite breakdown reaction and 11.5 A phase formation at 6
GPa and 700°C results in a density increase of ca.. 20%, without taking into account the released fluid fraction. This
density variation is comparable to the complete chlorite dehydration. Therefore, it may be difficult to detect the
presence of 11.5 A phase by geophysical methods.

In the Cr-bearing system we determined a maximum Cr,O; content of 3.6 wt%; the Cr-11.5 A phase is associated
with phase A and CrO(OH), suggesting a limited solubility of Cr component in this hydrous phase.

Gemmi, M., Merlini, M., Palatinus, L., Fumagalli, P., Hanfland, M. (2016): Electron diffraction determination of 11.5 A and HySo
structures: candidate water carriers to the Upper Mantle. Am. Mineral., 101, 2645-2654.
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Sulphosalts are mostly accessory minerals in several types of mineralization related to the penetration of low
temperature fluids into tectonically opened fractures. Their crystal-chemistry allows consideration on the mobilization
of elements and may be useful for the reconstruction of the physico-chemical condition of the ore genesis. Moreover
some of them are examples of modular structures of variable complexity based on octahedral and higher-number
coordinations, therefore they are interesting as low-pressure equivalents for the high-pressure silicate phases of the
Earth’s interior, which are based on the octahedrally coordinated silicon in combination with other cations with the
same or higher coordination number.This paper is part of more complex studies which investigate the structural
evolution with P of a series of Cu-Sb-Bi sulphosalts. In particular we present here the evolution of the equation-of-state
along the emplectite (CuBiS,)-chalcostibite (CuSbS,) series, by comparing data collected on CuBiS, at different
pressures up to 9.2 GPa with those collected on CuSbS, in about the same pressure range and with the same
experimental set-up (Comodi et al., 2017).

Synchrotron single-crystal X-ray diffraction data were collected at GSECARS-BM13 beam-line of the Advanced
Photon Source Laboratory (Argonne, USA) compressing the samples in an ETH-type DAC, equipped with beryllium
backing plates.

The volume-pressure data, collected up to 9.2 GPa where fitted by a third order Birch-Murnaghan Equation-Of-State,
yielding V, = 348.9(4) A®, Ky = 55(5) GPa, and K’ = 5(2). The compressibilities of the lattice parameters, up to 9.2 GPa,
were calculated by fitting the data to a second order Birch-Murnaghan EOS and the following values were found: K, =
46.009), ap = 6.141(5)A, Ko, = 61.1(9), b, = 3.92(2) A, and Ky = 70(4), ¢y = 14.51(2) A. Notwithstanding the similar
compressibility of the cell volume of the two end members (K, = 50(3) GPa, and K’ = 6.9(9) in chalcostibite; Comodi et
al., 2017), relevant differences were observed in the evolution of the b and ¢ lattice parameters with P. In particular, ¢ is
less compressible in emplectite whereas in chalcostibite b is the least compressible parameter.

High pressure structural refinements indicate that no phase transition occurs up to 9.2 GPa. The difference in the
compressibilities can be associated to the different expression of the lone electron pair in the two semimetals. At
pressures higher than 9.2 GPa the deterioration of the quality of the data prevented further refinements of the structure
of emplectite. This can be related to a strong increase in the mosaicity of the crystal. In chalcostibite, a phase transition
is observed at higher pressures (Comodi et al., 2017).

Comodi, P., Guidoni, F., Nazzareni, S., Balié¢ Zuni¢, T., Zucchini, A., Paprapenka, V. (2017): A high pressure phase transition in
chalcostibite, CuSbS,. This meeting.
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Separates of peridotitic minerals (olivine, orthopyroxene and clinopyroxene) of lherzolite xenoliths from Handler
Ridge (northern Victoria Land, Antarctica) were analyzed for OH contents, in order to determine the role of volatile
circulation in this segment of the Antarctic lithospheric mantle. Mantle xenoliths in northern Victoria Land are carried
by Cenozoic lavas, which are part of the magmatism connected to the opening of the West Antarctic Rift System. In this
framework, the influence of percolating melts through the peridotitic matrix has been testified in the nearby area of
Baker Rocks also by the presence of amphibole (Coltorti et al., 2004). In Handler Ridge, despite no amphibole were
detected among the mineral paragenesis, presence of secondary clinopyroxene suggests that the chemistry of the
residual peridotite was variable modified by metasomatizing melts (Pelorosso et al., 2017). Preliminary FTIR data
showed the presence of H,O-related absorption around 3500-3600 cm™ in all three studied mineralogical phases: olivine,
orthopyroxene and clinopyroxene. In detail, optically clear orthopyroxene crystal fragments were oriented by optical
means, for quantitative polarized FTIR measurements. Polarized FTIR spectra showed two strong polarized peaks at
3569 and 3520 cm™ parallel to ng or c-axis and sometimes a third less intense peak at 3599 cm™ parallel to n,.
According to Skogby (2006), HyO content in these minerals can be quantified around 50 ppm. Moreover an
orthopyroxene showed the presence of a peculiar unpolarised peak around 2348 cm™, where the anti-symmetric
stretching vibration of CO, should occur. Further investigation are on the way in order to determine the origin of this
absorption.

Coltorti, M., Beccaluva, L., Bonadiman, C., Faccini, B., Ntaflos, T., Siena, F. (2004): Amphibole genesis via metasomatic reaction
with clinopyroxene in mantle xenoliths from Victoria Land, Antarctica. Lithos, 75, 115-139.

Pelorosso, B., Bonadiman, C., Coltorti, M., Melchiorre, M., Giacomoni, P.P., Ntaflos, T., Gregoire, M., Benoit, M. (2017): Role of
percolating melts in Antarctic subcontinental lithospheric mantle: New insights from Handler Ridge mantle xenoliths (northern
Victoria Land, Antarctica). In: “The Crust-Mantle and Lithosphere-Asthenosphere Boundaries: Insights from Xenoliths,
Orogenic Deep Sections, and Geophysical Studies”, G. Bianchini, J.-L. Bodinier, R. Braga & M. Wilson, eds. Geological Society
of America, Special Paper 526, DOI: 10.1130/2017.2526(07).

Skogby, H. (2006): Water in natural mantle minerals I: Pyroxenes. Rev. Mineral. Geochem., 62, 155-167.
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The amount of volatiles (F, Cl and H,0) dissolved in primary melts of Archean age and, in turn, the volatile content
of the Archean mantle are still not fully understood. Magmatic amphibole is hosted in several Precambrian (Archean to
Paleoproterozoic) ultramafic complexes. Being capable to incorporate and fix significant amount of volatiles,
amphibole may represent an archive to infer the volatile contents of the Archean mantle. We selected primary magmatic
amphiboles from ultramafic rocks in the Agnew-Wiluna (Australia, 2.7 Ga), Abitibi (Canada, 2.7 Ga) and Pechenga
(Russia, 1.98 Ga) greenstone belts. All amphibole crystals were characterized in terms of major- and trace-element
composition by EMPA and LA-ICP-MS, and of volatile contents (H,O, F, Cl) and isotope signature (D/H and 3'%0) by
SIMS, with two ion microprobes.

Olivine and clinopyroxene are the major minerals of the studied rocks. Pargasitic to kaersutitic amphibole is a
minor-to-accessory phase (< 10 vol%) and occurs as oikocrysts or at the margins of intercumulus clinopyroxene crystals.
Amphibole trace-element composition strongly resembles/reflects the geochemical affinity of the host rock. Noticeably,
amphiboles of the Canadian and Russian Fe-picrites show high (Nb/Y)py values in agreement with the alkaline affinity
of the host rocks. Amphibole from the Australian and Canadian komatiites and tholeiites on the contrary show low
(Nb/Y)pm ratios, comparable to those of orogenic sub-alkaline amphibole of Phanerozoic age. The H,O contents in
amphibole are generally lower than 1.25 wt.% thus revealing a significant oxo component. F and Cl contents are
variable up to 6000 and 4400 ppm, respectively. /n situ 3D measurements display values ranging between -99%o and -
129%o, whereas the amphibole from Canadian tholeiites of Ghost Range shows lighter 6D composition ranging between
-197%o and -236%o.

Textural and compositional features suggest an igneous origin for the studied amphiboles and thus their utility as a
proxy for the volatile content of the Archean mantle. However, some their compositional features do not agree with a
closed-system evolution. In particular, the analysed amphiboles are markedly enriched in Ni-Cr-V-Zr in comparison to
the early formed clinopyroxene. A multi-phase history in the evolution of the primary melts, involving the
assimilation/resorption of the early crystallising minerals, has to be supposed in order to account for their peculiar Ni-
Cr-V-Zr composition. The 8D values suggest a degassing evolution of the parental melt. The application of “"D has
allowed us to calculate the volatile content of the equilibrium melt and, consequently, to model that of the parental
liquid and the mantle source. Results will be discussed in terms of the current knowledge on the volatile content of the
Archean mantle and in relation to values obtained from igneous amphiboles from Phanerozoic ultramafic rocks.
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ABOs perovskite oxides represent a system which offers potential developments in Materials Science (the excess
physical properties, consequence of structural phase transitions, promote perovskites as high-tech ceramics) and Earth
Sciences (e.g., the orthorhombic (Mg,Fe)SiO; perovskite is the predominant phase of the Earth lower mantle). Cubic in
its aristotype form (s.g. Pm-3m) — a framework of corner sharing BO¢ octahedra with twelve-fold coordinated 4 cations
within the framework cavities — perovskites with a lower symmetry (usually orthorhombic, s.g. Pbnm) derive from the
cubic structure through a combination of octahedral tilts and distortion of the BOg octahedra.

The evolution of orthorhombic perovskites with P has been interpreted as the combination of the relative
compressibility of constituent 40, and BOg polyhedra with the octahedral tilts. Specifically, if 4 has a lower formal
charge than B (i.e., 2:4), the 4O, site is more compressible than the BO4 octahedron, and the volume reduction is
associated to an increase of the octahedral tilting; if 4 and B have the same formal charge (i.e., 3:3), the 4O, site is
stiffer than the BOs octahedron, then the volume reduction is partially compensated by a decrease of the octahedral
tilting.

Albeit true for several perovskites, the description of above is incomplete and it was recently reviewed showing that
besides to define dichotomous trends depending on the charge of 4 and B cations, the evolution of orthorhombic
perovskites at HP is affected whether transition metal ions (TM]I) are hosted at the octahedral site (Ardit, 2015).

An overview on the structural evolution of perovskites upon P will be presented. Two specific cases will be also
analysed.

1. The structural modifications of YAly,sCrg750; at HP with a detailed inspection of a YM*' 05 isotype series to
emphasize a possible limit case when absences of change in octahedral tilting are found, i.e., the so called "locked-tilt”
Y Alg»5Crg 7503 perovskite (Ardit et al., 2017).

2. The dualism between Cr’" and Ga’* hosted at the octahedral site of Nd(Ga,Cr)O; at HP to appraise whether a
specific electronic configuration allows the crystal field stabilization energy (CFSE) at octahedral sites to act as vehicle
of octahedral softening (Cr’* with partially filled 3d orbitals) or it turns octahedral into rigid units when CFSE is absent
(Ga®" with full 34 orbitals).

Ardit, M. (2015): Compressibility of orthorhombic perovskites. The effect of transition metal ions (TMI). J. Phys. Chem. Solids, 87,
203-212.

Ardit, M., Dondi, M., Cruciani, G. (2017): Locked octahedral tilting in orthorhombic perovskites: At the boundary of the general rule
predicting phase transitions. Phys. Rev. B, 95, 024110.
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Due to their widespread use in many industrial sectors, low solubility in water and their bioaccumulation tendency,
Volatile Organic Compounds (VOCs) are hazardous organic chemicals commonly present in water. Among this class of
pollutants, chlorobenzene (CB) is included as benzene (i.e., BTEX species) halogenated compound. Therefore, due to
its toxic effects on both human health and environmental systems, the removal of CB from water is a primary issue.
Recently, it has been highlighted that organophylic and hydrophobic zeolites are efficient as sorbent materials and
completely regenerable without showing remarkable changes in adsorption capacity and structural properties.
Nowadays, these zeolites features, combined with their high thermal stability, are exploited in regeneration processes
through thermal treatment in order to reuse regenerated zeolites in new adsorption processes (Rodeghero et al., 2016).
Therefore, the aim of the project is to investigate the desorption process of chlorobenzene (purchased by Sigma Aldrich
with a purity of 99.8%) Y (HSZ-390HUA code; 200 SiO,/AL,O; ratio) system to: 1) determine the desorption
temperature of extraframework content; 2) characterize the structural modifications induced by high temperature
treatment and 3) highlight the temperature effects on the interactions between organic molecules and framework oxygen
atoms. With this purpose, Y-CB sample was prepared and characterized by chromatographic (via Headspace Solid
Phase Microextraction-GC) and thermal (TG and DTA) analysis. Desorption process was constantly monitored, through
synchrotron X-ray powder diffraction, at the high resolution Beamline ID22 (ESRF, Grenoble) from room temperature
to 590°C with a heating rate of 8°C/min. Rietveld refinements showed that chlorobenzene molecules are desorbed at
about 210°C. These results are in good agreement with thermal analysis, which suggest that all the extraframework
(H,O and CB molecules) content is completely released between 190 and 210°C. Hence, the detected desorption
temperature reveals an acceleration of desorption kinetics compared to that reported on a patent previously published
(Vignola et al., 2008). Moreover, structural refinements highlighted that both only slight memory effects in terms of
structural deformations are registered in 12MR channel geometry after regeneration process and the reactivated zeolite
regain the unit-cell parameters of the bare material almost perfectly. Furthermore, any significant crystallinity loss is
observed. Based on these results, the High Silica Y zeolite is potentially reusable in a new adsorption/desorption cycle.

Rodeghero, E., Martucci, A., Cruciani, G., Bagatin, R., Sarti, E., Bosi, V., Pasti, L. (2016): Kinetics and dynamic behaviour of
toluene desorption from ZSM-5 using in situ high-temperature Synchrotron X-ray diffraction and chromatographic techniques.
Catalysis Today, 277, 118-125.

Vignola, R. (2008): WO 2009/000429 A1, Eni S.p.A.

76



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

The manganite — pyrolusite transformation

Bernardini S.', Ballirano P.%, Bellatreccia F.*', Casanova Municchia A.", Sodo A.' & Della Ventura G.'

! Dipartimento di Scienze, Universita di Roma Tre
% Dipartimento di Scienze della Terra, Sapienza Universita di Roma

* Corresponding email: fabio.bellatreccia@uniroma3.it

Keywords: manganese oxides, manganite, pyrolusite, HT trasformation, X-ray powder diffraction, Raman, FTIR spectroscopy.

Natural manganese oxides (MnO,) are very attractive cryptocrystalline nano-materials, characterized by special
physical and chemical proprieties that play a key-role in the partitioning of arsenic and heavy metals between soils and
aqueous systems (Oscarson et al., 1983). Recent studies show that Mn-oxides are significant environmental indicators
(composition, pH, Eh, biological activities of the system), provided the samples can be characterized without ambiguity
(Bernardini, 2017). The structure of the different MnO, phases is indeed strongly controlled by these features, therefore
understanding the processes that drive the crystallization and growth of the different MnO, phases may provide an
important tool in environmental studies. This work is a first contribution aimed at defining the stability field of MnO,
phases to better understand the role that these minerals play in the environment. Pyrolusite [$-MnO;] (tetragonal) is
characterized by well-formed crystals, while secondary pyrolusite often derives from the oxidation of manganite [y-
MnOOH] (monoclinic), by loss of hydrogen from the structure (Champness, 1971). The manganite — pyrolusite
transformation has been investigated by high temperature XRPD, FT-IR and Raman spectroscopy. The unit cell
relationships are such that manganite a and ¢ parameters are halved with respect to those of pyrolusite, while the b
parameter of manganite contracts from 5.28 A to 4.40 A to become symmetry related to the a parameter of pyrolusite.
This 15% contraction along b gives rise to the possibility that microscopic cracks paralleling the manganite (010) planes
might separate newly made crystallites of pyrolusite (Rask & Buseck, 1986).

Bernardini, S. (2017): Arsenic and heavy metals environmental spreading: The long-term key role of manganese oxides. Thesis,
Universita di Roma Tre.

Champness, P.E. (1971): The transformation manganite — pyrolusite. Mineral. Mag., 38, 245-248.

Oscarson, D.W., Huang, P.M., Liaw, W.K., Hammer, U.T. (1983): Kinetics of oxidation of arsenite by various manganese dioxides.
Soil Sci. Soc. Amer. J., 47, 644648.

Rask, J.H. & Buseck, P.R. (1986): Topotactic relations among pyrolusite, manganite, and Mn508: A high-resolution transmission
electron microscopy investigation. Am. Mineral., 71, 805-814.
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Naturally quasicrystals (Bindi et al., 2009, 2015, 2016), crystal-like solids with supposedly impossible symmetries,
are among the rarest structures known. Only three have ever been found, and all come from the same meteorite: the
Khatyrka CV3 carbonaceous chondrite (MacPherson et al., 2013). To uncover the reasons for that scarcity, we have
recently demonstrated by means of laboratory experiments that AlCuFe-quasicrystals could arise from collisions
between asteroids with unusual chemical compositions (Asimow et al., 2016). These materials could indeed be
produced by the sudden compression, flash heating and rapid cooling caused by asteroid collisions, provided the
asteroids contain suitable starting materials. To test if also the AINiFe-quasicrystal, the synthetic analogue of decagonite
(the second natural quasicrystal), could be produced by shock experiments, we undertook another series of experiments,
culminated in the successful synthesis of decagonal AINiFe. The results strengthen the argument from shock textures
and high-pressure phases in Khatyrka (e.g., Lin et al., 2017) that its shock history was responsible for the formation of
its unique quasicrystalline minerals. We also note that both the icosahedral and decagonal quasicrystals we obtained are
in fact distinct in composition and cell parameters from all previously known natural or synthetic examples, which
shows that shock synthesis is a useful method of finding and characterizing new quasicrystals that cannot be formed by
conventional metallurgy.

Asimow, P.D., Lin, C., Bindi, L., Ma, C., Tschauner, O., Hollister, L.S., Steinhardt, P.J. (2016): Shock synthesis of quasicrystals
with implications for their origin in asteroid collisions. Proc. Nat. Acad. Sci., 201600321.
Bindi, L., Steinhardt, P.J., Yao, N., Lu, P.J. (2009): Natural Quasicrystals. Science, 324, 1306-1309.
Bindi, L., Yao, N., Lin, C., Hollister, L.S., Andronicos, C.L., Distler, V.V., Eddy, M.P., Kostin, A., Kryachko, V., MacPherson, G.J.,
Steinhardt, W.M., Yudovskaya, M., Steinhardt, P.J. (2015): Natural quasicrystal with decagonal symmetry. Sci. Rep., 5, 9111.
Bindi, L., Lin, C., Ma, C., Steinhardt, P.J. (2016): Collisions in outer space produced an icosahedral phase in the Khatyrka meteorite
never observed previously in the laboratory. Sci. Rep., 6, 38117.

Lin, C., Hollister, L.S., MacPherson, G.J., Bindi, L., Ma, C., Andronicos, C.L., Steinhardt, P.J. (2017): Evidence of cross-cutting and
redox reaction in Khatyrka meteorite reveals metallic-Al minerals formed in outer space. Sci. Rep., 7, 1637.

MacPherson, G.J., Andronicos, C.L., Bindi, L., Distler, V.V., Eddy, M.P., Eiler, J.M., Guan, Y., Hollister, L.S., Kostin, A., Kryachko,
V., Steinhardt, W.M., Yudovskaya, M., Steinhardt, P.J. (2013): Khatyrka, a new CV3 find from the Koryak Mountains, Eastern
Russia. Meteor. Planet. Sci., 48, 1499-1514.
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Experimental and petrological data show that tourmalines are stable over a wide range of P-T conditions, ranging
from the diagenetic field to UHP and UHT zones. This large stability is likely related to the great flexibility of the
tourmaline structure to adjust in composition in response to changing chemical environments and 7-P conditions (e.g.,
Dutrow & Henry, 2011). However, a definitive stability field of tourmalines, in particular for high-pressure conditions,
is not available. Relative to the maximum high pressure stability, it appears that tourmaline with dravite composition is
considered the composition stable at the highest values of pressure and breaks down to produce different Mg—Al phases
at pressures as high as 5-8 GPa (Krosse, 1995; Ota et al., 2008), although showing a complex dependence on
temperature.

In this study, we focused on the high-pressure behavior of a natural dravite, ideally
NaMg;Alg(Si015)(BO3)3(OH)3(OH), by single-crystal X-ray diffraction within a diamond-anvil cell. The unit-cell
parameters for the investigated sample are: @ = 15.9623(3) A, ¢ = 7.1972(1) A, ¥ = 1588.13(3) A’. Our investigation
was performed at room temperature in order to obtain the pressure-volume equation of state of such high-pressure
tourmaline and explore its pressure stability field. This work is part of a wide research project focused on the
determination of the P-T stability field of tourmalines. Preliminary results will be discussed.

Dutrow, B.L. & Henry, D.J. (2011): Tourmaline: a geologic DVD. Elements, 7, 301-306

Krosse, S. (1995): Hochdrucksynthese, Stabilitdt und Eigenschaften der Borsilikate Dravit und Kornerupin, sowie Darstellung und
Stabilitdtsverhalten eines neuen Mg-Al borates. Thesis, Ruhr-Universitdt Bochum.

Ota, T., Kobayashi, K., Katsura, T., Nakamura, E. (2008): Tourmaline breakdown in a pelitic system: implications for boron cycling
through subduction zones. Contrib. Mineral. Petrol., 155, 19-32.
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Pargasite is a Ca-amphibole associated to medium- or high-pressure/high-temperature conditions. The occurrence of
hydroxyl groups into the amphibole’s structure has proved to be a significant agent in the water cycle within the upper
mantle (e.g., Gill 1981). In order to better understand the water cycle in the upper and potentially lower mantle, it is of
critical importance to determine the stability of all hydrous minerals subducted into the mantle. However, despite their
geological importance, only a few in situ high-pressure (HP) and high-temperature (H7) studies have been performed in
order to describe the P-T stability fields, the thermo-elastic behaviour and the P- or T-induced deformation mechanisms
of amphiboles at the atomic scale. The compressibility of tremolite, pargasite and glaucophane were investigated by
Comodi et al. (1991) on the basis of in situ single-crystal X-ray diffraction experiments with a diamond anvil cell
(DAC) up about 4 GPa. However, as pointed out in Welch et al. (2007), there is a need to extend the compressibility
measurement to P higher than 10 GPa, in order to improve the accuracy of the refined isothermal bulk modulus values
and their P-derivatives. Furthermore, to the best of our knowledge, no simultaneous in situ P-T studies have been
conducted on amphiboles so far. This lack of knowledge prevents a detailed description of the behaviour of amphiboles
that are stable at HP-HT conditions and consequently it is still difficult to assess their petrological implications. In this
light, we have selected crystals of pargasite from the peridotite of the “phlogopite peridotite unit” of the Finero mafic-
ultamafic complex (Ivrea-Verbano Formation, Italy) (Cowthorn, 1975), in order to describe: @) the HP elastic behaviour
of this amphibole and its deformation mechanisms at the atomic scale up to 20 GPa, by single-crystal synchrotron X-ray
diffraction with a diamond anvil cell, b) its HT behaviour, along with its potential de-hydroxilation, by in situ X-ray
synchrotron powder diffraction using a hot air blower device (up to 823 K), and c) its phase stability field at
simultaneous HP-HT conditions, by single-crystal synchrotron X-ray diffraction with a resistive-heated diamond anvil
cell (Ppax = 16.5 GPa, Tphax = 1200 K). The thermal and compressional behaviour of pargasite are now fully described
within the P- and T-range investigated and the petrological implications of our experimental findings are discussed.

Cawthorn, R.G. (1975): The amphibole peridotite-metagabbro complex, Finero, northern Italy. J. Geol., 83, 437- 454.

Comodi, P., Mellini, M., Ungaretti, L., Zanazzi, P.F. (1991): Compressibility and high pressure structure refinement of tremolite,
pargasite, and glaucophane. Eur. J. Mineral., 3, 485-500.

Gill, J. (1981): Orogenic Andesites and Plate Tectonics. Springer, New York, pp. 390.

Welch, M.D., Camara, F., Della Ventura, G., lezzi, G. (2007): Non-ambient in situ studies of amphiboles. Rev. Mineral. Geochem.,
67, 223-260.
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Sulphosalts are a group of minerals important for the extraction of metals (Cu, Pb, Ag, Fe) and semimetals, whose
general formula is (Me", Me*, etc.), [(Bi, Sb, As)*", Te4+]y [(S, Se, Te)],. They may represent new technological
materials with peculiar optical, magnetic and electric properties and can have potential applications as thermoelectric
materials, semiconductors for photovoltaic devices and infrared detectors.

As many of them have modular crystal structures, their chemical and structural building units allow material
engineering and designing in several ways. The knowledge of the evolution of their structure with pressure may give
important suggestion for technological applications.

The crystal structure of chalcostibite a-CuSbS, was investigate at P between 0 and 13.2 GPa by synchrotron single-
crystal X-ray diffraction data, compressing the sample in an ETH-type DAC equipped with diamond backing plates at
GSECARS-BM13 (APS, Argonne, USA). The V-P data, collected up to 10.8 GPa where fitted to a third order Birch-
Murnaghan equation-of-state , yielding V = 332.4(4) A’, Ky = 50(3) GPa, and K’ = 6.9 (9) GPa™. The compressibilities
of the lattice parameters, up to 10.8 GPa, were calculated by fitting the data to a second order Birch-Murnaghan EOS
and the following values were found: K, = 49.0(6) GPa, ay = 6.0(2)A, Ko, = 76(3) GPa, b, = 3.80(8) A, and K. = 57(3)
GPa, ¢o = 14(9) A.

At pressure higher than 11 GPa the evolution of crystal lattice and geometrical parameters indicates that a phase
transition occurs, from orthorombic Pnma space group to monoclinic P2,. The single crystal was retained after the
reversible phase transition despite the contraction of the unit cell of 2.2% and the anisotropic change of the lattice
parameters, which affected mainly the a lattice parameter. The high pressure structure of B-CuSbS, was solved in P2,
space group. The phase transition violates the mirror plane perpendicular to a-CuSbS, b axis and occurs in the sense of a
“2 A shear” along this axis suggested as a possible structural modification in the emplectite homologous series by
Makovicky (1981). The shearing occurs between the (001) infinite slabs of Sb and S atoms corresponding in structure to
the (101) and (10-1) SnS type and influences mostly the coordinations of Cu atoms that interconnect the slabs. The
coordination achieves a configuration halfways between the starting tetrahedral and a square-bi-pyramidal. The
coordination of Sb retains its general monocapped trigonal prism form largely influenced by its lone electron pair, with
five short and 2 long bonds. The activity of the lone electron pair is constantly decreasing with equalization of short
bonds and significant shortening of one of the long ones, with a movement of lone-electron pairs closer to Sb nucleus.

Makovicky, E. (1981): The building principles and classification of bismuth-lead sulphosalts and related compounds. Fortschr.
Mineral., 59, 137-190
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The crystal-chemical/structural response of Fe-dominant amphiboles to high-7 conditions was approached since the
1960's (Addison & Sharp, 1962, Ungaretti, 1980) mostly due to the increasing technological relevance of Fe-asbestos
("crocidolite") as thermic insulators. The oxidation of ferrous iron at high 7" was found to be balanced by the loss of H at
the O(3) site.

We have studied a synthetic A-site full (potassic-ferro-richterite, PFR; Oberti et al., 2016; Della Ventura et al.,
2017a) and a natural A-site vacant (riebeckite, RI; Della Ventura et al., 2017b) amphibole and discuss here results
obtained combining X-ray diffraction and spectroscopic (FTIR, Raman, Mdssbauer and XAS) methods. In situ HT-
XRD shows a drastic drop of the cell parameters at 350°C for PFR and at 450°C for RI. Structure refinement (SREF)
done at HT shows that the oxo amphibole structure is stable up to 800°C. Both SREF and M{ssbauer spectroscopy
show that iron oxidation occurs only at the M(1) sites, while the other OH-coordinated M(3) site, and M(2) are
unaffected. Single-crystal H7-FTIR experiments systematically detect a loss of intensity of the O-H stretching
absorption at 7 50-100°C higher than XRD, but this shift is smaller when working on powders. Also, the band
intensities increase significantly at the onset of deprotonation when collected in situ, but are constant when collected
after quenching. /n situ HT-Raman spectroscopy on RI shows complete deprotonation at 7" > 450°C, whereas FTIR
spectroscopy on the same crystal shows no hydroxyl loss until 550°C. Because Raman spectroscopy probes only the
most surficial layers (a few mm) of the sample, these data definitively confirms that the deprotonation process mainly
occurs at the crystal surface. This implies that the process needs a continuous diffusion of both protons and electrons
across the silicate matrix to proceed. Based on all the available data, a general model for the dynamics of Fe-oxidation
at HT in these compounds is presented and discussed.

Addison, W.E. & Sharp, J.H. (1962): A mechanism for the oxidation of ferrous iron in hydroxylated silicates. Meeting of the Clay
Mineral Group, Leeds, 73-79.

Della Ventura, G., Susta, U., Bellatreccia, F., Marcelli, A., Redhammer, G., Oberti, R. (2017a): Deprotonation of Fe-dominant
amphiboles. HT-FTIR spectroscopic studies of synthetic potassic-ferro-richterite. Am. Mineral., 102, 117-125.

Della Ventura, G., Susta, U., Mihailova, B., Oberti, R. (2017b): The deprotonation of riebeckite: a vibrational study. AIC Meeting,
Perugia, June 2017.

Oberti, R., Boiocchi, M., Zema, M., Della Ventura, G. (2016): Synthetic potassic-ferro-richterite: 1. Composition, crystal structure
refinement, and HT behavior by in operando single-crystal X-ray diffraction. Can. Mineral., 54, 353-369.

Ungaretti, L. (1980): Recent developments in X-ray single crystal diffractometry applied to the crystal-chemical study of amphiboles.
Godisnjak Jugon. Centra za Krist., 15, 29-65.
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Colemanite, CaB;04(OH); H,O0, is a common hydrous borate of large economic relevance, as it is one of the major
commodities of boron with applications in the fields of glass and ceramic industries. Colemanite-rich layers are usually
found in stratigraphic successions related to lacustrine basins in semi-arid to arid environments, associated to a local
volcanic activity, which provides the source for boron. Despite the large economic relevance, the behavior of this
mineral at non-ambient conditions of temperature and pressure was almost unexplored, which can provide a basis for
understanding its stability during diagenetic and metamorphic processes. In this contribution, we report the high-
pressure behavior of colemanite (Lotti et al., 2017), based on in sifu single-crystal synchrotron X-ray diffraction data up
to 24 GPa, and its low-T behavior by in situ X-ray and neutron single-crystal diffraction.

Colemanite was found to be stable up ~ 14.5 GPa, where a reconstructive phase transition towards a high-pressure
polymorph (colemanite-1I) with same symmetry (space group P2,/a), but a six times larger unit cell volume, occurs.
The elastic behavior of colemanite was described by fitting the experimental data with a III-order Birch-Murnaghan
equation of state, yielding the following refined elastic parameters: K = 64(4) GPa and K¢ 5.5(7). The colemanite-to-
colemanite-II phase transition induces an increase in the average coordination number of both the Ca and B cations. In
particular, a fraction of the boron sites increases its coordination from triangular to tetrahedral by making a further bond
with a HyO-oxygen atom. Although the phase transition occurs (at ambient temperature) at pressures far from those
associated with the usual geologic environments of colemanite, the reported results disclosed flexible deformation
mechanisms that borate compounds may adopt to accommodate pressure, thus providing new insights on the behavior
of borate minerals at non-ambient conditions. The complex hydrogen-bonding network of colemanite has also been
characterized, at ambient and low temperature conditions, by means of in situ single-crystal synchrotron X-ray and
neutron diffraction experiments. A positional disorder, related to the presence of two mutually exclusive configurations
of the H,O-molecule hydrogen atoms, was found both above and below ~ 0°C, where a displacive phase transition from
the P2,/a to the P2, space group occurs.

Lotti, P., Gatta, G.D., Comboni, D., Guastella, G, Merlini, M., Guastoni, A., Liermann, H.-P. (2017): High-pressure behavior and P-
induced phase transition of CaB304(OH);,0 (colemanite), J. Am. Ceram. Soc., in press, DOIL: 10.1111/jace.14730.
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The high-pressure behavior of monovalent-cation-exchanged chabazites from Rubendorfel (Bohemia)
(Cay ¢NagsSig4Al;3 60n4-14.3H,0), in the form of Li", Na, Ag+, K', Rb", and Cs" chabazite, was investigated by means
of in situ synchrotron X-ray powder diffraction using pure water as penetrating pressure-transmitting fluid up to 5.5
GPa (at room temperature). The experiments were conducted: i) under hydrostatic consitions in the low-P range (< 1-5
GPa), and ii) under non-hydrostatic conditions in the higher P range (P > 1.5 GPa), in order to describe potential
transformation phenomena even with sample compressed in solid H,O. In sifu high-pressure synchrotron X-ray powder
diffraction experiments on the as-prepared cation-forms of chabazites were performed at beamline 10-2 at the Stanford
Synchrotron Radiation Light source (SSRL) at the SLAC National Accelerator Laboratory. At beamline 10-2, the
synchrotron radiation from the wiggler insertion device impinges on a Si(111) crystal followed by two pinholes in order
to create an approximately 200 micrometer diameter beam of monochromatic X-rays with a wavelength of 0.61992(5)
A. A Pilatus 300K-w Si-diode CMOS detector manufactured by DECTRIS was used to collect powder diffraction data.
The detector held at distance of ca. 1032(2) mm from the sample was stepped to produce scattering angle coverage in 2-
theta up to ca. 40°. A modified Merrill-Bassett diamond anvil cell (DAC), with two opposing diamonds supported by
tungsten-carbide plates, was used for high-pressure XRD measurements. The pressure of a sample in the DAC was
measured by detecting the shift in the R1 emission line of the included ruby chips (uncertancy: +/-0.05 GPa). Pressure-
dependent changes in the unit-cell lengths and volumes were derived from a series of whole profile fitting procedures
using the EXPGUI suite of programs. Rietvel structure refinements are in progress. In all cases, except for Na-chabazite,
a phase transition from the original rhombohedral to triclinic symmetry is observed in the range between 3.0 GPa and
5.0 GPa. The phase transition is accompanied by an abrupt decrease of the unit-cell volume by up to 10%. The apparent
drasticaly different compressibility of the low-P rhombohedral forms suggests: i) P-induced penetration phenomena of
H,O molecules, which lead to an anomalous stiffnes of the structure, ii) a drastic control of the extraframework
population on the compressional behaviour and crystal-fluid interaction.
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We report the crystal structure of dolomite-IV, a high-pressure polymorph of Fe-dolomite stabilized at 115 GPa and
2500 K. It is orthorhombic, space group Pnma, a = 10.091(3), b = 8.090(7), ¢ = 4.533(3) A, V' =370.1(4) A’ at 115.2
GPa and ambient temperature. The structure is based on the presence of 3-fold C;09 carbonate rings, with carbon in
tetrahedral coordination. The structure of dolomite-IV has not been predicted, but it presents similarities with the
structural models proposed for the high-pressure polymorphs of magnesite, MgCOj;. A ring-carbonate structure match
with spectroscopic analysis of high-pressure forms of magnesite-siderite reported in the literature, and, therefore, is a
likely candidate structure for a carbonate at the bottom of the Earth’s mantle, at least for magnesitic and dolomitic
compositions.
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Armstrongite is a mesoporous Zr-silicate with a mixed framework of silicate sheets and Zr-octahedra forming
cavities occupied by Ca atoms. The studied sample has (CagosCe.01Ybo.01)Z10.99S1601497°2.02H,0 crystal chemical
formula (Mesto et al., 2014); the two water molecules display different local environments, as also found for other
zeolite-like zircon-silicates (Mesto et al., 2014; Yakubovich et al., 2013; Zubkova et al., 2011; Grigor’eva et al., 2011).
Single-crystal structural refinement (Mesto et al., 2014) showed the mineral to be monoclinic [s.g. C2/m, a =
14.0178(7), b = 14.1289(6), ¢ = 7.8366(3) A, B = 109.436(3)°] and twinned with two individuals rotated around a twin
twofold axis parallel to [100]. In the present work, the thermal behavior of armstrongite was investigated in the range
30-700°C by combining TGA, HT-XRPD, HT-SCXRD and HT-FTIR.

Both TGA and HT- FTIR show that armstrongite dehydrates at 7 > 370°C in agreement with the evolution of the
HT-XRPD that indicates a discontinuity in the variation of the cell parameters at the same temperature. The following
changes were observed upon heating from 25 to 375°C: Aa ~ 0.15 A, Ab ~ 0.07 A, Ac ~ 0.05 A and AP ~ 0.2°. The
latter result is compatible with HT-SCXRD data. In addition, H7-SCXRD shows that the heating does not affect the s.g.,
although the dehydrated phase has a different coordination environment for the Ca®" ions with respect to the hydrated
one. Work is in progress to define the structural details of the dehydrated phase.

HT-FTIR shows, in agreement with Mesto et al.(2014), two water molecules for the hydrous phase; careful analysis
of the spectra indicates that one of these is most affected during the heating experiment and is lost at lower temperature.
Slight but significant frequency shifts of the framework modes are also observed.

An analysis of the thermal expansion tensors shows that the major expansion occurs along the [010] direction,
whereas the maximum contraction direction was normal to [010].

Grigor’eva, A.A., Zubkova, N.V., Pekov, 1.V., Kolitsch, U., Pushcharovsky, D. Y., Vigasina, M. F., Giester, G., Dordevic, T.,
Tillmanns, E., Chukanov, N.V. (2011): Crystal chemistry of elpidite from Khan Bogdo (Mongolia) and its K and Rb-exchanged
forms. Crystallogr. Rep., 56, 832-841.

Mesto, E., Kaneva, E., Schingaro, E., Vladykin, N.V., Lacalamita, M., Scordari, F. (2014): Armstrongite from Khan Bogdo
(Mongolia): Crystal structure determination and implications for zeolite-like cation exchange properties. Am. Mineral., 99, 2424-
2432.

Yakubovich, O.V., Karimova, O.V., Ivanova, A.G., Yapaskurt, V.O., Chukanov, N.V., Kartashov, P.M. (2013): Ordering of cations
in the voids of the anionic framework of the crystal structure of catapleiite. Crystallogr. Rep., 58, 401-411.
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Ongoing discussion on the application of intracrystalline “geothermometers” to Martian nakhlite samples indicates
that the available calibration equations that express the Inkp as a function of 1/7(K) for clino- and ortho-pyroxenes (cpxs
and opxs) require further validation. This can only be done using crystals grown in rock analogues synthesized under
controlled temperature conditions. On these samples, it is possible to compare the closure temperature (7¢) of the
intracrystalline Fe**-Mg ordering process for each of both phases (cpx and opx), with the quenching temperature (7 Q) of
the synthesis experiments. Intracrystalline thermometry records the last thermal event experienced by a single mineral
phase if the system remains closed for the entire cooling process, as expected for our synthesized samples, which are
subjected to a rapid quenching.

For this purpose, we measured by single crystal X-ray diffraction the Fe*’-Mg order degree, expressed as the
intracrystalline distribution coefficient kp, on three pairs of synthetic samples containing both clinopyroxene and
orthopyroxene as separated crystals. Each of these synthetic samples was experimentally grown from a hydrous
nepheline basanite under conditions that ranged from 1050°C at 2.0 GPa to 1170 °C at 3.0 GPa.

Our results, obtained by applying for cpx and opx the calibration equations by Murri et al. (2016) and that by
Stimpfl et al. (2015), respectively, demonstrate for the first time the quite remarkable agreement between calculated
closure temperatures (7¢) and actual quenching temperatures (7q) for synthesis products over which we have complete
control. The smallest discrepancy between calculated and actual temperature is of the order of degrees (e.g.,12°C and
4°C for clinopyroxenes and orthopyroxenes, respectively), whereas the largest is of the order of tens of degrees (e.g.,
22°C and 55°C for clinopyroxenes and orthopyroxenes, respectively). These values are well within the intrinsic
estimated standard deviations (e.s.d.’s) that arise from the structural refinement (e.g., about 28°C for the sample with
the highest e.s.d. on the Fe site occupancy).

Acknowledgements: MM and MA have been funded by the MILE DEEp project (RBSI140351) to M. Alvaro. MCD
has been funded by the PEA13 grant to L. Folco. FC thanks Andrea Risplendente by the skillful operation of the EMPA
at the Department of Earth Sciences, University of Milan.

Murri, M., Scandolo, L., Fioretti, A.M., Nestola, F., Domeneghetti, M.C., Alvaro, M. (2016): The role of Fe content on the Fe-Mg
exchange reaction in augite. Am. Mineral., 101, 2747-2750.

Stimpfl, M., Ganguly, J., Molin, G. (2005): Kinetics of Fe’’~-Mg order disorder in orthopyroxene: experimental studies and
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The transport of chemical elements down into the Earth’ s transition zone and lower mantle is strongly affected by
the stability of minerals as function of pressure and temperature. Whether the slab stagnates or sinks depends on the
density and viscosity of the subducted portions that links with the mineralogy and associated phase transitions and
decomposition reactions, which have important implications for the origin of deep earthquakes. Clinopyroxene (cpx) is
known to dissolve as majoritic component in garnet during subduction. However, the associated slow diffusion can
result in metastable cpx at high pressure. To date, experimental studies on the stability of omphacitic cpx as function of
pressure are few and sparse in literature. We performed high pressure and temperature experiments to investigate the
fate of omphacite during subduction.

The experiments were carried out at temperatures between 800 and 1300°C and pressures of 3 and 6 GPa using the
Voggenreiter 840 t, Walker-type multi anvil press available at HPHT Lab at National Institute of Geophysics and
Volcanology (INGV, Rome). The starting material employed was a mixture of synthetic omphacitic glass, quartz,
dolomite and graphite representative of a carbonated eclogite, which was loaded in a graphite capsule. Tungsten carbide
(WC) anvils (F grade) with 17 and 11 mm truncation edge lengths (TEL) were used with chromium-doped MgO
octahedra (25 and 18 mm edge length) as pressure media.

In a second set of experiments, a synthetic omphacitic glass was mixed with Re and ReO; to act as redox buffer, all
loaded in a Re capsule of ~1 mm in diameter. WC anvils (F grade) with TEL of 3 mm were used with cobalt-doped
MgO octahedra and pyrophyllite gaskets as pressure media both optimized to generate pressures above 25 GPa (Tange
et al., 2008). The temperature during the experiments was monitored with a W-5%Re/W-26%Re thermocouple. In all
experiments, olivine (San Carlos) or quartz powder were used as pressure marker (Ito, 2007). The sample was
compressed applying a ram load up to ~450 ton, then heated and kept at a constant temperature within £10°C for a
period of 20-360 minutes. The recovered samples were mounted in epoxy resin, sectioned and polished for textural
observation and chemical analyses with a field-emission scanning electron microscope.

Preliminary results from experiments at 3 and 6 GPa show a strong temperature dependence of the content of
sodium and aluminum in tetrahedral coordination that is consistent with previous studies. Isothermal runs at higher
pressures show the formation of a Na-poor rim in the recovered cpx likely corresponding to the nucleation of a post-
clinopyroxene phase (Oguri et al., 2007).

Ito, E. (2007): Theory and practice — Multianvil cells and high-pressure experimental methods. In: "Treatise on Geophysics, vol. 2",
G. Schubert, ed. Elsevier, Amsterdam, 197-230.

Oguri, K., Funamori, N., Sakai, F., Kondo, T., Uchida, T., Yagi, T. (1997): High-pressure and high-temperature phase relations in
diopside CaMgSi206. Phys. Earth Planet. Inter., 104, 363-370.

Tange, Y., Irifune, T., Funakoshi, K.-I. (2008): Pressure generation to 80 GPa using multianvil apparatus with sintered diamond
anvils. High Pressure Res., 28, 245-254
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Recent advances in quantum mechanical calculation made assignment of the vibration frequencies in Raman
spectroscopy by-product of energetic calculation. It is now possible to relate structural features and Raman peaks with
pressure. Aiming at determining in pyroxenes the relations with well described peaks and structural changes, we
collected the high-pressure Raman spectra of diopside (CaMgSi,Og), along with other three synthetic pyroxenes of
composition CaCoSi,0g, CaMgGe,0¢ and CaCoGe,Og, up to P = 7.6 and 8.3 GPa, respectively for silicates and
germanates.

The spectra of the investigated silicates show few major peaks, between 300 and 400 cm™', and mostly related to
stretching and bending in the M2 and M1 polyhedra, a single feature at ~ 660 cm™, and a further intense peak at about
1010 cm™, related to bending and stretching of the tetrahedra, respectively. In germanates, we find similar features
albeit downshifted in energy. No phase transition or change in the compressional behaviour was observed within the P-
range investigated. The peak wavenumbers increase almost linearly with pressure; the slope doy/dP is greater for the
modes at higher wavenumbers. The strong dependence of the peak position with pressure of the high-energy stretching
modes is due to the high sensitivity of the vibrational frequencies probed by Raman spectroscopy to subtle changes in
the tetrahedral deformation, which are overlooked by single crystal X-ray diffraction.

We observed a higher P-induced variation of intermediate wavenumber modes in Mg- vs. Co-pyroxenes, and of
higher wavenumber modes in Ge- vs. Si-pyroxenes. These findings are likely related to the different compressional
behavior of the polyhedron hosting Co or Mg and the tetrahedron hosting Ge or Si.

The well-resolved relation between the M1-O2 bond distances and the 660 cm™ peak in diopside, hedenbergite and
enstatite Raman spectra provides a clue to interpret changes in Raman peak position and crystal structure. In diopside
and enstatite, with M1 occupied only by Mg, the Raman peak position vs. M1-O2 bond distances follow the same trend,
which is parallel to that found in hedenbergite, with Fe at the M1 site.
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Zircon (ZrSiOy, tetragonal, space group /4,/amd) has a wide range of stability over upper mantle conditions and is a
ubiquitous phase in metamorphic rocks, especially as an inclusion phase in metamorphic garnets, in which it is often
trapped from the protolith. The remnant pressures exhibited by zircons trapped inside garnets could be used to
determine the conditions of entrapment, and thus constrain the P-T paths of ultrahigh-pressure metamorphic rocks
(Angel et al., 2015).

Accurate values elastic parameters are crucial in order to apply the elastic geobarometry method. However, the
elastic properties found in the literature for zircon are extremely variable and are derived from a variety of different
datasets and experimental measurements. Therefore, we have reassessed all of the literature data, and we have obtained
a self-consistent set of data from which we obtained EoS parameters for a Birch-Murnaghan 3rd-order EoS combined
with a Holland-Powell thermal pressure model with the procedure implemented in EoSFit7 (Angel et al., 2014);
isothermal bulk modulus Ky = 225(2) GPa, dK1/dP = K’ = 6.1(1.2), volume thermal expansion a, = 1.048(7)x10° K.
The Einstein temperature (0g) is set to 566 K (Dutta & Mandal, 2012).

Because of the small contrast between the bulk modulus of zircon and garnet, zircons trapped on the prograde path
during subduction will experience pressures within 0.2 GPa of the external pressure during metamorphism, and remnant
pressures of 0.3 GPa (when the inclusion and host are measured at room conditions) starting from an entrapment
pressure in the range 1.9-4.3 GPa considering a temperature range of 500-800°C. For a typical early prograde pressure
of 0.5 GPa and a temperature of 400°C, a remnant pressure of 0.38 GPa is predicted from our zircon EoS.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the
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Erionite (ERI) is a naturally occurring zeolite, often characterized by fibrous morphology that pertains to the ABC-6
family. In recent years, it has been the object of several papers aimed at investigating its health effects in humans as
erionite has been classified in 1987 as a Group-I carcinogen by the International Agency for Research on Cancer
(IARC). Erionite is hexagonal, space group P6;/mmc. Owing to its large chemical variability (Passaglia et al., 1998),
erionite was elevated to group status and its member species were reclassified as erionite-K, -Na, and -Ca, conforming
to the most abundant extraframework (EF) cation. The thermal behaviour of erionite-K and -Na from Rome (Oregon,
USA), characterized by an R = Si/(Si+Al) of 0.807 and 0.796, respectively, has been analysed by Ballirano & Cametti
(2012) and Ballirano & Pacella (2016).

The present work reports the results of the analysis of the thermal behaviour of a sample of woolly erionite-K from
Lander County (Nevada, USA), with chemical formula (CaZ,O3NaO,73K2A52MgOA26)[A18A2ZSi27A78071A80] 2971H20, R = 0722,
investigated in the 303-1173 K thermal range by in situ laboratory focussing-beam transmission X-ray powder
diffraction. Present data suggest the existence of a well-defined dependence of the thermal induced variation of cell
parameters and volume as well as on the temperature of dehydration (7genyqar) and of breakdown (Tirear) from R ratio. In
particular, we notice a general temperature-induced volume contraction whose magnitude increases as the R becomes
smaller. An inverse correlation between R and Tgenyqer is observed because higher R values are associated to lower
dehydration temperatures. A positive dependence exists between R ratio and Ty A higher Si content results in a
higher thermal stability, in agreement with the general trend observed in zeolites. On the contrary, no correlation has
been found between Ty, and weighted ionic potential (Z/r)y: as suggested by reference data. Temperature increase
produces a general depletion of the Cal, Ca2, Ca3 and K1 sites, which is counterbalanced by an increase of the K2 site
scattering even though the latter is not populated at RT. No “internal ion exchange” mechanism was apparently acting
in the present sample differently from other erionite samples analysed in the past. At 303 K approximately 20 e
allocated at OW sites might be assigned to EF cations. Such fraction increases due to their migration from the EF cation
sites following the same mechanism reported in reference data.

Ballirano, P. & Cametti, G. (2012): Dehydration dynamics and thermal stability of erionite-K: experimental evidence of the “internal
ionic exchange” mechanism. Microp. Mesop. Mat., 163, 160-168.

Ballirano, P. & Pacella, A. (2016): Erionite-Na upon heating: dehydration dynamics and exchangeable cations mobility. Sci. Rep., 6,
22786.

Passaglia, E., Artioli, G., Gualtieri, A. (1998): Crystal chemistry of the zeolites erionite and offretite. Am. Mineral., 83, 577-589.
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Due to their catalytic activity, excellent chemical and thermal stability and their reaction selectivity, acidic zeolites
are preferred as catalysts in petroleum and chemical industries (Corma, 1995). Synthetic L zeolite (empirical formula
Ko[Na3;AlySiz7]07; 21H,0) is a large pore material with LTL framework topology and hexagonal symmetry (P6/mmm
space group). Its framework is built from columns of cancrinite cages stacked with double six membered rings (D6R)
along the ¢ axis. This peculiar arrangement creates large undulating 12-ring (12MR) channels, which are separated from
each other by elliptical 8-membered ring channels, parallel to the original columns along the ¢ axis. Its acidic and
structural features are suitable for technological applications, such as innovative optical devices (e.g., luminescent
probes, optical lens and filters) and photonic antenna systems based on dye—zeolite host—guest materials (Albuquerque
& Calzaferri, 2007). The aim of the present study is: firstly, to determine the number and location of Brensted sites in
zeolite L and secondly, to study the interaction of water with hydroxyl groups in the rehydrated D-form. These
informations provide a complete understanding of the hydrogen-bonding network and allow speculations on the degree
of confinement of zeolitic water in LTL. A sample of untreated L zeolite (LTL), purchased by Tosoh Corporation
(500KOA code, SiO,/Al,0; ratio = 6.1, Na,O = 0.25 wt.%, K,O = 16.8 wt.% and BET = 290 mz/g), was used in this
study. The acidic form (D-LTL) was prepared as follows: 1) exchanging in a 1 M solution of ND4Cl on D,O for 192 h
at 40°C (ND4-LTL); 2) washing with D,O and drying overnight at 96°C; 3) and then calcining at 550°C for 2 hours
under a flux of air in order to obtain the acidic form. The D-LTL powder pattern was measured at 2.25 K at the D2B
line (ILL, Grenoble). Thereafter, the rehydrated D-form (RD-ILL) was collected at the high resolution ID22 (ESRF)
Beam Lines, as a function of temperature, from R7 to 800°C (heating rate of 8°C/min). Rietveld refinements revealed
the presence of two Brensted acid sites (corresponding to 7.6 hydroxyl groups). The first one was on framework oxygen
05, not far from the center of the 8-ring of the cancrinite cage. The second one was on the framework oxygen Ol,
heading towards the center of the 12 MR channel. The RD-LTL refinement highlighted the presence of six additional
extraframework sites attributed to re-adsorbed H,O molecules. Very interestingly, these last form water-chains
interacting strongly with the framework oxygens. These results are of paramount importance as the presence of water
molecules, even in undetectable amounts, is crucial in the zeolitic catalyst in catalytic processes.

Albuquerque, R.Q. & Calzaferri, G. (2007): Proton activity inside the channels of zeolite L. Chem. Eur. J., 13, 8939-8952.
Corma, A. (1995): Inorganic solid acids and their use in acid-catalysed hydrocarbon reactions. Chem. Rev., 95, 559-614.

93



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Red mud as aluminium source for zeolite synthesis
Belviso C.*', Kharchenko A.?, Agostinelli E.?, Cavalcante F.!, Lettino A.', Peddis D.?, Varvaro G.> & Mintova S.
stituto di Metodologie per I’ Analisi Ambientale, Consiglio Nazionale delle Ricerche, Tito Scalo (PZ)
2 Laboratoire Catalyse et Spectrochimie, ENSICAEN, Normandie Université, Centre National de la Recherche Scientifique, France

? Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, Roma

* Corresponding email: claudia.belviso@imaa.cnr.it

Keywords: red mud, aluminium source, FAU- and GIS- type zeolite structures, magnetic properties.

Zeolites are hydrated aluminosilicate minerals with a three-dimensional open structure consisting in aluminium and
silicon tetrahedra linked by sharing oxygen atoms. The synthesis of these minerals typically requires batch systems in
which pure aluminate and silicate solutions are mixed and then subjected to hydrothermal treatment for different times.
Red mud is a waste material formed during the production of alumina when the bauxite ores are subjected to caustic
leaching. It is mineralogically characterised by the presence of iron oxy-hydroxides (i.e., primarily hematite and
goethite) with a minor aluminium hydroxides (i.e., boehmite). The red mud consisting mainly of iron-based oxides was
used to induce magnetic properties in the microporous materials.

In this work, we report on the synthesis of zeolites using colloidal silica (Ludox HS-30) and red mud as sources of
silicon and aluminium, respectively. The conditions of synthesis were varied in order to obtain pure synthetic products
with defined microporous structures. The physicochemical properties of the synthetic products were characterized by X-
ray powder diffraction (XRD), scanning electron microscopy (SEM), thermogravimetry (TG), and nitrogen
adsorption/desorption isotherms.

Two types of zeolites with FAU- and GIS- type structures were synthesized using the red mud alumina source.
Moreover, two different morphologies for GIS- type zeolites were determined, i.e., wool ball-like and cactus-like
shapes. The results confirm the important role of the Si/Al ratio of the precursor mixtures on the synthesis of zeolites
with different morphology, crystalline structure and porosity. More importantly, the synthetic products displayed
magnetic properties.
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Mono-cationic zeolites have been used to obtain aluminosilicate-based products useful in the ceramic field
(Subramanian et al., 1993). Some composite ceramics have been prepared also from bi-cationic forms, hitherto only of
synthetic zeolites, but the couple of cations Cs'/NH,  has been not yet considered. On the other hand, it has been
demonstrated that a clinoptilolite-based material can be transformed to ceramics if the zeolite is in Cs- or NHy-form
(Brundu & Cerri, 2015; Brundu et al., 2017). This work investigates the thermal transformations of the same material
(90% in clinoptilolite) for zeolite compositions in between the NH,, Cs end-members.

Three samples (A, B, C) have been prepared by ion exchange and subjected to chemical, TG-DTA and X-ray
analyses. The Cs and NHy contents, and the Cs/NH4 atomic ratios, are, respectively: A) 19.02%, 0.51%, 5.00; B)
13.20%, 1.54%, 1.16; C) 8.76%, 2.31%, 0.51. The materials have been heated for 2 h from 200 to 1200°C, making steps
of 100°C and performing XRD analyses after each step. Further treatments have been executed at 1100°C for 4, 8, 16
and 32 h. QXRD analyses (RIR-Rietveld method; Bruker Topas 5) have been performed on the samples heated at
1200°C for 2 h and at 1100°C for 32 h.

The amorphization of the zeolite occurs at 900°C in C, and at 1000°C in A and B. After 2 h at 1200°C, 66% of
CsAlSisOp; (CAS) and traces of pollucite nucleate in A, an incipient crystallization of cristobalite and mullite occurs in
C, whereas B remains substantially amorphous.

In all samples, the crystallization at 1100°C increases with time and, after 32 h, A is composed by about 91% of
CAS, 7.5% of glass and traces of pollucite. In B and C, mullite and silica polymorphs form besides CAS and pollucite
but, after 32 h, the residual glass is 6.7% in B and 59.7% in C. Only in the sample richest of ammonium (C), mullite
nucleation anticipates CAS's one, thus reducing the amount of Al available for the crystallization of the latter phase,
which does not exceed 13.8%, whereas CAS attains 74.2% in B.

By considering the cesium content of samples, the quantities of Cs-phases nucleated after 32 h at 1100°C and their
Cs' occupancies, it turns out that in A and B the cesium is almost completely contained in the crystalline structures of
CAS and pollucite, whereas in C about 67% of the element remains in the glassy fraction.

Brundu, A. & Cerri, G. (2015): Thermal transformation of Cs-clinoptilolite to CsAlSisO,,. Micropor. Mesopor. Mat., 208, 44-49.

Brundu, A., Cerri, G., Sale, E. (2017): Thermal transformation of NH,-clinoptilolite to mullite and silica polymorphs. Minerals, 7, 11.
Subramanian, M.A., Corbin, D.R., Chowdhry, U. (1993): Better ceramic substrates through zeolites. Bull. Mater. Sci., 6, 665-678.
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In this study, the thermal behavior of Na-exchanged stellerite and stilbite was investigated by in situ single crystal
X-ray diffraction under dry conditions. For comparison with the exchanged forms new data were also collected on
natural samples of stellerite and stilbite under the same experimental conditions. With the increase of temperature,
strong disorder at T and O sites of the tetrahedra of the four-membered ring developed in both natural forms. Such
disorder was associated with the rupture of T-O-T connections and transition from the A to the B phase. Differently
from previous studies (Arletti et al., 2006), stellerite B occurring between 300°C to 400°C was found to be monoclinic
in space group A2/m. In addition, at 400°C, a new T-O-T connection occurred in the B phase of stellerite, analogous to
that in the B phase of barrerite (Alberti & Vezzalini, 1978; Ori et al., 2009).

The dehydration behavior of stilbite developed through a mechanism similar to that observed in stellerite. In contrast
to previous findings (Cruciani et al., 1997) stilbite remained monoclinic and at 75°C transformed from space group
F2/m to A2/m.

Na-stellerite and Na-stilbite were at R7 monoclinic, space group F2/m, confirming our previous results on Na-
barrerite (Cametti et al., 2016). Upon heating from 50 to 400°C, they also displayed the same structural modifications as
observed in natural barrerite and Na-barrerite and adopted space group A2/m. Compared to natural stellerite and stilbite
different T-O-T connections ruptured leading to a different topology of the B phase. The total volume contraction was
16% at 350°C compared to 8% of pristine materials. The highly-condensed D phase (Sacerdoti, 2007), which does not
form in natural stellerite and stilbite, was obtained by heating a Na-stellerite crystal ex-situ at 525°C. The structure
corresponded to the D phase of natural barrerite and Na-barrerite.

All STI members, after being exchanged with Na, have identical symmetry and demonstrate corresponding behavior
upon heating and associated dehydration. Thus, a previously assumed memory effect of the symmetry of the natural
parent structure (Passaglia et al., 1982), is not confirmed.

Alberti, A. & Vezzalini, G. (1978): Crystal structure of heat-collapsed phases of barrerite. In: “Natural zeolites. Occurrence,
Properties, Use”, L.B.. Sand & J. Mumpton, eds. Pergamon Press, New York, 85-98.

Arletti, R., Mazzucato, E., Vezzalini, G. (2006): Influence of dehydration kinetics on T-O-T bridge breaking in zeolites with
framework type STI: The case of stellerite. Am. Mineral., 91, 628-634.

Cametti, G., Armbruster, T., Nagashima, M. (2016): Thermal stability of barrerite and Na-exchanged barrerite: An in situ single
crystal X-ray diffraction study under dry conditions. Micropor. Mesopor. Mat., 236, 71-78.

Cruciani, G., Artioli, G., Gualtieri, A., Stahl, K., Hanson, J.C. (1997): Dehydration dynamics of stilbite using synchrotron X-ray
powder diffraction. Am. Mineral., 82, 729-739.

Ori, S., Mazzucato, E., Vezzalini, G. (2009): Dehydration dynamics of barrerite: An in situ synchrotron XRPD study. Am. Mineral.,
94, 64-73.

Passaglia, E. & Sacerdoti, M. (1982): Crystal structure refinement of Na-exchanged stellerite. Bull. Mineral., 105, 338-342.

Sacerdoti, M. (2007): The crystal structure of zeolite barrerite dehydrated in air at 400-450°C. Micropor. Mesopor. Mat., 102, 299-
303.
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Laumontite, |(Cas.Na,)K,(H,0),|[AlgSi;¢045], space group C2/m, is one of the most common natural zeolite
occurring in a wide range of geological environments, including sedimentary deposits and deep-sea sediments.
Remarkably, it is also present in oceanic basalts as well as in vugs of plutonic and volcanic rocks and in sedimentary
rocks. Fully hydrated laumontite contains 18 H,O molecules per formula unit, although it can lose up to 4 H,O
molecules per formula unit if exposed to air at relative humidity RH < 50%. Such a partially-dehydrated laumontite is
formally referred as leonhardite (Yamazaki et al., 1991).

To date, laumontite has been studied mainly via X-ray powder diffraction, in order to investigate the processes of
hydration/dehydration controlling the RH or submerging samples in pure water or increasing temperature (e.g.,
Yamazaki et al., 1991; Fridriksson et al., 2004). Lee et al. (2004) investigated the high-pressure behavior of laumontite
up to 7.5 GPa, by in situ synchrotron powder diffraction with a diamond anvil cell, using the 16:3:1 methanol-ethanol-
H,O pressure medium, and observed an instantaneous over-hydration effect at a relatively low pressure (< 0.5 GPa)
with a potential additional phase transition at about 3 GPa (Lee et al., 2004). However, a number of open questions
remain still open about: i) the possible phase transition observed by Lee et al. (2004) at about 3 GPa, ii) the elastic
parameters of leonhardite, which both thermodynamic calculation and geological observations suggest being the stable
form of laumontite under diagenetic and low- grade metamorphic conditions (e.g., Neuhoff & Bird, 2001; Coombs et al.,
1959), and iii) the single-crystal hydration kinetics in H,O mixture.These parameters are critical considering the fact
that laumontite is one of the most common zeolite in the oceanic basalts and, thereby, it can be an important H,O-
carrier in subduction zones. In this light, we performed in situ single-crystal synchrotron X-ray diffraction experiments
using different pressure transmitting fluids, as well as a number of in situ single-crystal experiments at ambient pressure
in different H,O rich-mixture. On the basis of these studies, we are able to describe: 1) the hydration mechanisms and
kinetics of laumontite in large single-crystals, 2) the bonding configuration of the adsorbed H,O molecules and the
structural deformation of the framework in response to the overhydration at ambient pressure; 3) the elastic parameters
of leonhardite; 4) the different deformation behavior between leonhardite and the hydrated-laumontite.

Coombs, D.S., Ellis, A.J., Fyfe, W.S., Taylor, A.M. (1959): The zeolite facies, with comments on the interpretation of hydrothermal
syntheses. Geochim. Cosmochim. Acta, 17, 53-107.

Fridriksson, T., Bish, D.L, Bird, D.K (2004): Hydrogen-bonded water in laumontite I: X-ray powder diffraction study of water site
occupancy and structural changes in laumontite during room-temperature isothermal hydration/dehydration. Am. Mineral., 88,
277-287.

Lee, Y., Hrilja, A.J., Vogt, T. (2004): Pressure-induced migration of zeolitic water in laumontite. Phys. Chem. Miner., 31, 421-428.

Neuhoff, P.S. & Bird, D.K. (2001): Partial dehydration of laumontite: thermodynamic constraints and petrogenetic implications.
Mineral. Mag., 65, 59-70.

Yamazaki, A., Shiraki, T., Nishido, H., Otsuka, R. (1991): Phase change of laumontite under relative humidity-controlled conditions.
Clay Sci., 8, 79-86.
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Woodwardite [(Cu,.,Al)(OH),(SOy),» nH,0] occurs as stalagmites or loose precipitates, often as poorly crystalline
aggregates, in Cu mining areas (Witzke, 1995). It is a member of the hydrotalcite group (Mills et al., 2012), also known
as Layered Double Hydroxides (LDH) or anionic clays, due to the capacity of these compounds to sorb and exchange
anions. The structure of woodwardite is composed by brucite-like octahedral sheets characterised by Al-to-Cu
substitutions causing a net positive charge, balanced by the presence of sulphate in the interlayer.

Natural samples of woodwardite collected at the Libiola mine (north west Italy) were found to have anomalously
high concentrations of rare earth elements (REEs), compared to the value of such elements in the surrounding rocks. A
selective capacity of woodwardite to scavenge REES from solutions is suggested by the work of Kameda et al. (2013),
which reported that Cu-Al LDH are able to scavenge REESs. In solution, REEs can form both cations [REE(H,0)¢]*" and
anions [REE(SO,),]” (Brookins, 1989), and therefore can be hosted in the structure of woodwardite in the octahedral
layers or in the interspace between them. The aim of the present work was to understand the relationships between
woodwardite structure and rare earth elements in order to assess the possibility to use this mineral for the recovery of
such elements.

In order to achieve this goal, pure woodwardite and REE-doped woodwardite samples were synthesised and
analysed by means of different techniques. The synthesis routine gave a blue powder, composed by nanosised
woodwardite crystals. Among the tested REEs (Y, La, Ce, Nd, and Gd), only La and Ce*" were not incorporated in
woodwardite, whereas the other tested elements were captured by woodwardite in different amounts (between 3.5 and 8
wt%). X-ray diffraction showed the presence of a turbostratic structure, and a model for different polytypes with a
different number of layers (from 1 to 4) was developed. Basing on X-ray absorption spectroscopy results, REEs should
be hosted inside the interlayer, making woodwardite a promising material for the recovery of REEs from solutions.

Brookins, D.G. (1989): Aqueous geochemistry of Rare Earth Elements. Rev. Mineral. Geochem., 21, 201-225.

Kameda, T., Hoshi, K., Yoshioka, T. (2013): Preparation of Cu-Al layered double hydroxide intercalated with
ethylenediaminetetraacetate by coprecipitation and its uptake of rare earth ions from aqueous solution. Solid St. Sci., 17, 28-34.

Mills, S.J., Christy, A.G., Génin, J.-M.R., Kameda, T., Colombo, F. (2012): Nomenclature of the hydrotalcite supergroup: natural
layered double hydroxides. Mineral. Mag., 76, 1289-1336.

Witzke, T. (1995): Untersuchung natiirlicher sulfathaltiger hybrider Schichtstrukturen: Charaktereisierung, Systematik,
Strukturmodellierung und Rietveld-Verfeinerung. PhD thesis, Martin-Luther-Universitét Halle.
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Melanophlogite (MEP) is a tectosilicate belonging to SiO, type I clathrate compounds, zeolite—like materials with
microporous framework of corner—sharing [SiO,] tetrahedra with tetrakaidecahedral [5'26°] and pentagonododecahedral
[5'1] isolated cavities between them. Its chemical formula is 46Si0,-8(CO,,CH4,H,S), in which tetrakaidecahedral
[5'%67] and pentagonododecahedral [5'*] cages, with volume of 136 and 97 A® respectively, are present in a typical ratio
of 6:2. Guest gases can fill the structural voids and act as templates for MEP crystallization process (Gies, 1983;
Gunawardane et al., 1987; Kolesov & Geiger, 2003).

MEDP, potentially interesting for gas storage, is found in few localities all around the world and some of them are in
Italy: Fortullino (Livorno), Racalmuto (Agrigento) and Varano Marchesi (Parma), each of them with characteristic
guest gases in the structural voids (CO,, CH4 and H,S and only CH4 in MEP from Fortullino, Racalmuto and Varano
Marchesi respectively).

The implementation of MEP syntheses methods is still under improvement and refinement. In the literature,
information are rare and lacking of important practical details. A study indicates tetramethyl orthosilicate (TMOS) as
crosslinking agent and methylamine as guest gases source (Gunawardane et al., 1987). In this work, tetraethyl
orthosilicate (TEOS), safer than TMOS, is used as crosslinking agent. Chemically purified water is used as medium.

The reagents are placed into quartz vials, which preservation is linked to pressures developed inside them during
thermal increase, when pressures can become high and cause vials explosion. It is decided to decrease the amount of the
reagents and employ tubes of lower diameter and higher thickness: this combination of factors seems to ensure an
increased vials stability.

Increasing methylamine concentrations (0.3, 0.6, 0.9, 1.2, 1.8, 2.4 and 4.8 ml/ml solution) are investigated and for
each of them various ratios of chemically purified water and TEOS (4:1, 2:1, 1:1, 1:2 and 1:4) are considered. Till now,
only the synthesized samples obtained using the first 4 methylamine concentrations are examined and XRPD analyses
have shown MEP crystallization for methylamine concentration of 1.2 ml/ml solution and ratios of chemically purified
water and TEOS of 4:1 and 2:1. It seems higher methylamine concentrations and higher ratios of chemically purified
water and TEOS can promote MEP crystallization. Further analyses on all other synthesized samples are in progress.

Gies, H. (1983): Studies on clathrasils III. Crystal structure of melanophlogite, a natural clathrate compound of silica. Z. Kristallogr.,
164, 247-257.

Gunawardane, R.P., Gies, H., Liebau, F. (1987): The effect of “help gases” on the formation and stability of clathrasils. Z. Anorg.
Allg. Chem., 546, 189-198.

Kolesov, B.A. & Geiger, C.A. (2003): Molecules in the SiO2—clathrate melanophlogite: a single-crystal Raman study. Am. Mineral.,
88, 1364-1368.
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The presence of organic pollutants as well as of heavy metals in the environment is a potential risk for water and soil
quality due to their toxicity. Lots of technologies have been developed to remove them from the environment. Among
these, mechanochemistry is quite suitable for it allows activation of chemical reactions by inducing different kinds of
mechanical stress and without any other energy supply. Clay minerals have been employed in this technology due to
their low cost, availability, and low toxicity. In the present study were investigated-by X-ray diffraction, FTIR, solid-
state NMR, XPS, and TG-DTA-the effect of dry milling on the ability of dioctahedral smectites (Bentolite H) and
trioctahedral smectites (Laponite RD) to immobilize heavy metals cations (Cd and Cu). The mechanochemical reactions
of both smectites and well crystallized kaolinite (Kga-1b) with organic molecules (phenols) — as representative of
pollutants with enhanced polarity, i.e., cathecol (CAT) and pentachlorophenol (PCP) — were also investigated. Strong
milling treatments gradually reduces crystallinity in clay minerals by causing diffusion of atoms (“prototropy”),
delamination, and layer breakdown, therefore affecting the surface and colloid properties clay minerals and causing the
increase of their catalytic activities and sorption capability. Heavy metal immobilization degree was evaluated by
ICP/OES analysis of extracts. Organic pollutant removal efficiency of clay minerals was evaluated by chromatographic
analysis (HPLC-DAD). To this purpose the dioctahedral smectite “bentolite L”” and the trioctahedral one “laponite RD”
were ground with six distinct amounts of Cd and Cu chloride in dry conditions by means of zirconia planetary ball mill.
Increasing milling time and heavy metal/clay minerals mass ratio were selected for experimental tests whereas grinding
energy and ball to powder ratio were hold to constant value. Heavy metal immobilization degree was evaluated by
ICP/OES analysis of extracts (deionised water and 1M MgCl, solution) as difference between the amount of heavy
metal spiked in the mixture and its amount in the extracted fraction. Mechanochemical dry milling activates chemical
reactions between clay minerals surface and heavy metals cations by inducing different kinds of mechanical stress.
Time depending experiments pointed out an increased of Cd and Cu retention as time increases for both smectites. Long
time experiments (24 h) showed otherwise that laponite RD exhibits stronger Cd retention capability than bentolite.
Milling facilitates heavy metal sorption in sites in which the cation is relatively tightly bonded to the TOT layers of the
smectite structure. With respect to the organic pollutants, prolonged high energy grinding likely promotes intense
sequestration of PCP and CAT by both smectites with respect to the simple contact between sorbants and pollutants.
The type of mechanochemical interaction of PCP with the trioctahedral smectite is weak, mainly occurs on the external
surfaces, and does not involve the OH-phenolic group or any complexation of the interlayer cation. Such interaction
only causes amorphization of Laponite by formation of a double film of PCP molecules adsorbed on the external clay
mineral surfaces. On the contrary, the dioctahedral smectite exhibits strong mechanochemical interactions with PCP
molecules via the phenolic group. Prototropy, induced in Bentolite by milling, is responsible for the PCP molecule
perturbation and the enhanced capability of Bentolite to promote formation of intermediate products via OH groups.
Mechanochemical interactions of CAT with both smectites mainly occur in the interlayers: they are stronger for the
dioctahedral smectite than for the trioctahedral one, and likely involve inner-sphere complexation of Bentolite interlayer
cation by CAT phenolic groups. Mechanochemical interactions of both pollutants with kaolinite mainly occurs via
adsorption on external clay mineral surfaces through the phenolic group and, in the case of PCP, do not involve the
chlorine atoms of the ring. The fundamental understanding of solid-state reactions for organic and inorganic pollutants
is thus potentially useful to achieve soil remediation.
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The present study was undertaken to discuss experimental results of the utilization of F-class fly ash for synthesis of
zeolite. The transformation of this solid waste into useful material like zeolite with high application possibilities is
possible. Synthesis of zeolites with the use of fusion method with NaOH at 550°C followed by hydrothermal treatment
enables the possibility of receiving materials of high yield of zeolites. In the performed experiments the influence of a
series of parameters was examined in correlation to received zeolitic material. However, temperature, reaction time,
type of water used (distilled water and seawater), and action of acid pre-treatment in the stage of the synthesis zeolite
are also considered important variables to obtain highly crystalline zeolite. Different instruments were used to
characterize the properties of fly ash and zeolite product as X-ray fluorescence spectrometry (XRF), X-ray diffraction
analysis (XRD), scanning electron microscopy (SEM), Brunauer-Emmett-Teller method (BET) and Fourier transform
infrared spectroscopy (FTIR).
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This work aims at characterizing La structural environment in clay minerals in order to better understand how rare-
earth elements (REE) are hosted in clay minerals during uptake treatments of REE solutions. REE play indeed an
essential role in several fields of applied sciences (Binnemans et al., 2013) and the recent development of the green
economy is making REEs recovery increasingly popular. In particular, the use of natural clays as sorbents in treating
aqueous wastes containing REE was recently investigated (Iannucelli-Zubiani et al., 2015).

Two samples of source clays, Ca-Montmorillonite from Texas (STx) and Na-Montmorillonite from Wyoming
(SWy), have been tested as sorbents for the removal of La ions from liquid solutions (Iannicelli-Zubiani et al., 2015).

In the present work, Lanthanum L;-edge XANES and EXAFS spectra have been collected at the BM08 beamline
(LISA) on the La-enriched STx and SWy samples. Preliminary analysis of the EXAFS spectra provided distances in the
range 2.56-2.62+0.02 A. No systematic difference has been found according to sample type and La concentration
indicating that the La environment does not show marked differences in the studied samples. The large value of the
distance is compatible with the incorporation of La the interlayer site (Trillo et al., 1992).

Understanding REE bonding environment inside crystalline hosts is a prerequisite for better evaluating the
feasibility of using these hosts for REE recovery from electronic waste. Such knowledge is indeed crucial for tailoring
uptake and release processes in order to obtain a more efficient and environmentally friendly procedure.

Given the low costs involved in the processes for La uptake in clay materials, the location of REE in the interlayer
make these kinds of materials promising for recovering REE.

Binnemans, K., Jones, P.T., Blanpain, B., Van Gerven, T., Yang, Y., Walton, A., Buchert, M. (2013): Recycling of rare earths: a
critical review. J. Clean. Prod., 51, 1-22.

Iannicelli-Zubiani, E.M., Cristiani, C., Dotelli, G., Gallo Stampino, P., Pelosato, R., Mesto, E., Schingaro, E., Lacalamita, M. (2015):
Use of natural clays as sorbent materials for rare earth ions: Materials characterization and set up of the operative parameters.
Waste Manag., 46, 546-556.

Trillo, J.M., Alba, M.D., Castro, M.A., Munoz, A., Poyato, J., Tobias, M.M. (1992): Local environment of lanthanum ions in
montmorillonite upon heating. Clay Miner., 27, 423-434.
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The search of synthetic materials, with specific built-in properties, has promoted basic research particularly in the
field of zeolites because of their uses in catalysis, gas sorption, or ion exchange (Barrer, 1982). In this way, several
authors have studied the synthesis of zeolites from kaolinite and metakaolinite, after their reaction with alkaline
solutions (generally sodium or potassium hydroxides).

North-western Sardinia (Italy) is characterised by the occurrence of several partially exploited kaolin deposits,
known as "district of Romana" deposits, with reserves estimated in 2-3 million tons (Oggiano & Mameli, 2012).
Chemical and mineralogical analyses of the raw materials indicate that these kaolins are quite homogeneous, being
characterised by the presence of kaolinite + dickite, cristobalite/opal-CT, and scarce quartz + alunite/natroalunite +
hematite.

Particularly the Donigazza kaolin, characterized by the presence of abundant kaolinite and amorphous silica, scarce
quartz and low iron content, have encouraged to investigate the conversion of this raw material into zeolites.

The perspective is to draw a better exploitation of this mineral resource, as the deposits of NW Sardinia were mainly
exploited to manufacture vitrified tiles and/or sanitaryware and now are unexploited.

The rock was powdered and hydrothermally treated at 100°C in sealed teflon-lined stainless steel vessels, under
autogeneous water vapor pressure. A set of 30 experiments were performed by varying the concentration of the NaOH
solution (1, 2, 3, 4 and 5 mol L'l) and the reaction time (12, 24, 48, 72, 96, 168 hours), for a 1:5 liquid/solid ratio.
Mineralogical analysis of the final products revealed the growth of several types of zeolites, depending on time and
NaOH concentration: GIS-type zeolites, sodalite-cancrinite, and analcime. NaP1 crystallizes at NaOH concentration of
3 M or below, being transformed in NaP2 after long time in 1 M solutions. At higher concentration of NaOH (4 M or
above) the main product is a mixture of hidroxycancrinite and hydroxysodalite, accompanied of sodalite a 4 M
concentration formed at short reaction time. Analcime is the major mineral only in 4 solutions at time longer than 72
hours.

Varying synthesis conditions Donigazza kaolin can be transformed in different zeolites for potential applications.

Barrer, R.M. (1982): The hydrothermal chemistry of zeolites. Academic Press, London. 360 p.

Oggiano, G. & Mameli, P. (2012): Tectonic and litho-stratigraphic controls on kaolin deposits within volcanic successions: insights
from the kaoliniferous district of north-western Sardinia (Italy). Ore Geol. Rev., 48, 151-164.
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Cancrinite-group compounds cannot be grouped along with the materials showing good zeolitic properties, such as
high cation exchange capacity or molecular sieving (Fechtelkord et al.2003). On the contrary, being extraframework
ions diffusion limited by the presence of fairly strong bonds, CAN can be considered as ion sequestrating materials. The
absence of a significant ion exchange capacity can be exploited in several processes of relevant environmental and
industrial interests.

Cancrinite-group compounds are usually synthesised under hydrothermal conditions in highly alkaline solution with
an excess of NaOH. Nucleation of the cancrinite structure is promoted by the presence in solution of anions such as
NO;s, $,0;” and SO;>, which act as structure-driving agents (Hackbarh et al., 1999). In this study, (SO,”)-cancrinite,
synthetic analogue of the mineral vishnevite, has been synthesised from volcanogenic sulfate-bearing kaolin, labelled
L02. Syntheses were conducted by melting kaolin with NaOH (1:1.2 weight ratio) at 550°C and afterwards, incubating
samples in vessels with distilled water at 50°C for 96, 360 and 720 hours. Syntheses have been started from an alunite-
bearing kaolin (alunite 13 wt%) as well as from synthetic mixtures of alunite and high-grade kaolin in different
proportions. Products have been compared to those obtained by using a high-quality kaolin without alunite. Three
different Si/Al ratio have been used: 1.0; 1.8 and 2.3, by adding fumed SiO; to the kaolin-NaOH mixture. All resulting
samples have been characterized by XRD, FT-IR and SEM-EDS. Zeolites Y and A crystallizes only in samples without
alunite, as expected, while sulfate bearing CAN is the main reaction product of all alunite-containing batches. Traces of
sodalite crystals have been observed at SEM. No sulfate salts have been observed and the absence of SO,* in the
supernatant liquid after incubation have been confirmed by ICP-OES.

Recently, the feasibility of using the same L02 sulfate-bearing kaolin to synthesize geopolymers has been assessed
(Gasparini et al., 2015). Sulfur seems to be retained in the aluminosilicate gel, likely in amorphous or nanosized zeotype
phases. The results of this study suggest that vishnevite analogue is, with nosean, one of the candidate phase for
trapping sulfur in geopolymers, considering structure-directing role shown by the SO4* anion towards the [CAN]-
framework.

Fechtelkord, M., Posnatzki, B., Buhl, J.-C. (2003): Characterization of basic cancrinite synthesized in a butanediol-water system. Eur.
J. Mineral., 15, 589-598.

Gasparini, E., Tarantino, S.C., Conti, M., Biesuz, R., Ghigna, P., Auricchio, F., Zema, M. (2015): Geopolymers from low-T activated
kaolin: implications for the use of alunite-bearing raw materials. Appl. Clay Sci., 114, 530-539.

Hackbarth, K., Gesing, T.M., Fechtelkord, M., Stief, F., Buhl, J.-C. (1999): Synthesis and crystal structure of carbonate cancrinite
Nag[AlSi04]¢CO3(H,0); 4, grown under low-temperature hydrothermal conditions. Micropor. Mesopor. Mater., 30, 347-358.
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The regular pore systems of nanometric openings exhibited by zeolite frameworks make these porous materials ideal
host matrices for achieving supramolecular organization of photoactive species (Calzaferri, 2012). Organic/inorganic
hybrid materials (such as zeolites + colorants) are currently used in strategic areas, from sustainable energy technologies
to biomedical sciences. In these systems, photoactive molecules are organized in one-dimensional nanostructures inside
the zeolite channels (Gigli et al., 2014). It is known that the properties of these hybrids depend on the packing of
molecules inside the channels, which controls the intermolecular interactions and the interactions of the dyes with the
framework. Studies on zeolites with AFI topology demonstrated that the confinement and the consequent alignment of
dyes into AIPO4-5 porosities induces new spectroscopic properties, such as laser emission with properties tunable over a
wide range (Thlein et al., 1998; Lei et al., 1998). However, up to now detailed information on the crystal structure and
on the host/guest and guest/guest interactions of these systems are completely lacking.

AIPO,-5 (s.g. P6cc, a=b=13.827 A, ¢ = 8.580, V= 1420.64 A’) is characterized by 12-ring channels with 0.73 nm
free diameter. The calcined AIPO,4-5 and the composite material, obtained upon penetration of the trans-azobenzene dye,
were analyzed by thermogravimetric (TG) analyses and synchrotron X-ray powder diffraction at the beamlines ID22 at
ESRF (Grenoble) and X-Press at Elettra Synchrotron (Trieste). Moreover, UV-Vis and FT-IR spectroscopies were
employed to give specific information about the dye-zeolite interactions.

The TG curves show that a portion of the water molecules present in the calcined sample (16.5 H,O p.u.c.,
corresponding to 16.8% weight loss) is substituted by the dye-molecules (0.5 molecule p.u.c., corresponding to 5.1%
weight loss).

Our structural refinements show that the penetration of azobenzene induces an increase of a cell parameter, while ¢
remains almost constant. Azobenzene molecule is confined in the 12-ring channels and is tilted by 36° with respect to
the channel axis. These results, compared with other data reported in literature (Megelski et al., 2001), confirm the
structure-directing influence of the host matrix on the guest molecule arrangement. UV-Vis spectrum of the composite
material put in evidence that a fraction of the azobenzene molecules is protonated on the azo group. Ammonia
adsorption followed by FT-IR spectroscopy confirmed that the host AIPO4-5 shows Bronsted acidity responsible for the
azo group protonation.

Acknowledgements: The study is part of the project ZAPPING, financed by Italian MIUR (www.zapping-prin.it).
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The demand for low cost, efficient and sustainable energy is ever increasing. Since fifteen years, absorption or
energy storage using pure-silica zeolites has been developed and opened a new field of applications for these exciting
microporous solids (Eroshenko et al., 2001) . The basic idea is that to penetrate water into a hydrophobic porous
material a certain pressure must be applied. During this forced penetration (intrusion), the mechanical energy can be
converted into interfacial one. Depending on various physical parameters related to the porous material-such as its pore
system, its dimensionality and pore size-when the pressure is released (extrusion) the “zeosil-water” system is able to
restore, dissipate or absorb the supplied mechanical energy accumulated during the compression step with a more or
less significant hysteresis. As a consequence, it displays a spring, shock-absorber or bumper behavior, respectively. In
the present work, the energetic performances of the pure-silica Si-chabasite (CHA) zeolite were preliminary tested.

The water/alcohol intrusion of synthetic zeolite Si-chabazite-CHA framework type, s.g. R-3m, a = 13.5454, ¢ =
14.7635 A (Diaz-Cabafas et al., 1998) was explored in the pressure range P,,,-4.82 GPa by in situ synchrotron X-ray
powder diffraction (XRPD) experiments, using a mixture of methanol:ethanol:water = 16:3:1 (mew) as penetrating P-
transmitting medium.

No phase transitions were observed in the investigated P-range. The cell volume decreases of about 3.7% up to 4.8
GPa and the P,y volume is almost completely regained upon pressure release.

The structural refinements indicate a significant penetration (corresponding to about 270 extraframework electrons)
of the P-transmitting medium even at 0.1 GPa, the lowest investigated pressure. On the basis of the interatomic
distances and of the steric hindrances, both alcohol and water molecules seem to penetrate the zeolite porosities.
However, impressively, a segregation between methanol and ethanol was observed, since the two molecules cannot
occupy simultaneously the same CHA cage.

The reversibility of the intrusion process, with the extrusion of the medium molecules upon P release was already
noted by porosimetric experiments performed by using pure water (Trzpit et al., 2007). Our and literature results
suggest that Si-CHA can be used as a “spring device”, able to store and restore mechanical energy. Preliminary results
on the effects of changes of the medium composition on the intrusion/extrusion process will be shown, as well.

Acknowledgements: The study is part of the project ZAPPING, financed by Italian MIUR (www.zapping-prin.it).
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Fuel-based compounds, such as toluene and n-hexane, are common pollutants present in water and wastewater. Due
to their tendency to persist in air, water and soil and to bioaccumulate through the food chain, they are included among
the most hazardous compounds for human health and environment. Acquatic ecosystems are especially vulnerable
because of the frequent use of water bodies as recipients of potentially toxic liquids and solids from domestic,
agricultural and industrial wastes. Hence, the removal of fuel-based compounds, through adsorption onto inorganic
sorbents is of considerable interest. Due to their selectivity towards organic contaminant and fast adsorption kinetics, it
has been recently highlighted that High Silica Zeolites are hydrophobic sorbent materials suitable for adsorption
processes (Martucci et al., 2015; Pasti et al., 2016). The aim of this work is to determine the ZSM-5 zeolite degree of
selectivity and its structural changes when a competitive adsorption of toluene and n-hexane occurs. A sample of ZSM-
5 zeolite (MFI topology, SiO,/Al,0; ratio=280), was provided by Tosoh Corporation and loaded with a binary mixture
of toluene and n-hexane. Kinetics and adsorption isotherm data were obtained via Headspace Solid Phase
Microextraction-GC. Powders patterns were collected before and after adsorption on a Bruker D8 Advance
diffractometer equipped with SOL-X detector. Thermal (TG and DTA) analysis were performed in air up to 900°C at
10°C/min. This multidisciplinary approach allowed us to: 1) measure the sorption capacity of zeolite materials weighed
against organic pollutants dissolved in water; 2) characterise the sorbent structure after pollutant adsorption; 3) localise
the organic species in the zeolite channel systems; 4) probe the interaction between the adsorbate and zeolite framework.
Rietveld refinements provide information about the relative position of molecules inside the structure after toluene, n-
hexane and their mixture adsorption. Data reveal that 1) n-hexane and toluene are preferentially adsorbed whether as
single components than as binary mixture; 2) zeolite selectivity is higher towards the n-hexane than toluene. Differences
Fourier maps analysis shows that n-hexane, water, and toluene have been adsorbed at about 8.95%, 2.2%, and 1.59%,
respectively, in good agreement with both adsorption data and thermal analysis. As a matter of fact, ZSM-5 zeolite
preferably adsorbs n-hexane, even in presence of a competitor, such as toluene.

Martucci, A., Braschi, 1., Bisio, C., Sarti, E., Rodeghero, E., Bagatin, R., Pasti, L. (2015): Influence of water on the retention of
methyl tertiary-butyl ether by high silica ZSM-5 and Y zeolites: a multidisciplinary study on the adsorption from liquid and gas
phase. RSC Adv., 5, 86997-87006.

Pasti, L., Rodeghero, E., Sarti, E., Bosi, V., Cavazzini, A., Bagatin, R., Martucci, A. (2016): Competitive adsorption of VOCs from
binary aqueous mixtures on zeolite ZSM-5. RSC Adv., 6, 54544-54552.
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The expansion of chemical and petrochemical industries in response to the increasing demand of energy and
consumer goods of different topologies, has generated in the recent years a significantly increase of the water
contamination. The major pollutants, that deriving from this industrial processes are included among the Emerging
Organic Contaminants, specifically Volatile Organic Compounds (VOCs) require the most attention due to their
harmful effects both on the environment and human health, even at very low concentrations. Due to the toxic effects of
these chemicals also at long term, the removal or the reduce of concentrations of these class of pollutants from water
bodies is today a very important objective. Often, the traditional water treatments (i.e., vaporization, dilution,
decomposition, and reactions to sunlight action) need to be supported by new technologies and methods. For instance,
adsorption technologies based on the use of adsorbent materials have been shown to be an effective and eco-friendly
alternative to substitute or support the traditional methods. Among the adsorbent materials, hydrophobic zeolites have
proven to be very promising materials, regarding the successful removal of several representatives of VOCs (Pasti et al.,
2016). By an environmental impact point of view, zeolites also have another very interest aspect. In fact, they can be
easily regenerated by thermal processes without changing their initial adsorption features. On the basis of the above
statements, to contribute to the growth of knowledge on these materials applied in this field, the combination of
chromatographic, diffractometric and thermogravimetric techniques has been employed to investigate the fuel-based
compounds adsorptive-desorptive process. In particular, the behaviour of ZSM-5 (hydrophobic and synthetic zeolite)
has been studied. Concerning the study of the desorption process, time-resolved high-temperature synchrotron X-ray
powder diffraction was used as a tool to understand the structural modification undergoing on ZSM-5 framework during
the desorption of 1,2 dichloroethane, toluene, and methyl tert-butyl ether. Specifically, the X-ray powder diffraction
patterns are collected from room temperature to 600°C. The results achieved by means of Rietveld refinements of the
investigated compounds highlight the “out-of-equilibrium effects” that govern the adsorption/desorption dynamic
conditions in ZSM-5 powders (Rodeghero et al., 2017).

Pasti, L., Rodeghero, E., Sarti, E., Bosi, V., Cavazzini, A., Bagatin, R., Martucci, A. (2016): Competitive adsorption of VOCs from
binary aqueous mixtures on zeolite ZSM-5. RSC Adv., 6, 54544-54552.

Rodeghero, E., Pasti, L., Sarti, E., Cruciani, G., Martucci, A. (2017): Temperature-induced desorption of Methyl tert-butyl ether
confined on ZSM-5: a combined in situ synchrotron XRD powder diffraction and chromatographic study. Minerals, 34, 1-9.
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Toxic metal release, transport and dispersion into the biosphere have a direct impact on the environment and on
human health. Arsenic and hexavalent chromium are highly toxic agents, so the reduction of these pollutants in soils
and waters to acceptable levels is of great importance.

In this field nanoparticles emerge as one of the most promising new techniques for soil and water remediation. In
this work, a new type of iron nanoparticles called SAMNSs (Surface Active Maghemite Nanoparticles) is used. It is a
novel superparamagnetic nanoparticle constituted of maghemite (Magro et al., 2010), characterized by specific surface
chemical behavior, without any coating or superficial modification, high surface-area-to-volume-ratio, low toxicity,
strong absorption ability and are stable in water for months as colloidal suspensions. The removal efficiency of SAMNs
in respect of hexavalent chromium it was tested in laboratory solutions, with variable testing conditions in terms of
pollutant concentrations, temperature and pH of the solution.

From these tests emerged that SAMNSs can remediate water also with high concentrations of hexavalent chromium
(22 mg/L) with a strong pH dependence; they are able to bind 99% Cr(VI) at pH 3.0, while this amount decreased to
about 40% at pH 9.0. SAMN@CrVI complex was also characterized, as well as the covalent nature of the absorption
was unequivocally proved (Magro et al., 2016). For arsenic removal the same methodology is applied, supported by
several studies that demonstrate the ability of zero valent iron nanoparticles (nZVI) to reduce arsenic concentration in
groundwater (Chowdhury & Yanful, 2010).

For arsenic determination in water the modified molybdenum blue colorimetric method has been applied (Tsang et
al., 2007). This analytical procedure enable to determine concentration of arsenic in groundwater, at concentrations
below 10 pmol L™, by means of a UV-vis Spectrophotometer.

Further experiments are in progress to validate the efficiency of SAMNs for the removal of arsenic from
groundwater.

Chowdhury, S.R. & Yanful, E.K. (2010): Arsenic and chromium removal by mixed magnetite-maghemite nanoparticles and the
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Due to their biological origin, humic monomers, such as p-hydroxybenzaldehyde (p-HBA), are usually present in
soils and water. Phenolic and aromatic compounds, such as p-HBA, arise from the degradation of natural organic matter
(NOM), which can assume different molecular structures creating natural and synthetic compounds. The removal of
these compounds from water is of increasing interest due to the possibility of negative interference with water
remediation systems. Indeed, they usually assume the role of intermediary or precursor of many hazardous
contaminants. Moreover, when high concentrations are present in water, they become phytotoxic for plants. It has been
highlighted that hydrophobic zeolites are eco-friendly materials, which can be exploited for their adsorption properties
in the removal of contaminants from water bodies and their possibility of regeneration through thermal treatment,
without changing their initial adsorption capacity (Braschi et al., 2016; Wang et al., 2016). Since the presence of natural
organic matter (NOM) can affect organic pollutants adsorption, the effect of lignin-derived phenolic monomers on the
adsorption properties was investigated. The aim of this work is to study the structural modifications induced by
adsorption/desorption process undergoing on a hydrophobic Y zeolite (HSZ-390HUA, SiO,/Al,0; = 200, Tosoh
Corporation) loaded with p-HBA upon thermal treatment. To obtain this goal, chromatographic, diffractometric and
thermal (TG and DTA) analysis were carried out. Kinetics and adsorption isotherm batch data were obtained via
Headspace Solid Phase Microextraction-GC in order to quantify the amount of p-HBA adsorbed into zeolite channels
system.The desorption process was continuously monitored at the ID22 beamline (ESRF-Grenoble) as a function of
temperature (heating rate 20 °C/min, from room temperature to 600°C) to investigate high-temperature structural
modifications and probe the host-guest interactions. Experimental results confirm that p-HBA is highly adsorbed on
zeolites. Rietveld refinements reveal that the extraframework content is completely desorbed at about 570°C; these
results are in good agreement with the total weight loss registered by thermal analysis. After thermal treatment, zeolite
does not show any significant loss of crystallinity and non-equilibrium distortions in the framework are relaxed.
Moreover, the regenerated zeolites regain almost the same unit-cell parameters of the bare material and no relevant
structural deformations are registered in channel geometry.

Braschi, 1., Blasioli, S., Buscaroli, E., Montecchio, D., Martucci, A. (2016): Physicochemical regeneration of high silica zeolite Y
used to clean-up water polluted with sulfonamide antibiotics. J. Environ. Sci., 43, 302-312.

Wang, X., Li, B.Q., Zhai, H.L., Xiong, M.Y., Liu, Y. (2016): An efficient approach to the quantitative analysis of humic acid in
water. Food Chem., 190, 1033-1039.
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Polymerization of simple organic molecules under high pressure in the subnanometric pores of high-silica zeolites
can be used to produce novel nanocomposite materials, which can be recovered at ambient P and have remarkable
mechanical, electrical or optical properties. In order to target novel electrical and optical properties, isolated chains of
conducting polymers have been prepared in the pores of zeolite hosts at high pressure, such as polyacetylene, which
was polymerized under pressure in the pores of the 1-D zeolite TON (Santoro et al., 2016). The structure of this
nanocomposite was determined by synchrotron X-ray powder diffraction data with complete pore filling corresponding
to one planar polymer chain confined in each pore with a zig-zag configuration in the yz plane. This very strong
confinement can be expected to strongly modify the electrical properties of polyacetylene. This new material is
susceptible to have applications in nanoelectronics, nanophotonics and energy and light harvesting. Completely novel
nanocomposites were prepared by the polymerization of carbon monoxide CO in TON (Santoro et al., 2015). In this
material, isolated, ideal polycarbonyl chains are obtained in the 1-D microporosity of the zeolite, in contrast to the non-
stoichiometric, branched bulk polymers obtained by high pressure polymerization of this simple system. These
polyCO/zeolite composites could be interesting energetic materials. In both nanocomposites, the presence of the
polymer guest significantly modifies the mechanical properties of the host zeolite which, in absence of the guest,
underwent a phase transition and amorphisation under pressure (Thibaud et al., 2017).

Santoro, M., Dziubek, K., Scelta, D., Ceppatelli, M., Gorelli, F., Bini, R., Thibaud, J.M., Di Renzo, F., Cambon, O., Rouquette, J.,
Hermet, P., van der Lee, A., Haines, J. (2015): High pressure synthesis of all-transoid polycarbonyl [-(C=0)-], in a zeolite. Chem.
Mater., 27, 6486-6489.

Santoro, M., Scelta, D., Dziubek, K., Ceppatelli, M., Gorelli, F., Bini, R., Garbarino, G., Thibaud, J.M., Di Renzo, F., Cambon, O.,
Hermet, P., Rouquette, J., van der Lee, A., Haines, J. (2016): Synthesis of 1D polymer/zeolite nano-composites under high-
pressure. Chem. Mater., 28, 4065-4071.

Thibaud, J.M., Rouquette, J., Hermet, P., Dziubek, K., Gorelli, F.A., Santoro, M., Garbarino, G., Alabarse, F.G., Cambon, O., Di
Renzo, F., van der Lee, A., Haines, J. (2017): High-pressure phase transition, pore collapse, and amorphization in the siliceous
1D zeolite, TON. J. Phys. Chem. C, 121, 4283-4292.
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We report the results of a study (Arletti et al., 2017) performed by in situ synchrotron X-ray powder diffraction of
the high pressure behavior of the natural zeolite amicite [K4Nay(AlgSigO3,)-10H,0], the GIS-type phase with ordered
(Si,Al) and (Na,K) distribution. The experiments were carried out at the SNBL1 (BMO1la) beamline at ESRF, up to
8.13(5) GPa in the penetrating pressure transmitting medium methanol:ethanol:water = 16:3:1 (m.e.w.), and up to
8.68(5) GPa in the non-penetrating medium silicone oil (s.0.). The crystal structure refinements of the patterns collected
in m.e.w. were performed up to 4.71(5) GPa, while for the patterns collected in s.o. only the unit cell parameters were
determined as a function of pressure. A number of microporous materials with GIS topology have been investigated
under HP: i) the natural zeolite gismondine (Ori et al., 2008; Betti et al., 2007), the Ca member of this group; ii)the
synthetic phase potassium gallo silicate K-GaSi-GIS (Lee et al., 2008); iii) the synthetic phase potassium alumino
germanate K-AlGe-GIS (Jang et al., 2010). The framework deformation mechanism of amicite-similar to that reported
for the other phases with GIS topology-is essentially driven by the distortion of the double crankshaft chains and the
consequent changed shape of the 8-ring channels. The pressure-induced over-hydration, observed in amicite
compressed in m.e.w., occurs without unit-cell volume expansion and is substantially reversible upon pressure release.
The comparison of the high pressure behavior of amicite with that of the other GIS-type phases confirms that the
compressibility of microporous materials is not simply related to their framework density and topology, but is also
greatly affected by the type, amount, and location of the framework and extra-framework species.

Arletti, R., Giacobbe, C., Quartieri, S., Vezzalini, G. (2017): The influence of the framework and extraframework content on the high
pressure behavior of the GIS type zeolites: the case of Amicite. Minerals, 7, 18-33

Betti, C., Fois, E., Mazzucato, E., Medici, C., Quartieri, S.,Tabacchi, G., Vezzalini, G., Dmitriev, V. (2007): Gismondine under HP:
Deformation mechanism and re-organization of the extra-framework species. Micropor. Mesopor. Mat., 103, 190-209.

Jang, Y.N., Kao, C.C., Vogt, T., Lee, Y. (2010): Anisotropic compression of a synthetic potassium aluminogermanate zeolite with
gismondine topology. J. Solid St. Chem., 183, 2305-2308.

Lee, Y., Kim, S.J., Kao, C.C., Vogt, T. (2008): Pressure-induced hydration and order-disorder transition in a synthetic potassium
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Sauconite, a Zn-bearing smectite, generally occurs in nonsulfide supergene deposits (Boni & Mondillo 2015). In the
Skorpion ore (Namibia), sauconite predominates over the other Zn-oxidized mineral (Borg et al.,, 2003). A
characterization of sauconite from the Skorpion ore was undertaken by combining ICP-OES, TG/DTA, XRPD, FTIR,
TEM/HRTEM and AEM. Chemically the clay is nearly stoichiometric and homogenous: Zn*" shares the octahedral site
with small quantities of Al, Fe and Mg cations, while the interlayer contains Ca>" and traces of K* and Na'. Contrary to
Peru nonsulfide ores (Mondillo et al., 2015), at the micro- and nanoscale the occurrence of Zn-beidellite is very minor
at Skorpion. The DTA curve exhibits double endothermic breaks in the temperature range 100-250°C, ascribable to
dehydration and loss of adsorbed water. Dehydroxylation is represented by the endothermic break in the 600-740°C
range, whereas an exothermal peak at ~ 820°C points to the formation of new phases (Zn-orthosilicate, Zn,SiO,, gahnite,
ZnAl,0,), in agreement with previous studies (Faust, 1951). A total weight loss of ca. 17% was measured. The XRPD
random-mount pattern the Skorpion sauconite exhibits two-dimensional Ak diffraction bands typical of disordered
(faulted) clays. The 001 reflection occurs at about 14.72 A, as in di-hydrated Ca**-rich smectites. The peak at 7.48 A is
asymmetric towards lower d spacings (~ 7.13 A). The 060 reflection at 1.54 A confirms the trioctahedral nature of the
sample and the absence of Zn-beidellite. A weak sharp peak at 3.62 A suggests the presence of K-feldspar. After
ethylene glycol [EG]-solvation, a shift of 001 to 16.84 A was observed. Broad and weak maxima at ~ 7.33 and 3.58 A
were also detected, compatible with the presence of kaolinite and K-feldspar traces. The IR spectrum shows a well-
resolved band at 3640 cm ', due to 3Zn-OH stretching (Petit et al., 2008), and a weak band around 3690 cm'
compatible with the presence of kaolinite. The TEM suggests that Skorpion sauconite forms from fluids, meteoric
and/or hydrothermal processes, in two textural contexts: epitaxially grown on previously deposited phyllosilicates
(mica), and/or directly nucleated from Zn-rich solutions.

Boni, M. & Mondillo, N. (2015): The "Calamines" and the "Others": the great family of supergene nonsulfide zinc ores. Ore Geol.
Rev., 67,208-233.

Borg, G., Kéarner, K., Buxton, M., Armstrong, R., van der Merwe, S.W. (2003): Geology of the Skorpion non-sulphide deposit,
southern Namibia. Econ. Geol., 98, 749-771.

Faust, T.G. (1951): Thermal analysis and x.ray studies of sauconite and of some zinc minerals of the same paragenetic association.
Am. Mineral., 36, 795-821.

Mondillo, N., Nieto, F., Balassone, G. (2015): Micro- and nano-characterization of Zn-clays in nonsulfide supergene ores of southern
Peru. Am. Mineral., 100, 2484-2496.
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effect. Clays Clay Miner., 56, 645-654.

113



Session S7:
New minerals, systematic mineralogy, crystal chemistry, new

mineralogical localities

Conveners:
Marco E. Ciriotti (AMI)

Cristian Biagioni (Univ. di Pisa)



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

As-V minerals of hydrothermal origin in the Mn-ore deposits of Eastern Liguria
(northern Apennine, Italy): where crystal chemistry meets geochemistry

Belmonte D.*!, Cabella R.", Carbone C." & Biagioni C.”

! Dipartimento di Scienze della Terra, dell' Ambiente e della Vita, Universita di Genova
2 Dipartimento di Scienze della Terra, Universita di Pisa

* Corresponding email: donato.belmonte@unige.it

Keywords: As-V minerals, Mn-ores, geochemistry, crystal chemistry.

Manganese ores of eastern Liguria are mostly known for the great variety and rarity of secondary mineral species of
hydrothermal origin (Cortesogno et al., 1979; Cabella et al., 1998). Although the crystal chemistry of those mineral
assemblages is well-studied and characterized in detail, the genetic link with the geochemical conditions of formation is
often poorly understood. In this work we studied the possible origin of As-V mineralization associated with
hydrothermal veins in the Mn-ore deposits of Graveglia Valley, Monte Alpe and Cerchiara mine (northern Apennines,
Italy). Different occurrences in ophiolites have been considered: secondary veins cross-cutting the Mn or Fe-Mn ores in
low-grade Jurassic metacherts; diffuse mineralization within silicified fossil woods. It can be demonstrated that some
peculiar crystal-chemical features displayed by As-V secondary minerals provide important clues on the genetic
environment and thus reflect the geochemical conditions under which those elements are precipitated by hydrothermal
fluids and incorporated into crystal structures. It turns out that even small variations in the redox state and pH
conditions of the fluids can determine abrupt changes or the cycling occurrence of unusual Mn-As-V mineral
parageneses in the veins, hence the close association in space and time of “geochemical spots” with completely
different and highly variable mineralogical features.

Cabella, R., Lucchetti, G., Marescotti, P. (1998): Mn-ores from Eastern Ligurian ophiolitic sequences (“Diaspri di Monte Alpe”
Formation, Northern Apennines, Italy). Trends Mineral., 2, 1-17.

Cortesogno, L., Lucchetti, G., Penco, A.M. (1979): Le mineralizzazioni a manganese nei diaspri delle ofioliti liguri: mineralogia e
genesi. Rend. Soc. It. Mineral. Petrol., 35, 151-197.
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Type mineral specimens are reference samples for the definition of mineral species (Dunn & Mandarino, 1987). The
importance of their preservation in museum is well-known in the scientific community, since any further investigation
dealing with the status of a mineral species should be carried out on type material.

Following the long-established tradition of crystal-chemical study of the “mineralogical school” of Pisa, the Natural
History Museum of the Pisa University preserves an important mineralogical collection, formed by more than 19900
specimens.

Among them, the collection of type mineral specimens has an outstanding relevance, being constituted by ninety-
nine type mineral specimens, representative of seventy-two different mineral species. In addition to type material used
for the description of new mineral species, the collection includes samples used for the definition of new polytypes (e.g.,
stibivanite-20; Merlino et al., 1989) and the redefinition of not-well characterized minerals (e.g., dinite; Franzini et al.,
1991). Moreover, some species defined by mineralogists of the XIX Century were not adequately described and the
modern investigations proved they corresponded to other known minerals. Consequently, they were formally
discredited. Such specimens used for the discreditation of formerly accepted mineral species are known as necrotypes
and some of them are stored in the collection (e.g., the portite necrotype; Franzini & Perchiazzi, 1994).

The type mineral specimen collection of the Natural History Museum of the Pisa University does not only preserve
type specimens for the future generations of scientists; indeed, it gives also an interesting picture of the evolution of the
studies of the mineralogical school in Pisa.

Dunn, P.J. & Mandarino, J.A. (1987): Formal definition of type mineral specimens. Am. Mineral., 72, 1269-1270.

Franzini, M. & Perchiazzi, N. (1994): Portite discredited = natrolite and new data on “schneiderite” (= laumontite). Eur. J. Mineral., 6,
351-353.

Franzini, L., Pasero, M. & Perchiazzi, N. (1991): Re-discovery and re-definition of dinite, C20H36, a forgotten organic mineral from
Garfagnana, northern Tuscany, Italy. Eur. J. Mineral., 3, 855-861.

Merlino, S., Orlandi, P., Perchiazzi, N., Basso, R., & Palenzona, A. (1989): Polytypism in stibivanite. Can. Mineral., 27, 625-632.
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The identification of the thallium-rich nature of several pyrite ore bodies from the southern Apuan Alps, Tuscany,
Italy (Biagioni et al., 2013; D’Orazio et al., 2017), poses serious environmental concerns about the potential passage of
T1 from the litosphere to the hydrosphere and biosphere following the pyrite oxidation and the genesis of a suite of
secondary sulfate minerals. The latter could play an important role in acid drainage and metal sequestration and
consequently their knowledge is crucial for evaluating the environmental impact of these ore bodies.

Several well-crystallized species, representing high-quality samples for crystallographic investigations, were
collected in the old tunnels of the Fornovolasco mine. Eighteen different sulfates have been identified so far. Among
them, alum-(K) and voltaite have shown detectable amounts of T1.

Alum-(K), ideally KAI(SO4),° 12H,0, occurs as anhedral colorless aggregates or, rarely, as {111} individuals, up to
1 mm in size, associated with melanterite, romerite, copiapite, halotrichite, krausite, voltaite, and alunogen. Its unit-cell
parameter is @ = 12.2030(2) A, s.g. Pa-3. The crystal structure refinement converged to R; = 0.059 for 977 reflections
with F, > 40(F,) and 62 refined parameters. In agreement with qualitative EDS chemical analysis showing detectable
amounts of Tl, the refinement of the site occupancy factor (s.o.f.) at the K site points to an occupancy (Kg.99Tlp.10). In
addition, these results are confirmed by X-ray absorption spectroscopy measurements, carried out at T1 L; edge (12658
eV). The position and shape of the main absorption edge indicate that Tl is present as TI'; EXAFS fit parameters
indicate a first shell formed by O atoms with a shorter T1-O shell [R = 2.69(2) A, coordination number (CN) = 2.0(4)]
and a longer one [R = 2.86(2) A, CN = 6(1)]. The large Debye-Waller factor [0.033(5) A%] suggests a large structural
disorder.

Voltaite, ideally K2Fe2+5Fe3+3A1(SO4)12- 18H,0, occurs as euhedral {100} and {110} crystals, dark green in color,
with a vitreous luster. They are associated with romerite, copiapite, halotrichite, krausite, alum-(K), rhomboclase,
coquimbite, and alunogen. Its unit-cell parameter is a = 27.3201(6) A, s.g. Fd-3c. The crystal structure refinement
converged to R, = 0.026 for 830 reflections with F, > 46(F,) and 93 refined parameters. As in alum-(K), the refinement
of the s.o0.f. at the K site of voltaite confirms the minor replacement of K by Tl (s.o.f. = K0Tl 0), in agreement with
qualitative EDS chemical analysis.

Alum-(K) and voltaite could represent two possible sequestrators of thallium in Acid Mine Drainage systems,
temporarily immobilizing this heavy element and avoiding its dispersion in the environment.
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The Su Seinargiu prospect, located on the southern coast of Sardinia, has recently become a reference locality for
the study of Mo secondary minerals. Indeed, seven new mineral species containing this element have been described.

The Raman spectra of the bismuth-molybdenum oxides gelosaite, mambertiite, and sardignaite are characterized by
the occurrence of strong Raman bands in the region 800-1000 cm™, related to the stretching of the shortest Mo—O
bonds. Other weaker bands occurring between 400 and 800 cm™ can be interpreted as due to longer Mo—O bonds as
well as Bi—O bonds (e.g., Hardcastle & Wachs, 1991, 1992). Further bands, related to bending modes, occur in the
region between 200 and 400 cm™. In the region between 3000 and 4000 cm™, weak bands are related to O—H stretching
vibrations. Whereas sardignaite can be easily distinguished from gelosaite and mambertiite, having two strong bands at
859 and 913 cm”, the distinction between these two latter minerals seems to be not possible through Raman
spe?troscopy only. Indeed, gelosaite and mambertiite are both characterized by three strong bands at 845, 899, and 940
cm’™.
The two thorium molybdates ichnusaite and nuragheite cannot be distinguished on the basis of Raman spectra only.
They both show Raman bands at the same positions in the regions 700-950 cm'(the most important feature is a strong
band at 945 cm™) and 300-450 cm™ that can be related to the stretching and bending of MoOy tetrahedra, respectively.
Weak and broad bands occur in the 3000-4000 cm™ region.

Similarly, the Raman spectrum of the iron-cerium hydrated molybdate tancaite-(Ce) is characterized by two groups
of bands, i.e., those in the range 700-950 cm™ (stretching modes) and those between 300 and 450 cm™ (bending modes).

Finally, the Raman spectrum of suseinargiuite is similar to that of the related mineral wulfenite, with a strong band
at 876 cm'l, agreeing with those of synthetic Naj sBigsMoO,4 (Hanuza et al., 1997).

Raman spectroscopy is a useful tool for identifying the rare molybdenum minerals found at Su Seinargiu, even if
some mineral pairs (i.e., mambertiite-gelosaite and ichnusaite-nuragheite) require further studies through X-ray
diffraction for an accurate characterization.

Hanuza, J., Haznar, A., Maczka, M., Pietraszko, A., Lemiec, A., Van der Maas, J.H., Lutz, E.T.G. (1997): Structure and vibrational
properties of tetragonal scheelite NaBi(Mo0O,),. J. Raman Spectrosc., 28, 953-963.

Hardcastle, F.D. & Wachs, L.E. (1991): Molecular structure of molybdenum oxide in bismuth molybdates by Raman spectroscopy. J.
Phys. Chem., 95, 10763-10772.

Hardcastle, F.D. & Wachs, LE. (1992): The molecular structure of bismuth oxide by Raman spectroscopy. J. Solid St. Chem., 97,
319-331.
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The procedures set up by the Commission on New Minerals, Nomenclature and Classification of the International
Mineralogical Association (IMA-CNMNC) are, for some respect, obsolete. They date back to the pre-Internet era, a
period in which the exchange of information between the chairman of the CNMNC and the voting members was based
on photocopies distributed by surface — more rarely air — mail. The voting members were allowed two months to vote
and comment on new mineral proposals, and return them again by mail. The notice of the approval of a given new
mineral reached the wide scientific community only after the publication of the paper. The CNMNC used to publish on
the major mineralogical journals a yearly report containing basic info on new minerals approved, without the names of
the minerals.

In the last years things have changed a bit. Aiming at accelerating the dissemination of info on new minerals, the
CNMNC executive issues every second month a report (CNMNC Newsletter) with some more info, e.g., the full
authorship, details on the type locality, and the mineral name. The Newsletter also gives notice of other actions taken by
the CNMNC, such as re-definitions, discreditations, approval of nomenclature reports on selected mineral groups.
These pieces of info go to the European Journal of Mineralogy and the Mineralogical Magazine, therefore they are
citable, and precede, on average by several months, the publication of the full papers by the authors.

All this information is then summarized in the official “IMA List of Minerals”, which is maintained and kept
updated as soon as a new CNMNC Newsletter has been released, and freely distributed through the CNMCN web site
[http:/nrmima.nrm.se/]

Within the CNMNC, the voting procedure has been modified a bit. Now the voting members must give their votes
and comments within one month, then they can read the comments made by the other members and may decide to
change their vote within the second month.

The net result of this modified procedure has little or no effect outside the CNMNC. The main feeling by some
researchers towards the procedures for approval of new minerals and for re-definitions of existing minerals is that they
are time-consuming and out-to-date.

Therefore in the last years it happened sometimes that research groups did prefer to ignore the authority of the
CNMNC on all issues related with the status of valid mineral species, and published papers which, e.g., included the re-
definition de facto of a mineral species without passing through the correct comment + voting procedure.

The net result of this behaviour is that some oddities still enter the mineralogical literature, e.g., the same mineral is
cited with different end-member formulae, the same chemical formula is named in different ways, the hierarchy and the
relationships among supergroups, groups, and subgroups is often ignored outside the close circle of systematic
mineralogists.
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Piccoliite, a new mineral of the pilawite group
Cémara F.*', Biagioni C.2, Ciriotti M.E.*, Bosi F.*, Kolitsch U.>®, Paar W.H.”, Blass G.® & Bittarello E.”

! Dipartimento di Scienze della Terra “A. Desio”, Universita di Milano
2 Dipartimento di Scienze della Terra, Universita di Pisa
3 Associazione Micromineralogica Italiana, Cirié (TO)
* Dipartimento di Scienze della Terra, Sapienza Universita di Roma
* Mineralogisch-Petrographische Abteilung, Naturhistorisches Museum, Wien, Austria
® Institut fiir Mineralogie und Kristallographie, Universitit Wien, Austria
7 Pezoltgasse 46, Salzburg, Austria
8 MerzbachstraBe 6, Eschweiler, Germany
? Dipartimento di Scienze della Terra, Universita di Torino

* Corresponding email: fernando.camara@unimi.it

Keywords: piccoliite, manganese arsenate, crystal-structure, new mineral, Montaldo di Mondovi mine, Valletta mine, Piedmont, Italy.

Piccoliite (IMA No. 2017-016), ideally NaCaMn®"5(AsO,),O(OH), is a new mineral topologically equivalent to
pilawite-(Y) (CaYAly(SiO4),0(OH), Pieczka et al., 2015). The two minerals have a very similar structure even if the
latter is monoclinic, P2,/c, with unit-cell parameters a = 8.56, b = 7.26, ¢ = 11.18 A, B = 90.6°, V' = 694.7 A3, whereas
piccoliite is orthorhombic, Pbcm, with a = 8.88, b = 7.52, ¢ = 11.69 A, V = 780.1 A®. Piccoliite has been found in
quartz-calcite veins at two Italian Piedmontese localities in Cuneo province: Montaldo di Mondovi mine (MM) at
Borgata Oberti, Corsaglia Valley (type locality) and Valletta mine (VM), Maira Valley (cotype locality). At MM
piccoliite is associated with calcite, berzeliite/manganberzeliite and, very rarely, with unnamed REE analogues of
chernovite-(Y). At VM it is associated with quartz, hematite, grandaite, tilasite/adelite, and, rarely, with thorianite. At
both localities several other arsenates have been found (VM is also the type locality of 4 arsenates plus a silico-arsenate).
Anather common feature is the presence of Mn minerals bearing Mn in different oxidations states Mn>*, Mn®*, and
Mn*".

Piccoliite occurs in aggregates of black anhedral crystals, embedded in the quartz matrix, and rarely as black well-
developed prisms. It is brittle with irregular fracture and has brown streak and resinous lustre. It is transparent in thin
section although very deep red coloured. Mohs hardness is 5-5 %. Reflectance percentages (Ryin and Ry.x) at 589 nm are
7.4 and 9.3. Electron microprobe analysis resulted in the piccoliite empirical formulae, based on 10 anions per formula
unit (pfu) and 6 cations pfu, Nagg;Ca2Mgo2oMn’ 1 osFe’ o 50(AS203V003Si0.01)0o(OH)  (MM)  and
Na0A76Ca1A29Mg0A4ger_01Mn3+0_63Fe3+0A49 MII4+0A34(AS1A97P0_Olsi0‘01)09(OH) (VM) Raman spectroscopy confirmed the
presence of (OH) groups with a band at 3140 cm™.

The crystal structure of piccoliite was solved by single-crystal X-ray diffraction on a crystal from MM and refined to
R = 2.5%. Piccoliite and pilawite-(Y) show [“'M,("TO,)4¢,] chains (¢ = OH) topologically similar to those occurring
in the phosphate minerals palermoite SrysLiAly(PO4),(OH), and bertossaite CagsLiAl,(PO,),(OH),, and in the arsenate
minerals carminite PbFe3+2(AsO4)2(OH)2 and sewardite CaFe3+2(AsO4)2(OH)2, which are all isostructural.
Notwithstanding the topological similarity between their octahedral-tetrahedral chains, the structures of piccoliite and
pilawite-(Y) are not congruent with those of the other species, differing in the cross-linking in the 8.5 A direction of
piccoliite.

Pieczka, A., Hawthorne, F.C., Cooper, M.A., Szeteg, E., Szuszkiewicz, A., Turniak, K, Nejbert, K., Ilnicki, S. (2015): Pilawite-(Y),

Cay(Y,Yb),[Aly(Si04)40,(OH),], a new mineral from the Pitawa Gorna granitic pegmatite, southwestern Poland: mineralogical
data, crystal structure and association. Mineral. Mag., 79, 1143-1157
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Micro-tomography, LA-ICP-MS and electron microprobe investigation
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Selected crystals of garnets from a granitic pegmatite dike located in the Codera Valley (Novate Mezzola, Sondrio
Province, Italy) have been analysed by synchrotron X-ray computed micro-tomography, laser ablation ICP-MS and
electron microprobe with the aim to describe and quantify their texture and chemistry, including trace elements and
REE. The analyses were carried out on a suite of nine trapezohedral garnets, ranging from 0.2 to 1 c¢m in size and from
wine red to reddish brown in colour. The pegmatite dike is reported in literature as “the garnet dyke” (De Michele,
1974) and outcrops for more than 30 m in length in the glacial circle of the upper Val Codera. The dike is discordant
with the foliation of both Bergell tonalite and granodiorite and it is classified as “Rare Elements Pegmatite” belonging
to the mixed LCT-NYF family. The main minerals, feldspar, quartz and biotite, are associated with beryl (aquamarine)
and red garnet. Other subordinate minerals are tourmaline, columbite, euxenite, monazite, xenotime, uraninite, zircon
and magnetite (Guastoni et al., 2014). The garnet crystals may be considered as gem materials but they are commonly
broken and contain too many inclusions. The examined samples are mainly a solid solution of almandine (30-54%) and
spessartine (36-64%), less pyrope (3-7%) and 1% of grossular with the spessartine content decreasing considerably
from the core to the rim together with the decrease of MnO/(MnO+FeO) ratio. All the crystals contain inclusions of
niobates, tantalates, chlorite, K-feldspar and mica. The shape, spatial distribution and dimension of the inclusions have
been characterized by synchrotron X-ray computed micro-tomography that allows a 3D imaging and identification of
microstructural features of the crystals.

The rare earth elements show the chondrite-normalized pattern characteristic of magmatic type garnets, presenting
considerable enrichment of heavy REE and strong negative Eu anomaly. The substitution of REE and Y in garnet occurs
in the eightfold coordinated {X} site that, in these garnets, is mainly occupied by Mn>" and Fe*", so the variation of both
these elements controls REE and Y distribution. The SREE and Y contents increase at the crystal rim (up to 900 and
1200 ppm, respectively) showing a well definite negative correlation with Mn which presents its maximum value at the
core of the crystals. This result suggests that the spessartine-rich garnet crystallisation took place from a Mn-rich melt in
presence of volatiles which prevented the incorporation of Y and REE in the structure favouring the crystallisation of Y
and REE-rich accessory minerals.

De Michele, V. (1974): Guida mineralogica d’Italia. Volumel. Istituto Geografico De Agostini. Novara, 216 p.
Guastoni, A., Pennacchioni, G., Pozzi, G., Fioretti, A.M., Walter, .M. (2014): Tertiary pegmatite dikes of the Central Alps. Can.
Mineral., 52, 191-219.
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The Al-fluoride sulfate thermessaite-(NH,), ideally (NH4),AlF;(SOy4), was deposited in 2005 as a medium to high-
temperature (250-300°C) fumarole mineral at the rim of “La Fossa” crater, Vulcano, Aeolian Islands, Italy. Its
mineralogical association and crystal morphology suggests it was formed by direct deposition from the fumarole gas
steam as a primary phase (volcanic sublimate), and not as a secondary product formed by the interaction of liquid
condensates of the gas and mineral phases previously formed (fumarolic encrustation), as always happens in fumaroles
for Al-sulfates which are mainly hydrous. The mineral is the (NH4)-analogue of thermessaite, K,AlF;(SOy4), and
corresponds to an anthropogenic phase found in the burning Anna I coal dump of the Anna mine, Aachen, Germany.
The thermessaite-(NH4) discovery at Vulcano crater fumaroles is a remarkable event, not just because of the
simultaneous presence in it of NHy, Al, and F as essential constituents, which is in itself an extremely rare feature, but
also because it is the key to discussing the evolution of the mineralogical depositional processes at Vulcano fumaroles.
“La Fossa” crater high temperature fumarole mineralization is worldwide known for its unique Pb-Bi sulfide and
sulfosalt assemblages which deposited, starting back 1988-1990 years, throughout the thermal crisis characterizing the
area. Neverthless, since the beginning of the 21¥ Century, although the always high temperatures at the vents, sulfides
and sulfosalts reduced gradually their deposition, and the metals begun to deposit as simple chlorides and complex
halide-sulfates, the latter here interpreted as the intermediate stage of the transition from halide to sulfate assemblage
after the incorporation of atmospheric oxygen into the volcanic gaseous steam. The changed mineralogical associations
among Vulcano sublimates and the progressive sulfosalts disappearance is interpreted as indicative of the more
oxidizing conditions, probably favored by a reduction of the gas fluxes connected to the evolution of the volcanic
activity and consequent mixing processes of the volcanic fumarole steam with the atmosphere in proximity of the
surface. At least, the finding of thermessaite-(NHy4) in the burning Anna I dump of the Anna coal mine in Aldsdorf
(Germany) stresses the similarity of volcanic exhalations with the burning-coal steams, and confirms the strong
analogies in the mineralogy of the La Fossa crater fumaroles and the burning dump at Anna mine.
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Platinum group minerals (PGM) are the carriers of the platinum group elements (PGE): osmium (Os), iridium (Ir),
ruthenium (Ru), rhodium (Rh), platinum (Pt) and palladium (Pd). PGM occur naturally, as alloys, native elements or
combinations with other elements, mainly S, As, Te, Bi, Sb, Se and O. The PGM are rare, representing only less than
the 3% of the approved minerals by the International Mineralogical Association (IMA). In Italy, the occurrence of PGM
have been reported only in the Ivrea-Verbano zone, located in the Italian western Alps. The Ivrea-Verbano Zone (IVZ)
consists of a sequence of metasediments (the kinzigite formation), ultramafic mantle tectonites (Finero, Balmuccia, and
Baldissero) and an underplated igneous complex (the basic complex). The IVZ is considered a lower continental crust
section that experienced thinning, underplating, mantle plume and high-temperature regional metamorphism during the
uppermost Palaeozoic. The PGM found in the IVZ form small grains, generally less than 10 um, and occur as accessory
phases in two different ore deposits: magmatic Ni-Cu-Fe sulfides and chromitite. The Ni-Cu-Fe sulfides were mined for
Ni in the past, from 1855 to 1948. They can be grouped in three distinct types of mineralizations: 1) layers in the
peridotite-pyroxenite-gabbro-anorthosite of the basic complex, 2) ultramafic sills intruding metasediments, 3)
ultramafic discordant pipes in gabbros and metasediments. The mineralizations are composed of base metals sulphides
(BMS) such as pyrrhotite, pentlandite and chalcopyrite. The discovered PGM consist of abundant tellurides of the
merenskyite-moncheite-melonite series and minor sperrylite and irarsite. They occur associated with the BMS. Trace
amounts of platinum group elements have been detected in the BMS. These mineralogical data indicate that PGE and
chalcogenides were initially trapped in an immiscible sulfide liquid. After, they were exsolved together with Te and As
to form discrete PGM. Small pods and schlieren of chromitites have been described in the peridotites of the
subcontinental metasomatic mantle of the Finero. Due to their small size, the Finero chromitites were only prospected
but never mined. The PGM recognized in Finero generally occur included in chromite. They comprise laurite,
thiospinels of the cuproiridsite-cuprohodsite-malanite series, Ru-rich pentlandite, Pt-Cu and Ir-Rh alloys. Two potential
new PGM have been also analyzed. Their composition corresponds to the following formula: (Rh,Ir,Ru)(Sb,S), and
Rh3S,. The Finero PGM crystallized at high temperature during the magmatic stage, under relatively high sulfur
fugacity. The PGM described in the IVZ indicate that their host deposits may represent an uncommon type of
mineralization formed in an extensional regime during an underplating and mantle plume event occurred in the deep
crust.
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Kaliophilite has been the first polymorph with composition near to KAISiO,4 to be identified exactly 130 years ago
(Mierisch, 1887). Until the advent of X-ray diffraction, this mineral was thought to be the K end-member in a simple
isomorphous series with nepheline at the Na-rich side. Yet, in the following century ten further polymorphs were
discovered and it eventually became clear that kalsilite is the actual K end-member of the nepheline series, both having
a simple tridymite topology. Kaliophilite must instead be characterized by a significantly different structure, requiring
the surprisingly large hexagonal unit cell 27.06 27.06 8.57 A, 27 times larger than kalsilite (Gregorkiewitz, 1986).

Previous attempts to determine the kaliophilite structure by X-ray diffraction were unsuccessful. Synchrotron data
from micro-crystals suggested that pseudo-symmetry and twinning could be major issues already at this scale. The
problem could only recently be overcome using electron diffraction tomography (Mugnaioli et al., 2009), which
allowed collecting data from a real single crystal of few hundreds of nanometers.

Kaliophilite crystallizes in space group P3cl, and not P6; as previously assumed. Its framework consists of
alternating Si and Al tetrahedra (as confirmed by ’Si MASNMR) and can be topologically described in terms of six-
membered rings of tetrahedra arranged in sheets perpendicular to ¢. In tridymite all rings are equivalent, whereas in
kaliophilite there are three different types of ring topologies. From a conformational point of view, kaliophilite rings can
have trigonal or oval appearance, while tetrahedral bases are always eclipsed along c. The so-determined structure
furnishes also an intuitive and straightforward explanation of the observed twinning.

The five distinct framework topologies found so far in KAISiO4 can be compared using an order parameter, FTO,
defined as the order of the topological space group divided by the number of K,Al,Si,Ogunits (the cell content of
kalsilite). FTO assumes the values 24 for kalsilite, 8 for KAISiO4-Icmm (Minor et al., 1978), 6 for megakalsilite
(Khomyakov et al., 2002), 4/3 for KAISiO4-O1 (Gregorkiewitz, 1980) and 4/9 for kaliophilite, showing that the latter
has by far the most complicated framework.

Gregorkiewitz, M. (1980): Synthese und Characterisierung poroser Silicate. PhD thesis, Universitdt Darmstadt.

Gregorkiewitz, M. (1986): Alkali ion diffusion in M’(AlSiO,) compounds with frameworks of the tridymite topology and its variants.
Solid St. Ionics, 18-19, 534-538.

Khomyakov, A.P., Nechelyustov, G.N., Sokolova, E., Bonaccorsi, E., Merlino, S., Pasero, M. (2002): Megakalsilite, a new
polymorph of KAISiO,4 from the Khibina alkaline massif, Kola peninsula, Russia: mineral description and crystal structure. Can.
Mineral., 40, 961-969.

Mierisch, B. (1887): Die Auswurfsblocke des Monte Somma. Mineral. Petrogr. Mitt., 8, 113-189.

Minor, D.B., Roth, R.S., Brower, W.S., McDaniel, C.L. (1978): Alkali ion exchange reactions with RbAISiO4: A new metastable
polymorph of KAISiO,. Mater. Res. Bull., 13, 575-581.

Mugnaioli, E., Gorelik, T., Kolb, U. (2009): “Ab initio” structure solution from electron diffraction data obtained by a combination
of automated diffraction tomography and precession technique. Ultramicroscopy, 109, 758-765.
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The IMA Commission on New Minerals Nomenclature and Classification (CNMNC) is very efficiently taking over
the complex task of defining rules for mineral nomenclature and of checking proper characterization of new mineral
species. Recently, a couple of issues were raised which will strongly engage the Commission itself and the
mineralogical community in general.

The first is the need of a wider acceptation of the concept of “mineral”, especially since we have realized to live in
the Anthropocene, where human behaviour-or misbehaviour-produces an incredible number of compounds which are
proxy to minerals (Heaney, 2017). The second is the need of procedures which make easier but compulsory the use of
the schemes for mineral nomenclature and classification in force. This latter is a requirement not only for the correct
dissemination of science but also for an effective use of big data analysis also for Earth sciences.

Some years ago, the IMA-CNMNC Subcommittee on amphiboles defined new rules to classify and name end-
member compositions in this huge but widespread and petrologically important mineral supergroup. The new rules were
kept as simple as possible, and were strongly connected to the crystal-chemical rationale of the dominance of
(homovalent) cations/anions involved in the crucial heterovalent exchanges. Rootnames were assigned to the ideal
*(Na/vacancy) “(Mg/Al/Ti) “(OH) compositions with the charge arrangements available in the different subgroups, and
prefixes were defined to highlight the dominance of other homovalent substituents. Few exceptions recognized the
importance of names well embedded in the mineralogical/petrological literature.

The final report was published in 2012 (Hawthorne et al., 2012). Since then, about 15 new amphibole end-members
were characterized by the same authors and approved by IMA-CNMNC, also spreading information on the new scheme.
However, the report is still sporadically cited (~100 entries), the most of the petrological community still being “loyal”
to Leake et al. (1997), who obtained more than 250 citations in the same period.

Hawthorne, F.C., Oberti, R., Harlow, G.E., Maresch, W.V., Martin, R.F., Schumacher, J.C., Welch, M.D. (2012): Nomenclature of
the amphibole supergroup. Am. Mineral., 97, 2031-2048.

Heaney, P.J. (2017): Defining minerals in the age of humans. Am. Mineral., 102, 925-926.

Leake, B.E., Woolley, A.R., Arps, C.E.S., Birch, W.D., Gilbert, M.C., Grice, J.D., Hawthorne, F.C., Kato, A., Kisch, H.J.,
Krivovichev, V.G., Linthout, K., Laird, J., Mandarino, J.A., Maresch, W.V., Nickel, E.H., Rock, N.M.S., Schumacher, J.C.,
Smith, D.C., Stephenson, N.C.N., Ungaretti, L., Whittaker, E.J.W., Guo, Y. (1997) Nomenclature of amphiboles: Report of the
subcommittee on amphiboles of the IMA-CNMMN. Can. Mineral., 35, 219-246.
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Cobaltoan dolomite from Tenke-Fungurume, D.R. of Congo, can host up to 20% mol Co (Barton et al., 2014).
Incorporation of Co in dolomite is definitely more relevant than in cobaltoan calcite, because of the closeness in ionic
radius between Mg®* (0.72) and Co** (0.745) (Shannon, 1976). A set of crystals from this locality was studied through
coupled EPMA and single crystal structural refinements to investigate structural changes induced by Co incorporation
in dolomite structure. As expected, Co incorporation reflects in a clear direct trend in cell volume expansion, with the a
cell parameter more sensible than the ¢ cell parameter to Co content.

Dolomite structure can be described (Reeder & Wenk, 1983) through “layers” of Me" alternating with “layers”
hosting CO; groups along the ¢ axis, approximating an hexagonal close packing. Both the Mg and Ca polyhedra are
trigonally distorted, namely elongated along the threefold axis. A scrutiny of Me-O bond distances shows a direct
correlation between the volume of (Mg,Co) coordination polyhedron and the unit cell volume, whereas the volume of
Ca polyhedron is inversely related to the Co content hosted in Mg polyhedron. In fact, when the (Mg,Co) polyhedron
expands, the oxygen atom is shifted towards Ca cation, resulting in a contraction of the Ca coordination polyhedron.

The distortion of Ca and (Mg,Co) coordination polyhedra is less pronounced in “basal” edges, namely those
polyhedron edges lying perpendicular to the ¢ axis, respect to “lateral” edges. The expansion of the “basal” edges of the
Mg polyhedron with increasing Co content is more relevant than the slight expansion of the Mg lateral edges; the same
holds for the contraction of Ca polyhedron. This is in agreement with the pronounced variation of the a cell parameter,
directly related to the length of the “basal” edges. In dolomites, because of the difference in length between the longer
Ca-O and shorter (Mg,Co)-O bonds, a “rotation” of the octahedra and of the CO; groups along the ternary axis, is
necessary to accomplish a fit. Their orientation in calcite structure, hosting Ca octahedra all of the same size, can be
assumed as starting zero point for comparison. Following Reeder & Wenk (1983) the mean rotation angle of COs;
groups is a convenient measure of the net rotations of all the components: in cobaltoan dolomites the net rotation angles
of CO; groups decreases with increasing Co content.

Barton, L.F., Yang, H., Barton, M.D. (2014): The mineralogy, geochemistry, and metallurgy of cobalt in the rhombohedral carbonates.
Can. Mineral., 52, 653-669.

Reeder, R.J & Wenk, H.R. (1983): Structure refinements of some thermally disordered dolomites. Am. Mineral., 68, 769-776.

Shannon, R.D. (1976): Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides.
Acta Crystallogr., A32, 751-767.
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Léangban is a worldwide famous mineralogical locality, almost unique for its mineral diversity and the peculiarities
of the occurring minerals.

The largest number of rare minerals occur in late-stage Pb—Mn—As—Sb-bearing fissures, typically oxychlorides,
arsenates and arsenites. The great species diversity is due to the unusual, almost unique co-presence of Mn>*, Mn’", Sb”",
As™", As”", Pb*", Ba’" and Be”". Gabrielsonite was here established as a new species by Moore (1967), with chemical
formula PbFe(AsO,)(OH), space group P2;ma, a = 7.86, b = 5.98, ¢ = 8.62 A. During the SYNTHESYS SE-TAF-5983
research visit to the Naturhistoriska riksmuseet, gabrielsonite crystals were extracted from a museum specimen
(NRM#19250353), with the aim of investigating its crystal structure. Single crystal intensity data were collected at
Elettra synchrotron facility, XRD1 beamline, with wavelength 0.59043 A, resulting in 2490 unique reflections, with Ry
=0.0796. The gabrielsonite structure was solved in space group Pmc2;, with a = 6.006(1), b = 8.661(2), ¢ = 7.909(2) A,
and refined up to Ry = 0.0344, wR, = 0.1140, S = 1.042. Two independent Pb cation sites, with half occupancy, are
found in gabrielsonite structure, showing distorted four coordination, with bond lengths ranging from 2.203(5) to
2.606(7) A. The two independent As sites have both a half partial occupancy, and present the typical trigonal pyramidal
coordination, with bond lengths ranging from 1.785(6) to 1.814(5) A. Fe shows octahedral coordination, with bond
lengths ranging from 1.936(5) to 2.118(6) A. About the anionic part, two of the four independent oxygen sites show half
partial occupancy, while the two remaining anionic sites are fully occupied; a bond valence analyses allowed to identify
one of these sites as a hydroxyl. The crystal structure of gabrielsonite is made up by chains of edge sharing Fe octahedra
(FOC) running along a, whereas Pbl and Asl polyhedra form through corner sharing “layers” (PAL) parallel to (010).
As2 and Pb2 polyhedra link by corner sharing to form chains (PAC) running along a, with Pb and As polyhedra
regularly alternating along the chain.

The structure of gabrielsonite can be described through a regular alternation along b of slabs hosting PAC, FOC, and
PAL structural elements. Alternatively, by analogy with the minerals of the adelite-descloizite group, it can be
described through a “framework” made up by FOC linked by corner sharing to AsO; groups, with Pb atoms hosted in
the framework channels running along a. Present structural analyses indicate for gabrielsonite the new chemical
formula PbFeAsO3;(OH), to be confirmed through appropriate EPMA, EXAFS, FTIR and Raman studies.

Moore, P.B. (1967): Gabrielsonite, PbFe(AsO,4)(OH): A new member of the descloizite-pyrobelonite group, from Langban. Arkiv.
Mineral. Geol., 4, 401-405.
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Naturally Occuring Asbestos (NOA) refers to fibrous minerals contained in rocks, either cropping out or buried,
potentially hazardous for population and workers because of their spreading as an effect of atmospheric agents, natural,
geomorphological and tectonic processes, anthropic activities.

Italian legislation (m.d. 101/2003, 1. 93/2001) disciplines mapping of national areas in which asbestos may be
detected. These rules classify the areas into 4 categories; category 3 is specific for areas where natural asbestos may
occur in metamorphic rocks, defined “Green Stones” by m.d. 14/5/1996, Annex 4.

Green Stones mainly crop out in several areas in central and western Alps and in overlapping slopes of northern
Appennines; in addition, some outcrops may be also observed in southern Italy, not yet included in the mandatory
mapping, and in other lithotypes containing amphibole fibrous varieties in central Appennines, where the orogenic
context determines different geological conditions.

The results of the Italian mandatory mapping provide georeferred sites included in a national database; at the present,
information about Naturally Occurring Asbestos were officially transmitted to the Ministry of the Environment and the
Protection of the Territory and Sea (MATTM) by only some regions such as Piemonte, Liguria, Emilia-Romagna,
Toscana and Lazio.

Inail (National Institute for Insurance against Accidents at Work) is carrying out the mapping to find out all of the
possible hazardous situations for workers in those sites where Naturally Occurring Asbestos may be observed and
detected, and finally to provide the adequate safety actions and practices to be applied during the different working
activities (e.g., infrastructure and buildings construction, agriculture, excavation, mining).

The researches of the Department of Biological, Geological and Environmental Sciences of University of Catania
are addressed to characterize Green Stone and derived soils by a mineralogical, geochemical and petrographic point of
view, with the aim to identify and characterize the minerals of asbestos potentially present.

In this item, authors present two case studies referred to mining and urban development works and describe
monitoring, risk assessment and preventive actions performed in situ.
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The aim of the present study was to investigate the concentration levels of toxic elements in twelve serpentinite-
derivative soils samples developed within San Severino Lucano village (Basilicata region, southern Italy), in order to
understand their possible contribution to the health problems caused by asbestos exposure. The human health risks are
based on the potential fibres inhalation, when they become airborne through rocks (e.g., serpentinite) weathering or
human activities producing dust (Punturo et al., 2015; Bloise et al., 2016a). Moreover, asbestos minerals, for different
structural reasons, have an high capability to host a large number of toxic elements and some researchers claimed that
asbestos fibres may play a passive role in producing diseases as carriers of trace elements (Bloise et al., 2016b). An
association with neighborhood exposure to asbestos and an increased risk of deaths from lung diseases has been
documented among the persons who live near Naturally Occurring Asbestos (NOA) deposits around the world
including in Basilicata region (Italy). Agricultural soil samples have been collected mainly within to urban centre and
characterized by using different analytical techniques such as XRF, XRPD, ICP-MS, TEM/AEM, TG/DSC. Results
pointed out as all the collected soil samples contain asbestos minerals (e.g., chrysotile asbestos, tremolite-actinolite)
clay minerals, plagioclase and oxides in various amounts. The values of trace metals in our soils samples are very high,
four elements (Cr, Co, Ni, V) exceeds the regulatory thresholds for public, private and residential green use. A high
amount of Cr and Co were present in chrysotile while Ni was predominantly found in asbestos tremolite. It is generally
accepted that none of the theories alone is adequate to explain the pathogenic mechanism of asbestos. However, these
data suggest that the cytotoxicity of asbestos may be also related to the minor and trace elements present as impurities
in their structure. In our opinion, since the dispersion of fibres could be associated with carcinogenic lung cancer, in
areas where NOA can be found, the institutions should publish local maps indicating areas with mineralogical concern
and take precautions to avoid hazardous exposures of population.

Bloise, A., Punturo, R., Catalano, M., Miriello, D., Cirrincione, R. (2016a): Naturally occurring asbestos (NOA) in rock and soil and
relation with human activities: the monitoring example of selected sites in Calabria (southern Italy). Ital. J. Geosci., 135, 268-279.

Bloise, A., Barca, D., Gualtieri, A.F., Pollastri, S., Belluso, E. (2016b): Trace elements in hazardous mineral fibres. Environ. Pollut.,
216, 314-323.

Punturo, R., Bloise, A., Critelli, T., Catalano, M., Fazio, E., Apollaro, C. (2015): Environmental implications related to natural
asbestos occurrences in the ophiolites of the Gimigliano-Mount Reventino Unit (Calabria, Southern Italy). Int. J. Environ. Res., 9,
405-418.
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Asbestos fibres, when released into the air, can determine serious health hazards to exposed people. This research
was conducted to assess the backgroung of airborne asbestos in Torino (Piedmont, Italy) with the aim to evaluate the
subsequent risk of exposure for the population. These results have been correlated with the data of a previous
investigation where the burden of asbestos in the lungs of subjects resident in Torino all their life and without
professional exposure were detected.

Torino is surrounded by the western Alps, where natural asbestos (chrysotile, tremolite asbestos and actinolite
asbestos) occur in serpentinitic bodies as accessory minerals. This geographical position and the presence of asbestos
containing materials widely used in building constructions, make Torino a suitable area of study.

Air samples were collected in the 24 districts of Torino. Subsequently, morphological, dimensional and chemical
data of asbestos were detected by Scanning Electron Microscopy (SEM) with annexed Energy Dispersive Spectroscopy
(EDS). Because the SEM-EDS technique does not allow to discriminate some species chemically very similar, were
considered as a group: tremolite/actinolite asbestos, tremolite/horneblende/edenite and chrysotile/antigorite.

The only fibers identified as asbestos belong to the group tremolite/actinolite (the presence of which is due only to
natural sources, since in Italy they have not been industrially used).

Crocidolite, grunerite asbestos and anthophyllite asbestos, present in many asbestos-containing materials, were not
detected in any district.

Some fibers have been identified as possible asbestos; they belong to the groups of tremolite/horneblende/edenite
and chrysotile/ antigorite.

Chrysotile/antigorite fiber group was present in all districts.

The results show that, although asbestos and possible asbestos have been detected, their concentrations are lower
than the limit (2 ff SEM {/1) recommended by Italian legislation (DM06/09/1994). None of the areas under examination
would present a pollution situation in place.

Also among the respired fibers in lung tissue of 10 subjects the only identified as asbestos belong to the group of
tremolite/actinolite. Chrysotile/antigorite fibers were detect only in lung tissue of women.

The maximum concentration of tremolite/actinolite and chrysotile/antigorite fibers detected was respectively 0.38 x
10° ff/gdt and 0.28 x 10° ff/gdt.

These values are lower than the quantities reported by the European Respiratory Society guidelines exposition (De
Vuyst et al., 1998) as indicative of significant asbestos exposure for amphiboles (1 x 10° ff/gdt).

De Vuyst, P., Karjalainen, A., Dumortier, P., Pairon, J.C., Monso, E., Brochard, P., Teschler, H., Tossavainen, A., Gibbs, A. (1998):
Guidelines for mineral fibre analyses in biological samples: report of the ERS Working Group. European Respiratory Society.
Eur. Respir. J., 11, 1416-1426.

DMO06/09/1994 (allegato 2B). Normative ¢ metodologie tecniche per campionamento e analisi mediante microscopia elettronica in
scansione. In: Supplemento ordinario della Gazzetta Ufficiale n. 220.
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The Valmalenco serpentinite, a worldwide marketed dimension and decorative stone, derives from the Malenco unit
(central Alps, northern Italy), a huge ultramafic body exposed over an area of 130 km?, at the Penninic to Austroalpine
boundary zone. However, the same area was once subject to chrysotile mining, from the XIX Century till 1975: for
these reasons, the Valmalenco district is an excellent “naturally occurring asbestos” (NOA) case history. To evaluate
asbestos exposure and contamination, extensive sampling of rocks, stream sediments, soils and airborne particulate was
carried out since 2004, in cooperation with INAIL. The asbestos quantification in massive samples was performed by
SEM-EDS, considering specific criteria for the NOA environment (careful sample preparation and morphological —
dimensional criteria). All commercial stone varieties can be considered virtually asbestos-free, largely below the 1000
ppm threshold. On the contrary, there is a slight chrysotile contamination close to the lode selvages, micro-fractures and
veins. Little amounts of chrysotile (generally <400 ppm) were detected in stream sediments and soils, as well as traces
of asbestiform tremolite (< 150 ppm, probably linked to talc lodes). The analysis of air samples (PCM, SEM-EDS and
TEM) showed a complex environment, with significant analytical difficulties, especially due to abundant pseudo-
fibrous antigorite fragments (falling into the WHO fibre definition criteria). The assessed occupational exposure levels
(quarries) were mainly below 100 ff/L, except for some specific cases. Critical issues were detected during stone
processing (especially gangsaw cutting): even the presence of small chrysotile contamination on the block surfaces can
generate a lot of airborne fibres, due to the extreme mechanical fragmentation of the cutting process. The chrysotile
concentrations at quarry property borders and at nearest villages were always below the Italian environmental exposure
limit (2 ff/L). SEM-EDS and PCM results show no agreement, because of the abundance of extremely thin chrysotile
fibrils (< 0.1 pm), undetectable by PCM. TEM investigations highlighted in some cases abundant chrysotile “micro-
fibrils” (< 5 pm, not countable per WHO criteria), supposedly linked to “high-energy” mechanical processing (e.g.,
diamond disk and block-cutter). To reduce the exposure risk, it is of crucial importance to avoid the interception of
chrysotile veins during quarrying, as well as performing the block squaring-off directly in the quarry: a key issue is the
continuous structural and petrographic control of quarry fronts and commercial blocks. Prevention actions were planned
based on the analytical results, and are still in progress, under coordinated supervision of the local authorities. A
specific protocol for airborne asbestos determination in NOA environment was recently released by INAIL.
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The most widespread method for asbestos detection, i.e., the phase-contrast microscopy (PCM), cannot clearly
define tiny asbestos fibers and occasionally yields inaccurate results due to the subjectivity of the operator. X-ray
diffraction method is useful only for concentration > 1%. Transmission electron microscopy (TEM) offers the highest
resolution and the best fiber identification, but it is the most expensive method, not at all friendly to use. The scanning
electron microscopy (SEM) is systematically used in health labs to analyze both the airborne asbestos and soil fibers.

Several papers on the automatic counting of asbestos fibers have been published, all of them based on optical
microscopy techniques, especially phase contrast (PCM). However, as far as we know, nobody tried to use for an
automatic counting of the asbestos fibers the SEM-EDS, a more reliable technique where higher resolution is coupled
with the possibility to obtain a complete chemical composition of the particles. The new method is based on the
matched use of the SEM-EDS analytical potentialities, i.e., by identifying the particle shape first and determining their
chemical composition later.

The suggested procedure consists of the following steps.

1. Particle detection is performed by thresholding Back Scattered Electron (BSE) image: threshold levels are
carefully calibrated, at fixed time intervals, on appropriate standards.

2. During the image acquisition, the only particles exceeding an appropriate threshold value (morphometric filter),
are classified as "fibers". In case of single straight and regular fibers, the classical maximum and minimum Feret
diameters work correctly. In other more complex cases, such as bent chrysotile fibers, another method is used which
accurately approximates length and diameter of the fibers. By assigning a score to the percentage of the areas
overlapping, obtained from these two methods, a single fiber can be easily discriminated from an aggregate of multiple
fibers.

3. The fibers are assigned to a specific asbestos mineral species by means of EDS quantitative analyses.

According to the suggested protocols, fiber counting is carried out on a limited portion (1 mm?) of the whole filter, a
significant error may result from an inhomogeneous distribution of the fibers. However, repeating n-times the counting
on an equal number of fields but with random arrangement, the homogeneity of the fiber distribution is tested.

Conclusions. In addition to the reproducibility of the results, our procedure significantly enhances the productivity,
consequent to the reduction of analysis time, which allows the possibility of obtaining automatic results without the
presence of an operator. Using the best available resolution conditions, an average acquisition time of 2 hours per
sample is estimated, i.e., 8 samples could be processed during a night run.
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Several fibrous minerals are known in nature, some of which have physical-chemical features very useful in various
industrial processes and applications. However, some of them are considered highly hazardous to human health,
because of their capability to split into inhalable fibres, and of their biopersistence in the lungs. This is the case, for
example, of the well-known asbestos, but also of fluoro-edenite, balangeroite and erionite. Nevertheless, there are many
other fibrous minerals, not sufficiently investigated from a toxicological point of view so far, having physical and
chemical features very similar to those of asbestos, such as attapulgite, "bissolite", carlosturanite, clinoptilolite,
jamesonite, mesolite, mordenite, natrolite, nemalite, offretite, palygorskyte, phillipsite, picrolite, scolecite, sepiolite,
thomsonite and wollastonite. Notably, several of these fibrous minerals belong to the zeolite group. Zeolites occur
worldwide, including Italy, and are widely used in a great number of industrial and agricultural applications. Therefore,
a potential exposure to zeolite fibres may arise during their mining, production and use.

Toxicological studies have evidenced that the mechanism by which inhaled fibres induce pathological response is
strongly dependent on: (a) physical features of the fibrous mineral particles such as diameter, length and aspect ratio;
(b) chemical-mineralogical features (crystal structure, bulk and surface chemical composition); (c) surface reactivity,
i.e., the ability to generate reactive oxygen species (ROS); (d) biopersistence. In spite of this, there are insufficient
evidences in humans for the carcinogenicity of zeolites other than erionite, and there are very few data from in-vivo
experiments for the carcinogenicity of clinoptilolite, phillipsite and mordenite, as well as the other fibrous zeolites. On
this basis, due to the need to improve the knowledge on their toxicological aspects, a systematic investigation on fibrous
zeolite samples by means a multidisciplinary approach is in progress. In particular, asbestiform erionite, offretite,
thomsonite and mesolite have been isolated and prepared for mineralogical, chemical, biochemical, and cellular tests.
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Exposition to asbestos may cause adverse effects, but a clear relationship between mineralogy and texture of fibres
vs. toxicity is still lacking. Toxicological studies can be properly interpreted and compared only if quantitative textural,
morphological and mineralogical features of fibres are determined. In this work, riebeckitic ("crocidolite") amphibole
fibres were analysed by XRPD, FTIR, SEM-EDS and EMP-WDS, showing that only crystals with stoichiometry close
to Ao ]BNaZC(Fe2+2A5Mg0_5Fe3+2)TSi8022W(OH)2 were present in the staring material used for in-vitro experiments.

Fibres deposited from solutions of 0.1, 1, 10, 25, 50, 75 and 100 mg/L were automatically counted by image
analysis using SEM micro-photographs; we used equal-area ellipses of measured objects and their aspect ratios to
discriminate between single and agglomerated fibres. At 0.1 and 1 mg/L the fibres are well separated, whereas between
1 and 10 mg/L they start to agglomerate. /n-vitro tests performed on fibres deposited at these concentrations show that
the toxic potential, quantified by the MTT test, increases following a curvilinear trend, with a decreasing rate at the
higher concentrations, in agreement with previous studies. Therefore, an increasing amount of fibres does not induce
automatically a proportional increase of toxicity; combination with image analyses on deposited fibres allows
explaining this feature based on the increasing amount of agglomerated fibres. Considering that the asbestos mineralogy
is constant, the main conclusion of this study is that the relationships between the amount of riebeckitic fibres vs. their
toxic potentials cannot be properly interpreted without a careful characterization of textural data. We believe that the
analytical protocol proposed here is valuable for any aero-dispersed dust in polluted environments, as well as for the
interpretation of experimental in vitro studies.
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LD 161/2012 assessed at 1000 mg/kg the threshold to define excavated soils and rocks as asbestos-contaminated.
The decree states that analyses are to be performed on the fraction undersize 2 mm and the concentration (mg/kg) has to
be determined referring to the weight of the whole sample undersize 2 cm. These parameters are not considered
“precautionary” from Regional Agencies for Environmental Protection, as do not provide an evaluation of the total
airborne fibres potentially released from a massive rock. In fact the airborne fibres concentration depends on the initial
concentration (mineralogical composition) but also on the technical processes (e.g., excavation, grinding) to which the
rock will be subjected.

The aim of this study was to compare how sample preparation (milling of a representative sample fraction < 2 cm or
<2 mm) and calculation of asbestos fibers concentration according to LD 161/2012 affect the result, in order to infer
the most reliable method.

Selected samples from metamorphic (serpentinites, metabasalts and schists) and sedimentary rocks (clays, debris
materials and soils), outcropping along the Sestri-Voltaggio Zone (central Liguria, Italy), were analysed. About 100 g of
bulk rock-samples below 2 cm were sieved at 2 mm and 0.106 mm; then, the coarse (grain size > 2 mm) and medium
(grain size > 0.106 mm) fractions were mechanically milled to obtain powders below 0.106 mm. The three final
powdered fractions were characterized and quantified by Scanning Electron Microscopy (SEM) coupled with Energy
Dispersive Spectroscopy (EDS), according to MD 06/09/94. Only fibres with length:diameter 3:1 and length > 8 um
were counted.

Preliminary results show that when chrysotile and tremolite-actinolite fibres are present, they occur in all fractions,
increasing in milled coarse and medium fractions. On the whole, length and diameter of countable fibers were not
significantly different between natural and milled powders. In serpentinites, chrysotile bundles occurred in natural
powders, whereas milled powders were characterized by a high number of chrysotile fibrils below counting dimensions.

On the whole, the results of calculations according to LD 161/2012 decreased the concentration from 80% to 50%
compared with total asbestos analyses.

Italian Legislative Decree No. 161/2012. Regolamento recante la disciplina dell'utilizzazione delle terre e rocce da scavo
Italian Ministerial Decree No. 06/09/1994. All. 2B. Determinazione quantitativa delle concentrazioni di fibre di amianto aerodisperse
in ambienti indoor mediante microscopia elettronica a scansione.
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SEM-EDS quantitative micro-analysis of asbestos mineral fibres still represents a complex analytical issue because
of the variable fibre shape and small thickness (< 5 um) compared with the penetration depth of the incident electron
beam (Paoletti et al., 2011; Moro & Valdre, 2016).

Size and shape of micro- and sub-micrometric particles may cause large errors in the quantification due to particle
effects on the generation and measurement of X-rays from the sample. These effects are related to the elastic scattering
of electrons in the finite size (mass) of the fibre, which is strongly influenced by the average atomic number. The
thickness of the particle is key, for a given mean atomic number, with a shape component affecting the absorption and
fluorescence contributions to the correction routine.

To overcome these issues empirical methods were developed, however they are cumbersome and need characterized
standards for thickness, geometry and composition (Paoletti et al., 2011).

Here we present correction factors obtained by Monte Carlo analysis for the thickness and shape effect of SEM-EDS
and microprobe microanalysis of chrysotile, crocidolite, amosite, anthophyllite, tremolite and actinolite asbestos.

NIST DTSA-II (Ritchie, 2017) was used to simulate electron transport, X-ray generation and detection in asbestos
bundles and fibres of variable thickness and shape on a pure carbon holder. We report the results obtained on 100 pm
long fibres and bundles of circular and square section and thicknesses from to 0.1 um to 10 um. Realistic experimental
conditions, such as sample geometry, SEM set-up and detector physics were taken into account. An electron probe of 40
nm in diameter was simulated, focussed in parallel illumination onto the surface of the fibre or bundle, in a mid position
with respect to the edges. The modelled EDS detector has a resolution of 130 eV measured at MnKo, an elevation angle
of 40°, and an azimuthal angle of 0°. The influence of thickness and shape on the simulated spectrum was investigated
for electron beam energies of 5, 15 and 25 keV. A strong influence of the asbestos fibres and bundles thickness and
shape was observed. In general, the X-ray intensities as a function of fibre thickness showed a considerable reduction
below about 0.5 um at 5 keV, 2 pm at 15 keV, and 5 pum at 25 keV, with a non-linear dependence. Specific correction
parameters, k-ratio, for the asbestos fibre thickness effect are here presented.

Moro, D. & Valdre, G. (2016): Effect of shape and thickness of asbestos bundles and fibres on EDS microanalysis: a Monte Carlo
simulation. IOP Conf. Series: Mater. Sci. Eng., 109, 012011.

Paoletti, L., Bruni, B.M., Gianfagna, A., Mazziotti-Tagliani, S., Pacella, A. (2011): Quantitative Energy Dispersive X-Ray Analysis
of Submicrometric Particles Using a Scanning Electron Microscope. Microsc. Microanal., 17, 710-717.

Ritchie, N.W.M. (2017): NIST DTSA-II software: www.cstl.nist.gov/div837/837.02/epq/dtsa2/index.html
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The New Caledonia is one of the largest world producers of nickel ore which is formed by the alteration of
ultramafic rocks. Mining activity, focused on nickel extraction from lateritic ore deposits, must deal with the natural
occurrence of asbestos and fibrous minerals. Almost all outcrops of geological units and open mines contain serpentine
and amphibole, also as asbestos varieties (Lahondére, 2007). Owing to humid tropical to sub-tropical conditions,
weathering processes and supergene mineralizations are ones of the main responsible for fibres realise of asbestos
minerals.

The presence of fibrous minerals in mining exploitation and storage sites requires attention due to health problems
and for the safety of the operators. In order to decrease the risk due to the exposition, the prevention plan followed by
the mining sector involves a classification based on colour, morphology and release of fibres. These parameters depict
an alteration status where the major risk is linked to an increasing degree of alteration, and to a greater capacity in the
emission of fibres.

This work aims to test and compare different mineralogical and petrological methods to improve the diagnostic
strategy required for the establishment of an effective environmental monitoring system.

A set of about fifty asbestos samples including serpentine (chrysotile, antigorite) and amphibole (tremolite), all
fibrous and sorted by their different degree of alteration, was analysed. A particular attention has been dedicated at the
study of fibrous antigorite, recognized as asbestos only by Caledonian legislation, but still not by European law.

Data obtained with the more traditional techniques-such as polarized light microscopy, X-ray diffraction, scanning
electron microscopy (SEM-EDS), and transmission electron microscopy-have been completed by the employment of
more specialized tools as phase contrast microscopy (PCM), Raman spectroscopy, and thermal analysis (DTA).
Moreover, analytical performances of a Raman portable equipment, to be used in field observation, were assessed
against other laboratory methods. Portable Raman was successfully tested on the mining front at the open mines of
Balangero (Italy) and Tontouta (New Caledonia) under normal environmental conditions (sun, strong wind, high
temperature, etc.).

Preliminary results have confirmed PCM and Raman spectroscopy as the decisive tools in the detection and
characterization of asbestos fibres for both serpentine and amphibole. Furthermore, these methods have proved to be
extremely effective even in presence of strongly fibrous and altered samples.

Lahondére, D. (2007): L’amiante environnemental en Nouvelle Calédonie: Expertise géologique des zones amiantiféres. Evaluation
des actions engagées. BRGM/RP-55894-FR.
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The present study focuses on serpentinite rocks, which have been widely employed and marketed for building and
ornamental purposes since pre-historical times.

For this reason, we chose some serpentinite key outcrops (Punturo et al., 2015; Bloise et al., 2016), such as those
ones located at quarries and road cut in the area of Gimigliano and Conflenti towns (Sila Piccola, northern Calabria), to
collect representative samples for specific laboratory analyses. However, they could potentially be rich in asbestos
minerals and, as a consequence, have a negative impact on the environmental quality.

In order to highlight the release, if any, of asbestiform minerals from serpentinites we carried out salt crystallization
tests and measured the physical-mechanical as well as petrophysical properties of serpentinites before and after the
deterioration tests. In particular, we carried out seismic investigation ad Uniaxial Compression tests together with
porosity determination. Furthermore, the serpentinite rock samples have been also investigated by means of Polarized
Light Microscopy (PLM), X-ray powder diffractometry (XRPD), Scanning Electron Microscopy combined with
Energy-Dispersive Spectrometry (SEM/EDS).

Results revealed that, when natural outcrops are disturbed by human activities, the weathering processes and
consequent release of NOA in the environment may be enhanced. This also holds after the “change in service” of
serpentinites from natural outcrops to artefact and monuments.

Finally, obtained results can be used to take decisions for the realization of health protecting measures during human
activities such as road construction and quarry excavations and may also provide new data for the compulsory Italian
mapping of natural sites that are characterized by the presence of the asbestos commonly known as NOA (Naturally
Occurring Asbestos).

Bloise, A., Punturo, R., Catalano, M., Miriello, D., Cirrincione, R. (2016): Naturally occurring asbestos (NOA) in rock and soil and
relation with human activities: the monitoring example of selected sites in Calabria (southern Italy). Ital. J. Geosci., 135, 268-279.

Punturo, R., Bloise, A., Critelli, T., Catalano, M., Fazio, E., Apollaro, C. (2015): Environmental implications related to natural
asbestos occurrences in the ophiolites of the Gimigliano-Mount Reventino Unit (Calabria, Southern Italy). Int. J. Environ. Res., 9,
405-418.
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The relationship between the minerals defined by the Law “asbestos” — actinolite, amosite, anthophyllite, crocidolite,
tremolite, chrysotile — and the development of severe diseases of the respiratory system (e.g., asbestosis, mesothelioma,
pulmonary carcinoma) is now universally accepted. Moreover other fibrous minerals are identified responsible of
asbestos-related diseases and recognized even more carcinogenic than asbestos. A deep characterization of the fibers
and of the impurities and phases lying on the fiber surfaces is essential to the comprehension of the carcinogenicity
mechanisms of these mineral phases. On the other hand, more and more studies are devoted to study the relationship
between asbestos and development of cancers affecting other parts of the human body, in particular gastrointestinal
system. The mineralogy may be a very useful support to these studies by identifying the presence of asbestos fibers, or
fibers considered carcinogenic, in tissues of patients affected by these diseases and by identifying the tissues in which
the fibers are incorporated.

During the last years, our research group applied Environmental Scanning Electron Microscopy and micro-Raman
spectroscopy, two techniques not requiring particular preparation of the samples, to identify fibrous mineral phases
directly in histological sections. The samples were sections from patients affected by different diseases, not only
respiratory, or from mice in which asbestos fibers were injected in the peritoneum. The results obtained on the different
cases analyzed will be presented (Rinaudo et al., 2010; Musa et al., 2012; Croce et al., 2013; Grosso et al., 2015, 2017).

Croce, A., Musa, M., Allegrina, M., Rinaudo, C., Baris, Y.I., Dogan, A.U., Powers, A., Rivera, Z., Bertino, P., Yang, H., Gaudino, G.,
Carbone, M. (2013): Micro-Raman spectroscopy identifies crocidolite and erionite fibers in tissue sections. J. Raman Spectrosc.,
44, 1440-1445.

Grosso, F., Randi, L., Croce, A., Mirabelli, D., Libener, R., Magnani, C., Bellis, D., Allegrina, M., Bertolotti, M., Degiovanni, D.,
Rinaudo, C. (2015): Asbestos fibers in the gallbladder of patients affected by benign biliary tract diseases. Eur. J. Gastroenterol.
Hepathol., 27, 860-864.

Grosso, F., Croce, A., Trincheri, N.F., Mariani, N., Libener, R., Degiovanni, D., Rinaudo, C. (2017): Asbestos fibres detected by
scanning electron microscopy in the gallbladder of patients with malignant pleural mesothelioma (MPM). J. Microsc., 266, 48-54.

Musa, M., Croce, A., Allegrina, M., Rinaudo, C., Belluso, E., Bellis, D., Toffalorio, F., Veronesi, G. (2012): The use of Raman
spectroscopy to identify inorganic phases in iatrogenic pathological lesions of patients with malignant pleural mesothelioma.
Vibr. Spectrosc., 61, 66-71.

Rinaudo, C., Allegrina, M., Fornero, E., Musa, M., Croce, A., Bellis D. (2010): Micro-Raman Spectroscopy and VP-SEM/EDS
applied to the identification of mineral particles and fibres in histological sections. J. Raman Spectrosc., 41, 27-32.
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In 2015 has been recorded the presence of contamination by asbestos tremolite fibers in a feldspar mine in Sardinia.
Feldspars are minerals common in the world and used in great amount in different productive processes.

Among these, an important use is in the ceramic industry, as well as in those of glass, cement and steel industry. The
tremolite asbestos, which is an amphibole mineral, is notoriously present as a contaminant of other minerals (as talc, as
vermiculite and also as a natural contaminant of chrysotile).

The presence of tremolite in feldspars has not been significantly reported to human health aspects, except some
studies of strict geological nature.

Starting from investigations, in the Lazio region, in companies that used feldspar from a mine in Sardinia, an
important problem of environmental and occupational exposure to asbestos fibers, has been highlighted in traditionally
"unsuspicious" materials.

Identifying and confirming the presence of tremolite fibers is complicated and it requires many instrumental analisys
(MOCF, MOLP, SEM, DRX), but, at the same time, the attention must also be focused on the protection of public
health. For this reason, as a precaution, the mine is currently on Lockdown.

Therefore we suggest the discussion on banning the use and marketing of asbestos-containing products as recalled in
article 1, paragraph 2, Law 257/92 and, in particular, their mining and their handling must be related to the risk for
health and regulated by specific law.
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Physical chemical characterization and environmental quality assessment of soil is required in many situations and it
is regulated by several norms depending on the context, mainly in the case of: "contaminated sites" DLgs 152/06 and
"earth and rocks for excavation" Decree 161/12.

In soils with the natural presence of asbestos-NOA, characterized by concentrations of asbestos fibers, chrysotile
and /or amphibole, which are often very different from zone to zone, there are analytical difficulties about the
identification and quantification of a parameter that requires a specific and specialistic approach.

There is, at the moment, a lack of an official method, as also of accurate concerning the environmental and health
aspects.

In regard to materials made up of stones, we can have different situations:

- excavating, moving the soil for infrastructural works directly in those areas or sites with natural presence of
asbestos-NOA (e.g., executing: road and motorway works, engineering plants as water, telephone or energy network,
etc.);

- use of serpentinitic crushed stone "conform" to DM 14/5/1996 in geographic areas different from those of origin;

- management of areas where stones have been used as mentioned above.

In cases of anthropogenic contamination of wastes containing asbestos (e.g., fragments of slabs, insulating residues,
residues of various articles) found on the soil or subsoil, the characterization and the reclamation of the soils become
complicated in geologically sites with NOA.

Geographical areas with NOA presence are easily identifiable by national and regional geological maps. The areas
affected by the presence of NOA have been mapped under DM 101/2003 (in particular mining sites) and some regions
carried out specific studies.

This communication is intended to present some considerations and some procedural proposals.

142



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Airborne fibers monitoring during railway tunnelling across a serpentinite lens
(Voltri Massif, Italy)

Sanguineti E.*', Militello G.M.", Yus Gonzéilez A.' & Gaggero L.!

! Dipartimento di Scienze della Terra, dell' Ambiente e della Vita, Universita di Genova

*Corresponding email: elisa.sanguineti@unige.it

Keywords: chrysotile, NOA, airborne fibers monitoring, SEM-EDS.

The tunnelling of Terzo Valico, TAV between Genoa and Milan involves excavation across a complex geological
setting characterized by ophiolitic formations, potentially containing naturally occurring asbestos (NOA).

International organizations of health and safety agree on the absence of a “safe” level of asbestos fibres in air and
require keeping as low as possible their concentration (IARC, 2012; WHO, 2014). Therefore, the management of
tunnelling activities in rocks containing NOA presents critical issues for occupational and environmental exposure to
asbestos.

In this work, data of 871 airborne monitoring carried out during 100 m of tunnelling excavation across a serpentinite
lens, intercalated within calcschists, in the Cravasco adit (Voltri Massif), are reported.

Airborne dusts, collected on polycarbonate membrane, were analysed by Scanning Electron Microscopy (SEM)
equipped with Energy Dispersive Spectroscopy (EDS), according to MD 06/09/94 All. 2B.

Serpentinite occurrence at the front and our results of fibres concentration above 2 ff/L caused the stop of excavation.
Therefore, a new system of exhaust ventilation, a dedusting equipment and a physical compartmentation of tunnel in 3
zones (A-B-C) were installed, in order to reduce the asbestos concentration and resume the activities.

Results of sampling, carried out in different zones of the tunnel during the first 27 cycles of excavation, were
discussed in working tables constituted by Contractor, ARPAL, ASL, DISTAV. This allowed us to obtain information
about the chrysotile fibres dispersion from the rock front to the exit of the tunnel, detect the significant parameters of
monitoring and analysis (stations number, frequencies, membrane diameter, volume sampling, personal vs. static
environmental sampler, high analytical sensitivity vs. quick results) and identify acceptable levels of fibres in air
according to used personal protective equipments (LD 81/2008).

Asbestos concentration was above 10 ff/L in 75% of samples coming from zone A during excavation, but this value
quickly decreased in time (5.4% for zone A during no-excavation) and space (2% for zone B and none for zone C),
demonstrating the effectiveness of the actions carried out to reduce fibres dispersion from the excavation zone to other
zones of the tunnel and the outside. In particular, the asbestos concentration was below 1 ff/L in 54%, 80% and 100% of
analyses performed in zone B, C and outside square (zone D), respectively.

IARC (2012): International Agency for Research on Cancer . Asbestos. IARC Monogr. Eval. Carcinog. Risks Hum., 100C, 219-309.

Italian Ministerial Decree No. 06/09/1994. All. 2B. Determinazione quantitativa delle concentrazioni di fibre di amianto aerodisperse
in ambienti indoor mediante microscopia elettronica a scansione.

Italian Legislative Decree No. 81/2008. Testo unico sulla salute e sicurezza sul lavoro.

WHO (2014): Chrysotile Asbestos. World Health Organization, Geneva, Switzerland.
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Naturally Occurring Asbestos (NOA) can form in several types of geologic settings depending on the rock types and
geologic history of an area. Calabria region has many settings that are favorable for the presence of NOA because of the
variety of older metamorphic and igneous rocks and by the multiple episodes of deformation that many of these rocks
have undergone.

This paper reports a contribute to the first map data on a regional scale of NOA, according to the Italian Decree
101/2003, related to mining activities in use or disused (quarries for inert materials and ornamental stones extraction),
and to natural outcrops with no economic use.

In Calabria NOA are mainly concentrated in the ophiolitic sequences belonging to the Gimigliano-Mount Reventino
Unit in Sila Piccola (Punturo et al., 2015) and along the Coastal Chain.

Identification of fibrous mineral material collected during fieldwork was obtained by different analytical techniques:
optical microscopy, scanning electron microscopy combined with energy dispersive spectroscopy, X-ray diffraction and
Fourier transform infra-red spectrometry analyses.

The amphibole-group asbestos minerals are the most common type of asbestos found in Calabria, where it
frequently occurs such as overlapping slicken-fibres and/or slip-fiber veins in areas of ultramafic rocks and serpentinite
and in areas of faulting and shearing (Campopiano et al., 2015).

Chrysotile also occurs, but is less common, in serpentinite mostly derived from peridotite. Other asbestiform
minerals as antigorite and chlorite, suspected of posing a health risk, were also found.

In order to identify the risk levels of the individual sites and establish risk analysis, a specific procedure was adopted,
implicating the use of a specific algorithm development of which was entrusted to Inail Dipia by the Ministry for the
Environment.

Moreover, a map of ophiolitic rocks and NOA occurrence was developed. The map is intended to aid cities, special
districts, and state agencies in determining where they may wish to consider actions to minimize generation and
exposure to dust that may contain NOA. Geologic information may also be useful in designing site development to
avoid potential long term exposure to NOA or in developing monitoring or mitigation plans to minimize potential short
term NOA exposures during construction activities.

Angelosanto, F., Bruno, M.R., Campopiano, A., Conte, M., De Vincenti, F., Fera, N., Giardino, R., lanno, A., lavicoli, S., Olori, A.,
Oranges, T., Spadafora, A., Villella E. (2015): Amianto presente in alcuni affioramenti ofiolitici della regione Calabria. Atti del
32° Congresso Nazionale AIDII, Varese, 24-26 giugno 2015.

Apollaro, C., Bloise, A., Catalano, M., Critelli, T., Fazio, E., Punturo, R. (2015): Environmental implications related to natural
asbestos occurrences in the ophiolites of the Gimigliano-Mount Reventino Unit (Calabria, Southern Italy). Int. J. Environ. Res., 9,
405-418.
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The Terzo Valico railway project is part of the Rhine-Alpine Corridor, within the trans-European transport network,
connecting the most populated and industrialised European regions. The new line will be 53 km long, 37 km of which
under tunnels, and will improve transports between Genoa harbour and rest of northern Italy.

This paper reports the results of 719 sampling of airborne fibres collected inside tunnels under construction, aimed
to assess and prevent asbestos professional exposure, according to an environmental monitoring protocol drawn up for
Terzo Valico tunnelling.

The data refer to the first 7.25 km of tunnels excavated in Liguria from September 2014 to April 2017. The
concentration of asbestos fibres was determined by means of a Scanning Electron Microscope equipped with Energy
Dispersive X-ray Spectroscopy device (SEM-EDS).

Tunnelling air is characterized by high dustiness caused by presence of carbonaceous particles and elongated
minerals particles (EMP) such as titanium dioxide, calcite, chlorite, mica and feldspar and amphiboles cleavage
fragments with dimensions in agreement to parameters described in the LD 81/2008 (length > 5 mm, diameter < 3 mm
and length to diameter ratio > 3:1).

In 719 analysed samples during excavation, asbestos fibres concentration was below detection limit (DL 0.3 ff/L),
between DL and 2 ff/L and above 2 ff/L in 559 (77.75%), 119 (16.55%) and 16 (2.3%), respectively. Moreover, 25
samples (3.47%) were unreadable due to the excessive particulate deposited on the membranes.

The overload of filters with mineral dust was the most significant problem of the analytical activity during
tunnelling excavation. Italian legislation (MD 06/09/1994) establishes an air sampling volume of 3000 L, however this
decree is designed for indoor environments after remediation. Therefore, a compromise between sampling protocol,
analytical method and improvement of measures on ventilation systems was necessary to obtain readable filters in order
to assure time-effective monitoring and workers safety.

Our results showed that air monitoring can objectively confirms in a relative short time the presence of asbestos
minerals and other EMP providing information about the nature of the lithotype at the rock front.

Italian Legislative Decree No. 81/2008. Testo unico sulla salute e sicurezza sul lavoro.
Italian Ministerial Decree No. 06/09/1994. All. 2B. Determinazione quantitativa delle concentrazioni di fibre di amianto aerodisperse
in ambienti indoor mediante microscopia elettronica a scansione.
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The Greek eastern Rhegion walls were constructed in two successive periods each of them characterized by different
techniques. The most ancient-dating back to the 5™ Century b.C. — made with raw clay, the other — dating back to the
4™.5™ Century b.C. — built in sandstone squared blocks. The study of this architectonic monument has the aim of
analysing in detail the material used for its construction in order to spot the place of origin of the material themselves
and, in the meantime, to suggest the best restoring method to avoid the time wear.

147



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Tarquinia's “macco” as a pictorial substrate and processes of degradation
in hypogea linked to seasonal cycles

Angeloni R', Campanella L.*!, Cecchini A.*, Grimaldi F.', Mazzoleni P.%, Nunziante S.' & Perazzolo V.'
! Dipartimento di Chimica, Sapienza Universita di Roma
2 Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Universita di Catania

3 Private restorer

* Corresponding email: luigi.campanella@uniromal .it

Keywords: macco, painted tombs of Tarquinia, meteoclimatic cycles, seasonal cycles, degradation, hypogeum.

The meteoclimatic cycles are able to damage the materials of Cultural Heritage as to them many classical chemical
reactions are associated: redox, acid/base, complexation, dissolution. More, it is enough a bias of 1-2 degrees to bring to
evaporation/condensation cycles of water able to combine their effects with those ones of the above reactions. Macco is
a complex material which suffers from the described situation (Paribeni, 1970). Particularly acid base and complexation
reactions are involved, both relating to the Lewis's theory. Macco's composition with a relevant presence of acid metals
such as Al, Fe, Si, combined with porosity and ability to adsorb water, brings to two peculiar characteristics: higher
resistance to acid pollutants, the most present in the anthropic zones and media, and ability to bind basic oxide pigments,
so stabilizing paintings on it. Really water adsorption is still favoured by the above said acid nature of metal as able to
bind water through the lone pair of oxygen atom. This water can dilute superficial aggressive conditions without
damage of dissolution due to the macco's determined insoluble composition.

In this research we characterized macco for its chemical and physical properties and the obtained results are the
basis for the above conclusions. Methods used for its characterization were the determination of water absorption by
full immersion, the determination of water absorption by capillarity, the determination of the drying index, the
determination of moisture content in painted walls, resilient modulus tests under repeated freeze-thaw cycles, analysis
of mercury porosimetry for the evaluation of pore shape and intrusion-extrusion hysteresis, TGA, XRD, Raman and IR
Spectroscopy, SEM-EDS.

Paribeni, M. (1970): Cause di deperimento e metodi di conservazione delle pitture murali delle tombe sotterranee di Tarquinia.
Sistema, Roma
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The Alexandria Lighthouse archaeological site is located just off the coast of the modern city of Alexandria and it is
basically underwater today. Its ruins consist of three thousand architectural and sculptural elements which lie on the
seabed at depths of six to eight meters.

During a field inspection of the stone blocks, column shafts and bases, sculptures and obelisks that have been
salvaged from the seabed since 1994 and are currently displayed or stored at different locations in Alexandria City, a
series of samples (also from objects that are still under water) was collected and studied.

This work summarizes the results of a detailed petrographic and geochemical characterization (OM, XRD,
XRF/ICP-AES, 8"C and 80 analyses) of some of the Alexandria Lighthouse monumental objects made of
sedimentary and magmatic rocks; it also offers pointers to their corresponding ancient quarries of origin. The studies
reveal that these archaeological items are made of local granite/alkali-granite, diorite/granodiorite, quartzitic sandstones
(orthoquartzite) and greywacke (siltstone or sandstone). The source area of each type of constituent stone of the
archaeological samples is established, and the corresponding ancient quarries identified where possible (Aswan
Neoproterozoic granitoids, Gebel Ahmar and Wadi Hammamat). The results expand the knowledge of the real nature of
the Alexandria Lighthouse building and ornamental stones and provide inspiration for future investigations and
researches.
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The painted graves of Tarquinia are the more important existing pre-Roman record of classical painting in the
Mediterranean. The monumental series of funereal paintings, dated between the seventh and second Century BC,
faithfully reflect the Etruscan civilization, of which they form a unique source of knowledge. They also represent
indirect evidence of Greek paintings, which were almost completely lost. These subterranean chambers are a significant
chapter in the history of restoring ancient paintings. In fact, some of the most important interdisciplinary studies
regarding the deterioration in underground environment, and possible preventive measures, have been based on these
tombs (Cecchini, 2012).

The main goal of this research is the identification of pigments and their substrates in order to clarify the unknown
aspects of the materials and techniques used and, therefore, to furnish fundamental information in order to plan suitable
restoration and conservation. With this aim in mind, complementary non-destructive and in situ handheld X-ray
fluorescence and Raman spectrometers for the investigation of wall paintings from nine of the more important
Tarquinia graves (Leonesse, Fior di Loto, Cacciatore, Barone, Bartoccini, Tori, Giocolieri, Caccia ¢ Pesca and
Gioglioli) allowed us to provide a new perspective on the use of color in Etruscan art.

In particular, the combined mineralogical and chemical approach evidenced the use, together with common
pigments of precious dyes in some of the more notable paintings. The value of these pigments gives additional
importance to the Etruscan Necropolis.

Further information was obtained on the white-gray preparatory layer, that plays a key role in the comprehension of
the painting technique that is one of the most debated aspects about the Tarquinia wall paintings.

On the whole, the obtained results will be useful for future restoration and conservation strategies. In conclusion, the
Tarquinia site is an open-air laboratory where new diagnostic needs are essential to innovative technical approaches.

Cecchini, A. (2012): Le tombe dipinte di Tarquinia. Vicenda conservativa, restauri, tecnica di esecuzione. Nardini, Firenze, 231 p.
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The recent advances and noteworthy contribution of Mineralogy to a relatively novel discipline like
Archaeometallurgy are a good demonstration of the validity of the “fox” approach, in the sense of the famous Isaiah
Berlin’s metaphor, i.e., of a multifaced, pluralistic view of this science against the “hedgehog”’s conservative approach
of a unique self-organizing principle (claiming to a quasi-ontological distinction between Mineralogy and Mineralogical
Applications). Archaeometallurgy deals with all aspects of metal production, distribution, and usage in the history of
mankind, dating back about 10,000 years ago. Modern mineralogy is a discipline that is intrinsically suited to face
archaeometric problems, especially in the field of archacometallurgy, which requires contributions from areas as diverse
as geochemistry, petrology, materials science, metallurgy, archaeology, engineering, and many more (Artioli, 2012). In
fact, the characterization and identification of ore sources, the study of ancient metal production and manufacturing, and
the reconstruction of the trade of raw metals and finished metallic items, requires expertize in different fields like
optical microscopy, physical, chemical and isotopic analysis, and experimental reconstruction (Rehren & Pernicka,
2008), all of which are well-mastered by mineral scientists. Examples of different applications of mineralogic studies
(intended in a broad sense) to different steps of the archacometallurgical cycle will be provided.

Artioli, G. (2012): Archacometallurgy: the contribution of mineralogy. In: "Archaeometry and cultural heritage: the contribution of
mineralogy", J.M. Herrero & M. Vendrell, eds. Semin. Soc. Espail. Mineral., 9, 65-78.
Rehren, T. & Pernicka, E. (2008): Coins, artefacts and isotopes — Achaeometallurgy and archaecometry. Archacometry, 50, 232-248.
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The nEU-Med Project “Origins of a new economic union (7th-12th Centuries): resources, landscapes and political
strategies in a Mediterranean region” has been granted from the European Research Council (ERC). The project takes
place in the Maremma region of south-west Tuscany (Italy), between the Colline Metallifere and the Tyrrhenian Sea.
The project, started in October 2015, is aimed to understand the processes of economic growth in this area between the
7™ and 12" Centuries AD, with particular emphasis on the role played by mineral exploitation and metal production. In
fact, the Colline Metallifere district hosts a number of Cu-Pb-Zn(Ag) vein deposits which fed a long-living mining and
metallurgical industry (Benvenuti et al., 2014). There are still many open questions concerning, for instance, the
changes and evolution of metal production in the period of interest (almost six centuries); the metallurgical chain from
ore to metal, particularly for silver; whether and to what extent metal production (mainly silver and copper) in the
district was purposed for coinage. We provide an up-to-date review of the state of the art of our knowledge (what we
know and, mainly, what we still do not know) based on detailed archacometallurgical surveys carried out in different
sites (Montieri, Canonica di San Niccolo, the mining castle of Cugnano, and Vetricella). In addition we provide the first
results obtained from analysis (lead isotope composition) of a number of silver and copper-silver coins circulating in the
Colline Metallifere region. Results permit to draw some preliminary conclusions about the provenance of coinage
metals used in this territory in the High Middle Ages.

Benvenuti, M., Bianchi, G., Bruttini, J., Buonincontri, M, Chiarantini, L., Dallai, L., Di Pasquale, G., Donati, A., Grassi, F. Pescini,

V. (2014): Studying the Colline Metallifere mining area in Tuscany: an interdisciplinary approach. In: “Research and
preservation of ancient mining areas”, J. Silvertant, ed. Valkenburg aan de Geul, Trento, 261-287.
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In recent years the use of Raman spectroscopy as a gemological tool has largely increased. In particular, in the
conservation science field, the possibility to have a quick, non-destructive, contactless identification of a gem, maybe
mounted on precious archaeological item, made this technique an invaluable procedure for gemologists and
conservators. In addition, the use of mobile Raman spectrometers can allow an immediate identification of gemstones,
directly on the outcrops, during prospection campaigns.

In this work we performed a large comparison of seven different portable Raman spectrometers to use for the first
identification of gemstone minerals in non-laboratory environment. Beryls, in emerald and aquamarine varieties, in
different forms and of different origin (including faceted gems, raw crystals and samples collected in situ) have been
chosen to test the equipments. Beryl was chosen because of the strong Cr’" fluorescence, making it a really testing
mineral for Raman spectrometers, and for the large amount of information that is possible to collect on this mineral by
Raman spectroscopy, at least using micro-Raman apparatus (Bersani et al., 2014). The possibility to obtain detailed
information on the analyzed beryls also using portable spectrometer, further than the simple identification, was
thoroughly investigated. The characterization of the spectrometer was completed by the analysis of some other standard
minerals.

Bersani, D., Azzi, G., Lambruschi, E., Barone, G., Mazzoleni, P., Raneri, S., Longobardo, U., Lottici, P.P. (2014): Characterization
of emeralds by micro-Raman spectroscopy. J. Raman Spectrosc., 45, 1293-1300.
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Degradation of stone materials is a considerable problem that affects cultural heritage in all parts of the world. In
Matera, the 2019 Culture Capital and UNESCO site, the Pleistocene Gravina Calcarenite is the main natural stone used
to build. This gives a unique aspect to the ancient part of the town, called Sassi, and especially to the rupestrian
churches. The Sassi are an awesome example of a rock-cut settlement where architecture is fit to the geological and
geomorphological features of the area. Here grottoes, churches, crypts and houses, are partially dug and partially built
(http://whc.unesco.org/en/list/670). Many constructions are in a deteriorated state due to weathering processes and to
biological and anthropic factors. Degradation of the calcarenite produces different morphologies, like loss of stone
materials, modifications of the original stone shape and covering by overlying materials. This study focuses on the
connection between lithological features and degradation morphologies in order to obtain useful information for the
preservation of prestigious two representative rupestrian churches: St.Pietro Barisano and St.Lucia alle Malve. The
study consists of a detailed classification of the principal degradation patterns, on the basis of the European rules, and a
petrophysical characterization of the building material. Principal degradation patterns in the crypts and external facade
of St.Pietro Barisano are related to alveolization weathering and erosion, while inside the church mainly biological
colonization is found. Perforation pattern is typical of St.Lucia alle Malve external fagade, while biological colonization
strongly affects the interior. Calcarenite in both cases is mainly lithoclastic. On a mesoscopic scale, color is whitish and
the homogeneity of its appearance depends on the presence of organogenous and sedimentary structures such as levels
of calcareous grains (St. Lucia alle Malve church), fossils and bioturbations (St. Pietro Barisano church). A preliminary
textural characterization of the Gravina Calcarenite by optical microscopy and image analysis was made in order to
observe the mutual disposition of grains and voids in relation with weathering and dissolution processes. Calcarenites
are poorly to moderately sorted grainstones made up of both skeletal and subrounded lithic clasts derived from the
underlying cretaceous limestone. Interparticle and intraparticle porosity is very high. Other textural analyses will be
carried out in order to distinguish microfacies type recognized by Mateau-Vincens et al.(2008), in the stones used to
build Sassi, to develop a new classification based on their textural, structural and mechanical features in relation with
degradation patterns and alteration processes, for better preserving this cultural heritage.

Mateau-Vincens, G., Pomar, L., Tropeano, M. (2008): Architectural complexity of a carbonate transgressive systems tract induced by
basement physiography. Sedimentol., 55, 1815-1848.
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The provenance of raw materials is always an interesting task for both conservation scientists and archaeologists.
Solving provenance issues with geological tools contributes to the delineation of executive techniques or trade routes. It
fosters the comprehension of the artistic and historical value of an artwork or the detection of forgeries. At the same
time, the unrepeatability of unique artworks demands non-destructive investigations.

TEA CO, laser-induced breakdown spectroscopy is hereby presented as a feasible technique when dealing with the
provenance of pigments. Powders/fragments of Italian ochres were firstly characterized by X-ray powder diffraction.
Secondly, a minimal amount of the same powdered samples was mixed with KBr to produce pellets. These samples
were then analysed by LIBS, using a 10.6 um TEA CO, pulsed laser. The initial pulse full width at half maximum
(FWHM) was 100 ns and the net pulse duration was about 2 us. Pulse energy was nearly 160 mJ, with a resulting output
power of 80 MW. The repetition rate was 1.2 Hz
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The amphitheater of Catania is one of the main architectural structures built during Roman domination of the town.
It was constructed in two successive phases between the 1% and 2™ Centuries A.D. and fell into disuse from the second
half of the 4™ Century. Detailed geological and petrographic investigations allow better geomorphological
reconstruction of the area where the monument was built. In particular, the western and eastern portions of the
amphitheater are built on prehistoric lava flows, named Barriera del Bosco and Larmisi, respectively. We infer that the
choice of site to build the monument was highly influenced by the morphological setting of the area. In fact, the
location at the contact between two lava flow fields facilitated excavation and removal of rocks due to the incoherence
of the scoriaceous lateral border of the lava flows. Integrating both archaeological and geological data has revealed that
a large number of Neolithic, Greek, and Roman sites are located in the lava fields of Barriera del Bosco and Larmisi
within the present urban district of Catania, indicating that during its long history the city was directly impacted by only
one lava flow, namely in A.D. 1669.
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Most of the materials of interest in archaeology (ceramics, metals, etc.) can be studied with a variety of laboratory
instruments and techniques. Provenance studies can be performed using mass spectrometry techniques, for example, as
well as dating of ceramics can be obtained through the application of the thermoluminescence technique. However, in
some circumstances, the analysis of the samples of interest cannot be performed in the laboratory, either because
sampling of material is not allowed or because the objects are difficult or impossible to move from their original
location.

In those cases, it is important to have portable or mobile instrumentation capable of performing in situ analysis.
Another important use of mobile instrumentation could be the rapid screening of archaeological findings at the site for
doing archaeometric measurements ‘where is needed and when is needed’, i.e., at the archaeological dig and during the
excavation campaign.

At the moment, the most reliable mobile analytical instrumentation, capable of sustaining the harsh environment of
an archaeological site, is based on the LIBS (Laser-Induced Breakdown Spectroscopy) or Energy Dispersive XRF (X-
Ray Fluorescence) techniques. These methods are often considered to be alternative, since both LIBS and XRF provide
elemental information on the samples of interest. Moreover, being XRF a non-destructive technique, while LIBS is
intrinsically micro-destructive, the common idea is that XRF should be preferred for in situ analysis of archaeological
findings.

While this reasoning is sometimes well founded, it should be also considered that in most cases the information
obtained through XRF and LIBS analysis can be very different. XRF is commonly considered a "surface" technique,
contrarily to LIBS which is often presented as a "volume" technique.

As a matter of fact, the reverse is true. A single laser shot in LIBS penetrates under the surface for fractions of
microns, while the XRF primary beam can sample several tens of microns under the sample, depending on the material.
However, it is exactly the surface nature of the LIBS technique that makes possible a stratigraphic analysis through
repetitive removal of sub-micron layers, which is impossible to perform using XRF, since the volume information
contained in a XRF spectra cannot be (easily) deconvolved.

Similarly, the ED-XRF technique does not allow the detection and measurements of light elements (Z < 12-13)
which are critical for the analysis of some lithic materials.

In this communication, we will present several examples of in situ analysis where a complete understanding of the
archaeological objects’ composition can only be reached through the joint use of both LIBS and XRF, that should thus
be considered as complementary, and not competitive, techniques.

The recent introduction of hand-held LIBS instrumentation will largely improve, in the near future, the joint use of
the two techniques in museums or at archaeological excavations.
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The St. Saturnino Basilica (Cagliari, Sardinia, Italy) rises over a sacred site since the origins of the town of Cagliari.
The original sepulchral function of the area were consolidated and implemented during the Roman Empire and it
became a Christian cemetery after the martyrium of St. Saturnino (beginning of the IV Century A.D.). In this period the
original chapel of the church was built starting a long evolution of the building across half a millennium, until its
Romanesque evolution. The basilica was abandoned and partially destroyed at the beginning of the XIV Century. The
formal technical reading of its architectural structure and elements is complicated by the frequent reuse of Roman
artifacts during the Byzantine and Romanesque phases as well as the presence of diachronic source materials. The
naked-eye analysis of geomaterials present in the monumental highlights a significant number of lithologies (i.e.,
various kinds of limestones and sandstones, marbles, volcanic rocks, etc.), some of which are in an advanced state of
alteration. We present the results of a multi-method archaeometric study (mineralogical-petrographic observations on
thin sections, XRF trace elements analysis and '*0O vs. "’C stable isotope ratio investigation) concerning the architectural
stone elements reused in the basilica between the late Antiquity and Romanesque periods. The majority of lithologies
belongs to the local outcrops of Cagliari Miocenic geological formation (e.g., limestone and sanstones). The provenance
study has focused on classical marbles used for manufacturing Roman architectural elements (column shafts, bases,
capitals, pilasters, slabs, etc.), which are thought to come from extra-regional sources. All the different macrofacies of
marbles were sampled taking precise reference to the various construction phases and structural changes of the
monument occurred in the centuries. The preliminary results show that the marbles come mainly from Apuan Alps
(Italy) and subordinately from Greek quarrying areas.
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The geomaterials (e.g., stones and mortars) used on the monuments when exposed to the atmosphere subjected
frequently weathering and bio-deterioration processes. Thus, these latter produce various chemical and mineralogical
transformations of substrate at the interface with the agents as function of intrinsic compositional and physical
characteristics of the material. Moreover, if there also are ancient treatments on the surface of geomaterials, the
investigation field is further complicated. This research aims to analyse the surfaces of different lithology (basalts,
pyroclastic rocks, limestone, sandstone, marbles) and mortars used in the medieval churches of Sardinia (XI-XIV Cent.)
having high historical-cultural relevance. By mineralogical and petrographic analysis and other different analytical
methods (SEM-EDS, LIBS, XRD) the investigations addressed to define: i) chemical and mineralogical analysis of
coatings/crusts (with different composition from the unaltered stone substrate) and the salt fano- and crypto-
efflorescence; ii) physical-mechanical decay and Ca-binder dissolution of bedding mortars used for the masonry stone
ashlars; iii) compositional and microstratigraphic characterization of ancient treatments (i.e., Ca-oxalate films) on the
surface of facades; iv) chromatic modifications of surface with respect to the substrate due to the alteration processes.
The results show the incidence of several factors in the alteration process, as function of the occurred time,
petrophysical features and composition of geomaterials, their position in the monument structure, exposition to the
weathering processes, microclimatic characteristics, environmental conditions. The presence of organic and inorganic
substances frequently is observes as depositions on the surface (e.g., atmospheric particles) or as ancient treatments (i.e.,
weddellite and whevellite). These secondary crystalline phases has been find in several monuments (e.g., St. Antioco di
Bisarcio, San Mamiliano di Simassi, Santa Maria di Tergu, San Pantaleo di Dolianova, etc.), independently from the
kind of substrate (volcanic rocks, sandstone, marble). In fact, the presence of the Ca-oxalate on the facades of ancient
monuments, as noted, is a testimony of application of organic substances on the surfaces themselves, with aesthetic
reason, to standardize or improve the tone colour of the stone, or conservative reason, to limit the negative effects of
weathering.
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This work reports the results of an archaeometrical investigation performed on 145 glass beads dated from the Early
Bronze Age (18™ cent BC) to the Advanced Iron Age (6™ cent BC), coming from 15 southern Italian sites. A quite large
amount of data is available in literature on Bronze Age glass from northern Italy (e.g., Angelini et al., 2005), while very
few are available for the South. The aims of the work were: to define the raw materials (vitrifying, fluxes, colorants)
and the technologies employed for the glass production, to suggest hypotheses regarding the items provenance and to
compare the northern and southern Italian glass supply routes. The research was carried out with a multi-technique
approach: ESEM-EDS analyses for textural study; chemical analyses obtained by Electron Microprobe (EMPA) for
major and minor elements, and by LA-ICPMS for trace elements; isotopic analyses for the determination of the Sr and
Nd isotopic signatures. The results provided evidences of a great complexity in the chemical composition and
production technologies, as enhanced by the presence of mixed alkali, plant ash and natron glass. Among the natron
samples there are: classic natron glass, alumina cobalt blue glass produced with cobaltiferous alums as colorant, black
glass characterised by high iron contents (10% FeO) and high-alumina glass (10% Al,Os). Trace and REESs analyses
provided information on the raw materials employed: mixed alkali glass made up with purified plant/wood ashes and
pure quartz sands; classic natron samples with mineralogically mature sand; black glass with Fe-Ti rich sand; alumina
cobalt blue mostly influenced by the cobaltiferous alum used as colorant; plant ash glass with quartz pebbles; high-
alumina glass with a clays and heavy minerals rich sand. The comparison of our trace results with those reported in
literature, and the Sr-Nd isotopic signatures, allowed to conclude that: mixed alkali glass were imported from the FBA
production site of Frattesina; natron, black and alumina-cobalt blue glass were produced in Egypt; plant ash glass had a
Mesopotamian origin; high alumina glass are very uncommon among the contemporary glass. The comparison between
northern and southern Italy, demonstrates the existence of different trade routes, most of all in the Early and Middle
Bronze Age 1-2, when the North was involved in the trades with the central Europe, while the South was already
inserted in the Mediterranean interactions. Data relative to the Advanced Iron Age evidenced the spread of natron glass
over all the country, being this period characterised by the progressive evolution and standardisation of the natron glass
production, which reached its peak in Roman times.

Angelini, ., Artioli, G., Bellintani, P., Polla, A. (2005): Protohistoric vitreous materials of Italy: from Early faience to Final Bronze
Age glasses. In: “Annales du 16e Congrés de 1’ Association Internationale pour 1’Histoire du verre”, Nottingham, UK, 32-36.
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In archaeology, the classification of ceramic materials is an essential procedure. Alongside the macrosopic
examination of the pottery paste, the classical archacometric methods in order to define fabrics consist in the
petrographic analysis performed by optical microscopy (OM), which allows to define the mineralogical composition
and the morphological features of the inclusions, and in the chemical analyses of the matrix by energy dispersive
spectrometry (EDS). Recently, new analytical procedures by using scanning electron microscopy (SEM) coupled with
EDS have been applied to archaecometry in the fields of pottery petrography (i.e., Knappett et al., 2011). Several
computer controlled procedures were proposed, principally for image analysis and automated mineral analysis (Nuspl et
al., 2004). Finally, specific systems (LEO, 1999) provide automatic modal analyses.

In this work new analytical SEM-EDS protocol, based on the acquisition of multi-elemental X-ray maps is presented.
After thresholding, the detected particles are stacked in a data-base and processed by a dedicated software program
which calculates the modal percentage of each selected phase by its chemical composition. Despite long acquisition
time necessary to obtain a good spatial resolution and a good statistical precision, the dataset allows detailed description
of mineralogical inclusions, their chemical composition, porosity and matrix. In this way, quantitative chemical and
petrographic parameters can be obtained and used to help classifying ceramic sherds. Moreover, the amount of collected
data allows to provide statistically reliable information. In addition, the developed procedure (both data acquisition and
processing) is semi-automatic and therefore not depending by the operator interpretation. Finally, a comparison of
chemical and petrographic data is possible, being the detected mineralogical phases expressed in compound% and
represented by a modal analysis table. The procedure was tested on a set of sherds of black glaze pottery (4™ to 2™
Centuries B.C.) from the site of Adrano (NE Sicily, southern Italy).

Knappett, C., Pirrie, D., Power, M.R., Nikolakopoulou, I., Hilditch, J., Rollinson, G.K. (2011): Mineralogical analysis and
provenancing of ancient ceramics using automated SEM-EDS analysis (QEMSCAN): a pilot study on LB I pottery from Akrotiri,
Thera. J. Archeol. Sci., 38,219-232.

Leo Electron Microscopy Ltd. (1999): QEMSCAN: automatic mineral analyser. http://www.leo-em.co.uk/astqem.htm last update
March 1999

Nuspl, M., Wegscheider, W., Angeli, J., Posch, W., Mayr, M. (2004): Qualitative and quantitative determination of micro-inclusions
by automated SEM/EDX analysis. Anal. Bioanal. Chem., 379, 640-645.
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The development and improvements of analytical investigations for the solution of minero-petrological issues is an
important phase for basic and applied research. Archaecometry, which performs measures related to ancient objects,
takes advantage of this know -how for the enhancement of Cultural Heritage.

Researches carried out in the stone sector of Cultural Heritage mostly use a microanalytic and multi-instrumental
approaches; indeed the optical microscope, the SEM-EDS and the micro-XRF allows complete minero-chemical
characterization of the raw stone materials. However, they can be used in different modes and with proper and suitable
analytical conditions.

Bench-top pu-XRF is here applied as a novel surface technique for quick acquisition of elemental X-ray maps on
rocks, X-ray mapping was performed with a 100 pm resolution and a 30 pm spot size over ~ 5x4 cm areas on samples
of Euganean trachyte, a volcanic porphyritic rock from the Euganean Hills (NE Italy), historically used in cultural
heritage. The quantified petrographic features allowed discriminating different extraction sites, suggesting an objective
method for archaeometric provenance studies using p-XRF imaging (Germinario et al., 2016). The suggested
application to archacometric provenance studies is only one of the possibilities offered by p-XRF. This represents a
novel alternative approach to classic provenance studies of stones, which are traditionally carried out based on chemical
or microchemical properties, without considering texture.

Manual scanning electron microscopy (SEM) with linked energy dispersive spectrometry (EDS) is a routinely used
for spot analyses.

In recent years there have been proposed a number of systems and applications for automating mineral analysis. A
new analytical protocol, starting from the acquisition of multi-elemental X-ray maps by means of an SEM-EDS system,
is recently presented; the method uses homogeneous composition particles obtained by map tresholding: from these we
extract EDS spectra and then full quantitative analysis which are stacked in a data-base; by means of hierarchical cluster
analysis we can classify the particles and calculates the modal percentage of each selected phase.

This procedure, as a result of the amount of collected data, provide statistically reliable information (modal
percentage) about distribution of different phases, mineralogical inclusions, porosity and matrix in stones as well as in
ceramics. The developed procedure (both data acquisition and processing) is semi-automatic and therefore not
depending by the operator interpretation.

Both micro-XRF and SEM-EDS modes for micro-imaginig have saved all analytic spectra and hence the entire
spectrum EDS is extracted to get a full quantitative analysis for each mineral phase or inclusions. However, with the
same night acquisition time (14-16 hours) by means of SEM-EDS in order to cover the whole petrographic thin section
a 5 micron resolution was used but a 2 micron one is obtainable.

Germinario, L, Cossio, R, Maritan, L, Borghi, A, Mazzoli, C. (2016): Textural and mineralogical analysis of volcanic rocks by p-
XRF Mapping. Microsc. Microanal., 22, 690-697.
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Current archaeological knowledge about the circulation of chert in central Mediterranean Sea identifies Gargano
Promontory as one of the main sources. The systematic archaeological research in the area showed that mining activity
coincided with the Neolithisation process of southern Italy and continued for about 800 years, until Copper Age. In
addition, the Gargano is located along one of the supposed ways of the spread of the Neolithic in southern Italy, which
is the “bridge” of Adriatic islands connecting the southern Croatia to the north of Apulia.

The macroscopic and chemical analysis of a selection of 243 samples of chert from mining districts and geological
outcrops throughout Gargano Promontory (northern Apulia) provided a reference dataset to compare with new data
obtained on flint tools and debitage from archaeological excavated contexts at Scaloria, Masseria Candelaro, Monte
Aquilone, Ripa Tetta (Tavoliere area), Balsignano and Madonna delle Grazie (Murge area).

New petrographic, colorimetric (CIELAB) and chemical (portable XRF) data on 151 samples showed that most of
the cherts from the Tavoliere settlements share the same chemical/colorimetric features, together with few samples from
Murge ones. Further, the flint from Madonna delle Grazie and Balsignano show different compositional groupings not
compatible with those of the mining districts of Gargano. The relatively small size of most of these artefacts points to
the use of secondary flint sources, associated with the continental deposits from the Tavoliere area, not yet characterised.
Such results lead to a more complex scenario of raw chert supply and circulation of finished tools.
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In this contribution we present the archeometric characterization of archaeological grinding stones, made of volcanic
rocks, coming from the “Piazza XXV Aprile” archaeological site of Milazzo (Messina, Sicily). The settlement age was
attributed-on the basis of archaeological remains and pottery typologies-to the Messina-Ricadi facies, dated to the end
of Early Bronze Age, in the half of II millennium BC (Martinelli & Tigano, 2012).The studied objects are manual
grinding tools classified as saddle-quern type and are composed by two stones: an active tool, usually called
handstone/pestle, working with a linear movement of the hands on a passive surface, formed by a grinding slab or
grindstone (Storck & Teague, 1952).

The archaeometric studies of prehistoric grinding tools from archaeological sites in the Mediterranean area are
important for identifying the production sites and tracing the historic trade routes. To reach this objective, a
multidisciplinary analytical approach, including SEM-EDX, XRPD and XRF, has been employed. The raw materials of
the studied millstones are mainly volcanic rocks characterized by calcalkaline and K-alkaline affinities with volcanic
arc geochemical signature. Only one sample is made by a basalt belonging to the Na-alkaline series and showing an
intraplate signature. Comparison with literature data of similar rocks allowed to constrain the volcanic origin of the
exploited lavas. Instead, the intraplate-type raw material came from Mt. Etna Volcano (Sicily). The arc-type volcanic
rocks are mostly trachi-andesites, basaltic —andesites and one rhyolite. Although most of them came from the Aeolian
Arc, a provenance of some samples from the Aegean Arc cannot be excluded. This could be the most probable
provenance area for the rhyolite sample.

Overall results evidenced that Sicily, from the prehistory, provided abundant raw material for the construction of the
most primitive grinding stone sand of the more technological millstones of Roman Age (e.g., Di Bella et al., 2016). Our
results confirm that, in the Bronze Age, the contacts between populations of eastern Sicily/Aeolian Islands and the
Aegean ones were very active.

Di Bella, M., Mazzoleni, P., Russo, S., Sabatino, G., Tigano, G., Tripodo, A. (2016): Archacometric characterization of Roman
volcanic millstones from Messina territory (Sicily, Italy). Per. Mineral., 85, 69-81.

Martinelli, M.C. & Tigano, G. (2012): Un sistema di approvvigionamento idrico nell’eta del Bronzo. Atti XLI Riunione Scientifica
dell’Istituto Italiano di Preistoria e Protostoria “Dai Ciclopi agli Ecisti. Societa e territorio nella Sicilia preistorica e protostorica”,
16-19 novembre 2006, San Cipirello (PA), CD-ROM, 1301-1304.

Storck, J. & Teague, W.D. (1952): "History of Milling". From Canadian International Grain Institute (Minnesota University Press,
1952) via Copied Nisshin Flour Milling Inc.
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"Porta Mediana" Necropolis (Cuma) consists of 70 mausoleums, dated from the 4 Century BC to the 5" AD,
revealed by archeologist of the Centre Jean Berard between 2001 and present within the ‘Kyme 3’ project.

The site is located in the volcanic area of Campi Flegrei, a geological district that produced large volume of
geomaterials, highly available and with good petrophysical features, used since ancient times in the local architecture.

This study, also conducted within the research activities of PON SINAPSIS (SIstema NAzionale Protezione SIti
Sensibili), focuses on geomaterials from one of the 70 funerary monuments of the site. The mausoleum, named D46,
dated between the 1% and 2™ Century BC (Brun & Munzi, 2011), seems to be particularly representative for the variety
of geomaterials (both natural and artificial) identified.

The study was performed by using consolidated experimental methods, such as optical microscopy in polarized light
(OM), and X-ray diffraction analysis (XRPD). The results showed presence and wide use, as building stones, of mainly
local materials, belonging to Phlegrean lithotypes, such as Tufo Giallo Napoletano (NYT) and lava, the latter with
structural function. A sedimentary lithotype, probably belonging to Sorrento peninsula's carbonatic series, is also
present.

As far as artificial geomaterials are regarded, such as mortars and cocciopesto, use of volcanic aggregates of local
origin is confirmed too. In particular, as concern mortars, the mix design is, in any case, the result of a mixture of lime
and pozzolanic aggregates.

A deep knowledge of geological and petrographical features of materials used in ancient sites is the mandatory basis
to allow right actions both for a conscious use and for the conservation of that invaluable cultural heritage.

Brun, J.-P. & Munzi, P. (2011): Cumes (Italie). Les fouilles du Centre Jean-Bérard 2000-2010, in Bulletin de la Société Frangaise
d’Archéologie Classique (41, 2009-2010). Rev. Archéol., 51, 147-221.
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A selected number of Roman orichalcum coins, from private collections, have been studied. Numismatic analysis
indicates that they are asses, sestertius and dupondium, minted by Julius Caesar, Augustus and Claudius (Crawford,
1974; Sutherland, 1984). The aim of this study was to disclose the chemical composition of the orichalcum alloy, the
nature of the patina and corrosion products; orichalcum is an ancient copper based alloy with a variable percentage of
zinc (Craddock, 1978). With this aim a multi-analytical approach was involved, i.e., X-ray fluorescence (XRF),
scanning electron microscope (SEM-EDS), electron micro probe analyser (EMPA). In particular, XRF analysis was
performed on different spots of coins’ surfaces to have information about the chemical composition of the external
layers. SEM-EDS analysis allowed to investigate alloy’s microtexture (e.g., segregation micro-domains) and to obtain
morphological information. In addition, X-ray maps, acquired across section of coins, give information about elemental
distribution inside the alloy; whereas EMPA analysis permits a quantitative chemical composition of major, minor and
trace elements composing this ancient alloy. All these techniques confirmed that copper and zinc are the main
components of the coins. Other metals, i.e., Fe, Pb, Sn, Co, Ni, As, Sn, Sb and Bi, were also found in the alloy. These
elements could provide information about sourcing raw materials sites. Si, S, Cl, K and Ca were found on the surfaces,
being contaminant from the soil. Quantitative analysis with microprobe permitted to evaluate the different percentage of
Cu and Zn in all the samples. The use of invasive technique (EMPA) was necessary to quantify the abundances of each
elements composing the original alloy, thus eliminating soil contaminants and alteration product of the layers developed
through time on surfaces. These results, could contribute to fill the lack of knowledge about the orichalcum alloy.

Craddock, P.T. (1978): The composition of the copper alloys used by the Greek, Etruscan and Roman civilizations. J. Archaeol. Sci.,
5, 1-16.

Crawford, M.H. (1974): Roman Republican Coinage. Cambridge Univ. Press, Cambridge, 919 p.

Sutherland, C.H.V. (1984): The Roman Imperial Coinage: From 31 BC to AD 69. Spink, London, 304 p.
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Fourteen beautiful stone artefacts are preserved in the Museum of Oriental Art of Turin, but they were not yet
exposed because of some serious doubts about their origin and, in some case, their authenticity. Most considerations
were made on the basis of a stylistic analysis that, nevertheless, requires the material characterization in order to be
firmly verified. A preliminary petrographic analysis done by microscope investigation and Raman spectroscopy
analysis allowed to identify tremolite in most objects, and to ascertain the use of nephrite jade in the object manufacture.
The observation of the traces of the original tool marks by means of binocular microscope and grazing lighting allowed
to distinguish the carving techniques employed, that can be usefully related to the chronology of the objects.
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Phoenician expansion spread all over the Mediterranean coast and came together with the foundation of new
colonies. Red Slip Ware, a ceramic class characterized by a shiny deep red surface, seems to be a good marker to
identify and to date the early Phoenician presence on the territory. Indeed, Red Slip Ware is found in every Phoenician
site, from the motherland to the colonies. Representative fragments of Red Slip Ware from the Phoenician-Punic site of
Sulcis (Sant'Antioco, Sardinia) have been studied. These artifacts were unearthed in the area called Cronicario. The site
has been dated employing the stratigraphy between the 750 and the 650 BC and it represents the oldest colonial
settlement on the island (Campanella, 2005). The purpose of this work is to explore the technological background and
the provenance of raw materials in order to discriminate imported or local ceramic productions. With this aim, X-ray
powder diffraction (XRPD), optical (OM) and electron microscopy (SEM) were used. The external coating is a very
thin clayish and non-vitrified layer with a very few inclusions of small size. Mineral assemblage is predominantly
composed by quartz, K-feldspar and plagioclase feldspar, with minor amount of hematite, mica and rare calcite. The
occurrence of hematite suggests an oxidizing firing environment. These results support the hypothesis that the samples
were made with local raw materials and probably fired at temperature below 850°C (Riccardi et al., 1999) as supported
by the high optical activity of the internal body. Electron microprobe analysis (EMPA) was also used to provide
quantitative analysis on the outer surface, ceramic bulk and inclusions (Riccardi et al., 1999; Shoval, 2017). These
Sardinian ceramics present similarities with other Red Slip Ware from Motya (Sicily), particularly in the external
appearance and minerals assemblage. Thus, suggesting a selection of a similar raw material. Nevertheless, some
peculiar differences such as the nature of accessory minerals and the content of CaO can be used to distinguish between
artefacts of these two Phoenician-Punic sites (De Vito et al., 2013).

Campanella, L. (2005): Sant'Antioco: area del Cronicario (campagna di scavo 2001-2003). Riv. Studi Fenici, 33, 1-23.

De Vito, C., Medeghini, L., Mignardi, S., Orlandi, D., Nigro, L., Spagnoli, F., Lottici, P.P., Bersani, D. (2014): Technological
fingerprints of Black-Gloss Ware from Motya (Western Sicily, Italy). Appl. Clay Sci., 88-89, 202-213.

Riccardi, M.P., Messiga, B., Duminuco, P. (1999): An approach to the dynamics of clay firing. Appl. Clay Sci., 15, 393-409.

Shoval, S. (2017): The application of LA-ICP-MS, EPMA and Raman micro-spectroscopy methods in the study of Iron Age
Phoenician bichrome pottery at Tel Dor. J. Archaeol. Sci., in press, DOI: 10.1016/j.jasrep.2017.03.040.
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The current town of Francavilla di Sicilia (Messina) is located on the north of Mt. Etna, on the left bank of the
Alcantara river. The creation of the anonymous Greek center of Francavilla is supposed to be mainly the result of a long
penetration process by the Chalcis from Naxos, who were certainly looking for fertile land for cultivation in the
Alcantara Valley. The numerous excavation campaigns conducted on its territory since 1979 in Via Russotti, led to the
discovery of the remains of a sanctuary with its late archaic votive materials and the later votive deposit. The sanctuary
is associated with the nearby dwellings, excavated as well. Among the materials found, belonged to the first phase of
the sanctuary (from 2™ quarter of the 6™ to the early 5™ Cent. B.C.), stand out a series of votive female statuettes, seated
or standing, representing bidders or goddesses. Their total number at the moment, amount to 127 specimens.

The most fascinating element is the big variety of types, with numerous variants and subgroups, that the context of
Francavilla offers us. In fact there are Greek-oriental type specimens, ionic-attican type, various local types which, until
now, do not find any comparisons with other Siceliots contexts, a very significant number of Corinthian or Corinthian
type statuettes, a specimen of kourotrophos and a winged bidder, and various types still not completely defined.

From the archaeometrical point of view, 11 samples have been selected for: i) petrographic analysis out of thin
section; ii) mineralogical analysis by XRD; iii) quantitative chemical analysis (XRF). All the samples belong to the first
phase of the sanctuary, except one, belonging instead to the second phase, mainly to chronologically expand the field of
investigation, in order to try to identify any elements of continuity in the use as well as in the processing of the clay
techniques. Thanks to the obtained results, it was possible to confirm the great variety of Francavilla context, which
therefore is not limited to the typological and iconographic aspects, but it also extends to the use of raw materials and
their treatments. Furthermore, it was possible to identify 4 macro groups of fabrics, according to groundmass and
inclusion features and to establish, in many cases, the firing temperatures thanks to the identification of neoformation
phases. Finally, the present work allow us to formulate hypothesis about their origins thanks to the comparison with
chemical data of several samples of raw materials clay outcrops in eastern Sicily.
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The St. Angelo in Criptis cave (Santeramo in Colle, Bari) is a suggestive and still active natural karst cavity located
in the National Park of Alta Murgia (Apulia, south of Italy). It belongs to a wider and more complex medieval structure,
locally known as lazzo St. Angelo, which consists of three adjacent buildings covering the entrance of the cave and,
partially, the cave itself. The complex was initially used as church and after as manor farm. The cavity in the
underground space was firstly probably devoted to the pre-classical “cult of water”, later converted to Christianity and
entitled, in the early Middle age, to St. Michael the Archangel. Some fine, stratified frescos enrich the cave. They
mainly consist in three wall paintings, portraying (i) the Descent of the Holy Spirit and the Christ Pantocrator (two
pictorial phases), (ii) the Virgin and Child flanked by St. John and the St. Michael (two pictorial phases), and (iii) the St.
Michael Archangel slaying the dragon. Actually all the paintings are in very precarious conditions and needs urgent
restoration. Attempt of dating concerns exclusively the Christ fresco, constituded by two pictorial phases, and for which
the palacographic font analysis collocated the oldest painting in the late 12" and early 13" Century and the most recent
one, between the 13" and 14™ Century. This study, financied by the "Fondazione Cassa di Risparmio di Puglia" with the
project "La grotta di Sant'Angelo in Criptis a Santeramo in Colle (BA): studio dello stato di conservazione e valutazione
della stabilita", focused on the archacometrical investigations of paintings with the aim to characterise raw materials,
palette of colours and painting technique of pictorial layers and to provide a meaningful contribute to the historical and
chronological knowledge of the cave. Paint layers and theirs supports were investigated by optical microscopy,
scanning electron microscopy equipped with Energy Dispersive System, Raman spectroscopy and X-ray diffraction
techniques. Samples from the Virgin and from the Christ paintings confirmed the existence of the observed two
different pictorial cycles, whereas only a paint layer characterised the St. Michael Archangel painting. Archacometrical
analyses allowed to recognize four different types of supports and to highlight strong analogies between the more recent
cycles of both the Christ and of the Virgin paintings. All the colours present in the paintings resulted by the mixing of
simple pigments like ochres (red and yellow) and carbon, which were mixed in different way to obtain pale or dark
colours and/or to produce secondary hues. Interesting is the finding of the cinnabar pigment in the blue of the
Pantocrator mantle belonging to the first cycle of the Christ painting. This is a very uncommon finding among pigments
used in rock paintings, and could be considered indicative of a period in which the site was an important cultual centre.
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The knowledge of stone resources (minero-petrographic features, their use and exploitation techniques from ancient
times to the present) can provide a broad overview of the historical and cultural significance of such materials,
highlighting the relevance of an economic activity so important for the history and traditions of the different cultures
developed through the centuries all over the Mediterranean area. In every Italian region a significant historic heritage on
rocks exists, which can be found in the historical buildings. The abundance of stone materials coming from Piemonte
(NW Italy) employed over the centuries to realize paving, monuments and public buildings shows the close link
between the city of Torino and the surrounding territory, emphasizing the role that stone has played on the culture and
economic wealth of Torino during the centuries: first as capital city of Savoy kingdom, then as the Italian capital, and
finally as the main center of the domestic industry. In recent decades, however, because of the economic situation, also
Torino has undergone a deep transformation that has led it to become a tourist town full of cultural attractions. Its
monuments and stone buildings built over the centuries represent a major excellence of the city. In this framework, the
knowledge and enhancement of historic ornamental stones from Torino can lead to a new geotouristic approach for the
development of urban geological heritage.

TourinStone is an application for mobile to promote, increase and enhance the urban geological heritage of Torino,
thanks to which the visitor can enjoy the cultural and the scientific aspect at the same time.The application illustrates
twenty-six historical sites of interest where most ornamental stones of historical and scientific interest can be observed
in detail. The sites are grouped in four georeferenced thematic itineraries through which the user can discover and enjoy
the city from a cultural and a geomaterial point of view.

A numbered list of the stones used in all described monuments reports the specific data of each rock. This list is
divided according to the genesis of rocks: igneous intrusive, igneous effusive, metamorphic and sedimentary. The form
of each rock is organized according to the following fields: scientific classification, trade name, quarrying district,
simplified geological map, geological setting, macroscopic description of the rock, main uses (i.e., monuments,
churches or significant palaces where the rock has been employed), macroscopic photo of the rock.

The mobile application can be downloaded free from the App Store or Google Play for Apple and Android devices,
respectively.
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Roman colonization of northern Italy during the late Republican Age brought a significant building activity in the
new acquired territories, especially involving the construction of new infrastructure, which demanded huge amounts of
stone. Trachyte of the Euganean Hills was one of the most used materials for building infrastructure, in particular roads,
and even bridges, forum squares and aqueducts. This paper addresses the recognition of the provenance quarry of
Euganean trachyte used in Roman public infrastructure in northeastern Italy, mostly built from the 1% Century BCE to
the 1% Century CE. Petrographic features and major- and trace-element composition of bulk rock and phenocrysts,
analyzed by XRF and LA-ICP-MS, were used as provenance tracers. The provenance determinations allow exploring
the management of trachyte quarries and the development of extraction activities in the Roman times, as well as the
related commercial and economic dynamics involving stone supply for public works. Moreover, indications are given
with regard to the territorial organization of Roman settlements, their areas of political influence and ownership and
competition of quarries. Finally, broad insights into ancient trades in northern Italy and the main routes of stone
circulation are provided.
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A great number of prehistoric stone implements (axes, chisels, hatchets and disc-rings) has been found in
archaeological sites spread all over the western Europe — i.e., in southern France and along a corridor running from
southern Italy to Great Britain, but especially in the Po plain. These implements are made of alpine “greenstone”, rare
HP meta-ophiolites (namely “Na-pyroxenites” and “Na-pyroxene + garnet rocks”) cropping out in the western Alps as
both small primary outcrops at high altitude in the Monviso or Voltri massifs and secondary deposits downhill around
them.

The field occurrence of these rare lithotypes is of paramount important for archaeology, as their characterization
would allow reconstructing the supply sources and the possible migratory routes or trade channels followed by our
ancestors.

A certain number of “greenstone” geologic samples was retrieved from the alluvial beds of the Lemme valley
streams (northeastern Piemonte region, Italy) and analyzed with a classic mineral/petrographic approach, including
XRPD, polarizing microscopy and SEM-EDS. The compositional and microstructural features of these potential source
rocks were compared with those of implements from archaeological sites located not too far (i.e., Brignano Frascata,
Momperone, Villaromagnano and Rivanazzano — few dozens of km far, as the crow flies), searching for common traits
suggesting a possible univocal origin.

In addition to morpho-typological outcomes previously inferred by archaeologist, the obtained mineral-petrographic
evidence (compositional and microstructural markers) points to a feasible origin of the raw materials used for the
production of stone implements retrieved in close archaeological sites from the investigated conglomeratic horizons and
alluvial beds. These outcomes therefore support a preferential supply of raw materials from secondary sources rather
than primary outcrops, thus grabbing the best available technological material with the minimum effort — a habit
consistent with the principle of the cost/benefit ratio and probably diffused during the early-to-middle Neolithic.
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The Roman Theatre of Benevento (2“d Century AD) lays near the cardo maximus of the ancient Roman urban
structure and represents an outstanding evidence of Roman technological expertise in the field of construction and
building materials.

It showed a semi-circular shape, a cavea with a diameter of ca. 98 m and an outdoor with 25 arches divided in thee
orders, of which today remain only those of the first order. After the advent of Christianity, the Roman theatre was
abandoned and destroyed several times by earthquakes, floods and lootings, being then re-occupied by private
habitations built inside it.

Nine bedding mortars were collected in the Roman theatre of Benevento and analysed by a multi-analytical
approach in according to the UNI-EN 11305:2009 and UNI-EN 11176:2006 recommendations, in order to obtain
information about their technology and composition.

Thin sections were observed via Light Polarised Microscope (LPM) and Scanning Electron Microscopy coupled
with Energy Dispersive Spectroscopy (SEM/EDS) for the determination of mineralogical composition and textural
features of collected mortars. Hydraulic classification of mortars (CO,/H,O ratio) was carried out with Simultaneous
Thermal Analyses (TG/DSC and FTIR-EGA), whereas Fourier Transform Infrared Spectroscopy (FTIR) in trasmittance
mode (KBr pellets) was adopted for the identification of newly-formed phases.

Two main groups of mortars have been preliminary distinguished in according to the type of aggregate, as well as
the binder-to-aggregate ratio (B/A) and hydraulic classification. Lime binder and pozzolanic lightweight volcanic
aggregate with rare cocciopesto (B/A ranging from 1.1 to 1.8) formed the first group, whereas hydraulic lime mortar
mixed with silicate sands (B/A ranging from 0.7 to 1.3), which moderate contents of feldspar, quartz and lithic
fragments as quartzarenite and minor limestone are observed, constituted the second one.

The features of the first group are quite consistent with the traditional technology used in the Roman period where
the lightweight aggregate was used to promote a better mechanical performance after hardening as well as a rapid
setting of the mortar.

The composition of the second group of mortars allows inferring a local provenance of the raw materials.
Nevertheless, a different technology can be observed, inferring the several building phases that involved the Roman
theatre through its history.

Finally, nitrates and sulphates were detected by means of FTIR spectroscopy, indicating the occurrence of decay and
alteration pathologies.

The results could be considered as preliminary but essential information for a deeper investigation about the
reconstruction of building phases of this monument.
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NANO-CATHEDRAL project, started in June 2015, develops new nano-materials, technologies and procedures for
the conservation of deteriorated stones in monumental buildings, cathedrals and high value contemporary architecture.
Cathedrals, distributed throughout Europe, are representative of the diversity of European cultural heritage (Lazzeri et
al., 2016).

Five different cathedrals were selected as they may be considered as representative of both different exposure
conditions and different types of stones: Cathedral of Pisa (Italy), Cathedral de Santa Maria of Vitoria-Gasteiz (Spain)
as representative of south European “Mediterranean” climate in coastal and continental regions; Sint-Baafs Cathedral of
Ghent (Belgium), Cathedral of St. Peter and Mary in Cologne (Germany) and St. Stephen's Cathedral, in Wien (Austria)
as representative of north European climate in coastal and continental regions, respectively; the Oslo Opera House, as
an example of a contemporary building coated with white Carrara marble. They also represent different lithotypes such
as marble, sandstone, limestone.

During the first phase of the project, stones and their decays have been extensively studied. Based on the specific
decay phenomena of the selected lithotypes, different products, namely nano-particles based consolidants and
protectives exhibiting photocatalitic, anti-fouling and hydro-repellency proprieties, have been selected for laboratory
testing on lithotypes.

To verify fundamental requirements for stone conservation (e.g., they have to preserve the originality of the stone
materials, provide high performance treatments, and provide long-term conservation), artificially decayed lithotype
specimens for lab tests are prepared and a systematic testing program has been performed for consolidant and protective
treatments (Ban et al., 2016). The results of the tests carried out by the laboratories have been employed to improve the
products for the second phase of the project, i.e., the application of consolidants and protectives on-site.

Preliminarily, products have been applied and tested on pilot areas, with the aim to develop homogeneous
operational guidelines; moreover, in situ tests have been carried out before and after the application of the products to
evaluate their efficiency and compatibility. The results will be employed to select the best products to apply on the
Cathedrals.

Ban, M., Baragona, A.J., Ghaffari, E., Weber, J., Rohatsch, A. (2016): Artifical ageing techniques on various lithotypes for testing of
stone consolidants. in "Science and Art: A Future for Stone. Proceedings of the 13th International Congress on the Deterioration
and Conservation of Stone, Volume 1", J. Hughes & T. Howind, eds. Paisley, University of the West of Scotland, 253-260.
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F., Toniolo, L. (2016): European Project “NANO-CATHEDRAL: Nanomaterials for conservation of European architectural
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The choice of suitable consolidant treatment for cultural stones is one of the main challenging issue for conservation
and protection of ancient masonry. Among building materials, marble is one of the most used for building and
sculptures. Due to its low porosity, the assessment of suitable treatment for marble consolidation is not trivial; beside,
the type of product, treatment methodology (Ferreira Pinto & Delgado Rodrigues, 2012), effectiveness and
compatibility investigation (Sassoni et al., 2016a) and durability monitoring (Sassoni et al., 2016b) have to be taken in
great account. Recently, researchers have extensively tested and proposed new products for consolidating carbonate
stones, including organic and inorganic products (Hansen et al., 2003), nanoparticles (Sierra-Fernandez et al., 2017),
biological organisms (De Muynck et al., 2010). Nevertheless, no entirely satisfactory treatment is currently available for
marble consolidation. At the same time, no unique evaluation criteria to use as laboratory estimators of consolidating
performances have been assessed (Delgado Rodrigues, 2010). The present paper aims to carry out a review of the state
of art, based on the last ten years of researches, on consolidants for marble substrate. We summarize the different type
of commercial and research products proposed for marble consolidation, by comparing also effectiveness, compatibility
and durability of each proposed product, in function of consolidant features (i.e., product concentration, solvent type)
and treatment methodology (application process, and contact time).

Acknowledgements: The study is supported by the European program Horizon 2020 (Nanocathedral, n. 646178).
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In the framework of the archeological investigations of an outstanding Roman villa in Tuscany (Villa dell’Oratorio,
in the territory of Capraia e Limite, Florence), a multi-disciplinary and multi-methodological approach has been applied
to characterize building and decorative materials and retrace construction phases and manufacture technology.

The Villa, built in the middle of the 4™ Century, probably belonged to the great senator Vettius Agorius Praetextatus
as remembered in an inscription found in the site. The importance of this family in the Late Roman world is underlined
by Macrobius, who defined the 4™ Century as the Saeculum Praetextati. The architecture of the building reflects the
relevance of his owner: in particular, it includes a hexagonal structure, about 30 meters in diameter, decorated with
painted wall plasters and beautiful figurative floor mosaics. The structure is equipped with apsed rooms (at least 5),
exhibiting similarity with some monumental triclinia of Constantinople.

Due to the relevance of the site, archaeometric analysis have been carried out on mortars, plasters, stones and
vitreous fesserae with the aim to identify raw materials and support the archaeological investigation about cultural
models and political-economic equilibria during Late antiquity in Tuscany.

In detail, stone tesserae have been analyzed by classical minero-petrographic and chemical methods (optical
microscopy, XRD and XRF); the obtained results have been compared with reference decorative stones to obtain
information on provenance of employed materials. Raman spectroscopy and SEM-EDS analysis have been performed
on vitreous fesserae to obtain information on colouring and opaquening agents. Finally, mortars samples from different
building units of the Villa have been studied through minero-petrographic and chemical methods.

The archacometric analysis carried out on the building elements suggested that in spite of iconographic and
architectural models proper of the great Mediterranean “urban villa”, local raw materials and artisans were involved in
this great construction work.
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The paper deals with the theme of archeology and archacometry through the experience of two research projects
carried out in archaeological contexts of Catania and Syracuse. The first project was aimed at analyzing a group of
ceramics from the Hellenistic and Roman pottery workshop area of Syracuse. The results allowed to obtain fundamental
data for the characterization of the fabric and the reconstruct the cycle of ceramic production between the 2n Century
BC. and the 1™ Century AD.The second project focused on the Achillian Baths in Catania, a roman-imperial bath placed
in the subsoil between Piazza Duomo and the Cathedral. The analysis carried out on mortars integrated with
stratigraphic elevation analysis allowed to reconstruct the phases sequence of the building. The results also provided
data for a restoration project.
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The fundamental episode of archaeometric experiences in the area of the Strait of Messina at the beginning of the
eighties was the masterful restoration of two Bronzes discovered in Riace (RC), which gave great emphasis to
experimental analyzes.

Between the mid-eighties, thanks to a new way of understanding the research, the Messina Museum began to
interact between geologists, physicists, and chemists at the Universities of Messina and Catania. Greek and Roman
marbles, stones, metals, ceramics, terracotta artifacts and muses were studied. From so many published experiences it
has emerged that research can significantly enrich our knowledge only if scientists answer questions arising from a
profound knowledge of archaeological and numismatic materials. Paradigmatic is the result of the bronze coins: the
recognition of recounts on Ptolemaic subtypes was confirmed by the analysis that demonstrated the compatibility of the
Sextus Pompeius axes alloys with the specimens of III Century B.C. Ptolemaic Mint (Calareso et al., 2001). The
acknowledgment that the sarcophagus of Luca Archimandrita of the Basilians, who died in 1149 A.C. was a proto-
byzantine sarcophagus reworked in the twentieth Century was confirmed by the analysis that revealed a Proconnesio
marble. The archaeometric study was fundamental in the recognition of the heaviest bronze coin of Dionysius of
Syracuse, to deny that it could be considered equivalent to a drama (Mondio et al., 1998; Triscari, 1998): alloy analyzes
revealed tin in percentages far below 12.5%, the minimum necessary to establish an equivalence between the bronze
and the silver coin.

Another important information was derived from Syracuse's limestone (with which the temples and walls of the city
are made) examination.

But probably the most important exam was performed in the recent years on data so far unknown. Studying the
production of the Lipari Painter and his followers, the pigments used in a technique of overexposure after cooking pots-
considered from literature as derived from local caolinic clays-have been examined. XRF and Raman surveys,
conducted on many samples with portable instruments (Quartieri et al., 2015), demonstrated the use of mercury
sulphide (cinnabar). This result suggests likely a relationship with the Etruscan area, apparently to be supplies from the
Amiata Mountain deposits and to relocate the Lipari Painter into the experience and into the pictorial culture of the IV
Century B.C.

The results achieved so far can widely be considered a happy example of interaction among different fields of
investigation: historical, archaeological, physical, chemical and geological.
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This study examines a foot's fragment made of bronze, with lost-wax casting, kept at the Lipari Museum, to define
the elemental composition of the used metal alloy and to perform a virtual reconstruction of the original statue. The
bronze fragment was discovered in a dumping ground near the harbor of the Lipari Island (Aeolian Archipelago, SE
Tyrrhenian Sea) and published by Bernabo Brea (1985) in a small note. For the formal characters and for the realization
technique it seems to date at classic or proto-hellenistic age, but the continuation of the study and the results of the
analysis can provide a more accurate framework.

Combination of non-destructive handling X-Ray Fluorescence and micro destructive SEM-EDS analyses allowed of
constraining the alloy chemical composition. XRF results indicate a slightly variable content of prevalent Pb > Cu > Sn
alloy. SEM-EDS analyses evidenced heterogeneous compositions, with areas variable enriched in Cu > Sn > Pb and Pb
> Cu > Sn alloys. Furthermore, 3D structured light-blue scanning of the bronze foot was performed to obtain a digital
reconstruction usable to create a digital model of the statue with the aim to hypothesize dimensions and posture
necessary for the archeological constraints.

Overall characterization of the bronze foot's fragment will further provide key information on the bronze production
technology and chronology, perhaps allowing it to be inserted among other bronzes discovered in the Strait of Messina.

Bernabo Brea, L. (1985): Rinvenimenti nel Porto di Marina Lunga. In: "Discariche di scalo e relitti nei mari eoliani", L. Bernabo
Brea, M. Cavalier, C. Albore Livadie, G. Kapitaen, C. Van Der Mersch, eds. Archeologia Subacquea, 2, Suppl. 29, 36-37.
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Numerous studies of glazed coatings on ancient ceramics aimed at understanding the ancient production process,
how it changed and developed through the centuries (Tite et al., 1998; Ozgcatal et al., 2014). In addition, investigating
the provenance of the raw materials involved in glaze production is important to reconstruct the main trade routes that
disseminated this technology.

Stable lead isotope analyses, using secondary ion mass spectrometry (SIMS), was applied to trace the provenance of
lead minerals involved in the production of Roman lead-glazed ceramics. The fragments analyzed here were unearthed
in different archaeological contexts of ancient Rome (Testaccio Market, Magna Mater sanctuary and Domus Tiberiana
on the Palatine Hill, Forum of Caesar and Forum of Nerva), spanning the period from the 2" Century AD to the Middle
Age.

The ceramics analyzed clustered within the distribution patterns of several deposits including Bulgaria, Italy
(Sardinia), Greece and Britain. However, the comparison with the lead isotope data of ores by statistical treatment of the
data (PCA) shows that the deposits from England were important sources of lead used for the production of glazed
ceramics since the second Century AD.

A comparison of our lead isotopic results obtained using SIMS with data collected from previous works by ICP-MS
and TIMS (Wolf et al., 2003; Walton & Tite, 2010) shows that SIMS can be used for lead isotope provenance research.
In addition, SIMS micro-analytical technique includes easy sample preparation, quick acquisition times, and is
minimally destructive, which are advantages in the field of cultural heritage (Hull et al., 2014). Furthermore, the
acquisition of accurate and precise isotopic measurements on a micrometer scale with the possibility to choose the
location of each analysis point avoids the inclusions especially in the case of ceramic materials.

Hull, S., Fayek, M., Mathien, F., Roberts, H. (2014): Turquoise trade of the Ancestral Puebloan: Chaco and beyond. J. Archaeol. Sci.,
45, 187-195.

Ozcatal, M., Yaygmgol, M., Issi, A., Kara, A., Turan, S. (2014): Characterization of lead glazed potteries from Smyrna
(Izmir/Turkey) using multiple analytical techniques; Part I: Glaze and engobe. Ceram. Int., 40, 2143-2151.

Tite, M.S., Freestone, 1.C., Mason, R., Molera, J., Vendrell-Saz, M., Wood, N. (1998): Lead glazes in antiquity-methods of
production and reasons for use. Archacometry, 40, 241-260.

Walton, M.S. & Tite, M.S. (2010): Production technology of roman lead-glazed pottery and its continuance into late antiquity.
Archaeometry, 52, 733-759.

Wolf, S., Stos, S., Mason, R., Tite, M.S. (2003): Lead isotope analyses of Islamic pottery glazes from Fustat, Egypt. Archacometry,
45, 405-420.

181



© Societa Geologica Italiana, Roma 2017 CONGRESSO SIMP-SGI-SOGEI-AIV 2017

Authentication of metallic finds at the archaeological museum of Paestum
by means of non-destructive and non-invasive techniques

Mercurio M.*!, Grifa C.!, Germinario C.!, Izzo F.!, Grimaldi C.", Langella Al Alberghina M.F.? & Schiavone S.”

! Dipartimento di Scienze e Tecnologie, Universita del Sannio, Benevento
8. T.Art-Test s.a.s, Niscemi (CL)

* Corresponding email: mariano.mercurio@unisannio.it

Keywords: metallic objects, micro-XRF, FTIR, non-destructive analysis, Paestum.

Located on the Tyrrhenian coast of Salerno, Paestum was one of the main centres of ancient Magna Grecia. It was
founded by Greeks around 600 B.C. as ancient Poseidonia, although the oldest traces of human settlements dated back
to the Paleolithic. At the end of the 5™ Century B.C., the Romans conquered Poseidonia and in 273 B.C. changed the
name in Paestum.

Situated near the ruins of the ancient city, the National Archaeological Museum of Paestum collects since 1952 most
of the archaeological finds here recovered, which testify artistic and handmade activity of the Greek city and Latin
colony. The direction of the Museum promoted research activities on the scientific methodologies for the study of
archaeological finds in collaboration with the Associazione Italiana di Archeometria (AlAr). Within such synergic
collaboration, several non-destructive and non-invasive analyses were employed for the identification of the materials
constituting the different typology of finds (ceramics, metals, wall paintings), currently observable in the exhibition
“Possessione-Trafugamenti, furti e falsi”.

Among them, some metallic objects (coins, surgical instruments, bronze head and statuette) confiscated by the
police and preserved at the National Archaeological Museum of Paestum were analysed by means of micro X-ray
fluorescence (micro-XRF) and Fourier Transform Infrared Spectroscopy (FT-IR), with the aim of determining their
authenticity.

Among the coins, two Nero’s sestertia (64-65 A.D.) and Minea’s semis (1% Century B.C.) were analysed. The latter
is constituted by a bronze alloy formed by copper (74.2%), tin (19.1%) and lead (6.7%), whereas the two Nero’s
sestertia show different composition: leaded bronze (copper 70.9%, tin 6.2% and lead 22.5%) and brass (copper 91.5%
and tin 7.5%). Comparing these results with the numismatic knowledge about the orichalcum coined during Neronian
period, we can deny the authenticity of analysed sestertia.

As far as the surgical instruments are concerned, they were made with brass alloys and appeared stylistically
different from those known in Paestum. Furthermore, the area of origin and the reference period are unknown.
Therefore, the archaeological and archaecometric results allowed supposing that these objects are not authentic.

A bronze head, dated around 5" — 4™ Century B.C. is formed by 75% of copper, 14% of tin and 6% of lead and is
covered by a thin layer that showed the infrared features of an acrylic resin.

The statuettes, instead, were mainly formed by copper and tin and covered by organic compounds observed on the
surfaces and attributable to an artificial patina. Chemical compositions of these statuette, stylistically attributed to the
Etruscan and Roman period, do not match those of the authentic analogues.
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Situated on a volcanic hill on the south-western slope of Mt. Etna, Paterno was an important madina (“city”) during
the Islamic period in Sicily. Defined by the geographer al-MuqgaddasT as the city lying “under the mount of the flowing
fire” (Al-Muqgaddasi, 1991), his historic role for these centuries still need to be cleared: nevertheless, the idea that his
importance could come from the presence of a ribat (a military-religious institution, often located on frontier zones) is
getting more credits from both documental and topographical data.

These historical remarks of an Islamic madina fit perfectly with the archaeological and archaecometric data obtained
so far: evidences from the material culture have shown the clear presence of a local glazed pottery production — testified
from the archaeometric results as well as from findings of kiln wastes and, significantly, of kiln bar fragments, attesting
this particular kind of technology (Coll Conesa & Garcia Porras, 2010) — strictly related with other kinds of products,
especially the light-surface pottery.

Our research focused on a double search path: on one hand, it was necessary to clearly define the local products and
to characterize them on both minero-petrological and chemical aspects; the other important aim was to start treating the
technological features of ceramic bodies and glazes (glass recipes and metal-oxides used as pigments), to acknowledge
the socio-economical concerns and the territorial impact of such craftsmanship.

The following archacometric tools have been used: i) Optical Microscopy (OM); ii) X-Ray Fluorescence
Wavelength-Dispersive Spectroscopy (XRF-WDS) on powdered samples; iii) X-Ray Diffraction (XRD) on powdered
samples; iv) portable and non-destructive X-Ray Fluorescence Energy-Dispersive Spectrometer (XRF-EDS).

The 18 samples are distinguishable in two groups: 14 samples come from an archaeological excavation on the
hilltop of Paterno, including some three kiln wastes as reference samples for local products; 4 reference samples have
been chosen to link imported products to a supposed provenance (2 samples come from Palermo, the capital of Islamic
Sicily; 2 samples are from late byzantine layers-IX cent. as a reference for products from north-eastern Sicily).

Both the archaeological and archacometric researches have to continue, and also other archacometric tools will be
used as well in the future, such as Raman spectroscopy to comprehend other technological features of the glazes (Cruz
Zuluaga et al., 2012). This will be a good start point for further studies, which will provide more details on different
traditions in pottery making, comparing the new know-how derived from the Islamic world — and probably from the
near Islamic capital of the isle, Palermo (Arcifa & Bagnera, 2014; Ardizzone et al.,2014) — with the ones more related
to previous technological substrates, detectable in some products spread between eastern Sicily, Calabria and Apulia.

al-Mugaddast, B. (1991): Ahsan al-taqasim fi ma‘rifat al-aqalim. M.J. De Goeje, ed. Maktaba Madbili, Cairo.

Arcifa, L. & Bagnera, A. (2014): Islamizzazione e cultura materiale a Palermo: una riconsiderazione dei contesti ceramici di Castello
— San Pietro. In: "Les dynamiques de 1’islamisation en Méditerranée centrale et en Sicile: nouvelles propositions et découvertes
récentes", A. Nef & F. Ardizzone, eds. Edipuglia, Roma-Bari, 165-190.

Ardizzone, F., Pezzini, E., Sacco, V. (2014): Lo scavo della chiesa di Santa Maria degli Angeli alla Gancia: indicatori archeologici
della prima eta islamica a Palermo. In: "Les dynamiques de I’islamisation en Méditerranée centrale et en Sicile: nouvelles
propositions et découvertes récentes", A. Nef & F. Ardizzone, eds. Edipuglia, Roma-Bari, 197-223.
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Classification of glazed potteries from Christian and Muslim territories (Late MedievalAges, IX-XIII Centuries) by micro-Raman
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This work concerns the results of an archacometric approach used for the study of pottery coming from the
archaeological site of S. Omobono in Rome (Italy). The archaeological area, accidentally discovered in 1937, is located
in the historical center of the town, between the "Campidoglio" and the Tevere river. It is a sanctuary that was founded
in the sixth Century BC. With the beginning of the Republican age, it was completely rebuilt with the construction of
two twin temples dedicated to Fortuna and Mater Matuta. At present, the visible situation shows the Republican age
architecture and the imperial age phases. Above the east temple cell was later built a church which since 1575 took the
name of St. Omobono's church (Brocato et al., 2012; Brocato & Terrenato, 2012; Terrenato et al., 2012; Diffendale et
al., 2016). The 16 ceramic samples analyzed in this work come from different areas of the archaeological site and date
back to the 7" and 6™ Centuries BC. The approach used to study the samples was finalized to the petrographic,
mineralogical and chemical characterization of the pottery, performed by different analytical techniques: Optical
Microscopy (OM), X-Ray Powder Diffraction (XRPD), X-Ray Fluorescence (XRF), Electron Probe Micro-Analysis
(EPMA) and micro-Raman Spectroscopy. The compositional data were processed by Principal Component Analysis
(PCA) to better highlight similarities and differences among the samples. The combination of all data allowed us to
identify several fabrics of pottery, characterized by different chemical, mineralogical, petrographic and textural features.
At the same time, the study carried out on clinopyroxenes and rock fragments, present as non-plastic inclusions in the
pottery, allowed us to make hypothesis on their provenance. In particular, the study highlighted that the mineralogical
composition of the non-plastic inclusions of the pottery is compatible with the local production of the Roman Magmatic
Province.

Brocato, P. & Terrenato, N. (2012): Nuove ricerche nell'area archeologica di S. Omobono a Roma. Ricerche Supplementi, Collana
del Dipartimento di Archeologia e Storia delle Arti, Universita della Calabria.

Brocato, P., Ramieri, A.M., Terrenato, N., Cangemi, 1., D'Acri, M., De Luca, L., Giovagnoli, M., Pizzitutti, G., Regoli, C. (2012): La
ripresa delle ricerche nell'area archeologica di S. Omobono a Roma. Mediterranea, 9, 9-56.

Diffendale, D., Brocato, P., Terrenato, N., Brock, A. (2016): Sant'‘Omobono: an interim status quaestionis. J. Roman Archaeol., 29,
1-36.

Terrenato, N., Brocato, P., Caruso, G.A., Ramieri, A.M., Becker, H.W., Cangemi, 1., Mantiloni, G., Regoli, C. (2012): The S.
Omobono Sanctuary in Rome: Assessing eighty years of fieldwork and exploring perspectives for the future. Internet Archeol.,
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The topic of this study was the mineralogical and petrographic characterization of bedding mortars (made of
different layers) and fesserae of Roman age (3rd Century A.D.), taken from the mosaic of the Frigidarium of “Villa
Bonanno”, brought to light by archaeological excavations conducted in the historical centre of Palermo. The collected
samples have been analysed by thin-section optical microscopy (PLM), and scanning electron microscopy coupled with
energy dispersive spectrometry (SEM-EDS). The study was aimed to define the “recipe” (composition of temper and
binder, temper size distribution, temper/binder ratio), in order to assess the provenance of raw materials (supply
site/area) and to acquire useful information in order to formulate "restoration mortars" that should be most comparable
with the original ones, for replacements and/or integration. Lithotypes constituting the coloured tesserae were also
characterized by thin-section optical microscopy. The mineralogical and petrographic investigations allowed
establishing two different recipes used for the formulation of the studied mortars in terms of both compositional and
textural features. The aggregate is composed by diverse proportions of detritic calcareous granules (both bioclasts and
limestone fragments deriving from the local outcropping biocalcarenites and limestones), siliceous sand
(monocrystalline quartz, chert and quartzarenite fragments), volcanic ash (pozzolana) and sometimes cocciopesto. The
resulting hydraulic binder was the product of the ‘pozzolanic reaction’ between volcanic ash and the aerial lime
(specifically made by the calcination of locally available magnesian limestone or dolostone). The coloured fesserae can
be all classified as compact limestones of Mesozoic or Cenozoic age, likely of local provenance. Detailed
micropaleontological analysis (nannofossils) is ongoing for a more precise stratigraphic assignment. It was found a
satisfactory technological correspondence with the more or less contemporary manufactures within Palermo and
western Sicily (Montana et al., 2016). Concerning the sandy aggregate, it was shown a substantial compositional and
textural equivalence with the plasters used in the baroque palaces of Palermo demonstrating a remarkable continuity in
the criteria of selection of raw materials, mainly dictated by the qualitative characteristics of locally available
geomaterials.

Montana, G., Randazzo, L., Cerniglia, R.M., Aleo Nero, C., Spatafora, F. (2016): Production technology of Early-Hellenistic lime-
based mortars originating from a Punic-Roman residential area at Palermo (Sicily). Int. J. Conserv. Sci., 7, spec. issue 2, 797-812.
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The foundation of the church of Santa Maria is linked to the legendary discovery of a painting of a Madonna in
Randazzo, a city of ancient foundation at the slopes of Mount Etna. A church destined to preserve the sacred icon was
built in the same place, in the 13™ Century.

Two epigraphs, still preserved on the church's western facade, testify that it was built in 1239 and its interior
consisted of twelve columns supporting pointed arches. In 1917, Walter Leopold (1894-1953) drew a plan of the church,
excluding all the parts he considered posterior to the engraving of the epigraphs. He excluded the covering of the
transept with drum and dome and the new main facade, works that had completed the construction of the church only in
the mid-19™ Century (Passalacqua, 2016).

But the church of Santa Maria underwent a consistent construction period in the 16" Century, when the
noblewoman Giovannella De Quadris Rizzeri donated her feuds to the fabric, to complete it. This availability of funds
allowed the start of important works that we can only read about in some accounting registers that provide new
evidence of the history of the building.

From the documents, it can be supposed that the administrators of the church decided to enlarge it from the apsidal
area. Many local labourers, assisted by marble workers and stone-cutters, often of Tuscan origins, who worked in
Messina during the 16™ Century, came to the town on Etna to work in the new construction-site.

The reconstruction model foresaw, first of all, the rebuilding of the tribune, finished off by three semi-circular apses
and, after 1580, the principle nave was also rebuilt.

The new project is attributable to Andrea Calamecca (1524-1589). He was active in those years in Messina and his
presence in Randazzo, although not documented, could be justified by the work realised in the fabric by his brother
Domenico (1520-1569-72). He redesigned the building in a rigorous Renaissance style, erasing its precedent medieval
character. The renovation works continued uninterruptedly until 1634, when the fabric administration was transferred to
Palermo, causing a substantial stasis of the construction site.

Only at the end of the 18" Century did Giuseppe Venanzio Marvuglia (1729-1814) realized the dome on the transept.
The building was completed in the mid-19™" Century by Francesco Saverio Cavallari (1810-1896) with the
reconstruction of the towered facade in new medieval form (Passalacqua, 2011).

The peculiar feature of the building, probably, since its foundation, is the use of lava stone in the interior and on all
the facades, strongly characterizing the structure (Cultrone et al., 2001). Investigations on the stone material, taken from
the columns separating the aisles from the nave, from the southern facade, which is presumed to have been
reconstructed in the 16" Century, and the external covering of the apses (completed only in the 1630s) should confirm
the hypothesis, inferred from the study of archival documents, that the building, despite being founded in the medieval
period, saw various reconstructions from the early decades of the 16" Century, and was only completed in the 19"
Century.

Cultrone, G., Barone, G., Gangemi, G., loppolo, S. (2001): Analysis of lapideus materials from the columns of the cathedral of St.
Maria in Randazzo (Catania, Italy) and from the ancient origin quarries. J. Cult. Herit., 2, 199-207.

Passalacqua, F. (2011): L'intervento di Giuseppe Venanzio Marvuglia nella fabbrica di Santa Maria di Randazzo (CT) 1787-1805.
Quad. Dip. Patrim. Architett. Urban., 37-40, 115-122.

Passalacqua, F. (2016): Alla ricerca del Medioevo lombardo: il viaggio studio di Walter Leopold in Sicilia orientale. In: “Degli
aspetti dei paesi. Vecchi e nuovi media per I'immagine del paesaggio. Tomo I”, A. Berrino & A. Buccaro, eds. Cirice, Napoli,
937-946.
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Mortars are artificial materials realized by man along the past ages and to be used in architecture with different
functions. The study of their composition is therefore not only aimed at the knowledge of the components that constitute
them, but also allows us to investigate the material culture that produced them. It is well-known that a mortar is
constituted by binder, aggregate, water, and possible additives. As for the binder, it is important to evaluate the presence
of fragments exhibiting a whitish colour and sometimes an inconsistent aspect, generally named "lumps". The presence
of these fragments indicate that lime was realized according to a traditional technology with slaking of the quick lime
according to the so-called "melting" method The white pasta (lime putty) is then cast (through a net that holds the
bigger underburnt/overburnt lime fragments) to a pit where it is left for the aging process. The study at the optical
microscope in transmitted light allows to recognize the nature of such lumps making it possible to recognize the
following typologies: lumps of the binder not amalgamated into the mixture; underburnt lime fragments (burning relicts
of limestone); overburnt lime fragments; overburnt lime fragments hydrated and carbonated after the setting reaction.
Such petrographic approach to the study of the "lumps" is a valid tool to identify the kind of carbonatic stone used to
realize the binder. We should also recall that an excess of these fragments indicates a poor production technology. In
particular, the type of lumps indicates which stage of the production cycle has been less cured.
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This study deals with the lithological analysis of the “Terme del Sarno” fagade at Pompeii (Naples, south Italy). The
thermal complex is a big building located in the south-western of the ancient city walls at Pompeii, the fagade of which,
facing south, preserves quite completely three levels, a basement and two noble floors. The fagade has a big extension,
approximatively 650 m”, with length and height of 50 m and 15 m, respectively. The architectural analysis pointed out
the used of different building technique in the various portions of the fagade (basement, arches, windows and recess
jambs and architraves). The lithological mapping was therefore addressed to specifically define the types of stone use in
all the visible blocks and ashlars. In addition to the macroscopic identification, a series of 90 samples were collected
from the facade and petrographically (optical and electron microscopy) and mineralogically analysed to better
constrains the lithotype. The analysis revealed the use mainly of volcanic and volcano-clastic rocks, and in particular of
yellow tuffs, grey tuffs, leucite phonolitic tephrite, and of travertine. Yellow Tuffs were supplied from the Neapolitan
Yellow Tuff (about 15 ky), the Grey Tuffs from the Campanian Ignimbrite (about 39 ky) and the leucite phonolitic
tephrite from the lava flows of Somma Vesuvius, respectively. Travertine derives from the Sarno limestone (Calcare del
Sarno). Few blocks are composed by micrite limestone, marble, mortars and fragment of masonry, clearly deriving from
the recycle of ancient building materials.

The lithological mapping revealed that the basement is mainly composed of leucite phonolitic tephrite, associated to
travertine and sporadically also to yellow tuff. On the first level of the facade prevails Grey Tuff interposed to bricks on
the western portion, whereas on the eastern one the Yellow Tuff. The second level is instead composed mainly by Grey
Tuff, with the exception of portions executed in opus reticulatum, composed predominantly by Yellow Tuff. Travertine
in the uppermost and eastern portions of the second level represents a rebuilding made by archaeologists during the *60s
excavation and restoration. The distribution in the facade of the various lithotypes, characterised by different bulk
density and mechanical properties, confirms ancient Roman builders high level knowledge of the technical features of
these materials and of their structural behaviour.
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Angera stone is a lithotype widely employed in Lombardy (north Italy) for ornamental elements/frameworks of
historical buildings. Owing to decay processes it is affected by detachments, exfoliations, pulverizations with
consequent loss of material. The traditional application of synthetic organic products on the Angera surfaces had a
significant role in the decay processes as well (Colombo et al., 2006). Over the last years, the boundaries of
Conservation Science have been pushed toward the use of inorganic-mineral treatments that are stable, durable, highly
transpirable and more compatible with the stone substrates. Ammonium phosphate [DAP, (NH;)HPO,], one of the most
recent inorganic-mineral treatment, is based on the reaction between a water soluble precursor with carbonatic
substrates; the newly formed crystalline phases are able to restore the lost cohesion of the microstructure. Recent studies
investigated the interactions of DAP solutions with calcite of marbles and limestones (Matteini et al., 2011; Possenti et
al., 2016). To the best of our knowledge, no data are available on the application of DAP to: i) the conservation of
dolostones; ii) the pre-consolidation of decayed stones.

Therefore, in this study we explored the potentialities of DAP treatments as a pre-consolidating agent for white
Angera stone. DAP solutions were vaporized on vertical specimens to avoid mechanical contact with decayed surfaces.
The research evaluated the effects induced by the molarity and the application method (repeated applications, wetted or
dry substrate, comparison with paper poultice) on the surface and the influence of pre-consolidation on the subsequent
consolidation with DAP.

The formation of specific crystalline phases and their diffusion inside the first few microns of the stone matrix were
investigated following a multi-analytical approach (SEM-EDS, Raman and IR spectroscopies, XRD). The research
outcomes supplied outstanding indications for restoration, supporting the application of DAP pre-consolidating
treatments to Angera columns strongly decayed in a Milanese courtyard of XVI Century.

Colombo, C., Conti, C., Realini, M., Sansonetti, A. (2006): Diagnostic studies aimed to conservation works in S. Fedele church
(Milan). Proceedings of HWC Congress (Heritage, Weathering and Conservation), Taylor & Francis Group, 917-922.

Matteini, M., Rescic, S., Fratini, F., Botticelli, G. (2011): Ammonium phosphates as consolidating agents for carbonatic stone
materials used in architecture and cultural heritage: preliminary research. Int. J. Archit. Herit. Conserv. Anal. Restor., 5, 717-736.

Possenti, E., Colombo, C., Bersani, D., Bertasa, M., Botteon, A., Conti, C., Lottici, P.P., Realini, M. (2016): New insight on the
interaction of diammonium hydrogenphosphate conservation treatment with carbonatic substrates: a multi-analytical approach.
Microchem. J., 127, 79-86.
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Soluble salts extractive capability of some commercial materials currently used in plaster restoration sector
(Arbocel™ plus sepiolite; Arbocel™, sepiolite and sand; Westox-Cocoon®) were tested in the present study, with the
aim to evaluate their efficiency, their compatibility with the substrates as well as in terms of costs and duration of
intervention. The three poultice products were first characterized in terms of porosimetric distribution. The desalination
tests have been performed on samples of plaster specially formulated and made at the laboratory. Experimental
specimens were then brought into contact with a solution of Na,SO4 0.3 M. The efficiency rating of these different
types of poultice products was carried out, for the whole duration of the test, by means of ion chromatography and
electrical conductivity measurements performed on obtained solutions. Between the tested products, Westox-Cocoon®
showed the best efficacy in terms of soluble salts extractive capability while the other two products, which were
successfully used in previous experiments (Montana et al., 2014), did not have the same positive results in this case
study. Furthermore, in a real system it is also necessary to take into account other factors such as easiness of application,
capacity of the various poultices, compatibility with the substrate and cost/benefit ratio. Being fully aware that the
proposed approach is still preliminary, this paper provides a practical example of standardizing a survey methodology
for evaluating the efficiency of salt extraction methods from porous building materials.

Montana, G., Randazzo, L., Castiglia, A., La Russa, M.F., La Rocca, R., Bellomo, S. (2014): Different methods for soluble salt

removal tested on Late-Roman cooking ware from a submarine excavation at the Island of Pantelleria (Sicily, Italy). J. Cult.
Herit., 15, 403-413.
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Laser-Induced Breakdown Spectroscopy (LIBS) has recently affirmed as versatile multi-element method for
studying the composition of archeological materials (Gaudiuso et al., 2010; Giakoumaki et al., 2007; Pagnotta et al.,
2005). Its suitability in cultural heritage studies is due to numerous advantages of the technique, being non-invasive,
micro- or not destructive, requiring no sample preparation and assuring a high spatial resolution (Legnaioli et al., 2014).
In mortar-based building materials studies, the opportunity to explore the chemical composition of both binder and
aggregates by using LIBS represents a valuable contribute to solve archeological questions related to manufacture,
processing, raw materials provenance and reconstruction of chronological phases in multi-layered structure (Sagm et al.,
2012). In fact, the possibility to discriminate, on chemical base, different hydraulic features of mortar employed in a
certain building can address information of the possible changes in recipes over the time and over various construction
and restoration phases. Apart from binder, aggregates have a key role in determining the final proprieties of mortars; in
ancient structures, the choice of a particular type of reactive aggregates were often related to aesthetical vs. practical
utility requirements. In some recipes, volcanic sand was widely used to confer reactivity to the admixture (Rapp, 2013).
Hydraulicity levels can be valued on the basis of silica and alumina vs. lime contents in C-S-H phases; therefore, a
microchemical analysis can provide valuable data to esteem this parameter, inspecting the possible variation in
reactivity conferred by reactive aggregates ranging in grain size and thickening. In this study, LIBS has been used to
evaluate the level of hydraulic in mortars used as wall covering and characterized by volcanic aggregates sampled by
applying a micro-stratigraphic criterion from a Norman Castle built in XI Century in Sicily and retouched more and
more until XVI Century. The obtained results have been employed to (i) validate the method in mortars studies,
highlighting the possible variation in reactivity levels with grain size and thickening of aggregates, and (ii) inspect the
craftsmen’s knowledge related to the different recipes employed over the structure, possibly related to different
construction phases.

Gaudiuso, R., Dell’Aglio, M., De Pascale, O., Senesi, G.S., De Giacomo, A. (2010): Laser Induced Breakdown Spectroscopy for
elemental analysis in environmental, cultural heritage and space applications: a review of methods and results. Sensors, 10, 7434-
7468.

Giakoumaki, A., Melessanaki, K., Anglos, D. (2007): Laser-induced breakdown spectroscopy (LIBS) in archaeological science-
applications and prospects. Anal. Bioanal. Chem., 387, 749-760.

Legnaioli, S., Lorenzetti, G., Pardini, L., Cavalcanti, G.H., Palleschi, V. (2014): Double and multiple pulse LIBS techniques.
Springer Ser. Optical Sci., 182, 117-141.

Pagnotta, S., Grifoni, E., Legnaioli, S., Lezzerini, M., Lorenzetti, G., Palleschi, V. (2005): Comparison of brass alloys composition
by laser-induced breakdown spectroscopy and self-organizing maps. Spectrochim. Acta B: Atomic Spectr., 103-104, 70-75.

Rapp, G.R. (2013): Archacomineralogy. Springer, Berlin-Heidelberg, 336 p.

Sagm, E.U., Boke, H., Aras, N., Yal¢in, S. (2012): Determination of CaCOj; and SiO, content in the binders of historic lime mortars.
Mater. Struct., 45, 841-849.
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This study concern the characterization of ancient Roman mortars present in Villa del Capo (commonly called Bagni
della Regina Giovanna) and Villa del Pezzolo in Sorrento Peninsula. Different materials (bedding, coating and floor
mortars) were collected in the two villas. Mortar characterization was carried out through optical microscopy (OM) on
thin sections, X-ray powder diffraction (XRPD), scanning electron microscopy analysis (SEM), energy-dispersion X-
ray spectroscopy (EDS), thermal analyses (TGA-DTA) and mercury intrusion porosimetry (MIP).

Bedding mortars were realized using a mixture of slaked lime, water, fine-grained volcanic materials with addition
of a coarse grained volcanic and carbonatic aggregates; as coating and floor mortars are concerned, the previous
described mix design presents also fragments of (fine- and coarse-grained) ceramic materials. The provenance of lime
and carbonate fragments, identified in the villas, is still unknown, probably they could have been produced on site using
local raw materials, widely present in the Sorrento Peninsula. More interesting are the differences in the provenance and
mixture of volcanic aggregates identified in the Villa del Capo and Villa del Pezzolo mortars.

Villa del Capo mortars show volcanic aggregates related to the Neapolitan Yellow Tuff formation, due to the
peculiar mineralogical association (phillipsite > chabazite > analcime) (de Gennaro et al., 2000). Occurrence of leucite-
bearing scoriae and garnet crystals, typical of volcanic deposits related to the Somma-Vesuvius activity, are also present
in some samples from Villa del Capo.

Mortars from Villa del Pezzolo belong to three distinct building phases. Volcanic tuff fragments in mortars of the 1%
building phase could be assigned to the Campanian Ignimbrite formation, cropping out widely in Sorrento Peninsula.
This was confirmed by the presence of glassy shards, partially devitrified and replaced by authigenic feldspar, a typical
feature of welded gray Campanian Ignimbrite lithofacies (WGI; Langella et al., 2013). The volcanic aggregates in
samples of the 2™ and 3™ building phases show instead presence of leucite-bearing volcanic scoriae and garnet crystals,
thus suggesting use of a volcanic aggregates influenced by Somma-Vesuvius eruptions.

de Gennaro M., Cappelletti, P., Langella, A., Scarpati, C. (2000): Genesis of zeolites in the Neapolitan Yellow Tuff: geological,
volcanological and mineralogical evidence. Contrib. Mineral. Petrol., 139, 17-35.

Langella, A., Bish, D.L., Cappelletti, P., Cerri, G., Colella, A., de Gennaro, R., Graziano, S.F., Perrotta, A., Scarpati, C., de Gennaro,
M. (2013): New insights into the mineralogical facies distribution of Campanian Ignimbrite, a relevant Italian industrial material.
Appl. Clay Sci., 72, 55-73.
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The geological evolution of southern Tuscany led to the formation of several base metal deposits, which were
exploited starting from Etruscan period until the 1980s. Throughout these twenty-seven centuries, the extractive
metallurgy processes evolved following available techniques, nevertheless, slags were invariably produced during the
process.

Slag formation enhances metal separation from the gangue, therefore they had to have a rather low melting point
and a relative density lower than the metal which should be extracted from the ore. Hence, slags reflect the
characteristics of the metallurgical extraction process, showing a different chemical composition related to charge,
choose of flux and process efficiency. Thus, slags do not represent just a waste of the metallurgical processes, but they
are important by-products, with specific characteristic that can provide significant informations. This study is focused
on the slag heaps located near roasting/smelting sites on the four main districts of Elba Island, Baratti (Populonia),
Campiglia Marittima and Massa Marittima.

Chemical analyses on slags were performed using a Hand-Held X-Ray Fluorescence Spectrometer (HH-XRF), that
allows to perform fast and non-destructive analysis, so that a large number of different slag heaps can be quickly
characterized. Moreover, it was possible to analyse materials found in Baratti archaeological site without any impact on
them.

The composition of the analysed samples gives preliminary information concerning the chemical variability between
slags from different sites and originating from different processes. It is possible to infer the provenance of both the ore
and the material used as flux, to understand the efficiency of the metallurgical process, as well as to infer the likely age
of each site’s production.

These data are a useful base for further archaecometric investigations and have in the meantime a potential cultural-
touristic appeal. Therefore, the collected data were used to develop a database available online that allows the
visualization on a map of georeferenced information. So, essential details were shown for each site, such as photos or
general data about the type and age of production, together with results for chemical composition of slags.
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Archaeological works carried out in Palermo (NW Sicily) by the Archaeological Section of the Soprintendenza
BB.CC.AA. of Palermo, between 2011 and 2012, revealed a settlement dating back to the Ellenic age and belonging to
the Panormos Phoenician colony (Aleo Nero et al., 2016). The archaeological site brought to light fragments of
potteries-Punic type amphorae-shells remanents, besides iron slags and oxidized strata connected with traces of
metallurgical activity. Few information exists about Sicilian metallurgy during this age, and the iron slags connected
with this activity have been little studied so far. This contribution is aimed to broaden our knowledge on this class of
remains, contributing to increase the archaeological information about the Phoenician metallurgy in Sicily, and overall
in southern Italy. To reach these objectives, textural, mineralogical and geochemical characterization of iron slags was
carried out through a multidisciplinary analytical approach including Electron Microscopy with electron-dispersive
energy (SEM-EDX), X-Ray Powder Diffraction (XRPD) and X-Ray Fluorescence (XRF).

The studied iron slags show pseudo-spherical shape, spongy appearance and rust color. SEM-EDS analyses
evidenced the presence of a glassy matrix with variable amount of iron silicates and Ca-rich portions in which iron
oxides are embedded with dendritic and/or globular habitus. XRPD investigations identified quartz, calcite, fayalite and
hedenbergite, with wiistite, maghemite and magnetite as primary iron oxides, and lepidocrocite and goethite as
secondary hydrated iron oxides. In terms of bulk composition, XRF analyses highlighted prevalent amounts of SiO,
(13.31-46.12 wt%), FeO (37.99 — 68.76 wt%), CaO (9.22 — 19.38 wt%), ALLO; (2.21 — 3.17 wt%) and P,05 (0.87 — 2.26
wt%) and minor amounts (< 2%) of MgO, K0, SO;, TiO,, MnO and Na,O.

These results indicate that the investigated samples represent metallurgical materials associated with iron smithing.
Slag mineral phases include iron silicates, calcite, quartz and iron oxides as the most abundant phases. Concerning the
smithing process, the significantly high amount of lime in the investigated slags leads back to the Carthaginian-type
metallurgical process. The high calcium content suggests the use of a lime-based flux. This hypothesis is reinforced by
the occurrence during the excavations, of recycled Murex shells, probably previously used to produce purple dye
(Charlton et al., 2010). However, we can not exclude that the lime content could also derive by the use of local
carbonatic lithologies, widely outcropping in the Palermo territory.

Aleo Nero, C., Chiovaro, M., Sabatino, G., Di Bella, M., Marciano, G. (2016): Un esempio di attivita metallurgica di eta ellenistica a
Panormos. In: "La citta che produce. Archeologia della produzione negli spazi urbani", Giornate Gregoriane, X edizione,
Agrigento, 10-11 dicembre 2016.

Charlton, M.F., Crew, P., Rehren, T., Shennan, S.J. (2010): Explaining the evolution of ironmaking recipes-an example from
northwest Wales. J. Anthropol. Archaeol., 29, 352-367.
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Lead antimonate (Pb,Sb,07) and lead stannate (Pb,SnO,) are both glass opacifiers and colorants. These compounds
are dispersed in the vitreous matrix as fine particles and, due to the difference of refractive index between the crystals
and the amorphous phase, prevent light from being completely transmitted, inducing the opaque aspect of the glass.
Lead antimonate was used to produce opaque yellow glass from the beginning of glass production up to the Roman
period. From about the 4™ Century AD towards the end of the Roman period, lead stannate replaced lead antimonate in
the production of opaque yellow glass artifacts (Tite et al., 2008). Only Lahil et al. (2011) reported the presence of lead
stannate in glass fesserae dated before the 4™ Century AD.

In this study we explore the presence of lead stannate in mosaic glassy tesserae from several archaeological sites,
earlier than the 4™ Century AD. The mosaic fesserae here studied come from Taormina (II Cent. BC), Lipari, Tusa,
Piazza Armerina (III-IV Century AD), and Pompei (I Cent. BC) archaeological sites. The multidisciplinary analytical
approach includes Scanning Electron Microscopy (SEM-EDX), X-Ray Diffraction (XRD), Inductively Coupled Mass
Spectrometry with Laser Ablation (LA-ICP-MS). The overall results of this study extend our archaeometric knowledge
of the glass mosaic fesserae investigating the nature and the chemical composition — including also to the trace elements
— of the glass matrix, the colorants and the opacifying agents in a very wide set of samples.

Lahlil, S., Cotte, M., Biron, I., Szlachetko, J., Menguy, N. Susini, J. (2011): Synthesizing lead antimonate in ancient and modern
opaque glass. J. Anal. At. Spectrom., 26, 1040-1050.

Tite, M., Pradell, T., Shortland, A. (2008): Discovery, production and use of tin based opacifiers in glasses, enamels and glazes from
the Late Iron Age onwards: a reassessment. Archacometry, 50, 67-84.
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This paper explains as an interdisciplinary study applied by geologists, architects and restorers can be very useful to
the planning and performing the conservation measures of a monument through the description of the restoration’s case
of Villa Cerami balustrade.

This restores carried out in 2015 and was commissioned to the University of Catania. The balustrade adorns and
protects the steps of Villa Cerami, which is an example of 18"™ Century “urban villa” located in the historic center of
Catania. Sadly, these stunning steps, whose magnificence and placement characterizes the outdoor environment of the
building at present suffer from bad decorative details adorning the baluster are affected by irreversible damage.

The scientific approach, described below, was apply preliminary to the restoration and allowed to identify the
materials and the type and the causes of degradation forms with the aim to plane and perform the conservation measures.
In particular, the study was planned in several operating steps: i) Historical research; ii) Geometric survey (it was
performed by means direct and/or instrumental methods as 3D laser scanner); iii) analyses of building techniques
(materials, construction techniques, functional and structural performance etc.); iv) analysis of damage (it was
developed by means of both traditional and no-destructive surveys and mapping) (Sanfilippo et al., 2015). Static
verification was performed to choose if preserve or replace some of the more degraded balusters. In particular, the 3D
survey has allowed a more accurate assessment of the degree of structural risk.

The petrographic features of the materials were analyzed using a Zeiss polarized optical microscope while the
qualitative mineralogical composition was determined through X-ray diffraction. With the aim to investigating possible
change in the physical properties of stone material due to degradation, a physical characterization using the distribution
of pore access size and pore volume was determined with mercury intrusion porosimeter (MIP).

The purpose of the work was to contribute to the understanding the degradation’s state of the balustrade and to the
planning of the restoration and protection of the artefact aimed to decrease the water’s circulation and polluting agents
deposition. For this last reason was tested a polymethylsiloxane reactive oligomer with protective action (Silo 111-CTS)
on the lithotype by way of efficiency and compatibility tests according to UNI 10921:2001.

Furthermore this paper provide a multidisciplinary method applicable to all severely degraded architectural elements
in order to evaluate the residual cultural (aesthetic and material) and functional (degree of structural risk) content and
therefore to perform the correct project choices.

Sanfilippo, G., Aquilia, E., D’Agostino, G. (2015): Scientific and interdisciplinary method us support for restoration project. The
balustrade steps of Villa Cerami. Sci. Res. Inform. Technol., 5, 77-92.
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Recent archacometric investigations have been undertaken on a homogeneous group of pottery comprising:
“Gnathia style” ware, Red figure ware and Hellenistic band-decorated ware. These ceramics, dating between the mid-4™
and early-3" Century B.C., are characterized by external surfaces often decorated with reserved bands or band-
decorated external surfaces, while the interior is generally painted with uniform black “glaze”. These ceramics were
found in the same context with misfired sherds, abundant black glaze ware (Scarpelli et al., 2014, 2017) and numerous
kiln spacers, all dating to the same chronological span. From a macroscopic point of view these ceramics seemed to
have been made with a same or similar clay, forming a distinctive group/production not yet attested in the Vesuvian and
nearby area. In order to define and characterize this group and its possible provenance, archaecometric analyses were
undertaken including petrographic (OM-optical microscopy), mineralogical (XRD-X-ray diffraction-and Raman
microscopy) and chemical analyses (XRF-X-ray fluorescence and EMPA-Electron Microprobe) on ceramic body and
black glaze. This approach allowed to make a direct comparison between these classes of ceramics, proving their
chemical similarity.

Scarpelli, R., Clark, R.J.H., De Francesco, A.M. (2014): Archaecometric study of black-coated pottery from Pompeii by different
analytical techniques. Spectrochim. Acta A, 120, 60-66.

Scarpelli, R., Robustelli, G., Clark, R.J.H., De Francesco, A.M. (2017): Scientific investigations on the provenance of the Black
Glazed pottery from Pompeii: a case study. Mediterr. Archaeol. Archaeom., 17, in press, DOI: 10.5281/zenodo.258088.
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The textural layout of a rock, and, in particular, the grain size variation, controls the weathering dynamics under the
same chemical and mineralogical composition. The addressed material was the Pietra di Vicenza, a bioclastic limestone,
often recrystallized and cemented by micrite calcite matrix, Fe-oxides and hydroxides, with an heterogeneous texture,
with variable grain size from coarse to fine, and high open porosity (22-23%). The sample sets was issued from the
same quarry, where a front higher than 10 m shows fining upwards textures with different grain size. Onwards, the two
sets will be analysed separately as Coarse grained (CGV) and Fine grained (FGV) Pietra di Vicenza.

The complete structural and textural characterization of sample sets was carried out by Optical Microscopy-OM,
Scanning Electron Microscope-SEM, Image Analysis, X-ray Computed Tomography-XRCT, Mercury Intrusion
Porosimetry-MIP, Hygroscopicity, Ultrasounds, Water Absorption in order to study the weathering triggered by freeze
thaw ageing test and saline contamination associated with grain and pore sizes. Artificial ageing processes were induced
using the UNI 11186:2008 protocol for freeze thaw testing, and the partial continuous immersion method with a
Na,SO, saturated saline solution for salt crystallization to compare the data on un-weathered and weathered rocks and
unveil the connection between intrinsic properties and