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The Earth is an active planet which evacuates its internal heat through large scale convection motions
which slowly stir the mantle. Mantle rocks and their constitutive minerals are thus subjected to large strains to
sustain this activity. Modelling mantle convection requires understanding of how minerals creep under mantle
conditions. In the last decades, a lot of efforts have permitted to extend considerably the pressure-temperature
range where deformation experiments can be performed. However, experiments still face the difference in
timescales between laboratory and natural conditions.

In this context, we are developing an approach which aims at addressing the elementary deformation
mechanisms of some major minerals of the mantle. In the ERC funded RheoMan project we have developed
a multiscale numerical modeling approach which has been applied to minerals of the transition zone and the
lower mantle. The first step of this approach is to model the atomic structure of dislocations and then their
mobility. We show a tendency of pressure to strongly inhibit dislocation glide (with some exceptions however).
These calculations have led us to propose that the lower mantle is controlled by the pure climb creep of
bridgmanite.

In the upper mantle, conditions are slightly different since some minerals like olivine can be preserved
at ambient pressure. Taking advantage of this possibility we design new experiments performed in situ in
the TEM based on newly developed nanomechanical testing. The advantage of this technique is to allow
experiments directly at the scale of elementary mechanisms which can be directly investigated and quantified.
We expect these experiments to yield information which can be linked to numerical modeling.

In this presentation, we will illustrate these two approaches with some recent results.
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The Po Plain and Adriatic foreland is shared by three partially coeval orogenic belt: the Southern Alps in
the north, the Apennines in the west and the Dinarides in the east. Based on the well data and 2D/3D seismic
survey achieved during its 60 year long hydrocarbon exploration history, a detailed reconstruction of the area
is presented.

As well as in the bordering chains, the Cenozoic compressional architecture of the present day foreland
results overprinted on the foreland previous framework produced by the previous Mesozoic extensional cycles
(from late Triassic to early Cretaceous).

As well as in the bordering chains, in the foreland area the Alpine/Apennine compressional architecture is
overprinted on the remarkable framework produced by the Mesozoic extensional cycles (from late Permian
to early Cretaceous). Pre-rift extension followed in the Adria region a eastward polarity and started with
progressive westward onlapping of late Permian-Anisian continental to paralic silicoclastics over the cratonized
Variscan substratum. It culminated with the highly fragmented kilometric/decakilometric platform and basin
carbonate system of the Anisian-early Carnian cycle.

The maximum basin widening and deepening were achieved only after the late Triassic-Liassic syn-rift
phases related to the Ligurian-Piedmontese cycle that progressively led to the formation of the hundred
kilometer wide Jurassic-Cretaceous Lombardian, Belluno and Adriatic basins bounded by long ranging
carbonate platforms.

The earliest Alpine effect recorded in the region was the late Cretaceous (Eoalpine) bending of the western
Southalpine margin. The foreland flexuring then started with a Paleocene-Eocene (Mesoalpine) inflection of the
whole area towards the Dinaric/Albanian chain system; even remaining external to the foredeep depocenters,
the inherited Mesozoic platforms and ridges were overpassed and the distal turbidite infilling of the pre-
existing basins began. The following flexuring progression went on increasingly comparted and controlled
by both scaled chain segments activation and their coeval competition, as well as by the inherited poorly
deformable shields distribution (Trento plateau, Istrian, Dalmatian and Apulian platforms).

From Oligocene to Late Miocene the Po Plain and north Adriatic areas kept anyway marginal to the
Apennine flexuring (that involved the presently emersed sector of this chain) while they essentially recorded
the Neoalpine inflection towards the Southalpine chain; a 6000 m thick foredeep faced the piling up of the
western (Lombardian) chain segment, while only a halved bending responded to the later activation of the
eastern (Veneto-Friuli) one. A more than 6000 m foredeep depocenter also accompanied to the SE the coeval
flexuring of the Albanian foreland segment in south Adriatic, while the substantial disactivation of the Dinaric
one occurred in the north Adriatic area.

The latest Messinian-Quaternary foreland evolution was, on the other hand, marked by the disactivation of
the western Southalpine sector and the inflection peak towards the Apennine chain that produced up to 7-8000
m thick foredeep depocenters. The strong Apennine competition substantially inhibited a further consistent
bending of both the still active easter Southalpine and Albanian comparts.

The result is a fragmented post-Eocene tectonic evolution of the Adriatic foreland controlled by both the
diachronous chains activity and their coeval competition. The effect of the opposite chain segments interference
was a multiple system of differently evolving foredeeps not exclusively ruled by the chains at their back. Time
and amount of flexuring were moreover controlled by formation of transversal positive belts that played the
role of flexure transfer zones.
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The International Ocean Discovery Program (IODP) is an international marine research collaboration that
explores Earth’s history and dynamics using ocean-going research platforms to recover data recorded in seafloor
sediments and rocks and monitor subseafloor environments through drilling and coring. Italy participates in
IODP as a member country of the European Consortium for Ocean Research Drilling ECORD. Thanks to a
national funding annually allocated by MIUR since 2013 and managed by the CNR Dept. of Earth System
Science and Environmental Technologies (DSSTTA), IODP-Italia regularly operates through a national office,
a scientific coordinator and an advisory committee (www.iodp-italia.cnr.it). The CNR Committee “ECORD-
IODP and ICDP” replaced the former Advisory Committee IODP-Italia with new members and assignments,
in order to implement a joint IODP-ICDP support to the Italian participation in the international scientific
drilling, including the International Continental Scientific Drilling Program (ICDP).

IODP-Italy fosters the Italian participation in ECORD-IODP through a funding scheme supporting travel
expenses to participate in both cruise/post-cruise activities and ECORD summer schools/training courses. On
a national scale, the Committee is currently planning new education and training initiatives for students and
young scientists including (1) cycles of seminars in IODP/ICDP thematic areas and (2) guided tours to be held
in the institutes of marine sciences CNR-ISMAR and OGS.

IODP-Italy and CNR-DSSTTA have recently awarded three two-years research proposals devoted to post-
doc scientists aiming at supporting IODP-related scientific activities. Recent outreach activities have been
carried out through an interactive booth with activities dedicated to primary schools and general public on the
occasion of the Festival del Mare (Genova, May 16th-18th 2019).

Many Italian geoscientists have been selected through ECORD calls as members of IODP Science Parties
during IODP 2013-2023. The shipboard specialties included expertise in micropaleontology, sedimentology,
paleomagnetism, petrophysic and petrology. Hard rock petrologists, in particular, were involved in IODP
expeditions 357 (Atlantis Massif Serpentinization and Life) and 360 (SW Indian Ridge Lower Crust and
Moho). The major objective of IODP expedition 357 was to examine the role of serpentinization in driving
hydrothermal systems, sustaining microbial communities, and sequestering carbon. The primary aim of IODP
expedition 360 was to recover the lowermost gabbros and crust-mantle transition to understand the processes
creating mid-ocean ridge basalt, and to resolve the controversy as to whether the Moho at slow spreading
ridges can be a serpentinization front.
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Dating mantle peridotites is one of the backbones to our understanding of the Earth’s mantle dynamics. It
provides insights into the formation, evolution and possible destruction of the lithospheric mantle and into the
genetic and evolutionary relationships between mantle and crust at regional as well as global scales.

The Re-Os isotopic system is widely seen as the geochronometer of choice to date mantle peridotites. This
isotopic system, where both parent and daughter elements belong to the Highly Siderophile Elements (HSE:
Os, Ir, Ru, Pt, Pd and Re), is based on the radioactive decay of '®’Re into '®’Os. The reason behind the Re-
Os isotopic system being the geochronometer of choice to date mantle peridotites lies in the compatibility of
osmium during partial melting of peridotites (Re behaves incompatibly). This contrasts with the lithophile-
element-based element isotopic systems (e.g. Rb-Sr, Sm-Nd), typically used to date crustal lithologies, whose
both daughter and parent elements behave incompatibly during partial melting of peridotites (except for Lu
in presence of garnet). Additionally, the compatibility of Os may potentially make the Re-Os isotopic system
more robust to overprinting/resetting by melt percolations and melt-rock reactions in mantle peridotites when
compared for example to the Rb-Sr geochronometer.

Since the late 1980s, the main targets of Re-Os dating investigations on the Earth’s mantle have been
the whole-rock peridotites, with the Re-Os isotopic measurements being sometimes coupled with the HSE
systematics. The identification of the Base Metal Sulfides (BMS) and Platinum Group Minerals (PGM) as
the main Os host minerals in mantle peridotites in the mid 1990s opened up the way to Re-Os dating of
these micrometric and nanometric Os mineral hosts, either via Laser-Ablation MC-ICP-MS or by mechanical
extraction of the minerals followed by wet chemistry, NTIMS, and ICP-MS.

In this lecture, I will review the basic concepts of Re-Os dating, highlight the current state of the art as
well as the limits of the Re-Os dating when conducted at the whole-rock, BMS and PGM scales; and show
how three decades of research have challenged our understanding of the Re-Os geochronometer, especially its
robustness and geological meaning.
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Super-deep diamonds and their mineral inclusions preserve very precious information about Earth’s
deep mantle. In this study, we examined multiphase inclusions entrapped within a diamond from the Rio
Vinte e um de Abril, Sdo Luiz area (Juina, Brazil), using a combination of non-destructive methods: micro-
Computed X-ray Tomography (u-CXRT) to investigate the size, shape, distribution and X-Ray absorption of
inclusions and mapping by micro X-ray Fluorescence (u-XRF), p-Raman Spectroscopy and micro-Fourier
Transform Infrared Spectroscopy (u-FTIR) to determine the chemical and mineralogical composition of the
inclusions. Previous studies revealed that the diamond has nitrogen occurring in clusters of three atoms and
a vacancy (Type laB), has a N-enriched core, is plastically deformed, and contains several syngenetic, Fe-
rich ferropericlase—magnesiowiistite inclusions in its N-rich core (Agrosi et al., 2017; Nimis et al., 2019). In
this work we found that four large inclusions, enclosed in the N-H rich core, consist of complex assemblages
dominated by ferropericlase/magnesiowiistite with locally exolved magnesioferrite and carbonates. Compared
with other similar diamonds from Juina, this sample was remarkable because it encased an atypical inclusion,
which showed a very unusual flask shape resembling a large (ca 100 um) fluid/melt inclusion. Based on
LCXRT tomography and p-Raman mapping, the inclusion is polyphase and consists of magnetite and hematite
partly replacing a magnesiowiistite core. p-Raman spectra reveal local features that could be ascribed to xieite,
a polymorph of chromite, stable for P > 18 GPa. Some spectra show also the presence of huntite, a carbonate
with formula CaMg3(CO3)4 that represents the first known occurrence in diamond.

We interpret the composition of the inclusions as further evidence of ferropericlase-bearing diamond
formation in a carbonate-rich environment, probably under evolving redox conditions. This work shows
that a full picture of the significance of diamond inclusions cannot be determined without an accompanying
multidisciplinary study that allows a full description of the growth history of occluding diamond.

Agrosi G., Tempesta G., Della Ventura G.C., Cestelli Guidi M.A., Hutchison M.T., Nimis, P. & Nestola F. (2017) - Non-
destructive in situ study of plastic deformations in diamonds: X-ray Diffraction Topography and uFTIR mapping of
two super deep diamond crystals from S&o Luiz (Juina, Brazil). Crystals, 7(8), 233.

Nimis P., Nestola F., Schiazza M., Reali R., Agrosi G., Mele D., Tempesta G., Howell D., Hutchison M.T. & Spiess R.
(2019) - Fe-rich ferropericlase and magnesiowiistite inclusions reflecting diamond formation rather than ambient
mantle. Geology. 47 (1), 27-30.
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Elastic geobarometry makes use of the contrast in elastic proprieties between host-inclusion pairs to
determine the entrapment conditions of the inclusions. The theoretical basis has been developed extensively in
the past few years, but an experimental validation and assessment of the calculated P and T of entrapment is
still required. We report the entrapment pressures determined using elastic geobarometry on quartz inclusions
trapped in almandine garnet synthesized at eclogitic conditions (Alm-1 at P=3.0 GPa and T=775°C; Alm-2 at
P=2.5 and T=800°C) in a piston cylinder apparatus. From the fitted Raman spectra we determined the pressure
on the inclusion using the hydrostatic calibration and the mode Griineisen tensor approach. The use of a
hydrostatic calibration of the 464 cm-1 line of quartz leads to a large spread in entrapment ‘pressure’ values
that increase with increasing entrapment pressure conditions (i.e. pressure at which the synthesis have been
performed). For example, the errors on the entrapment pressure are about 1.4 GPa for inclusions synthesized
at 3 GPa and approximately 0.2 GPa those synthesized at 2.5 GPa. These discrepancies arise mostly from
the incorrect assumption of perfectly hydrostatic conditions that cannot be applied to elastically anisotropic
inclusion trapped in a cubic host. Conversely, the use of the mode Griineisen tensors for the quartz inclusions
enables the full strain state of the inclusion to be determined from which its’ stress state can be calculated (Murri
et al., 2018; Angel et al., 2019). Such a procedure leads to a much smaller spread in “pressure” values inferred
for the inclusions; the maximum deviation from the experimental synthesis pressures is smaller than + 0.2 GPa.
The entrapment pressures calculated from the residual pressure obtained adopting the mode Griineisen tensors
approach is always higher than those obtained using the hydrostatic calibration. In conclusion our results show
that the most significant effect on the calculated entrapment pressures is due to the elastic anisotropy of quartz
and the affect of this on the shift of the Raman bands for the inclusion rather than the subsequent calculation
of entrapment conditions.

This project received funding from the European Research Council (ERC) under the European Union's
Horizon 2020 research and innovation programme (grant agreement No 714936) by M. Alvaro. MA has also
been supported by the MIUR-SIR grant “MILE DEEp” (RBSI140351). JT was supported by the Earth Sciences
Division of the National Science through grant number EAR-1447468.

Angel R.J., Murri M., Mihailova B. & Alvaro M. (2019) - Stress, strain and Raman shifts. Zeitschrift fur kristallograhie
- Crystalline Material, 234, 11.

Murri, M., Mazzucchelli, M.L., Campomenosi, N., Korsakov A.V., Prencipe M., Mihailova B.D., Scambelluri M., Angel
R.J. & Alvaro M. (2018) - Raman elastic geobarometry for anisotropic mineral inclusions. American Mineralogist,
103, 1869-1872.
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The elasticity of grossite (CaAl,O,) has been investigated by experimental (synchrotron radiation high-
pressure single crystal X-ray diffraction, using an ETH-type Diamond Anvil Cell and and M.E.W. as pressure-
transmitting fluid, at Xpress beamline at Elettra, Trieste, A = 0.4957 A) up to 8.6 GPa and first-principle
methods (using a WCILYP hybrid functional and Crystal program). On compressing, a displacive first order
phase transition has been observed between 6.1 and 7 GPa by ca. a 3% change in lattice volume and the
violation of C-centring extinction conditions. In fact, the symmetry changes by losing the centring of the lattice
and the centre of symmetry, passing from C2/c to Pc space group. A dramatic change on the isothermal bulk
modulus (K ) of grossite accompanies the transition: by preliminary fitting of lattice parameters data using a
BM2 EoS we obtain changes from 123(4) GPa in the low pressure regime to 35(8) GPa in the high-P phase,
which shows a very soft and anisotropic behaviour (linear compressibility changes from 1.19:1.00:1.00
in C2/c to 1.74:5.74:1.00 in Pc). Intensity data was collected at 17 P values (data collected every 0.5-1.0 GPa
up to 8.6 GPa). We have been able to solve the structure of the high-P phase from experimental data by group
theory symmetry reduction and structure refinement of a symmetry relaxed model. The structure has two
symmetrically independent AlO, tetrahedra in the C2/c phase, which become seven symmetrically independent
AlO tetrahedra plus one AlO; pyramid (the 4/(21) site) in Pc phase ( = 1.884(1) A, polyhedral volume 5.04
A%). The change in coordination of the Al atom at the 4/(21) site is probably the driving force of the strong
compressibility along [010] in high-P phase. First principles calculations agree very well with the experimental
data. By fitting ab initio energy-volume data with a BM3 EoS in the range 7/, = 0.95 , 1.04 we obtain K =
128.8(1) GPa and k' = 4.0(1) for the C2/c phase. The calculated static value of K is, in turn, perfectly consistent
with aggregate bulk modulus obtained from static elastic constants by using a Voigt-Reuss-Hill average scheme
(i.e. Ky, = 129.2 GPa). Ab initio calculation of the full elastic tensor (with 13 independent components)
permits to define the shear modulus (i.e. G, ., = 52.1 GPa) and seismic anisotropy of this phase, for which no
experimental data exist so far. Computed volume and axial compressibilities match the observed trends within
1%, except for ¢/c, which is slightly overestimated by WCILYP calculations. Further ab initio calculations on
both C2/c and Pc phases are currently in progress in order to characterize the thermodynamic features of the
phase transition. The unattended behaviour of grossite implies drastic changes on the mechanical response of
this phase that should be accounted for when modelling phase diagrams of the CAS (Ca0-AlL0,-Si0,) system
and the mechanical response of high alumina cements (HAC).
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Recent developments in elastic barometric methods allow accounting for the elastic anisotropy in mineral
hosts and their inclusions in order to retrieve entrapment P-T conditions in metamorphic rocks (e.g. Murri et
al., 2018).

In this study, we applied this technique to three garnet megablasts from the whiteschist lenses of the Brossasco-
Isasca UHP unit. First, we combined Raman spectroscopy with cathodoluminscence and trace element analyses
on exposed zircons in order to recognize zircons that underwent partial or total metamictization. This enabled
us to rely on Raman spectroscopy for selecting the buried zircon grains whose wavenumber variation is solely
dependent on the strain acting on the inclusion. Zircon inclusions with almost rounded or ellipsoidal shapes
fully buried within the garnet host have been selected on the basis of detailed petrographic analysis. From
the measured Raman peak position we determined the strain state adopting the phonon Grueneisen tensor
approach (Murri et al., 2018).

We show that selected buried zircon inclusions display a systematic decrease in the phonon frequencies
moving from grains entrapped at the core toward those entrapped at the rim of the garnet host and the same
is for the calculated residual pressure (Pinc). On the other hand, Zr content in rutile inclusions coupled with
the host garnet composition suggest a narrow range of increasing T for garnet formation and then zircon
entrapment. Therefore, since zircon is stiffer than the host garnet, our results are consistent with increasing
entrapment pressure (Ptrap) from core to rim, and hence with garnet growth on the prograde path (e.g. Chopin,
1984).

This work was supported by ERC-StG TRUE DEPTHS grant (number 714936) and MIUR-SIR Mile Deep
grant (number RBSI140351) to M. Alvaro. N. Campomenosi was also supported by the University of Genova.

Chopin C. (1984) - Coesite and pure pyrope in high-grade blueschists of the Western Alps: a first record and some
consequences. Contributions to Mineralogy and Petrology, 86(2), 107—118, https://doi.org/10.1007/BF00381838.
Murri M., Mazzucchelli M.L., Campomenosi N., Korsakov A.V., Prencipe M., Mihailova B.D., Scambelluri M., Angel
R.J. & Alvaro M. (2018) - Raman elastic geobarometry for anisotropic mineral inclusions. American Mineralogist,

103(11), 1869-1872. http://doi.org/10.2138/am-2018-6625CCBY
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The origin and deep cycle of volatile-rich metasomatic fluids at mantle conditions strictly link with the
stability at high pressure and temperature of minerals whose crystal structure can host the elements within the
C-O-H-S-B-F-N system. Tourmaline from metamorphic assemblages can contain up to ~11 wt.% B,O, (i.e.
>80 wt.% of the whole-rock B), ~4 wt.% H20 and up to 2 wt.% F, representing an important carrier of volatile
elements. In addition, tourmalines can also contain variable amount of both Fe*" and Fe*" implying a key role
in redox reactions either as oxidising or reducing agent in volatile-bearing rocks. Finally, recent findings of
tourmaline along with coesite and diamonds in UHP metamorphic rocks have raised important questions on
their stability at upper mantle P-T conditions.

To date, experimental studies have focused mainly on the compressibility of tourmalines at HP and room
T (Berryman et al., in press), tourmaline breakdown in B-doped synthetic metapelites (Ota et al., 2008)
and P-Trange for the stability of dravite (Dutrow & Henry, 2011), all neglecting the role of fO,. However, due
the presence of multiple coordination sites and Fe?"/Fe’* species, an experimental study at HP-T is needed to
shed light on the stability of tourmaline at mantle conditions.

We investigated, for the first time, the structural stability of natural schorl tourmaline from Seagull batholith
(Yukon Territory, Canada, [NaFe3A16Si6018(BO3)3(OH)3(OH)], characterized by ~19 wt.% FeO (as Fe2+).
The experiments were performed using the Walker-type multi anvil press (840t), at a fixed pressure of 4 GPa
and temperatures between 450-1000 °C with duration between 2 and 10 hrs. The fO2 in these experiments was
buffered by mixing the schorl starting material with 20 wt.% of I) Re+ReO2 (1:1 mole ratio) and II) Ag2C204.
Rhenium and graphite were also used as capsule material. The recovered quenched products were then polished
and analysed by FE-SEM and EMPA for both textural and chemical characterization. Our preliminary data
shows a partial breakdown of schorl within the investigated experimental conditions, resulting into a gradual
increase of Si and Fe with increasing T as consequence of the crystallization of Al-rich phases like kyanite,
mullite, corundum and almandine garnet. Additional phases like jadeite might form as result of oxidation of
Fe?* to Fe** of the starting material. The results from this study provide useful tool to interpret the coexistence
of similar assemblages in natural metapelites and model the P-T-fO2 paths for the formation of B-rich fluids.

Berryman E.J., Zhang D., Wunder B., Duffy T.S. In press. Compressibility of synthetic Mg-Al tourmalines to 60 GPa.
American Mineralogist, https://doi.org/10.2138/am-2019-6967.

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

Ota T., Kobayashi K., Katsura T. & Nakamura E. (2008) - Tourmaline breakdown in a pelitic system: implications for
boron cycling through subduction zones. Contribution to Mineralogy and Petrology, 155, 19-32.
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Small portions of pristine melt with diameter 2 to 50um are being increasingly recognized as a rather
common occurrence in high grade garnet from high grade metamorphic terranes, and their study delivers
crucial chemical information on the anatectic melt at depth. But they are also unique “natural experimental
charges” where the behaviour of the silicate melt can be investigated, directly in the natural rocks, under
P-T-t conditions which cannot be completely reproduced in the laboratory. Each nanogranitoid case study
has consistently shown a H20-bearing, silica and alkali-rich melt. Despite this within the inclusions the melt
behaviour on cooling is rather surprising as it shows clear evidence of metastability phenomena commonly
ascribed to rapid cooling, a phenomenon not recognized in the metamorphic rocks in which they occur.

Different volumes of identical melt in the same mineral may either crystallize completely or remain partially
or completely glassy despite having experienceed exactly the same slow cooling path. This is possibly the
result of the fact that fluids in small pores can maintain higher threshold supersaturation, up to the point that
melt crystallization may be completely inhibited.

Even when crystallized, the phase assemblage of these tiny granitoid plutons is often unexpected in nature.
Quartz and feldspars are very often absent, replaced by cristobalite and/or trydimite in the case of quartz, and
kumdykolite and kokchetavite for plagioclase and K-feldspar, respectively. Other polymoprhs of plagioclase,
namely svyatoslavite and disteinbergite, have ben also recently recognized, making the presence of these
phases a feature characteristic of crystallized volumes of melt hosted in isolated pores.

These metastable polymorphs crystallize directly from the melt on cooling, independently from the internal
P of the inclusions and from the conditions of melt entrapment. They are likely the result of rapid crystallization
due to undercooling of the trapped melt, once again result of the peculiar supersaturated conditions achieved
on cooling by a confined melt.
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Minerals in high-pressure metamorphic rocks may host other minerals as inclusions. During the exhumation
that brings the rock to the Earth surface, inclusions develop residual stress and strain fields because of their
anisotropic mechanical properties. The strain can be measured with experimental techniques such as Raman
spectroscopy or X-ray diffraction. Once the residual strain in the inclusion is known, elastic geobarometry allows
us to constrain the entrapment condition of the system providing precious information on geodynamical settings
such as subduction zones. We present a new elastic geobarometry method that includes both the geometrical
effects and the anisotropic properties of the minerals into the calculation of the entrapment conditions. We
built a digital 3D model of the host-inclusion system based on Synchrotron X-Ray microtomography. The
residual strain field in the inclusion was obtained with both Raman spectroscopy and X-ray diffraction (Murri
et al.,, 2018) which also allows the determination of the crystallographic orientations of all the minerals
involved. The elastic relaxation, including the effects of the morphology of the inclusion and its proximity to
the external surface of the host, was evaluated with Finite Element (FE) analyses performed on the realistic 3D
model. Finally, thermodynamic calculations considering axial equations of state were computed with EntraPT
program to constrain the entrapment conditions. As an example, we show application of this method on quartz
inclusions entrapped in a garnet of an eclogite xenolith found in the Mir pipe (Yakutiya, Korsakov et al., 2009).
Results point to an elastic re-equilibration occurred under external hydrostatic conditions at P of ~ 3 GPa
and temperatures between 925°C and 1000°C. This suggests a metamorphic origin of this eclogite xenolith,
providing constraints on the mechanisms of craton accretion from a subducted crustal protolith.

This workwas supported by ERC-StG TRUE DEPTHS (grant number 714936) to M. Alvaro. We acknowledge
F. Marone at the Paul Scherrer Institut, Villigen, Switzerland for provision of synchrotron radiation beamtime
at the TOMCAT beamline of the SLS.

Murri M., Mazzucchelli,M.L., Campomenosi N., Korsakov A.V., Prencipe M., Mihailova B.D., Scambelluri M., Angel
R.J. & Alvaro M. (2018) - Raman Elastic Geobarometry For Anisotropic Mineral Inclusions. Am. Mineral., 103,
1869-1872.

Korsakov A.V.,, Perraki M., Zhukov V.P.,, De Gussem K., Vandenabeele P. & Tomilenko A.A. (2009) - Is quartz a potential
indicator of ultrahigh-pressure metamorphism? Laser Raman spectroscopy of quartz inclusions in ultrahigh-pressure
garnets. Eur. J. Mineral., 21, 1313-1323.
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Aqueous fluids are important agents in many geological processes of the Earth’s crust and upper mantle.
They facilitate chemical reactions and element transport, modify rock and melt properties, or provide a source
of geothermal energy. To quantify and understand the role of fluids in various geological environments, their
chemical compositions as well as their equations of state and other physical or thermodynamic properties
need to be known or studied. The solubility of mineral components in aqueous solutions and the ability of
such fluids to fractionate elements or isotopes during fluid-rock or fluid-melt interactions ultimately depends
on the speciation of the solute ions or molecules. Complementary to experimental approaches, first-principles
molecular dynamics simulations have become a powerful tool to study the relation between the molecular
structure of model fluids and their physical or geochemical properties. In this talk, I will review some of the
recent progress in this field and discuss a number of case studies. This will include predictive modeling of metal
speciation and its relation to thermodynamic fluid properties, theoretical spectroscopy to link simulations and
in situ experimental studies, and preliminary studies to predict the solubility of minerals or element and isotope
partitioning during fluid-rock interactions.
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Magnetite—bearing multiphase solid inclusions hosted in metamorphic olivine found in harzburgites from
the Almirez Complex (Bétic Cordillera, Spain) have been interpreted as cavities trapping the dehydration
fluid produced by the subduction-zone dehydration of former serpentinites (Scambelluri et al., 2001). In this
study we present an analysis of the possible mechanisms of growth and nucleation of the daughter phases
from the analyses of the crystallographic orientation relationships (CORs) between the inclusions and the
host mineral, to shed light on the crystallization mode and to verify the existence of an epitaxial registry
between olivine and magnetite. We performed single—crystal x-ray diffraction (SC-XRD) measurements using
OrientXplot program (Angel et al., 2015), from which we determined the CORs between the host and the
inclusion indicating possible epitaxial growth. The resulting epitaxial relationship for the magnetite-olivine
system demonstrates preferential orientations between magnetite and olivine along magnetite (111)//olivine
(100), magnetite {110)//olivine {011). This evidence points to the possible growth of magnetite and olivine
by sharing planes along (111) and (100), respectively. Reticular nodes coincidence for the two minerals is
observed along {110} and {011} crystallographic direction, respectively. These two planes are both cleavage
planes that can promote epitaxial growth minimizing the potential energy. The diffractometer experimental
results of the geometric lattice coincidence between olivine and magnetite were modelled by calculating the
geometrical misfit between the two lattices in contact as a function of their relative azimuthal orientation.
We found an azimuthal orientation ensuring perfect commensurism of the two lattices, i.e. all the nodes of
the magnetite lattice coincide with some of the nodes of the olivine lattice. This particular relation represents
a unique occurrence, playing a fundamental role in favoring the heterogeneous nucleation of magnetite on
olivine.

The stabilizing effect provided by lattice commensurism represents an effective driving force for the
heterogeneous nucleation and heteroepitaxial growth of magnetite inclusions. The nucleation, crystallization
and growth of the magnetite microinclusions may be therefore attributed to a process involving heterogeneous
nucleation and crystallization under near — to — equilibrium conditions, as an alternative mechanism to the
chemical precipitation from an oversaturated solution.

Angel R.J., Milani S., Alvaro M. & Nestola F. (2015) - OrientXplot — a program to process and display relative crystal
orientations. Journal of Applied Crystallography, 48, 1330-1334.

Scambelluti M, Rampone E. & Piccardo G.B. (2001) - Fluid and element cycling in subducted serpentinite: a trace-
element study of the Erro-Tobbio ultramafites (Western Alps, NW Italy). Journal of petrology, 1, 55-67.
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Eclogite-facies breccias from the Lago Superiore Unit -LSU- (Monviso metaophiolite complex, W-Alps)
preserve a unique record of the HP deformation history of Tethyan oceanic lithosphere metamorphosed during
prograde Alpine subduction (peak conditions: 580°C/2.7GPa). Here, the foliation of intact Fe-Ti-rich (Omph
+ Grt + Rtl = Lws £+ Qtz + Glp) and Mg-Al-rich metagabbro clasts (Omph + Ep + Rtl = Qtz + Glp and
locally Grt) cemented by unfoliated Omph + Grt + Lws matrices demonstrates pristine brecciation at eclogite-
facies conditions. Successive generations of high-pressure veins (omphacite + garnet + apatite) and matrices
(omphacite + grenat) reveals multiple brittle rupture events prior to a stage of massive, eclogite-facies fluid
ingression marked by a last lawsonite-rich matrix (M3). Trace element composition (on bulk and in-situ)
suggests that veins and M1 matrix minerals crystallized in presence of fluids buffered by the metagabbro
minerals, i.e. incipient brecciation linked to local fluid production by prograde metamorphic reactions. On the
contrary, trace element composition of M3 matrix points to the infiltration of serpentinite-derived fluids. M2
matrix composition suggests a mixing of local fluids with serpentinite-derived fluids, and thus witnesses the
opening of the system to external fluids. Both the sharp increase in fluid content (lawsonite content) and shift
towards external fluid source from M1 to M3 matrix thus points to (I) local embrittlement due to local reaction-
induced fluid release, prior to external fluid ingression throughout stepwise brecciation events reflecting (II) a
progressive opening of the system to external fluid sources. Thus, structural and petrographic evidences coupled
to geochemical data suggests that the brecciation at eclogite-facies conditions controlled the initial stages of
strain localization within the shear zones crosscutting the LSU, likely affecting the evolution of the entire
Monviso metaophiolite complex. Its preferential occurrence at the transition Fe-Ti/Mg-Al metagabbro (where
strongly focused deformation likely induced transient, anisotropic, high-permeability zones) contributed to
rock weakening and promoted preferential pathways for fluid transfer inside the subducting slab.
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Diamonds and their inclusions are key geological materials that provide a unique opportunity to directly
investigate the deepest regions of our planet.

Based on their depth of formation, diamonds are classified in lithospheric, which formed between about
120 and 220 km depth and represent about 99% of worldwide diamond population, and sub-lithospheric or
super-deep diamonds, extremely rare samples which crystallized from about 300 to more than 800 km depth
(Stachel et al., 2008).

Here, we have investigated a 1.3 carats diamond, Type [aAB (determined by FTIR), from an alluvial
deposit located in Central African Republic, close to the Ubangy river. As far as we know, this is the first study
dedicated to diamonds from Central African Republic.

The investigated diamond shows the second world finding of hydrous ringwoodite after the first one
found within a Brazilian diamond by Pearson et al. (2014) and thus definitively indicates that our diamond is
certainly a super-deep diamond coming from the transition zone between 525 and 660 km depth. The carbon
and nitrogen isotopic composition (8"°C and 8'°N) of the diamond host was investigated by Secondary lon
Mass Spectroscopy (SIMS) in order to establish the possible source of C and N. Our data show average values
of 813C ~ -2 %o and 6"°N ~ +4%o (the nitrogen content is homogeneous over the diamond and in average is 55
ppm). These values match in agreement with those found in super-deep diamonds and reported in previous
studies (Stachel et al., 2002). They are consistent with a diamond forming fluid originating from a subducted
source (Walter et al., 2011; Cartigny, 2005), which confirms recent studies reporting transition zone and lower-
mantle diamonds (Nestola et al., 2018).

Cartigny P. (2005) - Stable Isotopes and the Origin of Diamond. Elements, 1, 79-84.

Nestola F., Korolev N., Kopylova M., Rotiroti N., Pearson D.G., Pamato M.G., Alvaro M., Peruzzo L., Gurney J.J., Moore
AM. & Davidson J. (2018) - CaSiO3 perovskite in diamond indicates the recycling of oceanic crust into the lower
mantle. Nature, 555, 237-241.

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

Stachel T., Harris J.W., Aulbach S. & Deines P. (2002) - Kankan diamonds (Guinea) III: 613C and nitrogen characteristics
of deep diamonds. Contrib. Mineral. Petrol., 142, 465-475.

Stachel T. & Harris J.W. (2008) - The origin of cratonic diamonds -Constraints from mineral inclusions. Ore Geol. Rev.,
34, 5-32.

Walter M.J., Kohn S.C., Araujo D., Bulanova J.P., Smith C.B., Gaillou E., Wang J., Steele A. & Shirey S.B. (2011) - Deep
Mantle Cycling of Oceanic Crust: Evidence from Diamonds and Their Mineral Inclusions. Science, 334, 54-57.
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An elastically anisotropic mineral, such as quartz, entrapped in an elastically isotropic host, like garnet,
can develop deviatoric stresses. However, the effect of deviatoric stress on crystals is still poorly understood,
despite its important role in reconstructive (Ricther et al., 2016) and symmetry breaking (Bismayer et al., 1982)
phase transitions, and its ubiquitous presence in rocks. Quartz is the ideal starting point to evaluate the effects
of deviatoric stress. It has a simple and well-known structure that has been characterised over wide ranges of
pressure and temperature and it is one of the most common mineral inclusions in metamorphic rocks. Ab initio
hybrid Hartree—Fock/Density Functional Theory calculations were performed as a function of different applied
strains (Murri et al., 2019). Simulation results were compared with X-ray diffraction data from a real host-
inclusion system: a quartz crystal entrapped in garnet. In this contribution we describe how to deal with the
experimental challenges in the collection of intensity data from a host-inclusion system, evaluate the quality of
the refinement, and the agreement between the simulation and the experimental data.

Bismayer U., Salje E. & Joffrin C. (1982) - Reinvestigation of the stepwise character of the ferroelastic phase transition
in lead phosphate-arsenate, Pb3 (PO4)2-Pb3 (AsO4) 2 J. Phys., 43, 1379-1388.

Murri M., Alvaro M., Angel R.J., Prencipe M., & Mihailova B.D. (2019) - The effects of non-hydrostatic stress on the
structure and properties of alpha-quartz. Phys. Chem. Miner., 46, 487-499.

Richter B., Stiinitz H. & Heilbronner R. (2016) - Stresses and pressures at the quartz-to-coesite phase transformation in
shear deformation experiments. J. Geophys. Res. -Solid Earth, 121, 8015-8033.
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Rutile stability and abundance in geological environments under a variety of physical and chemical
conditions makes it a unique tool for reconstructing rock histories from their crystallization at depth to
exhumation to the Earth’s surface. Rutile is often trapped as inclusion in garnets and diamonds. On these
inclusions, beside chemical barometric methods, elastic geobarometry can be used to determine entrapment
conditions for the pair. Elastic geobarometry is based on the evidence that minerals trapped as inclusions
within other host minerals can develop non-lithostatic pressures on exhumation as a result of the differences
between the thermo-elastic properties of the host and inclusion phases (Angel et al., 2015).

Rutile is much stiffer than garnet, so it is not expected to exhibit any significant residual pressure when
trapped at typical metamorphic conditions (Zaffiro et al., 2019). Also, rutile trapped in diamonds within the
diamond stability field (e.g. 5 GPa 1250°C) will be under-pressurized (Pinc=-0.997GPa) at room conditions.
While the volume strain of the inclusions cannot be used to infer the entrapment conditions for these pairs,
we can use the strains along the two principal crystallographic directions. The entrapment conditions can be
calculated from the residual strains on the inclusion using the fully anisotropic elastic geobarometry approach
(Mazzucchelli et al., 2018). For example, our calculations for rutile in diamonds assuming entrapment
conditions of 5 GPa 1250°C predict that the residual strains should be considerably different from one another
(e1=-0.00111, £3=0.00688).

The backward process of determining the entrapment conditions requires to calculate the residual strains on
the inclusions. These can be obtained from the Raman wavenumber shifts using the concept of phonon-mode
Griineisen tensor. We investigated the elastic and vibrational properties of rutile performing ab initio hybrid
HF/DFT simulations under different strain conditions to determine the phonon-mode Griineisen tensor for
rutile following the protocol adopted by Murri et al. (2018). The expected strains (¢1=-0.00111, £3=0.00688)
would develop measurable Raman wavenumber shifts (>5 cm-1), according to our ab initio calculations.

This project has received funding from the European Research Council under the H2020 research and
innovation program (N. 714936 TRUE DEPTHS to M. Alvaro)

Angel R.J., Nimis P., Mazzucchelli M.L., Alvaro M. & Nestola F. (2015) - How large are departures from lithostatic
pressure? Constraints from host—inclusion elasticity. J. Metamorph. Geol., 33(8), 801-813.

Mazzucchelli M.L., Burnley P., Angel R.J., Morganti S., Domeneghetti M.C., Nestola F. & Alvaro M. (2018) - Elastic
geothermobarometry: Corrections for the geometry of the host-inclusion system. Geology, 46(3), 231-234.

Murri M., Mazzucchelli M.L., Campomenosi N., Korsakov A.V., Prencipe M., Mihailova B.D. Scambelluri M., Angel
R.J. & Alvaro M. (2018) - Raman Elastic Geobarometry for Anisotropic Mineral Inclusions. Am. Mineral., 103(11),
1869-1872.

Zaffiro G., Angel R.J. & Alvaro M. (2019) - Constraints on the Equations of State of stiff anisotropic minerals: rutile, and
the implications for rutile elastic barometry. Min. Mag. (in press)

53


mailto:kira.musiiachenko01@universitadipavia.it

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

Diamond-magnesiochromite host-inclusion system recording old deep lithosphere conditions
at Udachnaya (Siberia)

Nestola F.!, Zaffiro G.2, Mazzucchelli M.L. 2, Nimis P.* !, Andreozzi G.B.?, Periotto B. !, Princivalle F. 4,
Lenaz D.*, Secco L. !, Pasqualetto L. !, Logvinova A.M.!, Sobolev N.V.’, Lorenzetti A.°® & Harris J.W.”

! Dipartimento di Geoscienze, Universita di Padova.
2 Dipartimento di Scienze della Terra e dell’ Ambiente, Universita di Pavia.
? Dipartimento di Scienze della Terra, Sapienza Universita di Roma.
* Dipartimento di Matematica e Geoscienze, Universita di Trieste.
’ Institute of Mineralogy and Petrography, Novosibirsk, Russia.
¢ Dipartimento di Ingegneria Industriale, Universita di Padova.
7 School of Geographical and Earth Sciences, University of Glasgow.

Corresponding email: paolo.nimis@unipd.it

Keywords: host-inclusion system, diamond, magnesiochromite.

Lithospheric diamonds (formed between 130 and 200 km) represent 99% of all mined diamonds. These
diamonds may contain mineral inclusions, which can be used to derive inferences on the physical-chemical
environments in which their host diamonds were formed. Magnesiochromite (mchr) is one of the most common
of these inclusions, representing about 19% of reported inclusions in lithospheric diamonds worldwide, but
this mineral is not amenable to conventional thermobarometry. To determine the formation conditions of a
mchr-bearing diamond from the Paleozoic Udachnaya kimberlite (Siberia), we adopted an alternative method
based on elastic geobarometry. When a mineral is trapped in a host at conditions Ptrap and Ttrap and then is
exhumed to the Earth’s surface, it may develop residual strains as a result of the contrast in elastic properties
between the host and the inclusion. If Ttrap is known independently and the residual strains are measured when
the host is at room pressure, Ptrap can be back-calculated as the condition at which mechanical equilibrium
between the host and the inclusion is elastically restored.

FTIR spectra of the diamond host indicated an average N content of 267 ppm and allowed to classify the
diamond as type-IaAB. The measured N-aggregation state is compatible with a mantle residence T (assumed
to be the same as Ttrap) of 1125-1140 °C for a diamond age of 3.5-2 Ga, typical for Udachnaya diamonds. A
residual pressure P, = 1.073(72) GPa was obtained by studying the mchr inclusion by single-crystal X-ray
diffraction and by comparing its unit-cell volumes measured before and after its release from the host diamond.
Using the obtained T,.» P the appropriate P-V-T Equation of State for mchr and diamond and an elastic
model, we obtained the following entrapment conditions: Ptrap =6.5(2) GPa and Ttmp =1125(32)-1140(33) °C.
These conditions fall on a ~35 mW/m2 geotherm, which is colder than most mantle xenoliths from the same
depths, suggesting that cold cratonic conditions persisted for billions of years to at least 200 km in the local
lithosphere.

Given the relatively common occurrence of mchr inclusions in diamonds, this method can potentially be
applied to a large number of diamonds from worldwide localities. This would in turn allow better insight
into the depth distribution of lithospheric diamonds at global scale and, consequently, into the processes that
control diamond formation in the Earth’s mantle.
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Inclusions in kimberlite-borne diamonds represent exceptional samples of the deep Earth, which have
provided invaluable information on deep mantle processes that occurred up to several billion years ago. Recent
work on the crystallographic orientation of inclusions in diamonds has suggested that several inclusions that
were previously interpreted to be syngenetic with diamond may actually have formed before the diamond (i.e.,
they are protogenetic) (Nestola et al., 2014, 2017, 2019; Milani et al., 2016; Nimis et al., 2019). Specific data
on clinopyroxene inclusions, however, are still very scarce. In this on-going work, we have studied by single-
crystal X-Ray diffraction the crystallographic orientations of 26 clinopyroxene inclusions in 8 diamonds from
the Cullinan (South Africa), Voorspoed (South Africa) and Udachnaya (Siberian Russia) kimberlites. The
results indicate no specific crystallographic orientations between the clinopyroxenes and their host diamonds.
However, three diamonds with multiple inclusions have pairs of clinopyroxenes that are iso-oriented within a
few degrees. We interpret these inclusions as portions of pre-existing clinopyroxene monocrystals, which were
partially dissolved during entrapment by the diamond host. Therefore, at least these iso-oriented inclusions are
probably protogenetic. This interpretation is similar to that given by Nestola et al. (2014, 2019), Milani et al.
(2016) and Nimis et al. (2019) for some olivine, garnet and magnesiochromite inclusions in diamonds. The
implications of our results for the correct interpretation of thermobarometric and geochronological data based
on clinopyroxene inclusions in diamonds will be discussed.

Milani S., Nestola F., Angel R.J., Nimis P. & Harris J.W. (2016) - Crystallographic orientations of olivine inclusions in
diamonds. Lithos, 265, 312-316.

Nestola F., Jacob D.E., Pamato M.G., Pasqualetto L., Oliveira B., Greene S., Perritt S., Chinn 1., Milani S., Kueter
N., Sgreva, N., Nimis P., Secco L. & Harris J.W. (2019) - Protogenetic garnet inclusions and the age of diamonds.
Geology, 47, 431-434.

Nestola F., Jung H. & Taylor L.A. (2017) - Mineral inclusions in diamonds may be synchronous but not syngenetic. Nat.
Commun., 8, 14168.

Nestola F., Nimis P., Angel R. J., Milani S., Bruno M., Prencipe M. & Harris J.W. (2014) - Olivine with diamond-imposed
morphology included in diamonds. Syngenesis or protogenesis?.Int Geol. Rev., 56, 1658-1667.

Nimis P., Angel R.J., Alvaro M., Nestola F., Harris J.W., Casati N., & Marone F. (2019) - Crystallographic orientations of
magnesiochromite inclusions in diamonds: what do they tell us? Contrib. Mineral. Petr., 174, 29.
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Coronitic metatroctolite and metagabbro from scree west of Crépin village, Valtournanche, in the Western
Alps, Italy, belong to the Zermatt-Saas ophiolitic Unit. The rocks display a whole range of transformation,
from very thin coronitic reactions, giving rise to eclogite-facies minerals, to the complete replacement of
igneous minerals by new high-P peculiar, chloritoid-bearing, assemblages.

In incompletely eclogitized rocks, the relics of igneous minerals are rimmed by complex concentric coronas
consisting of talc + clinopyroxene + chlorite + garnet between olivine and plagioclase, and by omphacite
coronas between augite and plagioclase. The pseudomorphs after plagioclase are made of very fine-grained
clinozoisite + garnet + jadeite + kyanite.

In fully transformed troctolite, fine-grained jadeitic clinopyroxene and clinozoisite have replaced igneous
plagioclase. Progressing towards the former olivine, small kyanite crystals appear around large clinozoisite
crystals, together with micas (phengite and paragonite), chloritoid and, finally, garnet, which forms irregular
coronas at the former plagioclase-olivine interface. Olivine is mainly transformed into talc. Large tremolite
crystals are also common, as well as very fine-grained omphacite, phengite, chloritoid, chlorite, kyanite and
rare quartz. The igneous Cr-rich clinopyroxene is partly to completely overgrown by omphacite, which may in
turn be overgrown by Cr-rich chloritoid and talc.

The various degrees of development of eclogite-facies metamorphic reactions are related to the intensity
of the oceanic hydrothermal alteration that preceded eclogitization and which favoured both the chemical
homogenisation of igneous microdomains and the kinetics of the subsequent eclogite-facies reactions.

The observed mineral assemblages (omphacite, garnet, kyanite, chloritoid, talc), together with mineral
composition, are consistent with re-equilibration under high-P conditions. Pressure and temperature conditions,
inferred from thermobarometric calculations and P-T pseudosection modelling, indicate P > 2 GPa for T
»600°C.
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Zircon and quartz inclusions in garnet used for complimentary Raman-thermobarometry:
application to the Holsnoy eclogite, Bergen Arcs, Western Norway
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Mineral inclusions entrapped into a host crystal are commonly observed in nature. During tectonic or
erosional processes, cooling and decompression may occur that lead to the development of residual pressure
within the inclusion. This is because of the differences in thermal expansivity and compressibility between
the inclusion and host. By combining laser Raman spectroscopy and experimental data relating pressure
and Raman shift, it is possible to estimate the entrapment pressure-temperature (P-T) conditions using an
isotropic elastic model. In this study, both quartz and zircon inclusions entrapped in garnet host have been
identified in Holsney eclogite with laser Raman spectroscopy, and their Raman spectral shifts are measured.
Using the published experimental data, the maximal residual pressures for zircon and quartz inclusions are
estimated to be ca. 0.6GPa and 0.65GPa, respectively. The equation of state for zircon has been fitted based on
experimental measurements and used in a 1D isotropic elastic model to recover the entrapment P-T conditions.
The recovered entrapment P-T conditions are ca. 1.7~1.9GPa and 680~760°C, which are generally consistent
with previous estimates using phase equilibria techniques. Heating/cooling experiments are performed on a
spherical, entrapped zircon inclusion using a specially designed thermostated aluminium box and cryostat. A
clear trend is observed between the residual zircon inclusion pressure and the externally controlled temperature
from ca. -100 to 100°C. It is confirmed in this study that the residual zircon inclusion pressure sealed in garnet
host is very sensitive to the entrapment temperature and can be used as a Raman-thermometer. The effect of
laser power has been found out to be significant. A safe laser power is determined to be ca. 10mW, which does
not cause any local heating effect. The significance of thermo-elastic anisotropy of zircon inclusion on the
residual stress/strain state is investigated using the classical Eshelby’s solution and will be discussed.
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Crystal chemical studies of minerals belonging to the tourmaline supergroup require full chemical analyses
including light elements and site assignments by crystal-structure refinements (Bosi, 2018). Moreover, the
chemical zoning that commonly affect tourmaline minerals needs to be investigated by a multi-analytical
approach to provide information also about the evolution of growth environment (Agrosi et al., 2006).

We investigate tourmaline from Busachi (central Sardinia, Italy) via optical observation on thin sections,
quantitative chemical analyses, EDS-chemical mapping and structure refinements by SCXRD. The light
elements were detected by LIBS (Tempesta & Agrosi, 2016). The studied samples come from rare tourmalinite
veins intruded in migmatites and orthogneiss (Matteucci & Zucchetti, 1965) belonging to the Paleozoic Variscan
basement (Carmignani et al., 2015)

The preliminary results show that the samples are fractured with a textural and compositional heterogeneity.
Two main growth stages are identified: the first exhibits distinctive compositional asymmetry characterized
by light and dark green bands; the second exhibit a blue colour and consists of a partially replacing of pre-
existing tourmaline and filling of fractures from reactive fluids. The primary tourmaline is ranging from schorl
to dravite with highly-variable Mg and Fe contents; the secondary tourmaline is a blue schorl with the highest
Fe content.

The average Li2O amount is below 0.03 wt % with the highest concentration in the secondary blue schorl.

The s.g. is R3m, with unit cell parameters: 15.9679(2) < a < 15.9750(2) A, 7.1160(1) < ¢ < 7.1615(1) A.
Structure refinements converged to R values better than 1.5%. The X site is occupied mainly by Na, with mean
atomic numbers (m.a.n., ¢’) varying from 5.94 to 7.71; the Y site is populated by Fe and Mg with m.a.n varying
from 18.51 and 20.33 ¢ ; in the Z site m.a.n varies from 12.92 and 13.09 e- and, for the T site 13.49 <m.a.n.
< 13.88. The B site is stoichiometric. The W site has m.a.n. ranging from 8.31 to 8.53 ¢".

For the first time we evidence deformation and fracturing of primary Busachi tourmaline and partial
tourmaline replacement by reactive fluids with adequate chemical affinity.

Agrosi G., Bosi F., Lucchesi S., Melchiorre G. & Scandale E. (2006) - Mn-tourmaline crystals from island of Elba (Italy):
Growth history and growth marks. Am. Mineral., 91(5-6), 944-952.

Bosi F. (2018) - Tourmaline crystal chemistry. Am. Mineral., 103(2), 298-306.

Carmignani, L. Oggiano, G. Funedda, A., Conti P. & Pasci S. (2015) - The geological map of Sardinia (Italy) at 1:250,000
scale. Journal of Maps,12(5), 826-835. https://doi.org/10.1080/17445647.2015.1084544

Matteucci & Zucchetti (1965) - Studio dei sistemi di filoni di Tormalinite di Busachi (Sardegna Centrale). Boll. Ass. Min.
Subalpina, 3, 381-396

Tempesta G. & Agrosi G. (2016) - Standardless, minimally destructive chemical analysis of red beryls by means of Laser
Induced Breakdown Spectroscopy. Eur. J. Mineral., 28(3), 571-580.
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Micro-Raman chemical characterization of amphiboles
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Raman spectroscopy is a powerful tool for the identification and characterization of minerals. However, the
assessment of the chemical composition of a mineral belonging to a series starting from its Raman spectrum
is a difficult task, requiring detailed preliminary calibration work. Here we report on the results obtained on
two important families of amphiboles: tremolite-actinolite and glaucophane. In the calcic amphibole series,
sometimes called “nephrite series”, tremolite is the magnesic term (Ca,Mg Si, O,,(OH),), while ferro-actinolite
(Ca,FeSi,0,,(0OH),) is the ferric one. The members of the series can be distinguished by X = Mg/(Mg'Fe*")
ratio: for 0.9< X<1 we have tremolite, for 0.5

Glaucophane (Na,Mg,Al,Si O,,(OH),) is a sodic amphibole, typical component of the “blue schists”. The
substitutions, in particular Fe?* for Mg and Fe** for Al, are frequent. Glaucophane forms a series with ferroglaucophane
Na,Fe*", Al Si,0,,(OH), and magnesioriebeckite Na,Mg Fe**,Si O, (OH),.

18 natural samples of glaucophane and 21 naturals samples of tremolite-actinolite, mostly coming from
Alps, have been studied. The first part of the characterization was carried out by SEM-EDS, in order to have
the elemental composition of the crystals in different points of each sample. Non-polarized micro-Raman
spectra have been obtained on the same points with a Horiba Jobin-Yvon LabRam apparatus with excitation
at 473.1 and 632.8 nm.

The first important source of information on the chemical composition is the OH stretching vibration,
in the high-wavenumber range. The OH-stretching peaks changes in number (1 to 4) and relative
intensity, according to the composition. A simple statistic model is presented to estimate the Mg/(Mg+Fe*")
molar ratio from the areas of the OH stretching peaks for both sodic and calcic families of amphiboles.
At lower wavenumbers, the main Raman feature, at nearly 670 cm, attributed to the Si-O-Si symmetric
stretching, show a splitting in glaucophane increasing with the relative amount of Mg, useful to
estimate the Mg/(Mg+Fe*") ratio. In the case of tremolite-actinolite, the 670 cm™ peak is not splitting but
downshifts with increasing the amount of iron and its position can be used to estimate the Mg/(Mg'Fe®") ratio.
Furhter information can be obtained on Al/(AlY'+Fe**) ratio in glaucophane from the study of the Raman peaks
around ~980 cm™ and ~1040 cm™, attributed to the Si-Ob-Si asymmetric stretching.
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New nomenclature and classification of tetrahedrite-group minerals
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The nomenclature of minerals of the tetrahedrite group has been revised, and the tetrahedrite group has
been formally established (voting proposal IMA 18-K approved by the CNMNC). The key-points of the new
tetrahedrite-group report are the following:

- A member of the tetrahedrite group is a sulfosalt having a considerably collapsed sodalite-like framework
compatible with the general structural formula M®AMD(B4C2)*ID45VY 12597, where A = Cu’, Ag", O
(vacancy); B = Cu’, Ag"; C = Zn**, Fe*', Hg*, Cd*, Mn?*, Cu?*, Cu*, Fe**; D = Sb**, As*", Bi*', Te*'; Y = S%,
Se*; and Z = S*, Se?*, 0. The occurrence of both Me* and Me*"* cations at the M(1) site, in a 4:2 atomic ratio,
is a case of valency-imposed double site-occupancy (Hatert & Burke, 2008). Consequently, samples having
different pairs of B and C dominant constituents must be regarded as separate mineral species. So far, little
attention was paid to the subordinate — yet essential for stoichiometric constraints — C constituents in the
definition of the ideal end-member formulae.

— Each different combination of dominant constituents “B, X®D and SVY deserves a distinct root-name.

— Asarule the dominant M(1)C is included in the mineral name as a hyphenated suffix, e.g., tetrahedrite-(Fe).

— Depending on the Cu*/Ag" ratio, if two minerals have ¥™B = Cu and the same dominant constituent at X®
D and Y, they will be assigned the same root-name. The adjectival prefix “argento” will be added to the
root-name if M@Ag > MACu (no prefix when M@Cu > M@ Ag). Minerals with MYB = Ag deserve a different
root-name.

— The tetrahedrite group is divided into series, on the basis of the combination of M®A, MOB, X3P, and S
Y constituents. So far five series have been recognized: tetrahedrite series, tennantite series, freibergite
series, hakite series, giraudite series. Some unassigned members [goldfieldite, argentotennantite-(Zn), and
rozhdestvenskayaite-(Zn)] belong to other three potential series.

The complex situation within the freibergite series will be discussed in detail. Two minerals exist within that
series, namely argentotetrahedrite-(Fe), Ags(CusFe2)Sb4S13, and kenoargentotetrahedrite-(Fe), Ags(CusFe2)
SbaS120. The latter mineral has (Age)*" clusters surrounding the empty 5®Z site (hence the adjectival prefix
“keno”), whereas in the former mineral the S(2)Z is occupied by the 13th sulfur, giving rise to regular S-centered
Ag’s octahedra.

Hatert F. & Burke E.A.J. (2008) - The IMA—CNMNC dominant-constituent rule revisited and extended. Can. Mineral.,
46, 717-728.
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The mineralogical study of secondary mineral assemblages derived from the Tl-rich pyrite ore deposits
from the southern Apuan Alps allowed the identification of two iron-potassium sulfates structurally related to
metavoltine. The studied sulfate assemblage is mainly formed by melanterite, halotrichite, and alum-(K), with
accessory romerite, coquimbite, alunogen, krausite, and minor goldichite, voltaite, khademite, and two new
iron-potassium minerals, giacovazzoite (IMA 2018-165) and scordariite (IMA 2019-010).

Giacovazzoite, K.Fe’*,0(SO,),-10H,0, occurs as prismatic crystals, up to 0.1 mm in length, orange-
brown in color, with a vitreous luster and {100} cleavage. The empirical formula of this mineral is
K, ,Fe’",,0(80,), ,, 10H,0. Single-crystal X-ray diffraction study gave the following unit-cell parameters: a =
9.4797(2), b = 18.4454(5), ¢ = 18.0540(4) A, B = 92.626(2)°, V = 3153.5(1) A’. Space group is P2 /c.
Giacovazzoite is the natural analogue of the synthetic B-Maus’s Salt (Mereiter and Vollenkle, 1978).

The crystal structure was refined, starting from the atomic coordinates of its synthetic counterpart, to R, =
0.0587 for 10254 unique reflections with F > 4c(F ) and 515 refined parameters. The crystal structure can
be described as formed by a structural unit composed by [Fe**,0(S0O,),(H,0),]> clusters, identical to those
occurring in metavoltine (Giacovazzo et al., 1976), carlsonite (Kampf et al., 2016), and a series of synthetic
compounds, €.g., (Scordari et al., 1994), and by an interstitial complex having formula {K (H,0),}"".

Scordariite has ideal chemical formula K (Fe**| o, ,,)[Fe’",0(SO,),],-14H,0. It occurs as pseudo-hexagonal
tabular crystals, up to 0.5 mm in size, yellowish to brownish in color, with a perfect {0001} cleavage. The
empirical formula of this mineral is (K, , Na,,,).. . (Fe*", JAl ). .0,(SO,),, ,,- 14H,0. Scordariite is trigonal,
space group R-3, with unit-cell parameters a = 9.7509(4), ¢ = 53.525(2) A, V = 4407.4(4) A®. The crystal
structure was solved and refined to R, = 0.0590 for 3527 unique reflections with F > 4c(F,) and 143 refined
parameters. The crystal structure of this phase is layered, with three distinct kinds of layers stacked along ¢ in
the sequence ...ABCBABCB... Layer A has composition {K,(H,0)}*; layer B is characterized by the same
cluster [Fe**,0(S0,),(H,0),]* occurring in giacovazzoite and related compounds, and by an interstitial K* ion;
finally, layer C has composition {K,}[(Fe,Al), .(H,0)]*". The occurrence of Fe*" as the only oxidation state of
iron was confirmed by Mdossbauer spectroscopy collected on an intimate mixture of krausite and IMA 2019-
010, showing only a negligible amount of Fe** [Fe*'/Fe = 0.02(1)].

Giacovazzo C., Scordari F., Todisco A. & Menchetti S. (1976) - Crystal structure model for metavoltine from Sierra
Gorda. Tschermaks Mineralogische und Petrographische Mitteilungen, 23, 155-166.

KampfA.R., Richards, R.P., Nash, B.P., Murowchick, J.B. & Rakovan J.F. (2016) - Carlsonite, (NH,)5Fe**30(SO,),-7H,0,
and huizingite-(Al), (NH,),Al,(SO,),(OH),-4H,0O, two new minerals from a natural fire in an oil-bearing shale near
Milan, Ohio., 101, 2095-2107.

Mereiter V.K. & Voéllenkle H. (1978) - Die Kristallstruktur von B-Pentakalium-[13-oxo0-hexa-p-sulfato-triaquatrieisen(I1I) -
Heptahydrat-eine monocline Modifikation des Mausschen Salzes. Acta Crystallographica, B34, 378-384

Scordari F., Stasi F., Schingaro E. & Comunale G. (1994) - A survey of (Na,H,0",K)5Fe,O(SO,),-H,O compounds:
architectural principles and influence of the Na-K replacement on their structures. Crystal structure, solid-state
transformation and its relationship to some analogues. Zeitschrift fiir Kristallographie, 209, 733—737.
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A new high-pressure silicate, (Mg,Fe,Si),(S1,0)O, with a tetragonal spinelloid structure (space group 14,/
amd), was discovered within shock-melt veins in the Tenham and Suizhou meteorites, two highly shocked
meteorites (Ma et al., 2019). Relative to ringwoodite s.s., this phase exhibits an inversion of Si coupled with
intrinsic vacancies and a consequent reduction of symmetry. Inversion in naturally occurring silicate-spinels is
a new observation, so far reported only in this and in one other recent study (Bindi et al., 2018). It carries the
potential for supporting constraints on high-pressure geothermobarometry and kinetic effects. Most notably,
the spinelloid makes up about 30 to 40 vol% of the matrix of shock veins with the remainder composed
of a vitrified (Mg,Fe)SiO, phase (in Tenham) or (Mg,Fe)SiO,-rich clinopyroxene (in Suizhou); these phase
assemblages constitute the bulk of the matrix in the shock veins. Previous assessments of the melt matrices
concluded that majorite and akimotoite were the major phases. Our contrasting result requires a reconsideration
of the conditions during shock-melt cooling of the Tenham and Suizhou meteorites, revealing in particular a
much higher quench rate (at least 5x10° K/s) for veins of 100 to 500 pm diameter, thus overriding formation
of the stable phase assemblage majoritic garnet plus periclase.

Interestingly, a new high-pressure, Fe-rich, Cr-,Ti-bearing silicate with formula (Fe,Mg,Cr,Ti,Ca,0),(Si,Al)
O, and with a tetragonal /4 /amd spinelloid structure has been recently discovered in a shock melt pocket
during an ongoing nano-mineralogy investigation of the Tissint shergottite (Ma et al., 2019). Also in this case,
the new phase makes up about 30 vol% of the matrix of the shock vein, thus calling for a general revision of
the inferred conditions during shock-melt cooling of highly shocked meteorites.

Bindi L., Griffin W.L., Panero W., Sirotkina E.A., Bobrov A.V. & Irifune T. (2018) - Synthesis of inverse ringwoodite
sheds light on the subduction history of Tibetan ophiolites. Sci. Rep., 8, 5457.

Ma C., Tschauner O., Bindi L., Beckett J.R. & Xie X. (2019) - A vacancy-rich, partially inverted spinelloid silicate,
(Mg,Fe,S1)2(S1,0)04, as a major matrix phase in shock melt veins of the Tenham and Suizhou L6 chondrites. Met. &
Plan. Sci., https://doi.org/10.1111/maps.13312

Ma C., Tschauner O. & Beckett J.R. (2019) - Discovery of a new high-pressure silicate phase, (Fe,Mg,Cr, Ti,Ca,[])2(Si,Al)
O4 with a tetragonal spinelloid structure, in a shock melt pocket from the Tissint Martian meteorite. 50th Lunar and
Plan. Sci. Conf., Abstract #1460.
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Moraesite (Lindberg et al., 1953) is a hydrated berillophosphate with ideal chemical formula Be,(PO,)
(OH)-4H,0. Its structure has been known since 1992 (Merlino & Pasero, 1992) and refined in the space
group C2/c, a = 8.553(6) A, b =12.319(6) A, c = 7.155(8) A, B = 97.93(9)°. The main structural feature of
moraesite is the presence of large structural cavities occupied by water molecules. The latter are implicated in
a complex system of hydrogen bonds where two possible hydrogen bond schemes are equally possible. Few
very weak superstructure reflections were observed (Merlino & Pasero, 1992), indicating that the true unit cell
of moraesite was probably three times larger, with a b parameter of 36.96 A and space group symmetry Cc. It
was suggested by the authors that the ordering of the hydrogen bond system, concerted with minor adjustments
of the structure, could be responsible for the triplication of the b axis. X-ray diffraction data, more recently
obtained through synchrotron radiation, confirmed the occurrence of superstructure reflections which were
indexed on the basis of an unit cell with tripled b axis. The superstructure of moraesite (a = 8.572(3) A, b =
36.9718) A=3 x b, c=7.153(2) A, p=97.72(1)°, space group Cc) was refined up to R = 0.081 for 1789
unique reflections with £ > 4sigma(F ) and 0.0906 for all 2088 data. The structural refinement confirmed that
the triplication of the parameter b is due to the ordering of the two possible hydrogen bonding schemes.

Lindberg M.L., Pecora W.T. & Barbosa A.L.M. (1953) - Moraesite, a new hydrous beryllium phosphate from Minas
Gerais, Brazil. American Mineralogist, 38, 1126-1133.

Merlino S. & Pasero M. (1992) - Crystal chemistry of beryllophosphates: The crystal structure of moraesite, Be2(PO4)
(OH)-4H20, Zeitschrift fiir Kristallographie, 201, 253-262.
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A mineral with chemical formula Ni,As was found for the first time by the Austrian paleontologist Professor
Carl Diener (1862-1928) in a now abandoned mine near Radstradt (Salzburg, Austria) and its physico-chemical
characterization date back to twenty’s. According to Ramdohr (1969) no sample of dienerite was collected
after the first finding while the whole original specimen was used completely in the chemical characterizat ion.
According to Yund (1961), no phase corresponding to dienerite crystallized in the Ni-As system and it was
concluded that, if this phase exists, it must be stable only at a very low temperature (<200 °C). In this light,
the successive results from the experimental study (Gervilla et al., 1994) were not significant at all owing the
experiments carried out only at higher temperatures (450 and 790 °C). Nonetheless, Bayliss (2001) supposed
that a typographic error (i.e. an accidental interchange between As and Ni) in the transcription of the original
chemical analysis led to describe a sample of nickelskutterudite (As3-xNi) as dienerite, which indeed had been
described as cubes greyish-white in color and with metallic lustre. As a consequence of his article, the mineral
went to discreditation (Burke, 2006).

After that time, however, some occurrences of nickel arsenide corresponding to dienerite have been reported
in literature.

In this work, we report the discovery of minute Ni3As inclusions present in an awaruite sample from
the Josephine Creek (Oregon, USA). The structural investigation [a = 9.6206(9) A, sp. gr. 1-43d; R1= 3%)]
confirmed the original stoichiometry and the cubic symmetry thus requiring a revalidation of dienerite as a
mineral species.

Bayliss P. (2001) - Dienerite - a mystification. Min. Mag., 65, 685-687.

Burke E. (2006) - A mass discreditation of GQN minerals. Can. Mineral., 44, 1557-1560.

Gervilla F., Makovicky E., Makovicky M. & Rose-Hansen J. (1994). The System Pd-Ni-As at 790° and 450 °C. Econ.
Geol., 89, 1630-1639.

Ramdohr P. (1969) - The Ore Minerals and their Intergrowths, 1st edition. Pergamon Press, Oxford.

Yund R.A. (1961) - Phase relations in the system Ni-As. Econ. Geol., 56, 1273-1296.
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The Gomati ultramafic body (Chalkidiki peninsula, Northern Greece) is located in the Serbo-Macedonian
Massif, one of the geotectonic terranes composing the Hellenides orogenic belt. Ophiolite occurrences in
this domain have an unclear origin, and consist of altered peridotites hosting scattered chromitite bodies with
massive, schlieren and disseminated textures. These ultramafic bodies are enclosed in the Vertiskos unit,
an alternation of Silurian gneisses and schists, and are sometimes in contact with late Cenozoic granites.
The present work focuses on several accessory minerals in the Ni-Cu-Sb-As system, found in a chloritized
clinopyroxenite in contact with chromitite. The composition of these accessory minerals was determined
through electron microprobe analyses. Well known mineralogical phases are represented by orcelite (NijAs,)
and breithauptite (NiSb), while other detected phases have been either not well described or never reported.

The chemistry of the Gomati minerals clusters around the following ideal stoichiometries: (Ni,Cu),(Sb,As),,
(Ni,Cu),(Sb,As), (Ni,Cu), (Sb,As),, Ni,As, Ni(As,Sb), and Ni (As,Sb),. As orcelite (NijAs,) is a non-
stoichiometric mineral, (Ni,Cu).(Sb,As),, Ni(As,Sb), and Ni (As,Sb), may correspond to Cu and/or Sb-rich
terms of this phase. A mineral phase corresponding to the (Ni,Cu),(Sb,As) stoichiometry was first described in
the Alaskan-type Tulameen complex of Canada as unknown phase by Nixon and Cabri (1990). A phase with
stoichiometry Ni,As is reported by Tredoux et al. (2016), from Bon Accord oxide body (South Africa), and
corresponds to the mineral dienerite, known only from one loose crystal found in Austria in 1921 and recently
discredited my IMA. (Ni,Cu), (Sb,As), probably represents a Cu-rich Sb analogue of the mineral maucherite
(Ni Asy).

Such an anomalous mineral assemblage in the Gomati ophiolite is puzzling. While ultramafic rocks contain
Ni and As of magmatic origin, the presence of Sb and Cu could be indicative of a metasomatic enrichment,
probably linked to the presence of fluids emanating from the granite body in contact with the Gomati ophiolite.

Nixon G.T., Cabri L.J. & Laflamme J.G. (1990) - “Platinum-group-element mineralization in lode and placer deposits
associated with the Tulameen Alaskan-type complex, British Columbia.” The Canadian Mineralogist, 28(3), 503-535.

Tredoux M., Zaccarini F., Garuti G. & Miller D.E. (2016) - Phases in the Ni-Sb-As system which occur in the Bon Accord
oxide body, Barberton greenstone belt, South Africa. Mineralogical Magazine, 80, 187-198.
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Phosphates are the largest group of cave minerals. The PO4 radical combines with some 30 elements to
form over 300 phosphate minerals, out of which more than 100 have been found in different cave settings
(Onac, 2012). Brushite, members of the apatite group, taranakite, and ardealite are the most abundant, all of
the other phosphates are rare. Phosphates occur whenever a cave contains fresh or fossil bat or bird guano or
significant accumulations of bone breccia. Concentrations of bat guano are found primarily in caves situated
in low-latitude humid areas where these organic deposits decompose and form a series of acid fluids and gases
that can interact with the minerals, sediments, and rocks present in the cave. Unlike other cave minerals, the
phosphates do not form spectacular speleothems, but occur as crusts, nodules, lenses, and earthy or powdery
masses. Depending on whether the percolating water passing through guano reacts with carbonate rocks or
clay minerals, Ca-rich or Mg- and Al-rich phosphates will be deposited. Less commonly, the reaction of guano
with ore-derived metals or spontaneous combustion of guano can produce some rare phosphate minerals.

Using various analytical techniques, seventeen phosphate minerals were recognized as secondary products
of guano decay. Among those, some are very rare and result from the interaction of guano leachates with clays,
fluvial deposits, or pyrite. This work reports the mineralogical findings of phosphate guano-related minerals in
a variety of European caves, from Hungary, Slovak Republic, France, Rep. of North Macedonia, and Italy, and
the processes and environmental conditions that control their occurrences.

Onac B.P. (2012) - Minerals. In: White W.B. & Culver D.C. (eds.), Encyclopedia of Caves (2nd Edition). Chennai
Academic Press, 499-508.
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Woodwardite, a member of the Hydrotalcite Supergroup, is a relatively common secondary mineral related
to the alteration of sulphide Cu ore. It is generated by waters with high metal content, low CO, activity,
and circumneutral pH. The crystal structure of the minerals of the Hydrotalcite Supergroup is composed of
brucite-type layers in which a trivalent cation partially substitutes a divalent cation. The net positive charge is
balanced by the entrance of an anionic species in the interlayer, and the general formula for these minerals is
M M (A*)  (OH),-nH,O. Both M** and M*" are in six-fold coordination.

Recently, not negligible concentration (up to 0,1 wt.%) of Rare Earth Elements (REEs) has been observed
in some specimens of woodwardite. Despite many trivalent cations are reported in hydrotalcites and their
synthetic analogues, REEs are not among them. In order to deepen the knowledge of the relationships between
woodwardite and REEs, a synthetic analogue has been obtained and doped with REEs (Consani et al., 2018).

The material obtained from the synthesis had poor crystallinity, turbostratic structure, and consisted of
nanoscopic crystallites. The increase of the a cell parameter obtained with the Rietveld refinement showed
that REEs were incorporated inside the brucite layers. In order to obtain more information on the coordination
sphere around the cations of the brucite layer, Extended X-ray Absorption Fine Structure (EXAFS) was
performed at the Cu k-edge and at the Y L,-edge on Y-doped samples. The observed bond distances with O
for Cu (1,99 £ 0,02 A) was compatible with a six-fold coordination, whereas the Y-O distance (2,37 = 0,02 A)
seemed too big for an octahedral coordination. In particular, the latter bond distance was comparable to the
one reported for Ca in synthetic layered structure (analogous to the mineral kuzelite) by Allmann (1977), who
found that this element was in VII coordination.

It is therefore possible that the incorporation of REEs modified the structure of woodwardite. Further
investigations are needed to solve this issue.

Allmann R. (1977) - Refinement of the hybrid layer structure [Ca2Al(OH)6]+["2S0O4-3H20]-. Neues Jahrbuch fiir
Mineralogie Monatshefte, 3, 136-144.

Consani S., Bali¢-Zunié¢ T., Cardinale A.M., Sgroi W., Giuli G. & Carbone C. (2018) - A Novel Synthesis Routine for
Woodwardite and Its Affinity towards Light (La, Ce, Nd) and Heavy (Gd and Y) Rare Earth Elements. Materials, 11,
130.
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Biotites have a wide physico-chemical stability field; they are ubiquitous in a wide variety of geological
environments and their composition covers a wide range of solid-solutions involving numerous mechanisms
of ionic substitutions.Their composition thus provides significant information for understanding geological
conditions for rock formation.In this work, we studied some mica single-crystals occurring within a lamprophyre
minette from Jersey Island (UK) (El Moutaouakkil & Boukili, 2015) and showing Ti-rich compositions with
a systematic discontinuous inverse zonation.The cores have a Mg# (Mg# = Mg/[Mg + Fetot])of = 0.73 with
high TiO2 contents of = 10%. They are systematically surrounded by inner rims having Mg# = 0.90 with
TiO2 not exceeding 2% and a more external rims with Mg# = 0.67 and TiO2 contents in the range ~ 5.6-
5.7%. These compositional patterns suggest that uncommon processes occurred during the magma evolution,
demanding for novel imaging techniques to be characterized. In the recent years, the advent of modern FTIR
microscopes equipped with bi-dimensional detectors (focal-plane-array, FPA) has revolutionized the world of
mid-IR spectroscopy (Della Ventura et al., 2014) allowing the imaging of substituting cations/anions at high-
resolution. We present here our crystal-chemical results from FTIR imaging of the hybrid phenocrystals from
the Jersey minette coupled to direct analysis of the H content by SIMS. The data show that, differently to what
observed in other cases (Cesare et al., 2003), the substitution mechanism responsible for the exceptional Ti
zoning during the biotite crystallization is theTi-vacancy mechanism whereby the entry of octahedral Ti in the
structure is locally balanced by the creation of empty sites.

Since the Ti-content in biotite has long been considered to be mainly controlled by temperature conditions
(e.g. Patifio Douce, 1993), on a wider scale Ti-rich biotite from Jersey minette suggests the necessity to revise
our knowledge on primary dark mica crystallization in magmas and recalibrate existing inverse thermometric
models based on Ti-substitution mechanisms.

Cesare B., Cruciani G. & Russo U. (2003) - Hydrogen deficiency in Ti-rich biotite from anatectic metapelites (El Joyazo,
SE Spain): crystal-chemical aspects and implications for high-temperature petrogenesis. Am. Min., 88, 583-595.
Della Ventura G., Marcelli A. & Bellatreccia F. (2014) - SR-FTIR microscopy and FTIR imaging in the Earth Sciences.
Rev. Min. Geochem., 78, 447-479, The Mineral. Soc.

El Moutouakkil N. & Boukili B. (2015) - Interactions chimiques au niveau d’une interface micacée cas des phlogopites
magmatiques zonées de la minette de 1’ile de Jersey. Bull. Soc. R. Sci. Liége,84, 175-193.

Patifio Douce A.E. (1993) - Titanium substitution in biotite: an empirical model with applications to thermometry, O2and
H20 barometries, and consequences for biotite stability. Chem. Geol., 108, 133-162.
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Amphiboles are geologically important silicates; their crystal-chemistry is the most complex among the
rock-forming minerals, due to their very flexible structure consisting of several different cationic/anionic sites,
and to the wide chemical substitutions possible at these sites.

There has been significant effort to set-up methods for the crystal chemical analysis of amphiboles, and it is
now clear that the complete definition of a sample composition needs the combined use of different analytical
techniques, due to the presence of (1) multi-valence elements (notably Fe but also Mn or Ti), (2) light elements,
notably H and Li, and (3) the possibility of a partially vacant A-site.

Vibrational spectroscopy in the OH-stretching region has proven to be a very useful tool for addressing
both long-range (LR) and short-range (SR) occupancies in amphiboles, however although much effort
have been focused on FTIR (e.g. Hawthorne & Della Ventura, 2007), few studies have addressed the use
of Raman (Leissner et al., 2015, Sbroscia et al., 2018, Della Ventura et al., 2018) in this spectral range. A
recent comprehensive work by Waeselmann et al. (2019) showed that Raman spectroscopy in the framework
mode region is indeed a very powerful tool to investigate the amphibole crystal-chemistry; the method has
clear inherent advantages over FTIR in that it is totally non-destructive, can be applied on petrographic thin
sections and has a spatial resolution much smaller (1 um vs 20 um for conventional instruments) than micro-
FTIR, implying a great potential also in environmental and biomedical studies (e.g. Della Ventura 2017).
However, the observed wavenumber - local chemistry trends still need further validation that is possible by
the examination of synthetic systems. In this work we show our recent results obtained for Mg-Co substituted
richterites along the Na(NaCa)Mgs5Si8022(OH)2 - Na(NaCa)CosSi8O22(OH)2 join.

Della Ventura G. (2017) - The analysis of asbestos minerals using vibrational spectroscopies. EMU Notes in Miner., 18,
135-169. Mineralogical Soc. GB & Ireland.

Della Ventura G., Milahova B., Susta U., Cestelli Guidi M., Marcelli A., Schliiter J. & Oberti R. (2018) - The dynamics
of Fe oxydation in riebeckite: a model for amphiboles. Am. Min. 103, 1103-1111.

Hawthorne F.C. & Della Ventura G. 2007. Short-range order in amphiboles. Rev. Min. Geochem., 67, 173-222.

Leissner L., J. Schliiter J., Horn 1. & Mihailova B. (2015) - Exploring the potential of Raman spectroscopy for
crystallochemical analysis of hydrous minerals: I. Amphiboles. Am. Min., 100, 2682-2694.

Waeselmann N., Schliiter J., Malcherek T., Della Ventura G., Oberti R. & Mihailova B. (2019) - Non-destructive
determination of the amphibole crystal chemistry by Raman spectroscopy; one step closer. J. Raman Spec., https://
doi.org/10.1002/jrs.5626.

Sbroscia M., Della Ventura G., Iezzi G. & Sodo, A. (2018) - Quantifying the A-site occupancy in amphiboles: a Raman
study in the OH-stretching region. Eur. J. Min. 3, 429-436.
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High-Silica Mordenite (HS-MOR s.g. Cmc2,, a 18.0609(2) A, 5 20.2096(2) A, ¢ 7.4546(1) A, V 2721.0(1)
A%) was characterized by thermogravimetric analysis (TGA), nitrogen adsorption, laser granulometry and in-
situ FTIR spectroscopy. In-situ synchrotron XRPD was performed from room temperature (r7) to 800°C, and
after cooling (rev.) at 150°C and r7. All XRPD data were analysed by Rietveld structural refinement.

The average particle size (Dv50) obtained from laser diffraction is 13.3 um and nitrogen adsorption
detected a micropore volume of 0.22 cm’gr! and a mesopore volume (D= 6-60 nm) of 0.04 cm®gr!. The main
weight loss (8.3%) from TGA, occurs in the r7-150°C T range, while at 800°C is 10.6%. The weight loss
below 150°C can be ascribed to physisorbed and structural, weakly bonded, H,O molecules. Above 150°C
the weight loss (2.3%) is due to the silanols condensation (Martucci et al., 2013), as confirmed by FTIR data.
The Rietveld refinement of r7 structure was performed in both Cmcm and Cmc2, s.g. Since the
acentric Cmc2, better fit the HS-MOR framework and extraframework content, the Cmc2, s.g. was adopted
at all investigated temperatures. Some intensity misfits remain due to structural disorder, mesoporosity and
silanols. 10.3 H,O molecules p.u.c. were located spread over seven sites. The H,O content from XRPD is lower
than the TGA one (14.5 H,O p.u.c.below 150 °C, being physisorbed water and disordered H,O not detectable
by XRPD. All H,O molecules are weakly bonded to framework and are lost below 150°C. At 200°C only one
H,0 site (~1 molecule p.u.c.) is partially ocupied and the complete loss is observed at 400°C. Above 200°C
a slight but continuous unit cell contraction is observed, leading to a linear contraction of 0.67%, 1.18%
and 0.81% for a, b and c respectively. The final volume contraction is 2.64%. This phenomenon is knew
as Negative Thermal Expansion (NTE), and in HS-MOR is mainly related to the deformation of the 12MR
and 8MR channels in the b direction. The a and ¢ directions are indeed stiffened by 4 and 5-membered rings
chains running in these directions. Unlike previous reported NTE zeolites (Leardini et al., 2015), HS-MOR
deformation is not completely restored after cooling, and unit cell parameters at 150°C (rev) and r7 (rev) are
approximately those found at 700°C.

Leardini L., Quartieri S., Vezzalini G. & Arletti R. (2015) - Thermal behaviour of siliceous faujasite: Further structural
interpretation of negative thermal expansion. Microporous and Mesoporous Mat., 202, 226-233.

Martucci A., Cremonini M. A., Blasioli S., Gigli L., Gatti G., Marchese L. & Braschi I. (2013) - Adsorption and reaction
of sulfachloropyridazine sulfonamide antibiotic on a high silica mordenite: A structural and spectroscopic combined
study. Microporous and Mesoporous Mat., 170, 274-286.
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Xenocrysts from Cretaceous pyroclastic vents and tuffs on Mt Carmel, N. Israel record progressively
decreasing oxygen fugacity (fO,) in a magmatic system (Griffin et al., 2018). Grains of vescicular wustite
record fO,near the QFM buffer (fO,=DIW+3-4). Large euhedral crystals of magnesian calcite would have
crystallized near the EMOD buffer (DIW +1.5); high-Sr cores with ¥’Sr/*¢Sr=0.7033 indicate a magmatic origin.
Balls of quenched Fe oxide-silicate and Ti oxide-silicate melts, many with cores of Fe, indicate fO, near IW.
Rubies (to 2 mm) with up to 58 wt% Cr,O, (Esk Crn,) and inclusions of Cr”and Cr nitrides also require fO, near
Iw.

The most abundant xenocrysts are aggregates of skeletal’/hopper crystals of corundum, trapping pockets of
Ca-Mg-Al-Si-O melts with high Ti, Zr and REE. The first phenocrysts in these pockets are Mg-Al-Ti spinel,
followed by tistarite (Ti,0,) and carmeltazite (ZrAl,Ti** O, ). More evolved melts precipitated REE-rich hibonite
(CaAl ,0,,), moissanite and Zr-REE phases. The melt pockets also contain a variety of immiscible carbon-
rich Fe-Ti-Zr silicide/phosphide melts, which crystallised TiC, SiC, TiB,, Ti nitrides and silicide phases. SiC
crystals (up to 4 mm) contain inclusions of Si° melts that crystalized Fe-, Ca- and Al silicides. Crystallization of
SiC and reduction of Ti*" to Ti** require fO, = DIW -7 to -8. The most evolved silicate melts produced coarse-
grained hibonite+grossite+spinel aggregates with inclusions of V° (Griffin et al., 2019) requiring fO, < DIW-9.
These conditions imply a hydrogen-dominated atmosphere, confirmed by the discovery of VH, (Bindi et al.,
2019) and abundant H, in the hibonite crystals.

Paragenetic studies indicate that these xenocrysts formed at ca 1 GPa, close to the crust-mantle
boundary. Zircon studies suggest that the CMB was underplated by mafic magmas from ca 285-100 Ma and
differentiated enough to crystallize large zircons and typical basaltic sapphire. We suggest that lenses of
such residual melts in the underplate were reduced by mantle-derived CH,+H, fluids. Successive stages of
immiscibility modified the melts, and they were desilicated by the separation of abundant silicide melts at fO,=
ca DIW-7, leading to supersaturation of the melts in Al,O, and the rapid crystallization of skeletal corundum.

Bindi L., Camara F., Griffin W. L., Huang J.X., Gain S.E., Toledo V. & O’Reilly S.Y. (2019) - Discovery of the first natural
hydride. American Mineralogist 104, 611-614.

Griffin W.L., Huang J.X., Thomassot E., Gain S.E., Toledo V. & O’Reilly S.Y. (2018) - Super-reducing conditions
in ancient and modern volcanic systems: Sources and behaviour of carbon-rich fluids in the lithospheric mantle.
Mineralogy and Petrology, 112(1), 101-114.

Griffin W.L. Gain S.E., Huang J.X., Saunders M., Shaw J., Toledo V. & O’Reilly S.Y. (2019) - A terrestrial magmatic
hibonite-grossite-vanadium assemblage: desilication and extreme reduction in a volcanic plumbing system, Mt
Carmel, Israel. American Mineralogist, 104, 207-217.
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The scapolite series of minerals represents a complex non-binary solid solution, which end members
are: marialite [Na,Al;Si,0,,Cl], meionite [Ca,AlSi O,,CO,] and silvialite [Ca,AlSi,0,,SO,]. The members
which composition falls on the marialite-meionite joint appears to be the most common in natural occurrences
(Teertstra & Sherrift, 1997; 2]. The members close to marialite on one side and to meionite on the other side,
are usually reported to crystallize in the tetragonal /4/m space group, whereas intermediate scapolites are
usually found in the primitive space group P4./n. In this study, we report a scapolite sample from Madagascar,
which composition falls between those of the end-members marialite and meionite: (Na  Ca K  Fe )
(Al,,Si, )0,,[Cl (CO,) (SO,),,]- Based on both X-ray and neutron single-crystal diffraction data, an
anomalous /-centered lattice (/4/m space group) is observed. This unusual symmetry for an intermediate
scapolite may be assigned to the presence of anti-phase domains too small to be detected by diffraction
techniques. In situ high-7 X-ray diffraction investigations show that the /4/m space group is observed to be

stable at least up to 1000 °C.

Teertstra D.K. & Sherriff B. L. (1997) - Substitutional mechanisms, compositional trends and the end-member formulae
of scapolite. Chemical Geology, 136(3-4), 233-260

Sokolova E. & Hawthorne F.C. (2008) - The crystal chemistry of the scapolite-group minerals. I. Crystal structure and
long-range order. The Canadian Mineralogist, 46(6), 1527-1554.
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Among the iron sulfates found in the Tl-rich pyrite ore formerly exploited at the Monte Arsiccio mine, well-
crystallized specimens of coquimbite were found: they occur as purple pseudo-hexagonal crystals, up to 3 cm
across, closely associated with halotrichite, romerite, melanterite, alunogen, krausite, and, rarely, khademite.

The ideal chemical formula of coquimbite is usually expressed as Fe’*,(SO,),"9H,0. Whereas the first
chemical data on this mineral reported only minor amounts of AL,O, (e.g., Rose, 1833), modern crystallographic
investigations pointed out that Al is likely as essential constituent of this sulfate. Indeed, the presence of Al was
observed by Fang and Robinson (1970), who proposed the formula Fe, Al (SO,),"9H,0. Recently, Yang and
Giester (2018) discussed again the crystal-chemistry of coquimbite, pointing out the necessity of a revision of
its chemical formula. However, their structural data were not supported by chemical analyses; on the contrary,
they reported chemical data showing only minor ALO, (< 1 wt%).

In order to collect further data on coquimbite, we performed a full crystal-chemical characterization of
a specimen from the new Italian occurrence. Chemical data gave (in wt% - average of 20 spot analyses):
S0,42.88(45), AL,0, 4.38(7), Fe,0,22.23(38), H,0 _, 29.10, total 98.59. On the basis 0f 42 O apfu, the formula
of coquimbite is Al Fe, S, O,,-18H,0, ideally AlFe,(SO,),-18H,0.

Single-crystal X-ray diffraction study confirmed that coquimbite is trigonal, space group P-31c, with
unit-cell parameters a = 10.932(1), ¢ = 17.069(2) A, V = 1766.6(4) A>. The crystal structure was refined
to R, = 0.0219 for 1341 unique reflections with ° > 4 o(F ) and 110 refined parameters. Its crystal structure
agrees with previous results (e.g., Yang and Giester, 2018 and references therein) and it is based on isolated
[AI(H,0),]*" octahedra, [Fe*",(SO,),(H,0)]* clusters, and interstitial (H,0) groups. On the basis of both
chemical and structural data, also considering the site multiplicity, the chemical formula of coquimbite should
be correctly written as AlFe,(SO,)(H,0),,6H,0 (Z = 2).

Fang J.H. & Robinson P.D. (1970) - Crystal structures and mineral chemistry of hydrated ferric sulfates. I. The crystal
structure of coquimbite. American Mineralogist, 55, 1534-1540.

Rose H. (1833) - Ueber einige in Siidamerica vorkommende eisenoxydsalze. Annalen der Physik und Chemie, 27, 309-
319.

Yang Z. & Giester G. (2018) - Structure refinements of coquimbite and paracoquimbite from the Hongshan Cu-Au
deposit, NW China. European Journal of Mineralogy, 30, 849-858.
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The carpholite group encompasses hydrated inosilicates with general formula A  M1,M2,M3[(OH,
F),(81,0,)], where 4 =[], K, Ba and Na, M/ = Mn, Mg, Fe, Al, Li and Na, M2 = Al, V**, Fe*" and Ti, and M3 =
Al, Mg, V**, Fe’* and Ti. In the present study the Fe-carpholite from the Pollino Massif, southern Apennines
(Liguride Complex, Frido Unit) has been investigated by combining Secondary Electron Microscopy (SEM),
Single Crystal X-Ray Diffraction (SCXRD), pRaman spectroscopy and in situ High Temperature X-Ray
Powder Diffraction (HTXRPD). Fe-Mg carpholite is known as an index mineral in LT-HP conditions for
blueschist facies rocks, but, in metasedimentary rocks may be the main, or locally the only, evidence of LT-HP
metamorphism (Pourteau et al., 2013).

The results of SEM analyses on thin sections show that the studied carpholite is embedded in quartz and
quartz-calcite veins cross-cutting fine-grained greyish metapelites cropping out close to Viggianello (Potenza,
Italy). The mineral usually exhibits a thin, 200-300 pm long, hair-like, habit. The SCXRD confirms that the
studied Fe-carpholite has Ccce symmetry, as previously found by Fuchs et al. (2001) and references therein,
with a~13.77 A, b~20.16 A, c~5.11 A and V~1419 A®. The structure refinements, that converged at R values
between 2.3 and 3.1%, provided ~38% Mg and ~62% Fe at M1, that corresponds to X = 0.6; the M2 and M3
sites are fully occupied by Al.

Raman spectra, collected on unoriented crystals, evidence, in the high frequency region, two peaks at
3630 and 3593 cm™ which account for the presence of two independent OH groups as also derived from
the structure refinement. Similar results were also reported for the Fe-carpholites in Ferraris et al. (1992)
In situ HT XRD patterns were collected from 30 to 630°C. No modifications are observed in the diffraction
patterns collected from 30 to 380°C whereas a splitting of the reflections occurs starting from 405°C. The
phase is stable up to 630°C and transforms to a spinel phase at 680°C. All these findings, and especially
the in situ HT XRPD results, add further constraints on our knowledge of the thermal behaviour of this mineral
in relation to the thermometamorphic history of metasediments.

Ferraris G., Ivaldi G. & Goftfé B. 1992. Structural study of a magnesian ferrocarpholite: Are carpholites monoclinic? N.
Jb. Mineral., Mh., 337-347.

Fuchs Y., Mellini M. & Memmi I. 2001. Crystal-chemistry of magnesiocarpholite: controversial X-ray diffraction,
Mossbauer, FTIR and Raman results. Eur. J. Mineral., 13, 533-543.

Pourteau A., Sudo M., Candan O., Lanari P., Vidal O. & Oberhinsli R. 2013. Neotethys closure history of Anatolia:
insights from 40Ar-39Ar geochronology and P-T estimation in high-pressure metasedimentary rocks. J. Metamorph.
Geol., 31, 585-606.
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Aragonite is thermodynamically metastable at near-surface conditions, and still it is relatively widespread
in marine and terrestrial sediments. In this contribution we propose the detailed chemical and crystallographic
analysis of fresh aragonitic precipitates. Wet samples, collected from a dolomitic cold cave in the East Alpine
range, were directly taken from underground dripping water and from the surface of aragonite speleothems.
Calcium carbonate nano- and microcrystals are always found in association with magnesite and hydromagnesite
and incorporate variable amounts of magnesium and possibly hydroxyl groups.

The typical size of the analyzed precipitates ranges from some tens of nanometers to few microns. Advanced
electron crystallographic tools were therefore necessary for a proper structural characterization. Indeed, in the
last ten years electron diffraction (ED) turned into a robust protocol for phase identification and ab-initio
structure determination. Such evolution was mostly propelled by the development of semi-automatic routines
for 3D data collection (Mugnaioli & Gemmi, 2018). The concept at the basis of 3D ED is the same as for
single-crystal X-ray diffraction, but electrons allow sampling single crystals 10 to 1000 times smaller, despite
the presence of surrounding crystals of other mineralogical phases.

3D ED revealed that first calcium carbonate precipitates have a structure strictly related to conventional
aragonite. Still, diffuse scattering and satellite reflections appear along aragonite {110} and point to a reduction
of symmetry into the monoclinic system (Németh et al., 2018). Following the order-disorder description
of aragonite proposed by Makovicky (2012), such disorder can be associated with the same mechanism
responsible for the twinning in mature aragonite. The frequent (or systematic) inversion of the stacking vector
can be imposed by the incorporation of magnesium in the structure, whose atomic radius and coordination
significantly differ from those of calcium. In turn, the necessity to include magnesium and hydroxyl groups in
the lattice may be the very factor that favors the crystallization of aragonite in respect to calcite, which should
otherwise be the stable mineral phase at near-surface conditions. Such ‘monoclinic-aragonite’ seeds might
therefore represent the key step for the formation of large amount of metastable aragonite sediments.

Makovicky E. (2012) - Twinning of aragonite —The OD approach. Mineral. Petrol., 106, 19-24.

Mugnaioli E. & Gemmi M. (2018) - Single-crystal analysis of nanodomains by electron diffraction tomography:
mineralogy at the order-disorder borderline. Z. Kristallogr., 233, 163-178.

Németh P., Mugnaioli E., Gemmi M., Czuppon G., Demény A. & Spétl C. (2018) - A nanocrystalline monoclinic CaCO3
precursor of metastable aragonite. Sci. Adv., 4, eaau6178.
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Syenite xenoliths frequently occur in pyroclastic sequences erupted during the Holocene volcanic activity
of the Azores archipelago (Portugal). In particular syenite xenoliths occurring at Agua de Pau volcano (Sio
Miguel island) are characterised by a peculiar mineralogy of minor components: apatite, titanite, aenigmatite,
eudyalite, zircon, chevkinite, pyrochlore, and dalyite. Furthermore, several REE and REE-bearing minerals
have been also reported and recently new minerals were discovered in the Agua de Pau syenites (chiappinoite,
Kampf & Housley, 2015; fogoite Camara et al., 2017).

In the course of a research project dealing with the mineralogical and petrographic characterization of
minerals from Azores rocks (Nazzareni et al., 2019), we carried out a preliminary combined chemical (SEM-
EDS) and structural (single-crystal X-ray diffraction) study. During this study, we identified: zircon, pyrochlore,
Fe-katophorite, Nb-bearing titanite, zircon, monazite, Zr- and Nb-bearing astrophyillite, chevkinite-(Ce),
steacyite, chiappinoite, euxenite, dalyite, wulfenite, moissanite and native Zn.

Here we focused on pyrochlore and monazite, which have a large chemical variation, as well as chevkinite,
steacyite and chiappinoite. A still unidentified phase with V,Ti,Fe composition associated to moissanite is
under investigation. A detailed crystal-chemical study of the minor phases present in the Agua de Pau syenites
may help to understand the processes related to the REE enrichment of the syenitic magma.

Camara F., Sokolova E., Abdu Y.A., Hawthorne F.C., Charrier T., Dorcet V. & Carpentier J.-F. (2017) - Fogoite-(Y),
Na,Ca,Y,Ti(5i,0,),0F,, a Group I TS-block mineral from the Lagoa do Fogo, the Fogo volcano, Sio Mlguel Island,
the Azores: Description and crystal structure. Min. Mag., 81(2), 369-381.

KampfA.R. & Hous:.ley R.M. (2015) - Chiappinoite-(Y), Y2Mn(Si,0.),, a new layer silicate found in peralkaline syenitic
ejecta from the Agua de Pau volcano, Azores. Eur. J. Mineral., 27(1), 91-97.

Nazzareni S., Nestola F., Zanon V., Bindi L., Scricciolo E., Petrelli M., Zanatta M., Mariotto G. & Giuli G. (2019) -
Discovery of moissanite in a peralkaline syenite from the Azores Islands. Lithos, 324-325, 68-73.
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Lorandite is a Thallium Arsenic sulfosalt found in low-temperature mineral assemblages with other Fe,
Pb and As sulfides (Fleet,1973) most common in Allchar deposit (Kavardaci, Rep. of North Macedonia). The
genesis is related to hydrothermal fluids in Pliocenic magmatic activity (Amthauer et al., 2012). Lorandite is
commonly exploited 1) as ore mineral for Tl extraction and 2) as natural detector for solar neutrinos. The
205TI + v = 205Pb + ¢” decay (Freedman et al., 1976; Stafilov et al., 1994) is triggered by neutrino fluxes
and investigated by the LOREX experiment (Amthauer et al., 2012). Determination of 205Pb give useful
information about the neutrino activity (Stafilov et al., 1994). Even if Lorandite detector is still used today,
the most recent crystallographic characterization of this mineral was made in 1973 (Fleet, 1973). It has been
decided to update this information with a new investigation. The structural refinement of lorandite at RT was
performed on single-crystal data obtained using a Nonius four cycle diffractometer equipped with a CCD
detector and MoKa radiation. The atomic scattering curve of As, Tl and S were used for structure refinement.
The DENZO-SMN (Otwinowski et al., 1997) package was used for the refinement of the unit-cell. The
SHELXL (Sheldrick, 2015) program was employed for the crystal structure refinement. Systematic extinctions
were consistent with the topological monoclinic P2 /c space group. Positional parameters determined in the
present study show marked discrepancies from those reported in the original work (Fleet, 1973). The most
evident are significantly shorter bond lengths between Tl and S and longer bond length between As and S. The
average T1-As bond lengths and Volume are different for T11 and TI2 polyhedra (T11-As Average bond length
=3.3009 A; Polyhedral volume = 46.4341 A’; TI2-As Average bond length = 3.2166 A; Polyhedral volume=
38.9519 A®). The bonds from non-equivalent As atoms to the non-bridge S are different with respect those
reported by Fleet, thus suggesting different S environment and distances between adjacent chains.

Amthauer G., Pavicevic M. K., Jelenkovic R., El Goresy A., Boev B. & Lazic P. (2012) - State of geoscientific research
within the lorandite experiment (LOREX). Miner. Petrol., 105, 157-169.

Fleet M.E. (1973) - The crystal structure and bonding of lorandite, TI2As2S4. Z. Kristallogr., 138, 147-160.

Freedman M.S., Stevens C.M., Horwitz E.P., Fuchs L.H., Lerner J.L., Goodman L.S., Childs W.J. & Hessler J. (1976) -
Solar neutrinos-proposal for a new test. Science, 193, 1117-1119.

Otwinowski Z. & Minor W. (1997) - Processing of X-ray Diffraction Data Collected in Oscillation Method, Macromolecular
Crystallography Part A. Methods Enzymology, 276, 307-326.

Sheldrick G.M. (2015) - Crystal structure refinement with SHELXL. Acta Cryst., C71, 3-8.

Stafilov T., Aleksovska S. & Jordanovska V. (1994) - Determination of lead in lorandite and marcasite from Allchar by
electrothermal atomic absorption spectrometry, Neues Jahrb. Mineral., Abh., 167, 401-408.
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Accessory minerals are able to incorporate trace-elements whose content is affected by factors that include
lattice strain, melt polymerization and the water content of the melt. Most of High Field Strength Elements
(HFSE) including rare earth elements (REE), yttrium (Y), zirconium (Zr), hafnium (Hf), niobium (Nb), and
tantalum (Ta) are used in a vast array of devices such as lasers, electronic screens, permanent magnets, battery
alloys, and ceramics. A worldwide increasing demand on HFSE supply raised the interest on exploiting
new deposits, improving extraction processes and REE recovery from waste for reuse. In this framework,
understanding the physical and chemical properties of REE- and REE-bearing minerals become critically
important.

Pyrochlore-group minerals are among the most common HFSE-bearing minerals. In particular they
represent the main ore mineral for Nb. Pyrochlore can be found in carbonatites magmas and alkaline magmas
as an accessory mineral. Their structure is characterised by a [8]-fold and a [6]-fold cations sites where HFSE
cations can enter by a complex substitutions scheme. Na, Ca, Ba, Y, Ce (and other REE) may be hosted in A
site, whereas the B site may host Ta, Nb, Ti. The X and Y sites can host OH, F, H20 and vacancies.

We selected natural Na-pyrochlore and microlite from the Agua de Pau syenites (Azores islands, Portugal),
Chelyabinsk Oblast (Urals region, Russia) and Yenisei Ridge (Siberia Russia). Selected samples contain
different amounts of Na, Ca, Ta, Nb, Ti, and in minor concentration Ba, Ce, Y, F, that results in a colour span
from yellow to orange to red-orange. Infrared microspectroscopy (IR) and single-crystal X-ray diffraction
measurements were performed on the same crystals aiming to characterise the influence of cations substitutions
on the structure of pyrochlore-group minerals. IR measurements collected in a transmission configuration in an
energy range between 80 and 600 meV reveal several bands varying accordingly with samples composition and
provide direct access to the chemical coordination of crystal sites. A detailed characterisation of pyrochlore
crystals will better define the physical and chemical properties of the pyrochlore-structure type, giving some
insights on the mechanisms of HFSE incorporation and eventually their extraction.
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The stability of carbonates under mantle conditions is strongly influenced by chemical and structural features
of the minerals and shows a wide variation. Calcite transforms to calcite-II at ~1.5 GPa (Harris et al., 1998),
MgCO3 to MgCO3-11 occurs at 82 GPa (Oganov et al., 2008), and dolomite to dolomite-II at ~17 GPa (Zucchini
et al., 2014; Merlini et al., 2012). Moreover, disordering and the addition of Fe to carbonates strongly influence
the stability of their crystal structure (Zucchini et al., 2017; Cerantola et al., 2017). The present work examines
thermal disordering in Fe-dolomite as a function of Fe content. Annealing experiments were performed using
a piston-cylinder apparatus at Bayerisches Geoinstitut (University of Bayreuth, Germany) on samples with
Fe content from 0 to 0.55 a.p.f.u. in the temperature (T) range 450—1200 °C. The crystal structure of the
annealed samples was refined from single-crystal X-ray diffraction data and results show that the critical T for
disordering is 1000-1100°C for stoichiometric dolomite and it decreases to 850-1000°C as Fe content ~0.26
a.p.f.u.. In contrast, as Fe content >0.5 a.p.f.u., a continuous disordering process is observed. Moreover, the
thermally induced structural disorder in Fe-dolomite is not quenchable. Reordering occurs during quench and
twinned and partially disordered domains develop. Analysis of Fe-dolomite data, both ordered and disordered,
is still underway to elucidate the influence of Fe content and disordering on the stability field of the mineral.

Cerantola V., Bykova E., Kupenko I., Merlini M., Ismailova L., McCammon C., Bykov M., Chumakov A_I., Petitgirard S.,
Kantor L., Svitlyk V., Jacobs J., Hanfland M., Mezouar M., Prescher C., Riiffer R., Prakapenka V.B. & Dubrovinsky L.
(2017) - Stability of iron-bearing carbonates in the deep Earth’s interior. Nat. Commun., 8, 15960.

Harris M.J., Dove M.T., Swainson I.P. & Hagen V. (1998) - Anomalous dynamical effects in calcite CaCO3. J. Phys.
Condens. Matter, 10, L423-1.429.

Merlini M., Crichton W.A., Hanfland M., Gemmi M., Miiller H., Kupenko 1. & Dubrovinsky L. (2012) Structures of
dolomite at ultrahigh-pressure and their influence on the deep carbon cycle. PNAS, 109, 13509-13514.

Oganov A.R., Ono S., Ma Y., Glass C.W. & Garcia A. (2008) - Novel high-pressure structures of MgCO3, CaCO3 and
CO2 and their role in Earth’s lower mantle. EPSL, 273, 38-47.

Zucchini A., Comodi P., Nazzareni S. & Hanfland M. (2014) - The effect of cation ordering and temperature on the high-
pressure behaviour of dolomite. Phys. Chem. Miner., 41, 783-793.

Zucchini A., Prencipe M., Belmonte D. & Comodi P. (2017) - Ab initio study of the dolomite to dolomite-II high-pressure
phase transition. Eur. J. Miner., 29, 227-238.
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From the Roman times to nowadays the exploitation of natural resources has been of primary importance
for the expansion and developments of cities and population in general. As long as for more precious natural
materials, like gold and silver, even the exploitation of limestones and other lithotypes of stones for building
purposes, as the production of quicklime, hydraulic lime and cements, has covered and still has a great
importance (Cantisani et al., 2018; Fratini et al., 1994). The limestone exploitation to produce mortar and
concrete in the territories of Florence and Prato has been active in the area from the Roman times (Cantini
et al., 2017; Raneri et al., 2018). The main goal of this paper is to characterize the different lithotypes useful
to the production of cement and limes for mortar production in this area by mean of chemical, mineralogical
and petrographic studies and by defining their physical and mechanical properties. This study analyses stone
samples from different quarries, one from the province of Prato, Mt. Calvana, and two quarries from the
province of Florence, Settimello and Greve in Chianti. A mapping of these quarries and a comparison between
the chemical, mineralogical and petrographic characteristics and physical and mechanical properties of these
lithotypes are made.

Cantini F., Abriani A., Belcari R., Benedetti F., Carrera F.M.P., Fatighenti B., Gala L.S.D., Lezzerini M., Marani F.,
Meneguzzi C., Raggi A., Raneri S., Sagliuoccolo A., Stiaffini D. & Tumbiolo G. (2017) - La villa dei “Vetti” (Capraia
e Limite, FI): archeologia di una grande residenza aristocratica nel Valdarno tardoantico. Archeologia Medievale, 44,
9-71.

Cantisani E., Falabella A., Fratini F., Pecchioni E., Vettori S., Antonelli F., Giamello M. & Lezzerini M. (2018) - Production
of the Roman Cement in Italy: characterization of a raw material used in Tuscany between 19th and 20th century and
its comparison with a commercialized French stone material. International Journal of Architectural Heritage. https://
doi.org/10.1080/15583058.2018.1431730.

Fratini F., Giovannini P., Manganelli D. & Del Fa C. (1994) - La Pietra da calce a Firenze: ricerca e caratterizzazione dei
materiali per la produzione di ‘calcina forte’ e ‘calcina dolce, Atti del Convegno di Studi “Scienza e Beni Culturali n°
10: Bilanci e Prospettive”, Bressanone 5-8 Luglio 1994, 189-199, Libreria Progetto Editore, Padova.

Raneri S., Cantini F., Belcari R., Baldanza A., Bertinelli A., Lorenzetti G., Legnaioli S., Mazzoleni P. & Lezzerini M.
(2018) - Building materials and architectural models in late Roman Tuscany. Archaeometric studies on mortars, stones
and vitreous tesserae from “Villa dell’Oratorio” (Florence). Mediterranean Archaeology and Archaeometry, 18 (5),
109-129. https://doi.org//10.5281/zenodo.1285889.
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Since its advent (a decade ago) the Drop on Demand Ink-Jet Printing (DOD-1JP) is increasingly used
worldwide to decorate ceramic tiles (Digital Decoration, DD). The introduction of this technique has forced
pigment manufacturers towards a paradigm shift: the way colorants are applied onto the ceramic tiles and
the technological requirements for pigments and dyes are completely changed. Indeed, the finished product
is no longer a powdered colorant, but a micronized pigment dispersed in a carrier, namely an ink. Ceramic
inks are produced by means of a high-energy ball milling process to reduce the particles of pigment from
micrometric to submicronic size (i.e., micronization down to median diameters, d,, of 0.2-0.5 um). Along
with several advantages (non-contact decoration, high-quality images, print on textured surfaces, less
wastage of inks and additives, and no need for screens), DOD-IJP also entails strict requirements, among
which ensuring that >99% of the pigment particles are less than 1 um in diameter (Hutchings, 2010). Being
mainly dependent on the specific energy input (i.e., on the energy supplied to the grinding chamber in relation
to the mass of product), pigment micronization down to the requested particle size proves to be the most
energy-consuming comminution process per unit weight of product (Wang Y. & Forssberg, 2007). It derives
that comminution of ceramic pigments is a key issue for ink production, which has strong repercussions
on color strength, mechanical properties and resistance to amorphization of the pigment crystal structure.
Based on size-energy relationships in comminution processes, as well as on the concept of pressure-induced
amorphization in crystal structures, this contribution is aimed at providing a new viewpoint on the micronization
effects during the comminution of ceramic pigments.

Experimental data on the comminution of representative industrial ceramic pigments (with zircon-, rutile-,
spinel-type crystal structure) as micronized in a pilot plant have been selected from literature. Besides to
confirm the suitability of the Rittinger’s law in the submicrometric range of particles size, the energy
dissipated by the comminution process is found to be proportional to the number of iterations during the
micronization. In addition, different rates of micronization of three spinel-type pigments (CoFe,O,, CoALO,,

and Co,Fe ..Cr ,O,) point out a new relationship between grindability of a ceramic pigment and its density
(or bulk modulus). A new interpretation on the degree of ceramic pigments amorphization after prolonged

comminution is also conceived.

Hutchings I. (2010) - Ink-jet printing for the decoration of ceramic tiles: technology and opportunities. In: Proceedings of
the 12th World Congress on Ceramic Tile Quality, QUALICER, Castellon (Spain). 1-16.

Wang Y. & Forssberg E. (2007) - Enhancement of energy efficiency for mechanical production of fine and ultra-fine
particles in comminution. China Particuol., 5, 193-201.
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Eni Carbon Silicates (ECSs) form a new class of crystalline hybrid organic-inorganic metallosilicates
synthesized using bridged silsesquioxanes (R’0),Si-R-Si(OR’),(R=phenylene, biphenyl, naphthenyl;
R’=methyl, ethyl) as the sole silicon source and NaAlO, or Ga(i-PrO), as sources of trivalent element (e.g.,
Millini & Bellussi, 2016 and references ins.). Several ECS phases have been synthesized so far by slightly
varying the composition of the reaction mixture; the structural characterization of many of them evidenced
that all the hybrid phases known so far are invariably composed of a regular stacking of covalently bonded
organic and inorganic layers, which alternate along the stacking direction (Bellussi et al., 2012a; Bellussi et
al., 2012b; Bellettato et al., 2014). The interest towards this class of materials arises from the possibility of
combining advantages of both organic (functionality and flexibility) and inorganic (thermal, mechanical and
structural stability) components, thus making ECSs attractive for applications in different fields. Based on
the wide range of applications, to investigate ECSs thermal behaviour and characterize their structure under
operating conditions is fundamental to predict and optimize the working environment. With this purpose,
different ECS samples (i.e., ECS-17, Ga-ECS-17 and ECS-14) were analysed through temperature-resolved
powder X-ray diffraction. Data were collected at the ID22 Beamline of ESRF from Room Temperature to
590 °C (heating rate = 5 °C/min). Rietveld refinements of diffraction patterns were carried out using the
GSAS software package (Larson & von Dreele, 1994). The experimental approach used gave information
about the framework flexibility, monitoring framework geometry variations and studying the rearrangement of
alkali metal ions and their interactions with the framework oxygen atoms upon heating; moreover, desorption
kinetics in real-time conditions were determined, highlighting the influence of dehydration processes on the
structural stability of ECSs phases. These informations are crucial to improve efficiency of ECSs as catalysts
as well as for applications such as gas-sensor devices, wavelength converters, and antenna systems (Tani et al.,
2009), where they are employed as donor.

Bellettato M., Bonoldi L., Cruciani G., Flego C., Guidetti S., Millini R., Montanari E., Parker Jr. W.0. & Zanardi S.
(2014) - Flexible Structure of a Thermally Stable Hybrid Aluminosilicate Built with Only the Three-Ring Unit. J.
Phys. Chem., C 118, 7458-7467.

Bellussi G., Montanari E., Di Paola E., Millini R., Carati A., Rizzo C., Parker W.O.Jr., Gemmi M., Mugnaioli E., Kolb U.,
Zanardi S. (2012a) - ECS-3: A Crystalline Hybrid Organic—Inorganic Aluminosilicate with Open Porosity. Angew.
Chem. Int. Ed., 51, 666-669.

Bellussi G., Millini R., Montanari E., Carati A., Rizzo C., Parker W.O., Cruciani G., De Angelis A., Bonoldi L. & Zanardi
S. (2012b) - A highly crystalline microporous hybrid organic—inorganic aluminosilicate resembling the AFI-type
zeolite. Chem. Commun., 48, 7356-7358.

Larson A.C. & Von Dreele R.B. (1994) - General structure analysis system, report LAUR 86-748. Los Alamos National
Laboratory Report LAUR, 86.

Millini R. & Bellussi G. (2016) - Hybrid organic—inorganic zeolites: status and perspectives. Catal. Sci. Technol., 6, 2502-
2527.

Tani T., Mizoshita N. & Inagaki S. (2009) - Luminescent periodic mesoporous organosilicas. J. Mater. Chem., 19, 4451-
4456.

84


mailto:bltgdi@unife.it

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

H2020 GECO - Geothermal Emission Control- Project

Boschi C.*!, Baneschi I.!, Bonini M.!, Brogi A."?, Dini A.!, Gola G.!, Lelli M.}, Liotta D.!2, Norelli F.!,
Manzella A.!, Montanari D.!, Montegrossi G.!, Orlando A.!, Raco B.!, Rielli A.!, Ruggieri G.!, Santilano A.!
& Trumpy E.!

' IGG-CNR, Institute of Geosciences and Earth Resources, Italy.
2 University of Bari, Department of Earth and Geoenvironmental Sciences, Italy.

Corresponding email: chiara.boschi@igg.cnr.it

Keywords: Geothermal assessment, CO2 sequestration, geological modelling, reservoir simulation.

GECO project, GECO standing for “Geothermal Emission COntrol”, is an EU funded project through the
Horizon 2020 Research and Innovation programme. GECO aims to develop near Zero Emission Geothermal
Power Plants. The challenge of the project is to test advanced technologies where gas emissions (mostly steam
and CO2) from geothermal power plant are condensed and re-injected in the geothermal reservoir, or turned
into commercial products, throughout CO2mineral sequestration. The 18 GECO partners from 9 countries
are committed to characterise 4 different demonstration sites located in Iceland, Italy, Germany and Turkey
providing a pre-feasibility assessment of the baseline reservoir conditions and to demonstrate the feasibility of
the re-injection (including NGC’s) of geothermal fluids.

In Italy, the demonstration site is located at Castelnuovo, few kilometres northeast from Larderello
geothermal area where a deep, superheated steam reservoir with 8% of expected NGCs (98% CO2, 2% H2S)
is hosted mainly in the metamorphic units and characterised by temperature ranging between 300° and 350°C
and pressure up to 70 bar at depths ranging from 3.5 and 4 km. For the pre-feasibility assessment of the
Castelnuovo (Italy) site a structural, geological, geophysical (MT fieldwork) and geochemical (CO2diffuse
degassing measurements) integrated approach is ongoing, in order to produce different scales and typologies
of modelling. A first level of modelling consists of a geological regional model (about 25 Km x 37 Km) and a
steady state thermal regional model, where existing data and information from structural geologic, geophysical
and geochemical field works are embedded. The geometries from geological regional model and the natural
thermal state of the underground are acting as input and boundary conditions for the reservoir modelling. The
reservoir modelling is the second level of modelling, i.e. local model, and is carried out to assess the exploitation
scenario accounting for injection and production. Moreover, at reservoir scale, geochemical modelling of the
gas-water-rock interaction during the exploitation is ongoing to predict the fate of reinjected fluids at depth.
Laboratory experiments will also provide some constrains on the fluid-rock geochemical reactions expected
in the reservoir as consequence of re-injection. In addition, based on poro-elasticity model, the setting of fully
coupled thermo-hydro-mechanical models is furthermore performed to evaluate the stress-strain relationship
under injection conditions

The preliminary results of the different kind of modelling will be the used during the project as base to
demonstrate the feasibility of the geothermal fluids reinjection. The methodology used in the Castelnuovo
site can be easily reused in different plays and context and even for different purpose where natural reservoir
behaviour has to be investigate.
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The Geological Survey of Italy (SGI) of ISPRA is developing a geodatabase aiming at collecting all
relevant information from available sources (CARG project, historical geological maps, national census of
active mines and quarries, data from regional/provincial databases and mining plans, inventory of historical
mining sites, network of national parks and mine museums, etc.). Taking advantage of the preliminary results
of the Minerals4EU project (Minerals Intelligence Network for Europe), the PostgreSQL database is being
designed with an INSPIRE compliant architecture.

The main purpose is to define the national situation of mineral resources from mines and quarries including
the geological, environmental and economic aspects, with particular attention to the environmental impact of
mining practices and the potential exploitation of the decommissioned mining assets and the extracted waste
piled up over time.

So far, all the active quarries and mines within the national territory have been identified and georeferenced.
About 90% of the mines opened since 1870 have been located too.

Each coded mining site has associated information related to data sources, type of mining site, state of
activities, type of extracted ore, type of management, environmental situation of the site. The estimate of the
resources and reserves amount is more problematic.

Due to the partition of competences attributed to the regional authorities by the Italian legislation, it is
necessary to establish contacts and make agreements with numerous local bodies, each one with different rules
and competences that must be considered and respected.

Therefore, for the success of this project it is essential to build flexible spaces of dialogue and loyal
collaboration. Based on that, ISPRA is coordinating a Thematic Table of the Italian Geological Services
Network with the participation also of the Regional Offices for Mining, with the collaboration of Istat and
Unmig.

Within these areas of dialogue, the Geological Survey of Italy hopes that GeMMA can become a valid
support tool for the development of national and regional policies oriented towards the sustainable production
and efficient use of primary and secondary mineral resources, in a circular economy perspective.
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Since the prehistoric era earth pigments are widely adopted in art, among them red and yellow ochre are
the most common (Hradil et al., 2003). The first owes its colour to the mineral hematite [a-Fe203] and can be
directly collected in nature or obtained through a thermal-oxidative treatment applied to yellow ochre, which
is mostly made of the mineral goethite [a-FeO(OH)] (Cornell & Schwertmann 2000). A purple pigment based
on hematite, called Caput mortuum, is often reported in wall paintings, even if the term was introduced only
in the XVIII century, at the same time as the introduction of the first purple synthetic iron oxide (Mars’ violet)
(Eastaugh et al., 2008). In this study, different Fe-rich compounds were used as starting material. Specimen of
natural origin have been selected and sampled on Italian territory; hematite, goethite and magnetite of synthetic
origin have been used as starting and reference materials in regard of their homogeneous particle size and shape.
The study of chemical-morphological changes of the synthetic powders lays the foundation for understanding
what could happen with natural materials where genesis conditions are not controlled. Moreover, it allows
determining the role of impurities, inevitable in nature, and to assess their necessity for achieving the colour
purple. The samples were subjected to different thermal-oxidative and mechanical treatments, all available in
antiquity. The most encouraging, deemed suitable to obtain the colour of the Caput mortuum, are those with a
starting high content of iron oxides: they were analysed through Scanning Electron Microscopy (SEM), X-ray
Powder Diffraction (XRD) and Reflectance analyses. It has been demonstrated that the easiest way to obtain
Caput mortuum is through grinding of crystalline hematite, but the thermal treatment allows more control
on the final hue, that is achieved by heating at T>900 °C. The macroscopic change in optical behaviour was
mostly ascribed to a percentage of particles present in a precise dimensional span, that induce the scattering
phenomena causing the perception of purple. Besides, a variation in the local crystallographic structure of
Fe202 was hypothesised according to the reflectance spectra behaviour; it shows a shift in the band assigned
to the electron pair transition (EPT) between adjacent Fe cations. This information enriches the knowledge on
Fe-based pigments and can be used for a more accurate diagnostic identification.

Cornell R M. & Schwertmann U. (2000) - The Iron Oxides, Structure, Properties, Reactions, Occurrences and Uses.
Wiley-Vch, Weinheim

Eastaugh N., Walsh V., Chaplin T. & Siddall R. (2008) - Pigment Compendium - a dictionary and optical microscopy of
historical pigments. Routledge, New York

Hradil D., Grygar T., Hradilova J. & Bezdicka P. (2003) - Clay and iron oxide pigments in the history of paintingy.
Applied Clay Science, 22(5), 223-36.
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Nowadays, the availability of the natural mineral resources is not always able to meet the demands and
it requires higher and higher energetic and environmental costs. As a consequence of the growth of the
population that involves the construction of an increasing number of infrastructures, the sustainable supply of
raw materials used for the production of aggregates has become a topic of fundamental importance.

With regard to sustainability, the use of residues from waste-to-energy plants for urban waste is included:
after moderate treatments, they can find a role of raw materials in the construction of works, reducing the need
to find additional natural resources and related problems for their disposal or storage.

Bottom ashes reuse is a common practice in many countries of Europe, and even in Italy, most of the
bottom ashes from MSWI (Municipal Solid Waste Incinerators) is used, depending on the legislation, for the
production of aggregates for civil infrastructures.

The aim of the present study is to characterize the bottom ashes taken by a plant located in the Northern part
of Italy, applying a multidisciplinary approach. Some inertization techniques, as the natural and the accelerated
carbonation, are also tested to reduce the release of polluting substances in the environment. The carbonation
process involves the absorption of carbon dioxide by an alkaline material, as bottom ash, decreasing pH and
making calcite precipitate (Van Gerven et al., 2005; Nam et al., 2012). The interaction of carbon dioxide with
municipal solid waste incinerator (MSWI) bottom ash has been studied to investigate the resulting changes in
pH and bottom ash mineralogy and the impact that these changes have on the mobility of dangerous substances,
especially heavy metals. This process can be natural, in an open environment, or accelerated, using laboratories
reactors to study the variation of time, temperature and humidity to maximize the carbonation process. We have
compared these two methods to evaluate the possibility of a reuse of bottom ashes, respecting the European
legislation threshold limits.

Van Gerven T., Van Keer E., Arickx S., Jaspers M., Wauters G. & Vandecasteele C. (2005) - Carbonation of MSWI-
bottom ash to decrease heavy metal leaching, in view of recycling. Waste Management, 25(3), 291-300.

Nam S.-Y., Seo J., Thriveni T. & Ahn J.-W. (2012) - Accelerated carbonation of municipal solid waste incineration
bottom ash for CO2 sequestration. Geosystem Engineering, 15(4), 305-311.
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The Florida Canyon Project is located in the Northern Peru in the sub-Andean fold-and-thrust belt in the
upper Amazon River Basin. The mineralization is hosted by the dolomitized carbonate rocks of the Chambara
Formation (Pucara Group, Upper Triassic to Lower Jurassic), and consists of both Zn-Pb sulfide and nonsulfide
ores. The project comprehends several ore bodies named San Jorge, Central, Karen-Milagros, and Sam, mostly
developed in correspondence of fault zones or karsts.

The resources of Florida Canyon have been calculated so far at 12.1 Mt, grading 10.7% Zn and 1.2% Pb
(Hunt et al., 2017), and are mostly represented by sulfides (especially in the Karen-Milagros area). However,
recent explorative drilling has found abundant nonsulfide intersections in other areas of the project, up
to 500 m in depth (de Oliveira et al., 2019). These nonsulfide bodies have an irregular distribution, being
represented by new-formed minerals in veins or cavities, but also by direct replacements of former sulfides.
The primary sulfides mostly consist of low-Fe sphalerite and Ag-bearing galena with less pyrite, and share
several characteristics with typical stratabound Mississippi Valley-type deposits. The most abundant nonsulfide
minerals are smithsonite and hemimorphite, forming earthy and colloform agglomerates, whilst hydrozincite
and cerussite are rare.

From these preliminary observations, it seems that the Florida Canyon nonsulfide mineralization is very
similar to nearby Cristal prospect (Arf¢ et al., 2018). This suggests that the secondary deposits formed at the
same time (Miocene to Pliocene) under the same humid tropical climatic conditions. However, more specific
analyses are required for confirming these genetic aspects.

Arfé G., Mondillo N., Boni M., Joachimski M., Balassone G., Mormone A., Santoro L. & Medrano E.C. (2018) - The
Cristal Zn prospect (Amazonas region, Northern Peru). Part II: An example of supergene enrichments in tropical areas.
Ore Geol Rev., 95, 1076-1105.

de Oliveira S.B., Juliani C. & Soares Monteiro L.V. (2019) - Mineral characterisation of the non-sulphide Zn mineralisation
of the Florida Canyon deposit, Bongara District, Northern Peru. Applied Earth Science (Trans. Inst. Min. Metall. B),
128, 27-36.

Hunt W., Pennington J.B., Poeck D.H., Osborn J., Gilbertson J. & Tinucci J. (2017) - NI 43-101 Technical Report
Preliminary Economic Assessment Florida Canyon Zinc Project Amazonas Department, Peru Inc. SRK, 217 pp.
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Raman spectroscopy has provided, and provides, valuable information on the structural properties of
aluminosilicates, such as rock-forming minerals, Portland cement, ceramics, natural and artificial glasses,
zeolites. In the field of sustainable tailor-made materials, geopolymers are assuming more and more
importance, thanks to their reduced CO2 footprint and the tunability of their mechanical properties, for large-
scale applications as well as for niche applications, such as conservation and restoration of built heritage.

The geopolymer structure, an aluminosilicate gel, apparently offers a straightforward application for Raman
spectroscopy. In the framework of the PNR-funded project “Advanced Green Materials for Cultural Heritage”,
the literature on aluminosilicates is being reviewed. It appears that Raman spectroscopy, even if widely used
in the study of natural and artificial materials, has rarely been applied to geopolymers, for which the preferred
technique is Fourier-transform infrared spectroscopy (FT-IR) (Yarwood et al., 2009). It has to be noted that not
all the laser sources provide good-quality Raman spectra of aluminosilicates: green and blue lines are preferred
over the red ones, as the fluorescence background appears reduced (see, for example, Carter et al., 2009).
Nevertheless, it seems possible to study the raw materials and to successfully characterize the geopolymer
(Riischer et al., 2010; Kosor et al., 2016a, 2016b; Arnoult et al., 2018).

In this work, we review the use of Raman spectroscopy for geopolymers study in the literature and we try
to apply this analytical methodology to understand the geopolymerization of sustainable formulations based on
volcanic ash, volcanic soils, clayey sediments and ceramics, also for cultural heritage applications.

Arnoult M., Perronnet M., Autef A. & Rossignol S. (2018) - How to control the geopolymer setting time with the alkaline
silicate solution. Journal of Non-Crystalline Solids, 495, 59-66.

Carter E.A., Hargreaves M.D., Kononenko N., Graham 1., Edwards H.G., Swarbrick B. & Torrence R. (2009) - Raman
spectroscopy applied to understanding Prehistoric Obsidian Trade in the Pacific Region. Vibrational Spectroscopy,
50(1), 116-124.

Kosor T., Naki¢-Alfirevic B. & Gajovi¢ A. (2016a) - Geopolymerization index of fly ash geopolymers. Vibrational
Spectroscopy, 85, 104-111.

Kosor T., Naki¢-Alfirevi¢ B. & Svilovi¢ S. (2016b) - Geopolymer depolymerization index. Vibrational Spectroscopy, 86,
143-148.

Riischer, C.H., Mielcarek, E., Wongpa, J., Jirasit, F., & Lutz, W. 2010. New Insights on Geopolymerisation Using
Molybdate, Raman, and Infrared Spectroscopy. In: Kriven M.W., Zhou Y., Radovic M., Mathur S., Ohji T. (eds.),
Strategic Materials and Computational Design: Ceramic Engineering and Science Proceedings, Volume 31.

Yarwood J., Douthwaite R. & Duckett S. (2009) - Spectroscopic properties of inorganic and organometallic compounds
(Vol. 40). Royal Society of Chemistry, Cambridge.
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The research is aimed at studying the chemical reactivity between lime and volcanic rocks belonging to
different Sardinian outcrops, for a use as raw material in the production of hydraulic / pozzolanic limes. On
the basis of preliminary geochemical and mineralogical-petrographic investigations, several volcanic rocks
from basic-intermediate to acid in composition (substantially from andesitic, to dacitic, to rhyolitic) have been
selected and used for to perform laboratory reactivity tests. These rocks differ in the variable content of glass
(from 15% to about 95% in volume), due to the presence of secondary minerals, and to physical properties
(density, porosity, water absorption, etc.). The physical characteristics are essentially linked to the different
compositional incidence of the crystalline, crystal-clastic, lithic (present in some pyroclastic facies), type
and quantity of glass phases, to their different methods of installation (conditioned by temperature, chemical
composition, grade welding, etc.), and to the different degree of alteration.

The results of the investigations on the pozzolan materials (by polarized light microscopy, XRD, SEM,
EPMA-WDS, Chapelle test) show that following parameters affect the chemical reactivity of the volcanic
products with lime: i) quantity and type of amorphous phases (glass), linked to the different emplacement
of volcanic rocks (affected by temperature, chemical composition, welding grade, etc.), ii) compositional
incidence of the crystalline phases, crystal-clasts, lithics (these latter present in some pyroclastic facies), iii)
alteration grade of the rocks and presence of secondary minerals (e.g., zeolites, phyllosilicates, etc.).
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A Portland cement is a complex multi-component system and, to predict its elastic properties, an
exhaustive database of the thermodynamic parameters of the main constituents is needed. Ettringite (ideally
Ca,Al(S0,),(OH),,-27H,0, with a=b ~ 11.21 and ¢ ~ 21.43 A, Sp. Gr. P31c) is one of the most important
crystalline phases in Portland cements: its crystallization, in the early hydration stages, governs the set rate of
the highly reactive “C3A” phase (Ca,Al,O,), whereas in aged cements the formation of ettringite is commonly
associated with degradation processes (Taylor et al., 2001). The crystal structure of ettringite is significantly
complex with a H-bonding net which connects [Ca,[Al(OH),]-12H,0]-columns (in which AI(OH)-octahedra
are alternated with triplets of Ca(OH),(OH,),-polyhedra) to sulphate groups (Gatta et al., 2019). Despite the
previous studies at high pressure on this material (e.g., Cuesta et al., 2017, Clark et al., 2008), the linear bulk
moduli (K, and K ) and a description of the deformation mechanisms at the atomic scale are still missing. In this
light, we have investigated the compressional behavior of ettringite up to 4.2 GPa by means of in-situ single-
crystal synchrotron X-ray diffraction, using a diamond-anvil cell (DAC) and the mix methanol:ethanol (4:1)
as P-transmitting fluid.

Ettringite shows a marked anisotropic compressional pattern (K, 21(1) GPa, K 47(1) GPa). This anisotropic
elastic scheme dramatically changes at P>3 GPa; K, drops from 26.6(5) to 10.4(8) GPa), which mainly affects
the structure on the ab plane (K, drops from 21(1) to 7.3(8) GPa whereas K decreases only moderately).
Structure refinements reveal that the elastic softening reflects the collapse of the H-bonding network, due
an average decrease of the O N0 distances (up to 0.20 A in some cases), which mainly affect the

donor acceptor

interaction between the sulphate groups and the Ca(OH),(OH,),-polyhedra.

Clark S.M., Colas B., Kunz M., Speziale S., Monteiro P.J.M. (2008) - Effect of pressure on the crystal structure of
ettringite. Cem. Concr. Res., 38, 19-26.

Cuesta A., Rejmak P., Ayuela A., De la Torre A.G., Santacruz 1., Carrasco F.L., Popescu C., Aranda M.A.G. (2017) -
Experimental and theoretical high pressure study of calcium hydroxyaluminate phases, Cem. Concr. Res., 97, 1-10.

Gatta G.D., Hélenius U., Bosi F., Cafiadillas-Delgado L. & Fernandez-Diaz M.T. (2019) - Minerals in cement chemistry:
a single-crystal neutron diffraction study of ettringite, Ca6A12(SO4)3(OH)12-27H20. Am. Mineral., 104, 73-78.

Taylor H.F.W., Famy C.& Scrivener K.L. (2001) - Delayed ettringite formation, Cem. Concr. Res., 31, 683—693.
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Both biomass and coal derived ashes have a high potential environmental impact because of their grain
size, which can be a threat in terms of atmospheric pollution, and because of the high concentration of heavy
metallic and radioactive elements. According to European law (UNI EN 450) unprocessed biomass ashes
cannot be used in cement as aggregate and are hence partially utilized just as fertilizer in agriculture; on the
other hand even a third of the total amount of ashes produced by coal power plants are used as such in the
cement industry.

The hazardousness may be directly dependent on the fuel that is combusted (Lima et al., 2008). Sometimes
fly ashes are very prone to leach metals and chlorides due to their content in soluble salts and high specific
surface and so, heavy metal leachability studies are strongly recommended before the reuse of ashes in different
environments.

The focus of present work is laid on the characteristics of fly ashes coming from combustion of coal and
different types of biomass, to understand the differences from chemical, dimension and structural point of view.
A set of samples coming from gasification plants, from biomass combustion (forest chips, grapevine pruning,
thistles, olive-tree pruning) and from coal power plants are taken into account. There are characterized in terms
of grain size distribution, calorific power and organic components, physical-chemical properties of the bulk
and of the single component (crystalline or amorphous). Particle size distribution was determined by Photon
Spectroscopy Correlation (PSC), for particle sizes over 1 micron and Single Particle Optical Sensing (SPOS) for
particle sizes below 1 micron, X-ray Powder Diffraction coupled with Rietveld refinement, Inductively Coupled
Plasma-Optic Spectroscopy, and Thermal Analysis, allowed the bulk analyses. Punctual chemical composition
within the grains at a microscopic scale were determined with Laser Ablation Inductively Coupled Plasma—
Mass Spectroscopy and Electron Probe Micro Analysis. Optic Microscopy, Scanning Electron Microscopy
(SEM) and high definition Field Emission SEM allowed a textural analysis from micro-to nano scale.

The multi-methodic approach intents to point out the existence of dimensional subclasses (particulates or
not), chemical composition (presence of heavy metals or radioactive elements), and microscopic structures and
to associate heavy metals (Cd, Cr and other dangerous elements) to the mineralogical phases, which impact on
the leachability potential and in turn on the possible re-use, for example on soil stabilization or for a correct
landfill disposal of wastes

Preliminary results of a study will be presented.

The study is founded by Fondazione Cassa di Risparmio Perugia, project code. N. 2018.0508.026, P1.
Paola Comodi

Lima A.T., Ottosen L.M., Pedersen A.J. & Ribeiro A.B. (2008) - Characterization of fly ash from bio and municipal waste,
Biomass and Bioenergy, 32(3), 277-282.
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Conductive polymers, obtained from the polymerization of hydrocarbons (e.g. acetylene, butadiene,
ethylene), are exploitable in many different technological applications, such as electronic devices useable in
solar energy conversion, optoelectronic and gas sensing. Being very sensitive to humidity, their confinement
inside a host matrix is necessary to reduce their instability in air. Pure silica zeolites, thanks to their structure
and composition, have been proved to be promising host materials (Scelta et al., 2014). The presence of
channels in their frameworks can drive the polymerization along specific directions (Santoro et al., 2013) and
their hydrophobic nature allows isolating and protecting the resulting polymers from water vapor present in
the air. In this work, we investigated the effect of pressure coupled with temperature, and of time in promoting
the polymerization of linear chains of phenylacetylene and hexadiene in a pure silica mordenite (Si-MOR). In
situ synchrotron X-Ray Powder Diffraction was used to characterize the resulting materials, unraveling their
structure and the host-guest relationships. Further investigations were performed by TGA and IR analyses
and DFT calculations. Both molecules were detected in the zeolite porosities. The complete polymerization
of hexadiene inside Si-MOR is observed at ambient conditions while the oligomerization of phenylacetylene
was achieved at 1.5 GPa and 150°C. In the case of hexadiene, the acid sites present in Si-MOR catalyse the
formation of the polymer chain even at ambient conditions, but only when enough time (approximately 1 week)
is provided for the reaction. The results here presented, confirming the formation of phenylacetylene oligomers
and of polyhexadiene inside Si-MOR, suggest that both systems could be promising for the realization of
embedded linear conductive polymers.

Santoro M., Gorelli F.A., Bini R., Haines J. & Van der Lee A. (2013) - High-pressure synthesis of a polyethylene/zeolite
nano-composite material. Nature Commun., 4, 1557. https://doi.org/10.1038/ncomms2564.

Scelta D., Ceppatelli M., Santoro M., Bini R., Gorelli F.A., Perucchi A., Mezouar M., Van der Lee A. & Haines J. (2014)
- High pressure polymerization in a confined space: conjugated chain/zeolite nanocomposites. Chem. Mater., 26,
2249-2255.
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The Brazilian porcelain stoneware tiles production is nowadays largely based on the use of pyrophyllite: a
very fine metasedimentary rock primarily composed of sericite, kaolinite and quartz. Due to its chemical and
mineralogical composition phyllite shows an ambivalent behavior: it can act either as flux, plastic component
and skeleton in a ceramic mixture. For this reason, Brazilian phyllite is widely employed in ceramic production,
especially in the Sao Paulo area, thanks to its relative abundance in the Southern regions. Despite the presence
of phyllite in the ceramic body can reach the 50% in weight, there are almost no information about the firing
behavior of this material. Moreover, even if phyllite is usually used in substitution of fluxing component, no
study on the effect of this substitution are available to date. In order to fill this knowledge gap, the Brazilian
University — Materials Engineering Department — started an investigation of different phyllite deposits. In
this work, the sintering behavior of four samples were investigated. Three different phyllite typologies were
selected and added to three Brazilian porcelain stoneware mixtures in substitution of the feldspatic component
(50%wt of the batch), while a classic body with 50% K-feldspar has been taken into account as benchmark.
Each mixture was characterized from the chemical point of view and, once fired, its quantitative phase
composition were determined by XRD-Rietveld in order to calculate both the amount of crystalline phases
and the chemical and physical properties of the vitreous phase. The mechanism governing the sintering by
viscous flow of this ceramic materials mainly depends on the physical properties of the liquid phase at high
temperature. Therefore, its viscosity was calculated by the predictive model of Giordano, while the effective
viscosity of the whole tile has been calculated following the Brinkman equation. The results show the different
firing behavior of the mixtures: the benchmark melts quickly producing a large amount of liquid phase and
reaching the maximum densification at a relatively low temperature (1150°C); the bodies with phyllite as raw
materials are less reactive, a lower quantity of vitreous phase is formed during the firing and a higher amount
of residual quartz is present at the end of the cycle. Moreover, they reach the maximum densification at higher
temperatures (1190-1200°C). It was possible to observe a correlation between the phase composition and
the refractoriness of the samples with different phyllite types: at 1200°C the % ratio between quartz/mullite/
vitreous phase passes from a more refractory behavior (33:10:55) to a more fusible behavior with a ratio of
20:5:73. The viscosity of the liquid phases at different firing temperatures were not so dissimilar, between 4.4
and 5 Log10Pa.S for all the samples.
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Feldspathic fluxes are fundamental ingredients of many ceramic products, but a global view at the geological
sources actually exploited by industry and the lithologies occurring in these deposits is lacking. This contribution
reviews the sourcing and composition of feldspathic raw materials (and additional fluxes based on sericite, talc
and further “low-melting” minerals) used by or proposed to the ceramic industry. It follows a previous analysis
of production trends and market dynamics (Dondi, 2018). A large set of data (about 1400 deposits in 75
countries and over 1300 chemical analyses) was collected from literature and industrial information, critically
assessed and elaborated to get an exhaustive picture of deposits and composition of both raw and beneficiated
fluxes. Overall, the main sources are granitic suites, including acid differentiates (pegmatites and aplites) and
the corresponding extrusive and hypabyssal terms (rhyolites, porphyries). Leucogranites are the most important
resources among granitoids, even though half of all mining operations in the World reside on pegmatites. A
few alkaline complexes with silica-undersaturated rocks are supplying the ceramic industry: both nepheline
syenite and nepheline phonolite (and related intrusive and extrusive lithotypes). Intermediate igneous rocks
(syenite, trachyte) are seldom exploited as fluxes, but the recourse to basic terms (gabbro, anorthosite, basalt,
andesite, etc) is common in red firing products. Fluxes of sedimentary origin are obtained from feldspathic
arenites, mainly arkoses. Metamorphic and metasomatic rocks are extensively utilized by the ceramic industry,
especially albitites (the most important source for the ceramic tile industry) and phyllites. Deposits generated
through low temperature hydrothermal (epithermal) alteration provide a set of peculiar fluxes (e.g., eurite and
pottery stone) characterized by a significant amount of low melting minerals, such as sericite. Skarn deposits
are the main source of non-feldspathic fluxes, represented by ores rich in talc, wollastonite, chlorite, diopside.
The compositional variability in the deposits of each source is represented through diagrams accounting for
the relevant parameters for the ceramic industry: equivalent amount of feldspars, Na/K (or Ca/Mg) ratio,
and concentration of chromophores (Fe,O, + TiO,). Such a global view is intended to foster studies on flux
deposits, focusing on crucial aspects for the ceramic raw materals industry, like the existence of geological
constraints to the occurrence of given ore types, or the definition of a genetic model for strategic resources,
like albitite deposits.

Dondi M. (2018) - Feldspathic fluxes for ceramics: Sources, production trends and technological value. Resources,
Conservation and Recycling, 133, 191-205.
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Valorization of the so-called “industrial by-products” is of a paramount importance for (i) the sustainability
of raw material exploitation and management, (ii) limiting the greenhouse gases emissions and (iii) reducing
the amount of waste to landfill. A fundamental principle of circular economy and sustainable development
focus on the use of residual products from industrial processes or from end-of-life materials, with the goal to
valorize them for new application and minimizing the waste production. For this purpose, the University of
Urbino is working on an innovative PhD project, financially supported by the Regione Marche (Fondazione
Cluster Marche). Its aim is the disposal and re-use of industrial waste from two local industries: Profilglass
SpA dealing with specific treatments of aluminium profiles, pipes and laminates for different sectors such as
construction, automotive, electronics, mechanics and many others, and Faber vetreria Srl which is a glassware
industry supplier of the most important European companies. Experimental tests firstly involved industrial
by-products of Profilglass SpA, produced from three main processes of the aluminium recycling: (a) sifting,
(b) pyrolysis and (c) melting. To inertize the above mentioned highly water-reactive materials, that release
significative amounts of H, from metals, the reaction series were tested and monitored in laboratory. Obviously,
aluminium is the most abundant metal species and therefore the main source for the release of hydrogen, given
by:

(1)  2Al+6H,0 + 2NaOH — 2NaAl(OH), +3 H,
(2)  NaAl(OH), — NaOH + AI(OH),
(3)  AI(OH), + Al(OH), — ALO,+3H,0

The experiments were performed by mixing industrial waste to an aqueous alkaline solution in a stainless-
steel compact reactor (series 5500 HP T316, 25 ml, Parr Instrument Company) equipped with gas inlet and
outlet valves, liquid sampling valve and internal thermocouple in addition to the internal magnetic stirrer. In
order to synthesize geopolymers through alkaline activation, the aluminium industrial by-products will be
mixed to silica-rich waste of the glass industry, which requires the disposal of sludges from the filtration of
glass processing, performed by a high-pressure water jet. The production of H, will allow to produce foamed
geopolymers with pockets of hydrogen trapped in pores throughout the body of a high strength and hardness
material, which is suitable not only as insulation material but also for electronic applications. An essential
physical characteristic of geopolymers is also the resistance to mechanical, thermal and atmospheric
degradation, parameters suitable to trap polluting and toxic substances.
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The huge quantity of volcanic ash and paleo-soils deposits, locally named “ghiara”, of Mt. Etna volcano
encouraged us to test them for alkali activated materials (AAM) production. Ghiara paleo-soils is characterized
by an intense reddish hue due to oxidation transformations occurred during Etna’s lava flow. It was widely
used in XVII-XVIII centuries, as aggregate for mortar and plaster production due to its high hydraulic modulus
(Battiato, 1998; Belfiore et al., 2010). However, the use of traditional recipes based on OPC and lime binders
caused degradation forms and durability problems in historical Baroque buildings of the city (belonging to
UNESCO heritage list).

This research, supported by the AGM for CuHe project (PNR fund), aims to use these volcanic raw materials
as aluminosilicate precursors for AAMs production to be applied in Cultural Heritage of Catania architecture.
In this way, ghiara paleo-soils can be used in an innovative way, able to overcome durability problems of old
mortars and, on the other hand, volcanic ash can become an important resource, so to solve the emergency
during explosive eruptions.

In this work, FT-IR analysis with KBr method were carried out on raw materials both room temperature
and after thermal treatments (200°C, 300°C and 400°C) to determine their reactivity in order to understand
the polycondensation reaction in presence of alkaline solutions. Several formulations were prepared based on
sodium or potassium silicate solutions with the addition of metakaolin. The reactive mixture was analysed by
in situ following FT-IR measurements to evidence the aluminosilicate network reticulation (Gharzouni et al.,
2015). Compressive test at 7 and 21 days were performed on each family to determine the mechanical strength,
obtaining good results, especially for those ones with 20% of metakaolin and potassium alkaline solution.

Finally, the proposed methodological approach was useful to determine and validate the feasibility of
formulations considered and to compare the reaction behaviour, and so the polycondensation rates of the two
different alkali solutions used.

Battiato G. (1988) - Le Malte Del Centro Storico Di Catania. Documenti Dell’Istituto Dipartimentale Di Architettura e
Urbanistica Dell’Universita Di Catania, 16, 85-107.

Belfiore M.C., La Russa F.M., Mazzoleni P., Pezzino A. & Viccaro M. (2010) - Technological study of *“ghiara” mortars
from the historical city centre of Catania (Eastern Sicily, Italy) and petro-chemical characterisation of raw materials.
Environ Earth Sci., 61, 995-1003.

Gharzouni A., Joussein E., Samet B., Baklouti S. & Rossignol S. (2015) - Effect of the reactivity of alkaline solution and
metakaolin on geopolymer formation. Journal of Non-Crystalline Solids, 410, 127-134.
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The conservation of archaeological sites, exposed to the current adverse environmental conditions,
is nowadays a challenge for the Cultural Heritage policy. The research on new solutions for the ceramic
restoration is also encouraged by the limits of compatibility, effectiveness and durability of the traditional lime
or organic resin and by their energy-consuming.

In the optic of a sustanable conservation practices a novel class of materials named Alkaline Activated
Materials (AAMs) emerges. AAMs, including those called geopolymers, have chemical and mineralogical
similitude to the ceramic materials and their tailored designed structural and chemical characteristics make
them a good candidate for ceramic restoration (Reig et al., 2013; Ricciotti et al., 2017).

This research, supported by the AGM for CuHe project (PNR fund), aims to investigate the feasibility
of reusing red clay brick waste as precursors in the alkali activation process, in order to produce innovative
restoration materials for brick masonries.

Bricks were grinded lower than 10 micron size and activated with NaOH and Na,SiO; solution in different
proportions. Liquid/solid ratio has been varied in order to modify the workability of the final products.
Geopolymer pastes have been cured either at room temperature or in oven at 65°C for 24 hours. After curing
time samples were stored in a chamber with RH 99% for 7 and 28 days.

Formulation and chemical parameters have been varied, involving in some case the addition of metakaolin,
in order to develop three types of final products: a mortar for repointings, a paste for new blocks useful in
replacements and a blend for consolidations.

To evaluate the effectiveness of the red brick-based geopolymers for restoration purpose, the products
were tested on archaeological remains and their performance was evaluated. Morphological and chemical
analysis has been carried out by means of SEM-EDS, in order to observe the adhesion at the interface between
the substrate and the geopolymer. In order to assess their compatibility and efficacy, mechanical tests and
porosity analysis were performed on geopolymer samples. The results reveal that geopolymer pastes made
with recycled brick waste are an interesting alternative to the most commonly used materials in the field of
brick masonry restoration, both in structural and not structural interventions. Moreover it is worthy to note that
the possibility to use raw materials with similar chromatic appearance with the substrate to restore allows to
reach a very good aesthetic compatibility, essencial requisite in the restoration field.

Reig L., Tashima M.M., Borrachero M.V, Monzo J., Cheeseman C.R. & Paya J. (2013) - Properties and microstructure of
alkali-activated red clay brick waste. Constr Build Mater., 43, 98-106.

Ricciotti L., Molino A.J., Roviello V., Chianese E., Cennamo P. & Roviello G. (2017) - Geopolymer composites for
potenzial applications in Cultural Heritage. Environments, 4, 91.
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Environmental magnetic studies are widely used to trace sources of anthropogenic pollution and have
revealed promises for application to the urban waste management system. Here a collection of solid samples
from Municipal Solid Waste Incinerators (MSWI) were studied to probe the capability of geochemical and
magnetic data integration as a tool for assessing mineralogy, grain-size, and metal enrichment. A data set of
room-temperature magnetic parameters was compiled to confront chemical data by X-ray fluorescence and
electron microscopy observations. The aim was to validate or reject methods for urban mining purposes,
exploiting the powerful correlations that magnetic properties typically experience with iron, heavy metals,
and even magnetic grain-sizes (from mm-scale down below 30 nm). The assessment of domain states, i.c.,
grain-sizes, in MSWI ashes with the room-temperature magnetic data is complicated by the clumping of tiny
and large grains displaying similar magnetic properties, so it needs to be supported by optical methods or
more advanced magnetic techniques. On the other hand, the integration between magnetic and geochemical
data, constrained by the measures of magnetic/diamagnetic extracts, helped in assessing magnetic mineral
assemblages and potential metal enrichments.
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The Italian normative requirements to assess the end of waste status for the combusted products are severe
and claim the absence of fibres, in spite of preliminary and post-treatment investigation by SEM-EDS and XRPD
analysis of the waste mixtures, to account for the physical and chemical breakdown of the fibrous minerals. In
particular, a thermal treatment for asbestos neutralisation, based on the combustion synthesis (Self-propagating
High Temperature Synthesis or SHS) was developed from laboratory scale towards industrial scale up. The
method efficiently addressed the passivation of natural asbestos fibres and asbestos-bearing artificial materials.
The plant acts in a continuous-feeding configuration with an optimal waste: reagents ratio between 60 and 70.

On the whole, the SHS process in comparison with conventional thermal treatments, due to fast reaction time
and low activation energy, particularly advantages the asbestos neutralisation, positively reflecting into time
and costs of the process. The validation of treated products opens perspective of their re-use, e.g. as abrasive,
or refractory material, yielding a second life as secondary raw material. Following the basic characterisation
of post-treatment slags with XR PD and SEM-EDS, according to the current normative, combined DTA/TG
analysis were therefore applied to the mixtures along all steps of the treatment, in order to demonstrate that
post-treatment products comply the normative requirements. No protocol exists, but MD 248/2004 indicates
to use the same analytical techniques for asbestos identification in ACW. The main methods have been optical
microscopy, XR diffractometry and scanning electron microscopy. In order to demonstrate that the combusted
material after SHS treatment can meet the requirements of the European and Italian normative (Commission
Regulation No. 1357/2014, 2014; Directive 2008/98/EC, 2008; Directive 91/689/EEC; Directive 75/442/EEC;
Italian Environmental Ministry Directive, 2002; Italian Legislative Decree No. 152/2006, 2006) already at pre-
industrial scale, thermal analyses on treated waste, after SHS, by TG (thermogravimetry) and DTA (differential
thermal analysis) were addressed. The analyses of treated samples were compared with those of untreated
starting material.
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Construction and demolition wastes (CDW) are among the most abundant by weight in EU, which
consequently imposed a reuse ratio of at least 70 by weight. These non-hazardous wastes are mainly reused
in downcycling applications for road and construction substrates or are disposed of in landfills. This only
partly limits the quarrying of further natural raw materials. Instead, an upcycling reusing of CDWs in new
constructions would help circular economy, reducing new quarries of virgin rocks and decreasing landfills.

In this research, 18 CDWs sampled in the Abruzzo region were analysed, representative of possible
petrographic variation of raw (stones and aggregates) or industrial-treated (tiles, bricks, ceramics, etc.)
materials used by the local population in the last decades. Indeed, construction materials are strongly related
to petrography of available rocks in an area and their mechanical features. In turn, CDWs can be different in
different geological situations.

The samples were first subdivided according to their mesoscopic appearances such as: concrete, ceramics
(brick, tile, roof'tile, perforated brick), and ornamental stone. Each sample has been also described as a function
of mesoscopic textural features, colour, density and qualitative toughness. These features are relevant for
possible separation of CDW.

The samples have been then finely grinded, mounted in zero-background Si sample holder and analysed
with Bragg-Brentano D5005 Siemens diffractometer. The obtained XRPD (X-ray powder diffraction) patterns
allowed determining the crystalline phases and detect the presence of non-crystalline phases. The four concrete
samples have density ranging from 1.9 to 2.4 g/cm® and are made invariably of quartz, calcite and minerals
of the melilite group; they appear free of non-crystalline phases. The two natural stones are made entirely of
calcite and have both densities of 2.6/2.7 g/cm’. The three bricks have densities from 1.9 to 2.4 g/cm® and are
composed of quartz, cristobalite, mullite, feldspars, pyroxenes and glass. The three perforated bricks have
densities varying between 1.8 and 2 g/cm?® and phase assemblages of quartz, calcite, feldspars, pyroxenes and
minerals of the melilite group. The three tiles and three roof tiles have density ranges of 1.8/2.3 and 1.7/2.2 g/
cm’, respectively; they are invariably made of quartz, plus cristobalite, calcite, feldspars and glasses.

To complement the XRPD data, a representative sub-set of samples were analysed by XRF, and several
polished surfaces of CDW slabs have been prepared to show their mesoscopic textural features. All these data
allow characterising in detail the petrography of CDW from Abruzzo. These results are a valuable tool for their
reuse in several applications.
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The lower Carnian succession of the central Southern Alps in the Riso and Parina valleys (Orobic Alps,
northern Italy) is represented by the 50-100 metres-thick Breno Formation, made up of light-coloured, thick-
bedded peritidal limestones, overlain by a few metres to some tens of metres of dark medium-bedded peritidal
limestones of the Calcare Metallifero Bergamasco Formation. Above the latter a sharp lithological change
occurs, represented by the Gorno Formation, made up of interbedded limestones and dark shales, and the Val
Sabbia Sandstone, composed of lithic sandstones. The Calcare Metallifero Bergamasco Formation and the
upper portion of the Breno Formation were affected by a multiphase diagenetic evolution, resulting in the
occurrence of different diagenetic products and sulphide ore mineralizations (+ fluorite and barite), which in
the past were intensely exploited in the world-wide known Gorno mining district.

The first results of this study evidenced that:

— Sulphide mineralizations were preceded by dolomitization, growth of authigenic quartz crystals and
dissolution phenomena. Locally the silicification completely replaces the original limestone, and is
associated to thick breccia bodies. Dolomite occurs both as vein-filling cement and as replacive dolomite
within limestones; its saddle habit and the local association with micritic sediments within geopetal structures
document a hydrothermal origin in a shallow burial setting. Dissolution resulted in metre-sized irregular
cavities locally filled with laminated sediments, composed of detrital dolomite clasts and quartz crystals
(representing the insoluble residue of the early dolomitized and silicified limestones), and microsparitic
calcite (possibly due to the recrystallization of micritic sediments).

— Mineralizations form irregular orebodies metres to 10’s of metres large, concordant with, or discordant to
the bedding; e.g., they can fill dissolution cavities, in most cases parallel to the bedding, or they can occur
as cement of breccia bodies. The main orebodies are commonly spatially related to mud-rich beds mostly
close to the stratigraphic boundary between the Calcare Metallifero Bergamasco and the Gorno Formations.

— Fluorite, the main ore mineral in the western part of the district, is spatially related to sulphide mineralization.
Textural and petrographic features clearly prove that fluorite precipitation postdated the main sulphide
deposition.

The genesis of the Gorno district was probably linked to a hydrothermal system, in which metal-rich hot
fluids flowed upwards possibly through faults and fracture systems. This circulation caused major modifications
in the host rocks, such as multi-phase dolomitization and silicification, dissolution and brecciation, associated
with the precipitation of abundant ore minerals. Sulphides precipitation could have been triggered by a mixing
of hydrothermal metal-rich brines with shallower reducing fluids.
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MFI-zeolites are currently used as catalysts in some olefins-production processes, representing an
appealing alternative to the high-energy demanding Steam Cracking process, which accounts for 95% of the
total worldwide olefins production (Sadrameli, 2016; Arvidsson et al., 2016). More recently, MFI-zeolites
have been used in the promising methanol-to-olefins (MTO) synthesis process, which, being able to obtain
olefins directly from methanol in place of oil, bears a potential breakthrough industrial impact. At ambient
conditions, only the surfaces of the zeolite crystallites are believed to be active in the methanol-to olefins
process. However, pressure may favour the intrusion and diffusion of methanol molecules through the zeolitic
channels, as observed in other zeolites (Gatta et al., 2018). This phenomenon may bear a significant impact
in the industrial applications of MFI zeolites as catalysts, as a “cold” intrusion of methanol into the zeolite
cavities might pave the way to increase the efficiency of the MTO conversion process. In this regard, we have
synthesized and investigated, by in situ synchrotron powder-XRD, the high-pressure behaviour of six MFI-
zeolites with different chemical compositions (framework-Si partially replaced by Al or B and counterbalanced
by Na or H as extra-framework cations), by using methanol and silicone oil (as a reference) as P-transmitting
fluids, respectively. All the synthesized zeolites are monoclinic (space group P21/n11) at ambient pressure,
although a monoclinic-to-orthorhombic phase transition (MOPT) is observed to occur at ~ P> 0.5 GPa. Based
on the experimental X-ray diffraction patterns and on the high-P evolution of the unit-cell parameters, we
ascertain that: i) all the MFI zeolites compressed in silicone oil (acting as non-penetrating fluid) have, overall,
the same bulk compressibility, ii) pressure induces the intrusion of methanol through the structural voids
and, among the different zeolites, the magnitude of the adsorption phenomenon is different, iii) the MOPT
is influenced by both the crystal chemistry and the sorbate (methanol) loading. The experimental findings of
this study represent the first step to select the optimal chemical composition of a potential MFI-catalyst for the
MTO conversion process operating at high-pressure conditions.

Arvidsson M., Haro P, Morandin M. & Harvey S. (2016) - Comparative Thermodynamic Analysis of Biomass
Gasification-Based Light Olefin Production Using Methanol or DME as the Platform Chemical. Chem. Eng. Res.
Des., 115, 182-194.

Gatta G.D., Lotti P. & Tabacchi G. (2018) - The Effect of Pressure on Open-Framework Silicates: Elastic Behaviour and
Crystal-fluid Interaction. Phys. Chem. Miner., 45, 115-138.

Sadrameli S.M. (2016) - Thermal/Catalytic Cracking of Liquid Hydrocarbons for the Production of Olefins: A State-of-
the-Art Review II: Catalytic Cracking Review. Fuel, 173, 285-297.
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In the last decades, adsorption by membranes is considered an economical wastewater treatment method to
raise the emerging problem of a clean water shortage (i.e. sea and produced water, industrial waste water etc).
Graphene-based composites (GO and r-GOs) are a new emerging class of materials promising applications
in water disinfection and the fouling/biofouling membranes. In this work, we manufactured nanocomposite
membrane combining reduced graphene oxide (r-GO) and zeolite advantages. Zeolite 13X (UOP) was chosen
(Si/Al=1) for its affinity towards metal ions, highly hydrophilic character, high thermal stability. Graphene
oxide and the nanocomposite membrane were synthesized from natural graphite (Aldrich) in the MackGraphe
Research Center laboratories according with modified Hummers method. All materials were characterized by
SEM, AFM, FT-IR, XRD, TG/DTA and WCA.

The proposed synthesis method involved the deposition on a nylon substrate by vacuum filtration starting
from a GO and zeolite 13X homogeneous mixture (2:1 ratio) dispersed in aqueous solution. r-GO was obtained
by reducing dispersed GO in the resultant homogeneous GO solution using hydrazine, to compact the structure
and force the water flow into functionalized pores as well as increase the adsorption/rejection capacity.

Batch tests forr-GO/ZEO 13X membrane adsorption highlighted a strong selectivity towards Na*, K*, Ca**and
Mg?* thus attesting that functional groups exhibited strong metal—ligand interaction ion in aqueous solutions.
Finally, the bactericidal properties of the membrane against Gram-positive (S. aureus Sa2 and E. faecalis ATCC
29212) and Gram-negative (Escherichia coli APN1, Pseudomonas aeruginosa PaPh32 and AC12a) species
suggested that GO/ZEO13X membranes are a promising approach for the development of novel antimicrobial
membranes in water purification technologies.
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A considerable progress in the field of the circular economy can be represented by knowledge of the exact
composition of the raw materials, what are they made of, if there are potential risks for environment and human
health and their behaviour in case of re-use.

Bottom ash (BA) are the main product of the municipal solid waste incinerator and currently are classified
by the European Waste Catalogue (EWC) as industrial non-hazardous waste. However, a focal point debated
after the European Council Regulation 2017/997 talks about the heavy metals (both glass and minerals)
bearing phases, their identification and characterization as well as their weathering behaviour. BA and leaching
processes and metallic trace elements content have been investigated by many authors (Piantone et al., 2004)
but without examining thoroughly the mineralogical phases. In particular, there is little information about
phase composition. This is most true for the amorphous content that is rarely quantified or analysed with
regard to chemical composition (Wei et al., 2011). Moreover, literature data of early 2000s plants are at present
obsolete and are not comparable with those after 2010 (Bayuseno et al., 2011).

In this work BA sampled from Parma WtE plant were chemically and mineralogically characterized by
means of XRF, ICP-MS, XRD, optical microscopy and SEM-EDS.

The particle size distribution of dry BA was determined and compared to other incinerators with similar
technology and conditions showing a very similar pattern for all WtE plants considered, with the Fuller curve
for concrete. The cumulative particle size distribution shows that the most part of BA (about 60%) lies in the
range of 1-8 mm while a 20% of the total weight have a grain size <1 mm and another 20% are >10 mm.

Bulk chemical composition shows a selective enrichment depending on the grain size: the finest grain
size has a higher CaO content, due to the presence of carbonates, as shown by in XRD, while SiO2 is mainly
present in the larger grain size with amorphous and glasses phases. Analysis of trace elements shows a higher
concentration of S, Cl, and some heavy metals such as Zn, Pb, Cr, Sr in small grain sizes supposing their
presence inside the carbonates structure. SEM-EDS maps showed the strong heterogeneity of the samples,
composed mainly of a Si-Ca-Al-O vitreous matrix in which some crystalline fractions, metal and alloy are
embedded.

Piantone P., Bodénan F. & Chatelet-Snidaro L. (2004) - Mineralogical study of secondary mineral phases from weathered
MSWI bottom ash: implications for the modelling and trapping of heavy metals. Appl. Geochem., 19, 1891-1904.
Bayuseno P. & Wolfgang W. (2011) - Characterization of MSWI fly ash through mineralogy and water extraction. Resour.

Conser. Recy., 55(5), 524-534.
Wei Y., Shimaoka T., Saffarzadeh A., & Takahashi F. (2011) - Mineralogical characterization of municipal solid waste
incineration bottom ash with an emphasis on heavy metal-bearing phases. J. Hazard Mater., 187, 534-543.
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It’s well known that the source, or provenance, of gems is one of the factors that contribute to their monetary
value, in addition to cut, clarity, color, and carat weight. As a consequence, the provenance of gemstones is a
topic of interest to geologists, historians, gemologists, and others in the gem industry for financial, security, and
societal reasons. In this study provenance of unknown ruby samples has been determined using a combination of
inclusion analysis, trace element geochemistry, structural characteristics, and internal growth features. Firstly,
the sample was characterized by traditional methods of observations of optical and mineralogical features i.e.
index of refraction; UV-visible; fluid and mineral inclusions; and the presence or absence of crystallographic
features unique to a specific deposit. Laser ablation-inductively coupled plasma mass spectrometry (LA-
ICPMS) allowed us to determine the chemical composition of the gem, especially the concentration of trace
elements. The relative high Cr / Ga ratio has suggested that samples belong to metamorphic suites while the Cr
/'V vs Fe / V ratio led to African deposits (Sutherland et al., 1998a; Limtrakun et al., 2001). X-ray diffraction
patterns pointed out the presence of secondary phases (shortite, rutile, boehmite and chalcopyrite) whereas
structural refinement highlighted variations in the unit cell parameters, bond distances and coordination
polyhedral volume compared to pure corundum (Lutterotti et al., 1990). In particular, the geometry of
octahedra and the distortion index value are related to the presence of Cr, Fe, Ga, Ti, as isomorphic aluminum
substituents. All these chemical composition fingerprints give information on the environment in which the
mineral crystallized. In conclusion, the combination of multiple trace-element data points of the stone with
diffractometric measurements, opens up research directions in finding unique fingerprints for unique stones.

Limtrakun P., Zaw K., Ryan C.G. & Mernagh T.P. (2001) - Formation of the Denchai gem sapphires, northern Thailand:
evidence from mineral chemistry and fluid/melt inclusion characteristics. Min. Mag., 65, 725-735.

Lutterotti L. & Scardi P. (1990) - Simultaneous structure and size-strain refinement by the Rietveld method. J. Appl.
Crystallogr., 23, 246-252.

Sutherland F., Schwarz D., Jobbings E.A., Coenraads R.R. & Webb G. (1998a) - Distinctive gem corundum suites from
discrete basalt fields: a comparative study of Barrington, Australia, and WestPailin, Cambodia, gemfields. J. Gemm.,
26-2, 65-85.
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We present ongoing research about three poorly known, historical Ni-Co-bearing hydrothermal deposits in
different geological contexts: the Ni-Co-As-Sb-Au-bearing Arburese vein system (SW Sardinia), the Co-As-
rich Usseglio vein system (Piedmont) and the small Cu-Ag-Co-Ni-Pb-Te-Se stockwork ore at Piazza (eastern
Liguria). These deposits share some similarities to the Five Element Vein-type, Co-Ni-Ag-Bi-As ores but only
the first two display km-sized development and were economic for Co and Ni. The Arburese Ni-rich veins occur
in Paleozoic basement near two Variscan plutons. The Co-rich Usseglio and Piazza deposits share ophiolitic
contexts: the Usseglio veins crosscut metabasalts near the Lanzo peridotite massif, while the Piazza stockwork
crosscuts low-grade metamorphic gabbro of the Bracco ophiolite massif. The Arburese and Usseglio deposits
share a complex mineral assemblage with early Bi-bearing Ni-Co arsenides-sulfarsenides followed by Ag-
base metal sulfides, in siderite-quartz-baryte gangue. The Piazza deposit stands apart with its early Ag-Pb-Bi
telluride-selenide stage with Co-Ni sulfides plus bornite replaced by chalcopyrite, in prehnite-albite-chlorite
gangue. Piazza shares its Se-rich character with the Arburese veins, which host Se in base metal sulfides.
Preliminary geothermometric estimates are provided by fluid inclusion analyses (Usseglio and Arburese) and
chlorite composition (Piazza). Co-Ni arsenide precipitatation occurred at =200°C (0.5 kbar) after a vigorous
boiling episode depositing baryte, while later base metal sulfide deposition occurred at 80+140°C. Ore fluids
are NaCl-CaCl,-bearing brines (18+25 equiv. mass% NaCl). Ore carbonates display stable isotope signatures
compatible with such low temperature brines, typical for five element vein-type deposits. Vein-related chlorites
at Piazza provide higher temperatures for ore deposition in the range of 200+280°C (avg 230°C), and the
carbonate-free prehnite-feldspar assemblage is compatible with CO,-degassed, alkali chloride waters. No
data are available on hydrocarbons in the ore fluids, although observed enrichments in Se and negative §'°C
in carbonates suggest interaction with carbonaceous shales. In their own regional metallogenic contexts the
three deposits stand out and open questions about source rocks and controls on Co/Ni: e.g., within the highly
mineralized, Ni-free southern Sardinian crust the Arburese Ni-Co-As vein system is unique, as is the Usseglio
Co-As vein system within the western Alps rich in ophiolites and post-peak hydrothermal deposits. The
northern Apenninic ophiolites, hosting the unique Cu-Ag-Co-Ni-Pb-Te-Se Piazza deposit, may actually have
the greatest potential for hydrothermal Co-Ni mineralization as their many oceanic exhalative Cu-Fe deposits
are highly anomalous in Co. Piazza ore fluids recycled metals of various provenance, like Co and Ag, but no
economic ore was formed. Could the missing arsenic and carbonate components be part of the problem?
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The Ivrea-Verbano Complex hosts several ultramafic intrusions which are enriched in volatiles including
carbon, like the sulfide-rich Valmaggia pipe and the Campello Monti intrusion. The Valmaggia pipe displays
widespread intergrowths between peculiar, coarse nodular Ni-Cu-PGE sulfide mineralization, carbonates and
the magmatic silicate-oxide assemblage. The latter bears evidence of melt-rock reaction process between
a peridotitic protolith and a volatile-rich, percolating adakite melt (Sessa et al., 2017). The pipe displays
progressive reaction fronts where augite, olivine, enstatite and Cr spinel were replaced by pargasite amphibole
oikocrysts, enstatite I, phlogopite and Al spinel by reacting with plagioclase-rich hydrous metasomatizing melt
at 5+8 kbar and 700+900°C. Both PGE-bearing sulfide mineralization and carbonates are strictly related to the
metasomatic assemblage. Dolomite blebs are interstitial to silicates, but most carbonates occur as intergrowths
with the sulfide nodules and their peculiar aureoles of sulfide-silicate symplectites. Carbonates often make
up bubble-like meniscus aggregates along embayments of the sulfide nodules and vary in composition (Fe-
calcite, dolomite, siderite) according to the nearby phase (silicates, sulfide). Ni-Fe-Cu sulfide nodules are often
concentrically zoned, with FeS cores and Fe-Ni-Cu sulfide-rich rims. Pt-Pd tellurides only occurs along the
nodule rims as well as in the Fe-Ni sulfide blebs of the nearby sulfide-silicate symplectite haloes, especially
where sulfides are intimately intergrown with carbonates and hydrous silicates. Textural relationships suggest
metal-rich sulfide (+ telluride) melt segregation ensuing from sulfur saturation during melt-rock reaction and
coexisting with immiscible C-bearing vapour. In this context Pt- and Pd telluride deposition appears to be
favoured as a late crystallization product of the fluid-drenched sulfide melt blobs in hydromagmatic conditions.
The Valmaggia carbonates do not show carbonatite-like trace element composition, but they display C and O
isotope mantle-like signatures, as is the case for the carbonates from the pyrossenitic intrusion of, considered
for comparison. The Campello Monti intrusion is highly mineralized in Fe-Ni sulfides, but it is low in hydrous
silicates. Like at Valmaggia, carbonates are intergrown with sulfides and silicates (including amphibole) and
also enclosed in olivine, although the abundant Fe-Ni sulfides are PGE-poor. This further supports the coupling
of carbon and hydrous magmatic fluids (Boudreau, 2019) as a key factor for PGE mineralization.

Sessa G., Moroni M., Tumiati S., Caruso S., Fiorentini M. (2017) - Ni-Fe-Cu-PGE ore deposition driven by metasomatic
fluids and melt-rock reactions into the deep crust: the ultramafic pipe of Valmaggia, [vrea-Verbano, Italy. Ore Geology
Review, 90, 485-509.

Boudreau A. (2019) - Hydromagmatic processes and Platinum-Group Element deposits in layered intrusions. Cambridge
University Press.
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Critical Raw Materials (CRM) future supply is a matter of major concern for the EU, so that in several
European old and mature districts new studies have begun to evaluate their potential in terms of CRM
resources. Sardinia represents one of these areas: despite the technical exhaustion of its main districts the island
still retains a metallogenic potential, not only as secondary resources (old mine wastes), but also as primary,
still unexploited ores. A further increase in the list of the potentially economic orebodies comes from recent
studies that have substantially improved the past knowledges of the Sardinian metallogenesis suggesting new
exploration themes, particularly in the CRM’s field. Sardinian mineral deposits include a large variety of types,
resulting from a multi-stage metallogenesis that mirrors the complex geological history of the island. Since
1960’s, ore geology studies recognized in Sardinia different metallogenic periods, from early Paleozoic to
Quaternary. Periods of relative metallogenic stasis alternated with metallogenic peaks characterized by massive
mobilization, migration and concentration of elements in the Sardinian crust. The main metallogenic peaks are
related with: 1) large MVT deposits in Iglesiente district (Cambrian: Pre-sardic phase peak); 2) a huge variety
of late Variscan hydrothermal deposits hosted in the metamorphic basement or in granitoids (Carboniferous-
Permian: Variscan peak); 3) porphyry to epithermal deposits related to the Cenozoic calcalkaline volcanism
(Oligocene-Miocene: Cenozoic peak). From CRM’s perspective, the hydrothermal deposits and occurrences
related to the Variscan peak emerge now as the most promising in different districts. In detail, major themes of
recent investigations include: a) the “five elements-type” veins of Southern Arburése district (SW Sardinia),
hosting Ni-Co-Bi-Ag and REE minerals; b) the Mo-W-Sn (Re, In, Ga, Ge, REE) vein, greisen and skarn
deposits related to ilmenite-series, F-bearing ferroan granites of southern Sardinia (Linas, Sulcis, Sarrabus);
¢) the structurally-controlled Au-W-Sb veins of eastern and northwestern Sardinia (Gerrei, Nurra), related to
early Permian extensional tectonics; d) REE minerals in granite-related fluorite-barite vein deposits (southern
Sardinia) and in shear zone-related skarns (central Sardinia). Interestingly, these latter may be a striking
example of metallogenic inheritance, as a major source for REE in Sardinian crust has been identified in late
Ordovician sedimentary sequences that host extended heavy mineral (zircon, rutile, monazite) paleoplacers.
New evidences from eastern Sardinia basement suggest that this first important REE metallotect was highly
remobilized during multiphase deformation and granite emplacement in Variscan times.
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Zeolitization processes at the pyroclastic deposit “Tufo rosso a scorie nere” (Auctorum), Vico
Volcano, Italy

Novembre D.*!, Gimeno D. 2, Graziano S.F.? & Cappelletti P. 4

! Dipartimento di Ingegneria e Geologia, Universita d’ Annunzio, Chieti, Italy.
2 Departamento de Mineralogia, Petrologia i Geologia Aplicada, Universitat de Barcelona, Barcelona, Spain.
* Dipartimento di Farmacia, Universita degli Studi di Napoli Federico II, Napoli, Italy.
4 Dipartimento di Scienze della Terra, dell’ Ambiente e delle Risorse, Universita degli Studi di Napoli Federico 11,
Napoli, Italy.

Corresponding email: daniela.novembre@unich.it

Keywords: zeolites, secondary processes.

This paper focuses on the authigenic mineralizations acting in the “Tufo Rosso a Scorie Nere” (Auctorum)
(hereafter TRS), i.e. one of the main pyroclastic units of the Vico Volcanic Apparatus. Vico is a stratovolcano
located in northern Latium (Italy) beonging to the potassium-rich Roman Volcanic magmatic province.
Vicanian volcanic products show a ultrapotassic character and extremely variable chemical rock composition,
from leucite-bearing tefrites, trachybasalts, tephri-phonolites, to trachites. The “Tufo Rosso a Scorie Nere”
belongs to the Ignimbrite “C” formation, i.e. the largest pyroclastic flow of the vicanian plateau and one of
the most widespread pyroclastic body of Lazio region, extending on a surface of about 1300 Km?, also known
as “Sutri Formation” of the “Lago di Vico Synthem” (Perini & Conticelli, 2002). TRS is used with profit in
animal feeding (de Gennaro & Langella, 1996) and for the synthesis of zeolites for the chemical industry
(Novembre et al., 2004). The cation exchange capacity of this material, due to both chabazite and phillipsite
presence, ranges around 2 meq/g (Giampaolo et al., 2008).

The pyroclastic deposits appear in general massive and made of “black vitreous vesciculated juvenile
scoriae”, immersed inside a lithified ashy matrix after zeolitization processes. The main minerals are chabazite
and phillipsite and the zeolitic content is locally variable, reaching peaks of 68 wt %. Zeolites grow replacing
the amorphous fraction and occur both inside matrix and scoriae. Concerning scoriae, zeolitization moves from
the rim to the core of the scoriaceous fragment as a function of the temperature of the fluids and permeability
of water inside the structure. Composition of parental fresh glass and those of zeolitized rocks is referred to
trachyte, lightly undersaturated in SiO2, and the alteration processes modified the parental rock chemical
character. The zeolitic genesis is ascribed to a “geoautoclave system”, zeolites displaying a Si/Al ratio similar
to that of the parental glasses.

de Gennaro M. & Langella A. (1996) - Italian zeolitized rocks of technological interest. Mineral Deposita, 31, 452-472.

Giampaolo C., Mengarelli L., Torracca E. & Spencer C. (2008) - Zeolite characterization of “Vico red tuff with black
scoria” ignimbrite flow: The extractive district of Civita Castellana (Viterbo, Italy). Il Nuovo Cimento, 123 B 10-11,
1459-1476.

Novembre D., Di Sabatino B., Gimeno D., Garcia Vallés M. & Martinez Manent S. (2004) - Synthesis of Na-X zeolites
from tripolaceous deposits (Crotone, Italy) and volcanic zeolitized rocks (Vico Volcano, Italy). Microporous and
Mesoporous Materials, 75(1-2), 1-11.

Perini G. & Conticelli S. (2002) - Crystallization conditions of leucite-bearing magmas and their implications on the
magmatological evolution of ultrapotassic magmas: the Vico Volcano, Central Italy. Mineral. and Petrol., 74, 253-276.
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Zeolite Li-ABW is a synthetic low silica zeolite, which possesses the ABW framework topology. Low silica
zeolites such as Li-ABW, are widely involved in several technological applications, such as ion exchangers,
adsorbents and catalysts, in radioactive-waste water treatments, sewage effluent treatments, agricultural-waste
water treatments, as materials for ferroelectric devices (Fois et al., 2001) etc. Synthesis of Li-ABW zeolite
was performed in the past by the use of lithium hydroxide, aluminum hydroxide ad silica gel (Barrer & White,
1951), or using zeolite NaA and lithium chloride (Norby, 1990; Dong et al., 2007).

The present work deals with the hydrothermal synthesis of Li-ABW zeolite by using kaolinite, (Standard
Porcelain by the IMERYS Minerals Ltd) as starting material. Once the thermal calcination of kaolinite is
achieved (at 650°C), the synthesis process from kaolinite is rather simple as the reaction of kaolinite with
alkali occurs very readily. Metakaolin was mixed with calculated amount of aluminum hydroxide and litium
hydroxide and the experiment was performed at ambient pressure and 180+ 0.1°C

Li-ABW was characterised by powder X-ray diffraction, high temperature X-ray diffraction, scanning
electron microscopy, inductively coupled plasma optical emission spectrometry, infrared spectroscopy,
differential thermal analysis and thermogravimetry. Calculation of cell parameters (through Rietveld
Refinement) and density and specific surface were also achieved. The amount of amorphous phase in the
synthesis powders was estimated with quantitative phase analysis using the combined Rietveld and reference
intensity ratio methods.

Crystallization of zeolite Li-ABW from kaolinite through a conventional hydrothermal treatment is here
achieved with a low synthesis temperature when comparing to other similar previous works and the final
products do not contain mica or quartz phases as impurities coming from the natural kaolinite sample. The
results are discussed in the light of a possible industrial application of the synthesized minerals.

Barrer R.M. & White E.A.D. (1951) - The Hydrothermal Chemistry of Silicates. Part I. Synthetic Lithium Aluminosilicates.
J. of Chem. Soc., 1267-1278.

Dong J., Wang X., Xu H., Zhao Q. & Li J. (2007) Hydrogen storage in several microporous zeolites. International Journal
of Hydrogen Energy, 32, 4998-5004.

Fois E., Gamba A., Tabacchi G., Quartieri S., Vezzalini G. (2001) - Water Molecules in Single File: First-Principles
Studies of One-Dimensional Water Chains in Zeolites. Journal of Physics and Chemistry B, 105, 3012-3016.

Norby P. (1990) - Thermal transformation of zeolite Li-A(BW). The crysttal structure of y-eucryptite, a plimorph of
LiAlSiO4. Zeolites, 10, 193-199.
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Along the Cannero river, a small left tributary of Lago Maggiore (Italian north-western Italian), a previously
unknown gold mineralization has been recently discovered by Alpine Gold Lodes S.n.c.

Such mineralization crops out in the central part of the Rio Cannero valley, on both sides of the Cannero
stream, within the Serie dei Laghi unit of the Southalpine Domain. The rocks cropping out in the area are
mostly paragneisses, with minor amphibolites and aplitic bodies. The gold mineralization is related to quartz-
rich hydrothermal veins spatially associated with the Rio Cannero overthrust plane (Boriani et al., 1990). The
veins can be deformed and parallel to the regional foliation, or undeformed, with crosscutting relationships
with the rock foliation. The mineralization records a complex evolution.

The main mineralization stage is related to the emplacement of the earliest hydrothermal veins, mainly
composed of arsenopyrite, pyrite and pyrrhotite that often occur as up to decimetre-sized patches embedded
by quartz + calcite. Fluorite, scheelite, titanite and albite are common, while chalcopyrite and sphalerite may
also occur. Gold is related to this stage. Such primary assemblage is affected by a strong deformation event,
that modified the rock fabric with formation of cataclastic textures.

A subsequent mineralization stage, postdating the deformation event, is represented by a second generation
of arsenopyrite, pyrite, pyrrhotite and scheelite — associated with quartz and calcite - along undeformed veinlets
which crosscut the earlier assemblage. Native Bi, bismuthinite, Bi-Te sulphosalts and galena also appear along
microveins crosscutting pyrite and arsenopyrite of the main stage.

The hydrothermal alteration assemblage related to the main stage is given by sericite + quartz = chlorite +
pyrite + arsenopyrite; titanite and pyrrhotite may also occur and can be abundant when the veins crosscut the
amphibolites. The alteration associated with the late mineralization stage is given by a millimetre-thick sericite
+ quartz + chlorite + pyrite rim.

The gold mineralization of Rio Cannero are different from the other mineralizations of the Italian western
Alps. In spite of some similarities (first of all, the association of the gold mineralization with quartz-rich veins),
they show important differences concerning both the vein and alteration assemblages and the tectonic setting.
Such characters suggest that the gold mineralization of Rio Cannero may be a magmatic-related deposit,
rather than a typical mesothermal gold deposit like the mineralizations of the Monte Rosa Gold District. A
relationship with the Hercynian magmatism represents a reasonable working hypothesis.

Boriani A., Giobbi Origoni E., Borghi A. & Caironi V. (1990) - The evolution of the “Serie dei Laghi” (Strona -Ceneri and

Scisti dei Laghi): the upper component of the Ivrea-Verbano crustal section; Southern Alps, North Italy and Ticino,
Switzerland. Tectonophysics, 182, 103-118.

113


mailto:piergiorgio.rossetti@unito.it

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

Natural-fibres-reinforced geopolymers for application in Cultural Heritage
Occhipinti R.*!, Coccato A.!, Finocchiaro C.!, Fugazzotto M.!%, Stroscio A.!, Mazzoleni P.! & Barone G.!

! Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Universita di Catania.
2 Dipartimento di Scienze Umanistiche, Universita di Catania.

Corresponding email: roberta.occhipinti@unict.it

Keywords: conservation, restoration, sustainable composites.

Conservation science allows to safeguard Cultural Heritage for future generations. Current practices tend
to include modern techniques and innovative materials, taking into account sustainability, compatibility and
durability. In this framework, geopolymers have been proposed as an alternative to traditional materials in
restoration (Clausi et al., 2016; Tamburini et al., 2017). Although they have emerged as novel engineering
material with commercial and technological potential (Van Deventer et al., 2012; Palomo et al., 2014), their
brittle behaviour imposes constraints in structural design and affects the long term-durability. To overcome these
limitations, organic and inorganic fibres technology has been developed in order to strengthen geopolymers
matrix. Natural fibres have attracted much attention thanks to their cheapness, ready availability, lack of
toxicity and good tensile strength (Alzeer & MacKenzie, 2013). This research, funded by the PNR “Advanced
Green Materials for Cultural Heritage” project, aims to develop natural-fibre-reinforced geopolymers for
retrofitting in seismic areas. The dry fibres of Sicilian prickly pear pads were embedded in geopolymer pastes
prepared by mixing two local calcined clays (T<800°C) with Na2SiO3 as activating solution. Physical-chemical
measurements, by means of XRD, SEM/EDS were carried out to check both the amorphous gel formation and
the adhesion of geopolymer matrix to the natural fibres net. Morphological investigations have revealed that
the aluminosilicates gel is formed and fissures cracking are less evident with respect to the not-reinforced
geopolymer composites. The addition of vegetable fibres can enhance the brittle failure mode of geopolymer
binders, reducing the shrinkage and leading up to an improvement in terms of durability of the system, which
is highly demanded in the delicate question of Cultural Heritage preservation.

Alzeer M. & MacKenzie K. (2013) - Synthesis and mechanical properties of novel composites of inorganic polymers
(geopolymers) with unidirectional natural flax fibres (phormium tenax). Appl. Clay Sci., 75, 148-152.

Clausi M., Tarantino S.C., Magnani L.L., Riccardi M.P., Tedeschi C. & Zema M. (2016) - Metakaolin as a precursor of
materials for applications in Cultural Heritage: Geopolymer-based mortars with ornamental stone aggregates. Appl.
Clay Sci., 132-133, 589-599.

Tamburini S., Natali M., Garbin E., Panizza M., Favaro M. & Valluzzi M.R. (2017) - Geopolymer matrix for fibre
reinforced composites aimed at strengthening masonry structures. Constr. Build. Mater., 141, 542-552.

Palomo A., Krivenko P., Garcia-Lodeiro 1., Kavalerova E., Maltseva O. & Fernandez-Jiménez A. (2014) - A review on
alkaline activation: new analytical perspectives. Mater. Constr., 64,315, 022.

Van Deventer J.S., Provis J.L. & Duxson P. (2012) - Technical and commercial progress in the adoption of geopolymer
cement. Miner. Eng., 29, 8§9-104.
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Terrazzo Tiles (TT) are considered here as an example of how cement-based building products can affect
the environment and that there is an urgent need to overcome (at least partially) the extensive use of cement
in the building sector. TT are currently produced using ordinary Portland cement (OPC) based concrete, made
of non-renewable raw materials, consuming high energy and water for its production and being responsible of
emitting high level of CO2. Generally, to produce 1m3 of mix for current production of Terrazzo Tiles at least
500 kg of cement is required mixed with 1.6 t of aggregates from quarries and 250 kg of water. Construction in
the EU accounts for about 50% of all extracted materials and energy consumption, generating about 1/3 of all
waste, whereas the production of OPC, accounts for 5-8% of total CO2 emissions. EU directives on saving raw
materials, reducing CO2 emissions and landfill, recycling and upcycling waste, improving circular economy,
urgently call for studying new and more sustainable building materials.

Successful laboratory studies on the use of geopolymers (e.g. Bignozzi et al., 2014) for possible application
in the building sector have already demonstrated the effectiveness of these binders which can also contain
waste of different types. The positive scientific results at the lab scale, however, is still insufficient to promote
the effectiveness of geopolymers at a larger scale. In this study we tested the possibility to pass from the
successful lab scale to the industrial implementation, with the help of a company leader in the TT products.

TT have been made with the collaboration of the Grandinetti company using alkaline solutions and a
combination of:crushed CDW coming from the 2016 earthquake occurred in the Marche region, fly-ash from
an electric power plant, rock polishing sludges from local companies. The solid mix is therefore composed
of 93% of waste materials, whereas in conventional TT it is composed of 100% of raw materials (75% of
raw materials and 25% cement), with a huge saving of raw materials. The geopolymer-based TT so produced
satisfied the industrial internal test for quality evaluation. Moreover, the physical properties have been tested
and, in particular, the mechanical tests results demonstrated to fall within the limits for the UNI EN 13748-1
norms for TT and in a good agreement with the values for conventional TT. These results are determinant for
moving forward to the industrial scale, making the geopolymers products entering the TT market. Moreover,
to evaluate the environmental impact of the new products, the Global Warming was calculated as about 184 kg
CO2 e/m* compared to 361 kg CO2 e/m? of the conventional TT, demonstrating a decrease of 51% in favor of
the geopolymer-based ones, which evidence their environmental effectiveness in CO2 reduction.

Bignozzi M.C., Manzi S., Natali M.E., Rickard W.D. & Van Riessen A. (2014) - Room temperature alkali activation of fly
ash: The effect of Na20/Si0O2 ratio. Construction and Building Materials, 69, 262-270.
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The history of wine production is inextricably linked to that of the materials used to contain it, earthenware
was one of the first materials as results from archaeological excavations in the southern Georgia dating back
to the 6th millennium B.C. Recently few producers in the world have reconsidered the use of ceramic to build
wine barrels, in particular in Italy a producer has chosen to use stoneware, which allows a certain oxygen
transfer to the wine, limited and homogeneous, unlike the terracotta, too porous. Moreover stoneware is free of
external contributions that can alter the smell and taste as happens using wooden barrels.

The production of wine vessels represents an unconventional use of stoneware, normally utilized for
its waterproof characteristics, and requires specific low porosity and permeability in the final product. The
permeability and diffusivity of a gas depend on porosity, pore size distribution, tortuosity, connectivity and
degree of flooding of the pore structure. In order to produce a stoneware wine barrel with these calibrated and
reproducible characteristics it is necessary an accurate control in all the stages of the production process: raw
material mixing and characterization, forming, drying and firing.

Mineralogical investigations on the commercial raw material now used for stoneware barrel production
were performed using granulometric analysis, X-ray diffractometry (XRD), scanning electron microscope
(SEM) analysis and differential thermal analysis (DTA, TG).

Microstructural study in order to characterize density, water absorption, pore size and water vapour
permeability was performed on fired material.

The mineralogical and microtextural results highlight the presence in the raw material of kaolinite, illite,
quartz, orthoclase and talc, while in the final cooked product only quartz and mullite embedded in a glassy
matrix were found. Chemical analyses excluded the presence of toxic elements like Lead, Cadmium, Arsenic
and Cobalt.

The results deriving from the microstructural tests show that the water absorption of the sample is linearly
correlated to the final density and the water vapor permeability increases with the open porosity measured with
the water absorption tests. The final density depends on the firing temperature and for a not negligible part on
the local inhomogeneity of raw material
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Amino acids, a class of organic compounds largely used in pharmaceutical and biomedical fields, are the
fundamental building blocks of the protein structures. In this study, Glycine (GLY) and Alanine (ALA) were
adsorbed in a Na-mordenite. The obtained hybrids were previously characterized and then compressed at high
pressure HP, with the following aims: 1) to test the effectiveness of the zeolite as sorbent for amino acids; 2)
to explore the possibility to use pressure to induce amino acids condensation in zeolite pores. This study, from
one side, will contribute to shed light on the role of minerals in amino acids polymerization under abiotic
conditions - which is a still open issue in prebiotic chemistry (Martra et al., 2014;Whitesides, 2015) - and, on
the other side, will open the way to a “green” and solvent-free, peptide synthesis.

4Al, Si,; ,0,,28.2H,0, s.g. Cmc2,, a=18.080(1) A, b =20.380(1) A, ¢ = 7.489(3) A, V =2759.3 (3) A?]
was synthesized at the Institut Charles Gerhardt in Montpellier. The water content of the final product was
determined by thermogravimetric (TG) analysis. GLY was loaded from vapor phase at mild temperature (150-
160°C) in a previously dehydrated Na-MOR powder sample. Otherwise, both a-ALA and B-ALA were loaded
from aqueous phase and then the hybrid materials were dehydrated at 150° C. The Na cations located in the
side pocket of Na-MOR are expected to trap the water molecules possibly generated by the formation of the
peptide bond during the condensation reaction. The amino acid/zeolite composites were characterized by TG
analysis, elemental analysis, IR spectroscopy, synchrotron XRPD at ambient conditions. Moreover, a series
of in situ HP synchrotron XRPD experiments were carried out in diamond anvil cell. XRPD data collected
on GLY/MOR composite at P_ show that GLY molecules are located inside the 12MR channel on the (100)
plane and oriented along the baxis. The structural analyses evidenced a not completed filling of the pores by
GLY molecules: GLY sites are only partially occupied and about 1.4 GLY molecules p.u.c. were located, in
agreement with the results of the elemental analysis. The XRPD HP experiments did not evidence amino acid
condensation, at least up to 2 GPa, probably as a consequence of the too partial loading.The analyses of the
ALA/MOR samples evidenced a higher amount of amino acid inside the zeolite channels with respect to GLY:
3.8 and 2.4 molecules p.u.c. for f-ALA and a-ALA, respectively. IR spectra of GLY/MOR composite show
the presence of a broad absorption band in the 1700-1600 cm™! range which is compatible with a peptide bond
moiety inside the composite material already at P_ .
Martra G., Deiana C., Sakhno Y.; Barberis 1., Fabbiani M., Pazzi M. & Vincenti M. Angew. (2014) - The Formation and

Self-Assembly of Long Prebiotic Oligomers Produced by the Condensation of Unactivated Amino Acids on Oxide

Surfaces. Chem. Int. Ed., 53, 4671-4674.

Whitesides G.M. (2015) — Reinventing chemistry. Angewandte Chemie, 54, 3196-3209.
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Topaz is one of the principal fluorine-bearing silicates that occurs as accessory mineral in fluorine-rich
granitic rocks associated with pneumatolithic/hydrothermal events and in ultrahigh-pressure rocks (Zhang et
al., 2002; Alberico et al., 2003). The topaz structure consists of [SiO4}4—groups linking octahedral chains of
Al[O4(F,OH)2]in a zig zag fashion parallel to the c-axis. Four of the six anions surrounding the Al3+ion belong
to [SiO4]4—tetrahedra; the remaining two are either F—or OH—groups. The orthorhombic structure belong to
Pbnm space group, but on the basis of Rinne (1926) and Akizuki et al. (1979) natural topaz present pronounced
sectoral textures with growth planes {hkl} optically triclinic, {Okl}, {kOl}, and {hkO} optically monoclinic
and {100}, {010}, and {001} as optically orthorhombic. In this work, a selection of gem quality topazes from
various localities (Zacatecas-Mexico, Baoshan-PRC and Padre Paraiso-Brazil) were compared in terms of
major and trace element compositions. The relationships between structural feature (i.e: OH/F substitution),
surface reactivity and environmental conditions has been explored. Major elements composition was almost
constant in terms of Si and Al, whereas F varies in topaz of various localities and formation environment. LA-
ICP-MS revealed sectoral and intrasectoral zoning of trace elements as a function of growth-surface structure.
The smooth time-resolved LAM-ICP-MS signals suggest that trace elements are incorporated in the mineral
lattice. Preliminary results show that topazes from Zacatecas are richer in Li (+1) and B (+3) (up to 90 ppm)
and U-Th (+6;+4). In turn Baoshan topaz contain anomalously high contents of pentavalent Nb (18 ppm), Ta
(2 pp m) and W (up to 5 ppm). XRD differences in lattice are registered, showing larger distortions for samples
hosting larger atoms. By means of micro X-ray tomography (micro-CT) it has been studied an inclusions
pattern. The analyzed inclusions are both proto-, syn- and epigenetic. On the basis of chemical and structural
data, a model to explain the accommodation of these elements in the crystal structure as function of the
geological environment, thus possibly to determine the gem identity has been proposed.

Akizuki M., Hampar M.S. & Zussman J. (1979) - An explanation of anomalous optical properties of topaz. Mineral. Mag.,
43,237-241.

Alberico A., Ferrando S., Ivaldi G. & Ferraris G. (2003) - X-ray single-crystal structure refinement of an OH-rich topaz
from Sulu UHP terrane (Eastern China) Structural foundation of the correlation between cell parameters and fluorine
content. Eur. J. Mineral., 15, 875-881.

Rinne F. (1926) - Bemerkingen ber optische Anomalien, insbesondere des brasilianer Topas. Z. Kristallogr., 63, 236-246

Zhang R.Y., Liou J.G. & Shu J.F. (2002) - Hydroxyl-rich topaz in high-pressure and ultrahigh-pressure kyanite quartzites,
with retrograde woodhouseite, from the Sulu terrane, eastern China. Am. Mineral., 87, 445-453.
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Wingellina is a large Ni-Co laterite deposit, located in Western Australia. The laterite profile formed from
the weathering of the Mesoproterozoic mafic and ultramafic intrusions of the Giles Complex, mainly consisting
of peridotite and gabbro. The exploitable Ni-Co resources of the deposit are represented by Ni-Co-bearing Fe/
Mn-oxy-hydroxides mostly occurring in the more surficial limonite horizon (probable Reserve = 168 Mt @
0.98% Ni and 0.08% Co). This makes the Wingellina deposit an unusual “oxide-type” laterite. The deeper
saprolite horizon has a lower tonnage, but contains higher Ni concentrations (up to ~3 wt%). We have studied
the mineralogy of the Ni-phyllosilicates from saprolite samples of the Wingellina deposit collected from two
different profiles, overlying a gabbro and a serpentinite (former peridotite) bedrock, respectively.

From mineralogical and petrographic analyses, we determined that the initial alteration stage of the gabbro
was characterized by the formation of nontronite and montmorillonite, at the expenses of olivine and pyroxene,
respectively. The congruent dissolution of plagioclase played an important role, supplying the Al required for
montmorillonite formation. The following stage was represented by the alteration of montmorillonite, resulting
in the precipitation of kaolinite. This paragenetic sequence is in agreement with a typical lateritization pathway.
The alteration of the serpentinite followed instead a multistage route. During the initial lateritization stage,
the original serpentine was altered to a Ni-rich srp I, as well as to tri- and dioctahedral smectites (saponite
and nontronite). The chemistry of smectites suggests that the saponite-to-nontronite conversion developed
through a progressive increase of the Fe content within trioctahedral smectite. In a following stage, in the upper
section of the serpentinite-derived saprolite, disordered talc-smectite and chlorite-smectite interstratified clays
formed at the expenses of the former serpentines and smectites. This process is not typical of humid lateritic
environments, but common under arid climates characterized by circulation of saline and alkaline fluids. In
the Wingellina area, the onset of arid climate during the Late Miocene-Pliocene (Anand and Paine, 2002)
likely promoted the formation of these interstratified clays. Taking into the nature and the late stage formation
of disordered interstratified clays in the Wingellina saprolite, the evaporative-driven clays authigenesis can
be considered as a counterpart of the per descensum process that explains the garnierite formation in active
margins.

Anand R.R. & Paine M. (2002) - Regolith geology of the Yilgarn Craton, Western Australia: implications for exploration.
Australian Journal of Earth Sciences, 49(1), 3-162.
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Although the growing demand for metals is increasingly focused on the supply of non-energy Raw
Materials for industrial and technological purposes, in Italy their extraction is almost zero. This implies a
strong dependence on imports from abroad and geopolitically unfavourable conditions. The mineral deposits
of the seabed of the southern Tyrrhenian Sea could make a significant contribution to the future supply of Raw
Materials, even if the assessment of the quantity of deep-ocean metals and their recoverability is demanding.
Exploration and potential extraction of seabed minerals prompt many challenges.

Currently, global commercial interest and scientific research are focused on three classes of deep marine
mineral deposits: polymetallic nodules of Fe and Mn, Fe and Mn crusts, massive sulphide deposits (Lusty &
Murton, 2018). This research project focuses on the mineralogical and geochemical characterization of the
mineral deposits of the southern Tyrrhenian seabed, as an overview and new analyses of samples (dredge hauls,
gravity cores) previously collected from surveys conducted in 1995 (Gamberi et al., 1997; Marani et al., 1997)
and 1998 (cruise MAR-98; Marani et al., 1999) in the sectors of the Aeolian Archipelago. Low-temperature
(both hydrothermal and hydrogenetic) Fe-oxyhydroxide-rich red muds and crusts and high-temperature (i.e.
hydrothermal) sediment-hosted massive sulphides are the main ore-mineral deposits (Savelli et al., 1999). The
critical reassessment of these two classes of deep-ocean mineral deposits in terms of formation environment,
mineral associations and key elements for exploration will be carried out through new processing of the
available geochemical data, new XRD and SEM-EDS analyses and new isotopic studies.

The results will be compared with worldwide deep-ocean mineral deposits and hydrogenetic vs.
hydrothermal mechanisms of metal resource formation also in terms of tectonic setting, sources contributing
to the concentration of seawater trace elements, environmental conditions of water and recent to active
hydrothermal activity and volcanism.

Gamberi F., Marani M. & Savelli C. (1997) - Tectonic, volcanic and hydrothermal features of a submarine portion of the
Aeolian arc (Tyrrhenian Sea). Marine Geology, 140, 167-181.

Lusty P.A.J. & Murton B.J. (2018) - Deep-Ocean Mineral Deposits: Metal Resources and Windows into Earth Processes.
Elements, 14, 301-306.

Marani M., Gamberi F. & Savelli C. (1997) - Shallow-water polymetallic sulphide deposits in the Aeolian island arc.
Geology, 9, 815-818.

Marani M.P., Gamberi F., Casoni L., Carrara G., Landuzzi V., Musacchio M., Penitenti D., Rossi L. & Trua T. (1999)
- New rock and hydrothermal samples from the southern Tyrrhenian sea: the MAR-98 research cruise. Giornale di
Geologia, 61, 3-24.

Savelli C., Marani M. & Gamberi F. (1999) - Geochemistry of metalliferous, hydrothermal deposits in the Aeolian arc
(Tyrrhenian Sea). Journal of Volcanology and Geothermal Research, 88, 305-323.
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Iron-oxy-hydroxides (IOH) phases commonly occur in all Supergene Ore Deposits (SOD) where they
are regularly associated with economic ores. The most common phase in these environments is limonite, a
micro to nano-crystalline crystalline mixture of IOH mainly consisting of goethite sensu strictu (a-FeOOH).
Lepidocrocite (y-FeOOH), ferrihydrite (5Fe,0,-9H,0; Fe,O,(OH)-4H,0, Fe,O,(OH),, Fe, O (OH), 2.6H,0),,),
hematite (Fe,O,) and minor maghemite (y-Fe,0O,) can also occur. Natural IOH are rarely chemically pure; they
can host cations, isovalent or heterovalent to Fe**, which can be incorporated into their structure (Cornell and
Schwertermann, 2003).

The aim of this work was to establish the geochemical, morphological and mineralogical variations of
limonite collected from a diverse range of SOD in order to asses which IOH phases are present and which
metals are incorporated in their structure. The samples were collected from the oxidation zones of Ni-laterite
deposits (Caldag and Karacam, Turkey; Wingellina, Australia), supergene Zn-nonsulfides (Hakkari, Turkey;
Jabali, Yemen) and bauxite (Maiorano and Dragoni, Italy). The analyses were carried out at Natural History
Museum (NHM, London, UK) by several analytical methods used for ore characterization: XRD, SEM-EDS,
EPMA, ICP-AES, LA-ICPMS and TEM.

The most common IOH phases from Ni-laterite and Zn-nonsulphide deposits mainly consist of goethite
with minor maghemite and hematite, while bauxite specimens mainly consist of hematite with minor goethite.

In Ni-laterite deposits the goethite commonly occur as crusts associated to Mn-oxyhydroxides or quartz,
boyitridal concretions within rock pores or as needle-like concretions. In some cases it can be pseudomorph of
primary phases (olivine or pyrite). The IOH of bauxite deposits, instead, consist of oids having hematitic cores
surrounded by bohemite or crusts of hematite associated with goethite.

In all the selected samples Fe, Si and Al are the major elements. The high Al content of the bauxite IOH
depends on the presence of bohemite. EPMA analyses revealed that some amount of Al and Si (up to a max.
of ~3wt%) is hosted witin the goethite itself. Minor elements content changes according to the deposit type:
Cr, Ni and Co occur within goethite samples from Ni-laterite; EPMA results revealed they are hosted within
the goethite itself with Ni up to ~3wt% and Co up to ~0.3wt%; minor Mg (from lizardite) and Mn (from Mn-
hydroxides) can be present in those samples. The IOH selected from Zn-nonsulphide deposits are enriched in
Zn and Pb; some Pb amount can come from the cerussite, but EPMA analyses show that both Zn and Pb can
amount up to ~6wt.% within goethite. Ti (from rutile) is a common minor element from IOH selected from
bauxites.

LA-ICPMS analyses were useful to identify the Sc, Ge, Ga and REE contents hosted within IOH: the
content of Sc, Ge and Ga is always negligible for all the studied IOH while REE (up to ~1000ppm) can be
hosted within IOH samples from bauxite deposits.

TEM-based analyses revealed that al the signals for all the detected elements (i.e. Ni, Co, Zn, Si, Cr, etc.)
derive from the elements w widespread in the crystal lattice and not from nano-crystals of other mineral
species.

Cornell R.M. & Schwertmann U. (2003) - Front Matter, in The Iron Oxides: Structure, Properties, Reactions, Occurences
and Uses, Second Edition, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, FRG.
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Bauxite is the primary source for aluminium production globally and in the West-Azarbaidjan Province,
Iran, the Darzi-Vali bauxite deposit represents a high-grade and minable bauxite ore (Khosravi et al., 2017).
The deposit is located within the Iran-Himalayan karst-bauxite belt, about 20 km east of Bukan, northwestern
Iran. The stratigraphic succession in this area consists of Upper Permian sandstone, shale, and carbonate of
the Ruteh Formation, unconformably overlain by Jurassic shale and sandstone of the Shemshak Formation,
followed by Lower Cretaceous conglomerates and sandstones, Upper Cretaceous sparitic limestones, and
Quaternary alluvial terraced deposits. The bauxite occurs as discontinuous layers and lenses within the
carbonate rocks of the Ruteh Formation. The Aluminum Phosphate—Sulfate (APS) minerals occurs in a wide
range of geological environments near the Earth’s surface, including weathering, sedimentary, diagenetic,
hydrothermal, metamorphic and postmagmatic systems. APS minerals have been also recognized in bauxite
ores where they may host critical metals including the Rare Earth Elements (REEs). Further, since APS minerals
are highly sensitive to their physico-chemical conditions of formation (Eh, pH, activities of constituent metals,
P, T), they gained growing interest for tasks dealing with paleoconditions in natural systems (Gaboreau et
al., 2005). In this work, for the first time, a detailed study focussed on mineralogical (XRPD, OM, SEM) and
microchemical (EDS and WDS) composition of the Darzi-Vali bauxite is shown with the principal aim to
investigate the mineralogical control and distribution of REEs throughout the deposit. Beside primary LREE-
monazites and apatites, other uncommon REE-bearing APS, such as svambergite and goyazite, have been
detected in the studied deposit. Both svambergite and goyazite host REEs in their crystal structure as replacing
elements for Sr and have been distinguished each other for their relative contents of S replacing for P in the
(PO?),- tetrahedron. In the studied bauxite, these minerals mainly concentrate within millimetre to centimetre
pervasive veins suggesting a precipitation from secondary REE-rich fluids circulating in the rock after its
formation. Currently no more information on the presence of a vein network rich of REEs-bearing mineral
phases in the Darzi-Vali bauxite are available making the studied ore worthy of further investigations.

Gaboreau S., Beaufort D., Vieillard P., Patrier P. & Bruneton P. (2005) - Aluminum phosphate—sulfate minerals associated
with proterozoic unconformity-type uranium deposits in the east Alligator river uranium field, northern territories,
Australia. Can. Min., 43, 813-827.

Khosravi M., Abedini A., Alipour S. & Mongelli G. (2017) - The Darzi-Vali bauxite deposit, West-Azarbaidjan Province,
Iran: Critical metals distribution and parental affinities. J. African Earth Sci., 129, 960-972.
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Waste production is a daily/common human activity and the construction industry produces in Europe 820
million tons (Mg) of waste, about 35% of all waste. In particular, construction and demolition waste (CDW)
can derive from construction, refurbishment or demolition of buildings, roads or public spaces and up to 85%
of CDW is made of concrete, ceramics and masonry, reused only as inert materials. Moreover, fly-ash (FA) and
bottom-ash (BA) are troublesome wastes to deal with, due to a limited reutilization (only 16% of FA produced
in EU is recycled) and lack of uses.

Aim of this study is to approach CDW, FA and BA characterization and behaviour at high T in order to
shed light on possible waste reuse for production of new materials for applications in building materials or in
the glass industry. To achieve so, vitrification experiments have been performed at ambient pressure, different
temperatures (1000 to 1200°C) and for variable duration (from 2 to 8 h). Vitrification is, among the techniques
used to treat and homogenize waste products, a valuable process to have volume reduction and immobilization
of potentially hazardous elements for further re-utilization of waste, with the possible additional modification
of the starting composition with glass forming additives.

Preliminary studies aimed at investigating chemical, morphological and mineralogical properties. BA
revealed to be highly inhomogeneous, consisting mainly of poly-crystalline fragments, glass, silicate minerals
and many volatile metals, e.g. Ni, Pb, Zn, Co, Cr, Cu (Stabile et al., 2019). The materials produced by
vitrification of CDW have been checked for homogeneity (XRD, optical microscopy, SEM) and results show
that, even after treatments at the highest temperatures and longest duration, a complete glassy character is not
reached. We therefore attempted several mixtures combining CDW BA (from municipal solid waste) with FA
(from electrical power plant) in different proportions, to investigate the vitrification process as a function of the
components. The preliminary results show that vitrification is best reached by adding FA (30 wt.% of the mix),
whereas adding of BA does not improve the vitrification even at the highest concentrations (70%) and can be
therefore disregarded as a suitable component in spite of the high amount of silica component.

The large quantity and the potential leachability of high metal concentrations in these waste residues needs
to be tested by leaching tests to provide insights into the mobility of heavy metals, which plays an important
major role to assess the possibility of use and treatment within regulatory limits. These preliminary results
have shown, however, the presence of possible host phases for potentially hazardous elements in the mixes,
providing useful information on properties and possibilities for recycling in the building sector.

Stabile P., Bello M., Petrelli M., Paris E. & Carroll M.R. (2019) - Vitrification treatment of municipal solid waste Bottom
Ash, Waste management (submitted)
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Mid-ocean ridges ordinarily host hydrothermal systems in which dominantly seawater-derived fluids
precipitate metals as massive sulfides (MS) on the seafloor. These MS deposits may have remarkable grades
of base (Cu, Zn), precious (Au, Ag) and critical (Co) metals and have therefore gained attention as potential
mining targets. Seafloor MS may show significant geochemical variability along the same ridge and even at
the deposit or hand-specimen scale, suggesting a complex interplay of regional and local controlling factors.
Studying these factors is pivotal for an understanding of the genesis of MS and for developing effective
guidelines for the exploration and economic evaluation of present-day seafloor deposits and of their ancient
on-land counterparts. We investigated these factors by means of robust principal component analysis and
robust factor analysis of published and novel bulk chemical data for MS from worldwide mid-ocean ridges.
The interpretation of the statistical factors was supported by thermodynamic modeling of basalt- and peridotite-
seawater hydrothermal systems and long-standing observations in modern seafloor hydrothermal fields. We
found that most of the geochemical variability (73%) can be explained by three independent factors, which
are interpreted to be (in order of importance): (1) the temperature of sulfide deposition, (2) the ridge spreading
rate, and (3) zone refining. The first and the third factors are mostly related to processes operating near the
seafloor, such as conductive cooling, mixing with seawater and metal remobilization, and effectively control
the relative proportions of the main sulfide minerals and of two main groups of anti-correlated elements, i.e.,
Cu, Se, Co vs. Zn, Ag, Sb, Pb. Therefore, the relative enrichment in these elements mostly reflects the final
depositional conditions and evolution of mound and vent structures rather than the original geochemistry of
the hydrothermal fluid. The ridge spreading rate controls the structure of the oceanic lithosphere, which in
turn controls the length and depth of the hydrothermal circuit and the rock-to-water (r/w) ratios in the reaction
zone. The higher r/w at slow-spreading ridges enhances the release of Au and Ag to the fluid, but may limit
that of Ni due to the stabilization of Ni-bearing sulfides and silicates at depth. As a consequence, MS on slow-
spreading, ultramafic-rich ridges are systematically enriched in Au, but not in Ni, compared with those on
intermediate/fast-spreading, mafic-dominated ridges. Despite the obvious role played by substrate rocks as
metal sources, their nature does not emerge as a statistically significant independent factor. The composition
of the substrate, however, may become relevant in subseafloor mineralization, where sulfides precipitate by
reaction of ascending hydrothermal fluids with Ni-poor mafic or Ni-rich ultramafic host-rocks.
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Zinc sulphide (ZnS) is an interesting mineral phase presenting two cubic polymorphs, namely zinc-blende
(sphalerite) and rock-salt. Sphalerite (zb-ZnS) is a stable phase at ambient conditions, whereas the rock-salt
polymorph (rs-ZnS) is the result of high compression loads. Zinc sulphide is an important mineral from the
geo-mining and industrial points of view, whose properties found various and manifold applications for the
exploitation of georesources and also in electronics, optics and photocatalysis. In the present work, we report
an extensive and detailed theoretical investigation of thermomechanical, electronic and thermodynamic
properties of zb-ZnS and rs-ZnS over a wide range of pressure, by means of ab initio Density Functional
Theory, Gaussian-type orbitals and the well-known B3LYP functional. The thermodynamic P-T7 stability of the
mineral phases was investigated in the pressure range 0 — 25 GPa and between 0 and 800 K. The athermal (0
K) 3"-order Birch-Murnaghan equation of state (EoS) resulted in K, = 72.63(3) GPa, K’ , = 3.88(1) and a,, =
5.5532(3) A for sphalerite, and K,, = 84.39(5) GPa, K’ ,, = 4.13(1) and a,, = 5.2167(3) A for the rs-ZnS
polymorph. The phase transition was calculated to be about 15.5 GPa and 14.6 GPa from the athermal EoS
and elastic constants data, respectively. In agreement with experimental findings (Ono and Kikegawa, 2018),
an inverse relationship between the pressure of transition and temperature was observed. The electronic band
structure showed a direct band gap for the zinc-blende zinc sulphide (£, = 4.830 eV at equilibrium geometry),
which became an indirect one by increasing pressure above 11 GPa. The results compared and discussed with
the available experimental (Uchino et al., 1999; Ono & Kikegawa, 2018) and theoretical (Hu et al., 2008;
Cardona et al., 2010) data were found to be in good agreement, further extending the knowledge of important
properties of zinc sulphide polymorphs, in particular the thermomechanical ones that we extensively explored.

Cardona M., Kremer R.K., Lauck R., Siegle G., Munoz A., Romero A.H. & Schindler, A. (2010) - Electronic, vibrational,
and thermodynamic properties of ZnS with zinc-blende and rocksalt structure. Physical Review B, 81(7)

HuC.E., SunL.L., Zeng Z.Y. & Chen, X.R. (2008) - Pressure and temperature induced phase transition of ZnS from first-
principles calculations. Chinese Physics Letters, 25(2), 675-678.

Ono S. & Kikegawa T. (2018) - Phase transition of ZnS at high pressures and temperatures. Phase Transitions, 91(1), 9-14.

Uchino M., Mashimo T., Kodama M., Kobayashi T., Takasawa E., Sekine T., Noguchi Y., Hikosaka H., Fukuoka K., Syono
Y., Kondo T. & Yagi T. (1999) - Phase transition and EOS of zinc sulfide (ZnS) under shock and static compressions
up to 135 GPa. Journal of Physics and Chemistry of Solids, 60(6), 827-837.
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Phyllosilicates are important phases in several geophysical and geotechnological applications. Some
of them may act as water carriers, bringing H O in the Earth’s mantle through release of hydroxyls from
their structure and subsequent phase transformations. Thus, the knowledge of the high-pressure and high-
temperature behaviour of phyllosilicates is very important in minero-petrological and technological/industrial
fields for various genetic and thermobarometric issues and for material science applications, respectively. In
this context, quantum mechanical simulations of mineral phases can provide an invaluable tool to study the
minerals behaviour ay P-T conditions that are difficult to obtain during experimental procedures, especially
controlled high pressures and temperatures. There are very few theoretical works in literature devoted
to the physical-chemical characterization of layer silicates, and water carriers in general, at atomic scale.
Phyllosilicates present interesting challenges to computational mineralogists. For example, layered silicate
structures are made by tetrahedral-octahedral-tetrahedral (T-O-T) with an empty interlayer or with cations
between the TOTs. For this reason, the simulation parameters should be chosen carefully when dealing with
layered silicates, because two directions of the mineral are dominated by covalent bonds (within the TOT
layers), while the third direction exhibits an interplay of van der Waals forces (between the layers) and strong
ionic interactions due to the interlayer cations. In the present study, we report the thermo-chemical and thermo-
physical properties of a series of phyllosilicate minerals, namely talc, pyrophyllite and the 2M1 polytype of
muscovite in a wide pressure and temperature ranges. The hybrid DFT/B3LYP density functional has been
adopted, adding a correction for dispersive forces and employing the quasi-harmonic approximation (Anderson,
1995) to include the temperature effects on the thermodynamics and mechanical properties. The results can
be used as a solid basis to investigate and characterize in detail the phase transitions of selected minerals for
mineralogical, petrological and geophysical purposes and in technological and industrial applications as well.

Anderson O.L. (1995) - Equation of state of solids for geophysics and ceramic science. 405 pp. Oxford University Press,
New York, US.
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Circular Economy is a “response to the desire for sustainable growth in the context of the increasing
pressure that the production and consumption have on the environment and global resources”. Such a
regenerative design aims to keep products, components and materials at their highest utility and value at
all times. The economy has worked in a linear model of “collection, production and disposal”, where all
the products eventually reach an “end of life” status. This leads to an increase in demand for resources, and
consequently, to a greater environmental degradation. The main geo-resources are becoming scarce, thus, the
continuous application of the linear model that depends exclusively on the extraction of geomaterials with
limited availability is no longer feasible. The transition to a circular economy redirects the focus to the reuse,
repair, renovation and recycling of materials and existing products, i.e. what was previously seen as a “waste”
can be now transformed into a resource. The ceramic tile manufacturing is often seen as an example of linear
economy, where the concept of “reduce, reuse, recycle, recover”, is difficult to be carried and all the efforts
reside on recycling processing wastes in cannibalistic loops. Unfortunately, the circular economy cannot be
easily applied to ceramics, mainly due to usually long and worldwide distributed life cycles. However, an
interesting range of residues has already been studied as raw material for porcelain stoneware tiles, but often
limited to a feasibility assessment. A detailed analysis of requirements, pre-treatments and industrial behavior
of secondary raw materials suitable for ceramics, is still far from being outlined. This contribution wanted to
define why and how wastes affect the technological behavior of porcelain stoneware tiles. we evaluated the
concept circular economy that transferred to the tiles industry also considering the actually possible supplies in
relation to the needs of the ceramic production process. This is a case study on waste valorization, we selected
about a dozen of residues, recycled from Emilia-Romagna region, Italy, and suitable as ceramic raw materials
(mostly glasses, ashes and sludges). the wastes are introduced as fluxes, to replace feldspathic raw materials
in a standard porcelain stoneware batch, contents up to 60% were reached. Bodies underwent a laboratory
simulation of the industrial process, stressing on technological obstacles to a large-scale utilization and
fully evaluating their behavior. Thus, a waste classification was allowed, and obtained technological profiles
summarize preliminary treatments needed, compositional features and the effects on technological behavior
of the porcelains stoneware tiles.
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Due to their widespread use and slow natural degradation, pharmaceutical products are among the most
common ubiquitous contaminants of waters and wastewaters. At present, pharmaceuticals removing from
water systems through adsorption on synthetic microporous zeolites is considered the best compromise in
terms of cost-effectiveness and eco-sustainability (Martucci et al., 2015; Rodeghero et al., 2016). In this work,
two samples of Y zeolite (i.e., Si/Al ratio=30) loaded with two different pharmaceutical compounds (ibuprofen,
C,H 0, and atenolol, C, ,H,N,O,) were studied through neutron powder diffraction to determine zeolite
sorption capacity and highlight host-guest interactions. Drug-loaded zeolites were obtained exchanging the as-
synthesized form with deuterated ibuprofen and atenolol in aqueous solution for 140 h at room temperature and
then washing with D,O. Diffraction data were collected at the D2B beamline (ILL; Grenoble) at 4 K. Rietveld
refinements were performed using the GSAS software (Larson & von Dreele, 1994), whereas extra-framework
sites were located by difference Fourier maps and then optimized using EXP0O2014 (Altomare et al., 2013)
software to obtain reasonable bond lengths and angles and calculate the H atoms position. Results obtained
from the cell parameters analysis confirmed the presence of extraframework molecules within the zeolite
pores, which were located within the supercage through the difference Fourier maps analysis. Contrariwise,
no coadsorbed water molecules were detected. Refinement of extraframework occupancies revealed the
presence of higher amount of ibuprofen (33.68%) than atenolol (11.55%) within the zeolite pores. According
to bond distances analysis, both molecules directly interact with the zeolite framework, thus guaranteeing the
molecule immobilization and preventing from uncontrolled release phenomena. The analysis of structural
parameters allowed calculating both ellipticity and Crystallographic Free Area (CFA), which highlighted
strong differences among the two drug-zeolite systems. Compared to the bare zeolite (unloaded-Y=46.26),
CFA values after molecules adsorption increase: ibu-Y=56.58 and atn-Y=48.16. On the contrary, after loading
no evident differences in channel shape and geometry were detected, thus confirming the high flexibility of
zeolite framework. Based on the obtained results, the Y zeolite efficiency in ibuprofen and atenolol adsorption
has been proved and its possible exploitation as sorbent materials in water remediation treatments can be
assumed.

Altomare A., Cuocci G., Giacovazzo C., Moliterni A., Rizzi R., Corriero N. & Falcicchio A. (2013) - EXPO2013: a kit of
tools for phasing crystal structures from powder data. J. Appl. Crystallogr., 46, 1231-1235.

Larson A.C. & Von Dreele R.B. (1994) - General structure analysis system, report LAUR 86-748. Los Alamos National
Laboratory Report LAUR, 86.

Martucci A., Rodeghero E., Pasti L., Bosi V. & Cruciani G. (2015) - Adsorption of 1, 2-dichloroethane on ZSM-5 and
desorption dynamics by in situ synchrotron powder X-ray diffraction. Micr. Mesop. Mater., 215, 175-182.

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 powder X-ray diffraction
and chromatographic techniques. Catal. Today., 227, 118-125.
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Red mud (RM) is a waste material formed during the production of alumina when the bauxite
ores are subjected to caustic leaching. The mineralogy of this waste is controlled by both treatment
processes and bauxite ore composition. RM is generally characterized by the presence of iron oxy-
hydroxides such as hematite and goethite with minor aluminium hydroxides (i.e., boehmite). The other
phases occurring on traces are calcium oxides, titanium oxides, aluminosilicate minerals and sodalite.
Layered double hydroxides (LDH) are a wide family of synthetic layered materials with a brucite structure.

The general formula of LDHs is [M" M" (OH),] , zH.O where M" are divalent metal ions (Mg*,
Ca?", Co*, Zn*,Cu?", Ni*" whereas M represent trivalent metal ions (Al**, Co**, Fe*", Cr*', Ni**). An- is
representative of interlayer anions which hold together the positively charged brucite-like sheets through
electrostatic attractions.

In this work, the action of the different methods (direct sonication energy or conventional hydrothermal
process) in changing the mineralogical composition of RM was investigated. The data indicate that three
main factors determine changes in mineralogical composition of RM: seawater solution, NaOH pre-fusion
treatment and following sonication or hydrothermal process. However, the results display the higher efficiency
of sonication in forming larger amount of layered double hydroxides.

Due to their properties, mainly represented by high specific surface area, catalysis character, ion-exchange
capability and swelling abilities, LDHs have been used in many application including adsorption and catalysis.
Based on this, LDHs formation in the bauxite residue represents an interesting method to neutralize RM. To
confirm this, a preliminary characterization of adsorption properties of the synthetic products was performed
testing the efficiency with Reactive Orange 16 (RO16). T ests on catalytic properties have been scheduled.
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Realization of large geo-engineering projects in rocks containing Naturally Occurring Asbestos (NOA) must
address several crucial geo-environmental issues, including the design of the construction site, the enforcement
of health protection measures and the environmental-sustainable spoil management. This leads to a compelling
need to develop effective and standard procedures to evaluate the distribution and concentration of NOA in
rock volumes. To address this issue we introduced an innovative procedure to evaluate the asbestos distribution
and concentration in complex geological settings through the definition of the “NOA petro-structural facies”
(“NOA petrofacies” in brief). NOA petrofacies are fundamental asbestos-bearing rock types, showing recurrent
lithological and structural features controlling asbestos occurrence.

The NOA petrofacies approach was developed and tested in a geo-environmental study for the evaluation
of the asbestos content for the “Gronda di Genova” highway by-pass project (Genoa, NW Italy), contemplating
the realization of about 54 km of tunnels partly excavated in potentially asbestiferous rocks (meta-ophiolites).

Eight main NOA petrofacies have been defined on the ground of: i) macro and mesoscopic field observations,
ii) optical microscopy and micro-Raman spectroscopy analyses, and iii) quantitative determination of fibrous
minerals by SEM-EDS. NOA petrofacies were then categorized into four classes depending on their expected
asbestos content (very high, high, low, and nil). NOA petrofacies approach was used to predict the distribution
n and relative abundance of NOA in each excavated lithotype and in each geologically homogeneous tunnel
segment.

A recursive integration and refinement of the NOA petrofacies characters will be achieved by applying this
approach to other case-studies in asbestos-rich natural settings.
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Despite the relation between occupational exposure to asbestos and asbestos related diseases (ARD) is well
documented, many issues concerning the etiopathogenesis of ARD are still debated. For example, the role of
fiber species and dimension (length and thickness), the importance of exposure dose and the dose-response
effect are still questioned.

Moreover, the synergic collaboration between mineralogists and pathologists for a multidisciplinary
assessment of the diagnosis of ARD helps to investigate the complex pattern of legal, social, and political issue.

The aim of this study is to put together the mineralogical and medical knowledge in order to investigate a
cohort of 188 subjects, some of whom worked at Fibronit (Broni, Pavia, Italy), an important asbestos cement
factory (active between 1932 and 1993), and others lived in the surrounding area, in order to clarify the role
of asbestos in the etiopathogenesis.

Different issues have been addressed: the latency time before the diagnosis, survival time since the diagnosis,
effect due to cigarette smoking, relationship between the concentrations of asbestos fibers in lung tissue and
ARD, kind of exposure (occupational and anthropogenic environmental), possible gender differences.

To carry out this complementary investigation, a group of 40 subjects was selected from a larger series of
autopathic lung samples; specifically: 20 males with occupational exposure (10 died for mesothelioma and 10
for asbestosis), and 20 subjects with anthropogenic environmental exposure (10 men and 10 women died for
mesothelioma).

The inorganic residue of a portion of lung tissue of each subject was investigated by scanning electron
microscopy with energy dispersion spectroscopy (SEM-EDS). The following information concerning asbestos
fibers were detected: length and width, mineralogical species, and concentration per gram of dry tissue (Belluso,
2006). In addition, typical asbestos bodies were also counted, because hallmark of exposure to asbestos.

Most of the asbestos fibers detected have been identified as crocidolite and amosite.

The data show that, a considerable number of subjects with occupational exposure and high burden of
crocidolite and amosite (high dose exposure) did not develop mesothelioma; and that there are subjects with
anthropogenic environmental exposure and low burden of crocidolite and amosite (low dose exposure) that
developed and died owing to mesothelioma. This fact is consistent with a different predisposition between
individuals of the series, probably explained by a genetic substrate.

The present data appear to support the hypothesis that even an exposure to a very low amount of asbestos
can cause mesothelioma in hypersusceptible subjects.

Belluso E., Bellis D., Fornero E., Capella S., Ferraris G. & Coverlizza S. (2006) - Assessment of Inorganic Fibre Burden

in Biological Samples by Scanning Electron Microscopy — Energy Dispersive Spectroscopy. Microchimica Acta, 155
(1), 95-100.
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Despite the decline of metal mining in the UK during the early 20th century, a substantial legacy of metal
contamination persists in river channels and floodplain sediments. Contaminated drainage from mine wastes
can severely impact the hydrological and ecological systems.

This study is a part of a larger project aiming to determine extractable metals content and to assess
geochemical and mineralogical controls in mine wastes of the Central Wales mine District.

Eight samples were collected from the abandoned mine wastes occurring along the Nant Cwmnewyddion
river, at two locations: excavation spoils at the Frongoch Adit and suspected tailings at a location further
downstream, described here as Duck Point. Samples were dry-sieved into three size fractions (<63, 64-250,
and 251-2000 pum); mineralogy was characterized by XRD.

The different fractions were subjected to a microwave digestion followed by ICP-AES analysis to determine
the (pseudo)total contents of Pb, Zn, Cu, Cd, Fe, Mn and Mo, and a BCR three-step Sequential Extraction
Protocol to define the solid fractions to which metals are bound. Furthermore, batch leaching experiments at
different contact times, grain sizes, pH and liquid/solid ratios were conducted.

All the samples of Frongoch Adit show high total concentrations (mg/kg) of Pb (maximum 6870) and
Zn (maximum 10854), and also of Cu (25-663) and Cd (2.6-441) in one sample; otherwise, the highest
concentrations of Mn (478-1313) and Mo (0.8-2.6) are detected at Duck Point. For all the metals, the easily
exchangeable and carbonate-bound fraction represents a low percentage of the total metal contents: <1% for
Fe and Mo, < 15% for Cu, Cd and Mn, with a maximum of 20% and 30% for Zn and Pb. However, this aliquot
contains the highest metal concentrations of the three sequential extraction steps: > 50% for most samples,
except for samples with a high step 3 aliquot.

The sum of the concentrations detected by the three extractive steps was compared with the environmental
quality limit (PEL) suggested by the Environmental Agency of England and Wales. All spoil samples exceed
the PEL for Pb, and one sample also for Zn, Cu and Cd; moreover, three samples of Duck Point exceed the
PEL for Pb and one for Zn.

In conclusion, the studied sediments are contaminated with potentially harmful metals beyond recommended
limits. A significant fraction of metals is considered easily and/or moderately available for aquatic organisms.
Therefore, the analysed sediments may represent a threat for the integrity of the surrounding ecosystem,
identifying a diffuse source of contaminants in the spoil heaps of Frongoch Adit, and a potential secondary
source at Duck Point.

The results of this study support the general concept that dispersed river sediment may store significant
amount of metals. Their potential release should be considered in monitoring and remediation strategies.
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The relationships between inhaled asbestos fibers and development of important respiratory diseases
(asbestosis, pulmonary carcinoma, mesothelioma...) has been demonstrated by many scientific works and
therefore the role of the asbestos in these sicknesses is now universally accepted. The International Agency for
Research on Cancer recognized also for other malignancies, as larynx and ovary cancers, an association with
past exposure to asbestos (International Agency for Research on Cancer, 2012). For others, as gastrointestinal
(GI) cancers, the evidence of the correlation is until now not sufficiently sound (Gamble, 1994; Brandi et al.,
2013). A way to contribute at the understanding of the asbestos role in the development of GI cancers is to
investigate the number, type, and localization of asbestos fibres in the various human organs affected by the
diseases. Being our University and Hospitals placed in an area of the Piedmont sadly famous for the high
incidence of asbestos related diseases, as consequence of the presence of an Eternit factory working large
contents of asbestos until 1986, we tried to define if asbestos fibers may be localized in GI tract in neoplastic
or near neoplastic tissues. A previous elaborated methodology, allowing fiber detection in thin sections used
for medical diagnosis under Variable Pressure Scanning Electron Microscopy with annexed Energy Dispersive
Spectroscopy (VP-SEM/EDS), has been applied. Tissues from patients living in the highly asbestos polluted
area and affected by different GI diseases:

— benign biliary tract diseases,

— mesothelioma and important disorders in the gallbladder,

— cholangiocarcinoma,

— neoplasia of colon,

— were analyzed. Asbestos fibers or bundles of asbestos fibers, in particular of crocidolite and chrysotile, were
detected in most examined sections. The results obtained during this work will be presented and discussed.

Brandi G., Di Girolamo S., Farioli A., de Rosa F., Curti S., Pinna A.D., Ercolani G., Violante F.S., Biasco G. & Mattioli
S. (2013) - Asbestos: a hidden player behind the cholangiocarcinoma increase? Findings from a case—control analysis.
Cancer Causes Control, 24, 911-918.

Gamble J.F. (1994) - Asbestos and colon cancer: a weight-of-the-evidence review. Environ. Health Perspect., 102, 1038-
1050.

International Agency for Research on Cancer (IARC). (2012) - Asbestos (chrysotile, amosite, crocidolite, tremolite,
actinolite, and anthophyllite). In IARC (Ed.): IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.
Vol. 100C, 219-309. IARC, Lyon, France.
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People who live nearby open vent basaltic volcanoes are exposed to numerous risks such as violent eruptions
and earthquakes, but either less destructive volcanoes activities could be dangerous for human health. Volcanic
ash, gas or aerosol, may be inhaled or ingested by the population exposed to volcano activity. Persistent
strombolian activity releases in the volcano’s surrounding environment small, but continuous, amount of
volcanic ash that represents one of the most important sources of contaminants at global scale. Due to their
small size, ash particles are easily mobilized in the atmosphere and can reach areas far from the emission
points. The smallest size particles of volcanic ash can be breathed or ingested directly from the atmosphere or
by the consumption of food and water that were in contact with. During degassing activity or eruptions, a huge
amount of gas, aerosol and metal salts are absorbed on volcanic ash surface, rapidly scavenged if in contact
with water and /or organic fluids (gastric fluids). So, long-term exposition to volcanic ash could lead to chronic
impacts on human health. Remote and isolated villages often use roof water catchment systems to collect
rainwater in PVC tanks. These water storage systems could lead to mix freshly erupted ash with drinking water
that can mobilize elements scavenged from volcanic gas by the ash, some of these are dangerous for human
health. We report on results of water and simulated-gastric leachate experiments of Yasur volcanic ashes, a
volcano situated in Tanna, a small island in the Vanuatu archipelago (South Pacific region) densely populated.
Up to 25800 people are potentially exposed to the semi-continuous volcanic activity. Our data show that
trace element potentially able to generate concern for human health, in simulated water leachate, are below
the Maximum Admitted Concentration established by the World Health Organization. On the other hand, the
simulated gastric leachate reveals higher concentration of this pollutant. In order to quantify the potential
impact for human health we calculate, for each element, the Tolerable Daily Intake (TAI), related to ash
ingestion. This data, compared with Mediterranean volcanoes, shown a low risk for this hazard. The increase
of tourism, attracted by the spectacular explosion and by the easy access to the volcano’s vents, creates new
work figure in the island, the so-called volcanic guide. These guides are daily expose to volcanic gases emitted
by Yasur activity as HCI, H2S and SO2that can cause chronic health disease like asthmatic bronchitis, eye
irritation, and lung problem due to acid aerosols.

135


mailto:robertodaleo@gmail.com

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

An EPR study of silica radicals in lung tissues with evidence of silicosis

Di Benedetto F.*!, Belluso E.2, Capella S.>3, Giaccherini A.!5, Romanelli M.}, Ciuffi B.°, Montegrossi G.*,
Zoleo A.” & Capacci F.2

! Department of Earth Sciences, University of Florence, Florence, Italy.

2 Department of Earth Sciences, University of Torino, Torino, Italy.
3 Interdepartmental Centre for Studies on Asbestos and Other Toxic Particulates G. Scansetti, University of Torino,
Torino, Italy.
* Institute of Geosciences and Earth Resources, CNR, Unit of Torino, Torino, Italy.
5 Department of Industrial Engineering, University of Florence, Florence, Italy.

¢ Department of Chemistry, University of Florence, Florence, Italy.

" Department of Chemical Sciences, University of Padua, Padua, Italy.

8 Dipartimento di Prevenzione, PISLL, Health Agency of Tuscany (USL Toscana Centro), Florence, Italy.

Corresponding email: francesco.dibenedetto@unifi.it

Keywords: Crystalline silica, health effects, EPR spectroscopy.

The study of inorganic radicals associated to the respirable crystalline silica (RCS) is relevant for the
definition of the health issues (silicosis, lung cancer and self-immune diseases) related to occupational exposure
contexts.

In this study, a continuous-wave (cw) and pulsed Electron Paramagnetic Resonance (EPR) investigation of
human lung tissue samples of an individual diagnosed of silicosis has been carried out. This technique, in fact,
is able to trace the presence of radicals and of selected paramagnetic metal ions. Both types of paramagnetic
species were observed through the cw-EPR survey, but their spectra resulted heavily superimposed. Through
the use of an opportune set of pulse sequence and temperature, we were able to discern the two species,
attributing the metal ion contribution to Cu(Il) and the radical to an inorganic species. From the time-domain
patterns, Cu(Il) is found to interact with nitrogen atoms, thus supporting its attribution to biological Cu.
Preliminary considerations about the radical species suggest its similarity to the inorganic Si- radicals already
described in the literature.
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High concentrations of potentially toxic elements (PTEs) in surface and near-surface environment may
be attributed both to anthropogenic sources (including industrial, agricultural, and mining activities) and to
geogenic sources (e.g., natural weathering of rocks and pedogenesis).

Among the geogenic sources, ultramafic rocks (e.g., dunite, peridotite, pyroxenite, and serpentinite) are the
most critical from the environmental point of view because they are invariably characterized by high amounts
of Cr, Ni, and Co.

Despite a general similarity in the whole rock chemical composition, the concentration and distribution of
PTEs in ultramafic rocks is highly variable. In general, PTEs content can range up to two orders of magnitude,
mainly because of heterogeneities in mineralogy and mineral chemistry, textural, and structural features of the
ultramafic rocks. All these factors are strictly related to the various local geological settings as well as to the
metamorphic and geodynamic evolutions of these rocks.

The aim of the work is to assess the role of local-scale lithological, textural, and structural factors in the
distribution of PTEs in different ultramafic rocks occurring in the high-pressure and low-temperature ophiolites
from Voltri Massif (Liguria, NW Italy).

The mineralogy, petrography, and crystal chemistry were investigated by means of optical microscopy,
XRPD, SEM-EDS, EMPA-WDS, and LA-ICP-MS. Major, minor, and trace element concentrations were
analyzed in situ and in laboratory by means of FP-EDXRF, ICP-EOS, and ICP-MS.

The results evidenced that Cr (up to 4183 ppm), Ni (up to 3900 ppm), and Co (up to 334 ppm) are invariably
the PTEs with the highest concentrations; in addition, V, Cu, and Zn are systematically found in non-negligible
amounts.

Spinel-group minerals (chromium spinel, ferrian chromite, chromium magnetite, and magnetite) are by
far the main potential source of the PTEs. Nevertheless, several PTEs are also present within serpentines,
olivines, pyroxenes, chlorites, as well as within accessory phases (e.g., ilmenite and Ni-sulphides) and within
authigenic minerals formed in the early stages of rock weathering (cryptocrystalline to amorphous Fe-oxides
and -oxyhydroxides).

The multidisciplinary approach used in this work allow to evidence that the most important factors
controlling the PTEs variability are the degree of serpentinization (from partially serpentinized peridotites
to highly deformed and foliated serpentinites) as well as the style and intensity of deformation, which in turn
controls the mineralogical assemblage.
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Following the need to deliver innovation in the epoch that can be currently referred to as Anthropocene
we have undertaken a joint research on medical geochemistry that combines a flair for methods development
deriving from our different scientific background. At the BiGeA Department (University of Bologna) much
work has been done on waste management and critical raw materials recovery from incinerators ashes, with
the stimulating discussion at the CA15115 (MINEA), especially in working group n. 3. Our research on
geochemistry extends to the environmental characterisation and impact assessments of soils and waters (at
Ravenna Campus of Environmental Sciences) until the reach of molecular biology and cancer research (at the
National Cancer Institute CRO, University of Trieste, Aviano).

Here we report our comparative analysis of environmental processes and human health issues that can serve
as a starting point for further studies during the anthropic times. In particular, we explore the linkers between
the environmental issues related to municipal solid waste and incinerated residues, anthropic contamination
at stream sediments, and the incidence of human health threats. The geographic boundary of the study is the
highly urbanised area of the Emilia-Romagna region, Italy. Our final aim is to create a link between different
sectors and try to find a common language to work together.
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Fibrous zeolites assumed in the last years a growing interest in the scientific community because of their
effects on human health after inhalation. The International Agency for Research on Cancer (IARC, 1987)
established erionite as the most carcinogenic zeolite fibre. Recently, other fibrous zeolites have been suspected
to be dangerous for human, such as offretite (Mattioli et al., 2018), due to its structural and chemical similarities
with erionite. The toxicity of these minerals is mainly defined by two important parameters: biodurability and
biopersistence. To the best of our knowledge, experimental solubility data for erionite and offretite are still
missing. The lack of these data for natural zeolites, even in simple systems (e.g., in water), represents a severe
limitation for the understanding of the complex interaction with the biological environments. This study aims
to be a starting point for further detailed studies on the dissolution of zeolites. The defined experimental setup
potentially allows to figure out the effect of biochemical agents and this could improve our knowledge on the
pathways linking fibrous zeolites and health hazards.

Dissolution experiments were performed to assess the aqueous solubility of natural samples of erionite,
offretite and stellerite at 25° C, under the effect of atmospheric CO2 concentration.

The natural crystals were ground and sieved to obtain a relatively homogenous crystal particle size in
the range 64 um - 250 um. The powders were added to ultrapure H20 (previously equilibrated with air for
30 minutes under stirring, i.e. in equilibrium with atmospheric COz2 at pH 5). The dissolution process was
followed over time with a conductivity probe equipped on a Metrohm OMNIS system. After 7 days under
vigorous stirring (a floating stirrer was used to avoid a milling effect on the crystals), the samples were filtrated
and the amount of Ca, Na, K, Mg, Al and Si was determined by ICP-OES (Agilent Varian, 700 ES).

The powders were characterized before and after the interaction period. X-ray powder diffraction was used
for the mineralogical characterization. SEM-EDS and EMPA were used for the morphological characterization
of the grains and the determination of the elemental formula, respectively.

IARC (1987) - IARC Monographs on the Evaluation of the Carcinogenic Risk to Humans; Overall Eval. Carcinog.
Updating IARC Monographs Vol. 1 to 42; IARC: Lyon, France.

Mattioli M., Giordani M., Arcangeli P., Valentini L., Boscardin M., Pacella A. & Ballirano P. (2018) - Prismatic to
Asbestiform Offretite from Northern Italy: Occurrence, Morphology and Crystal-Chemistry of a New Potentially
Hazardous Zeolite. Minerals, 8, 69.
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Pyrite has been for a long time a major commodity due to its use for the production of sulfuric acid. In the
last decades it has been progressively replaced by elemental sulfur recovered from oil refining. As a result
pyrite mining was abandoned as well as its recovery as a by-product from sulfide ores. Nevertheless, a minor
pyrite market, related to other uses, survived and is today growing.

Pyrite is a common phase in several classes of ore deposits and is today reported to the tailings. Here pyrite,
due to its abundance, high reactivity and high S to metal ratio is the main responsible of Acid Mine Drainage.

The present study aims to ascertain the change in tailings environmental impact due to the transition from
double flotation, with separation of pyrite as a by-product, and single flotation, without pyrite separation.
The northern Albania Cu mining district was chosen as a case study because, due to its industrial policy, this
country was one of the last to abandon sulfuric acid production from pyrite, so the transition can be studied in
recent and present day tailings. Moreover, strongly different tailings due to changes in flotation flowsheet have
already been described at the abandoned Reps beneficiation plant (Fantone et al., 2017).

The study was developed on Fushe Arrez enrichment plant, still working during sampling. The plant feed
comes from a pyrite-rich massive sulfide ore, hosted in andesitic to basaltic lavas belonging to the upper
portion of the Mirdita ophiolite crustal sequence.

At Fushe Arrez the separation of pyrite was abandoned in the late *90. Here the old pyrite-poor and the still
active pyrite-rich tailings were stacked in the same valley impoundments but in two well distinct areas. Waters
flowing out of the tailing system are acidic and very rich in metals.

Acid Base Accounting, leaching and buffering tests were conducted on both pyrite rich and poor tailings.
High pyrite tailings are responsible for most of the metal release and the water treatment of these materials
is much more complex and expensive, as neutralization and precipitation of metals cannot be achieved via
reaction with calcium carbonate as it happens with pyrite-poor tailings.

The results show that pyrite separation is an efficient technique to strongly reduce the environmental
impact of tailings. In a circular economy view this technique could be very cost effective to get both important
environmental impact reduction and secondary raw material production. Results also show that, due to their
very high pyrite content, single flotation tailings could be a urban mining source of pyrite. The increase in
pyrite demand is pivotal in this view and an effort should be done to enhance research to increase pyrite
industrial applications.

Fantone I., Grieco G., Sinojmeri A. & Cavallo A. (2017) - A quantitative approach to the influence of pyrite separation on
Cu-processing tailings: a case-study at Reps, Mirdita District, Albania. Environ. Earth Sci., 76(22), 774.
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Titanium dioxide (TiO2) exists in nature in three different crystalline forms: rutile, anatase and brookite.
Rutile and anatase are the most common phases, which are accessory minerals in different types of igneous and
metamorphic rocks and can also be found as mineral grains in clastic sedimentary rocks. Due to its properties,
TiO2 has used in many industrial products although the increasing demand of this phase has caused some
concerns regarding its high presence in the environment and its effects on human health (Shi et al., 2013). In
2010, The International Agency for Research on Cancer (IARC 2010) has classified TiO2 as minerals potential
carcinogenic to humans on the basis of particle size and shape. However, at the present, epidemiological data
do not clearly support this hypothesis. Also some literature data have shown that nanometric titanium dioxide
minerals are potentially harmful to human health indicating that the toxicity of TiO2 primarily depends on
the size, specific surface and crystalline form. Although the main risk is associated with anthropogenic TiO2
dispersion, in the last few years increasing attention has also been paid on naturally occurring TiO2 minerals.
In this work, the potential role of rutile and anatase dispersion from natural outcrops on human health was
investigated with the aim to determine the amount of these minerals in the rocks as well as their susceptible
to be environmental released (geoavailability and the geoavailability degree, respectively). The studied area is
located in the southern Apennines (Italy) and it coincides with the drainage basin of the Frido stream. Geological
data indicate that rutile and anatase are the major components of heavy minerals in HP/LT metamorphic
slates of the Frido Unit (Liguride Complex); these phases are also present in fluvial sediment that originates
from degradation processes. To evaluate the environmental ‘contamination’ from titanium dioxide in different
water-rock—sediment matrices, 14 samples were analyzed by X-ray diffraction (XRD) and scanning electron
microscopy (SEM) combined with elemental analysis (EDX). The suspended TiO2 particle concentration was
also calculated for each water sample. The results indicated that the potential risk is correlated not only with
the presence of TiO2 minerals in the source rocks but also with its presence in rock degradation products (i.e.,
fluvial detritus).

IARC (International Agency for Research on Cancer) (2010) - IARC Monographs on the evaluation of carcinogenic risks
to humans, V. 93, Carbon Black, Titanium Dioxide, and Talc. http://monographs.iarc.fr/ENG/Monographs/vol93/
mono93-7.

Shi H., Magaye R., Castranova V. & Zhao J. (2013) - Titanium dioxide nanoparticles: A review of current toxicological
data. Particle and Fibre Toxicology, 10—15, 1-33.
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Ferrierite belongs to the mordenite group and is one of the most siliceous naturally occurring zeolites.
It comprises several species with the same crystal structure (ferrierite framework, FER) but different extra-
framework cations (Mg, K, and Na). Ferrierite has a general chemical formula (Mg, .,Na,K) [AlSi, O.,]-20H,0
and commonly crystallizes in the orthorhombic space group Immm.

Ferrierite may have very different crystal habits such as lamellar, flattened prismatic, acicular, fibrous, and
asbestiform. A very recent study (Gualtieri et al., 2018) has shown that ferrierite with a fibrous-asbestiform
crystal habit may have the same chemical-physical properties (morphometric parameters, specific surface area,
and iron content) of carcinogenic fibrous erionite. Therefore, the presence of fibrous ferrierite is of concern for
risk to human health, especially if one considers the potential exposure of workers handling this material or
populations living nearby ferrierite outcrops.

Ferrierite often has a hydrothermal origin and is related to the presence of fluids arising and heated from
below. In this setting, it has mainly been found in voids of volcanic rocks, coexisting with other zeolites (e.g.,
heulandite, mordenite, analcime, chabazite, harmotome), carbonates, barite and silica. Ferrierite can also have
a diagenetic origin, deriving from a variety of precursor materials including tuffaceous sediments, volcanic
glass and aluminosilicate minerals that react to form zeolites by dissolution-precipitation processes. Diagenetic
ferrierite often coexists with mordenite, clinoptilolite, feldspars, and quartz.

Recently, new occurrences of hydrothermal ferrierite were detected in the Lessini Mounts (NE Italy), where
a thick sequence of lava flows of Veneto Volcanic Province extensively crops out. The crystal habit of ferrierite
ranges from flattened-prismatic to asbestiform (elongated, thin and slightly flexible fibres). Single fibres appear
with a needle-like crystal habit, while some fibrous crystals have a slight degree of curvature. The crystal habit
composed of single needles is similar to that of fibrous erionite, and several fibres are often aggregated in
bundles. According to the WHO counting criteria, most of the ferrierite fibres can be classified as breathable.

The discovery of fibrous and asbestiform ferrierite in Northern Italy suggests the need for a detailed risk
assessment in all Italian areas showing the same potential hazard, with specific studies such as a quantification
of the potentially respirable airborne fibres and targeted epidemiological surveillance.

Gualtieri A.F., Bursi Gandolfi N., Passaglia E., Pollastri S., Mattioli M., Giordani M., Ottaviani M.F., Cangiotti M., Bloise

A., Barca D., Vigliaturo R., Viano A., Pasquali L. & Gualtieri M.L. (2018) - Is fibrous ferrierite a potential health
hazard? Characterization and comparison with fibrous ferrierite. American Mineralogist, 103, 1044-1055.
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Abandoned mining activities represent a source of pollution of harmful elements that can disperse into the
atmospheric, terrestrial and aquatic ecosystems (Passariello et al., 2002). Interactions between living organisms
and the geosphere play a fundamental role in controlling metal mobility and their understanding provide the
fundamentals to i) elucidate the biogeochemical cycle of elements, ii) develop quantitative biomonitoring
tools, and iii) improve biotechnologies as bioremediation, phytoremediation and phytomining.

Phytoremediation and phytomining exploit plants that have naturally developed defense strategies
for surviving under elevated metal contents (Caldelas & Weiss, 2017) or genetically modified plants. This
work aims to investigate the plant species Juncus acutus (Medas et al., 2019) spontaneously grown in three
different abandoned mining areas in SW Sardinia (Italy). Samples were investigated by an interdisciplinary
and multi-technique approach combining conventional (chemical analysis, X-ray diffraction and scanning
electron microscopy) with advanced synchrotron radiation (SR) techniques, such as micro-X-ray fluorescence
mapping (u-XRF) and X-ray absorption spectroscopy (XAS). Zinc, Pb and Fe are the most abundant metals,
with Zn ranging between 2 and 8 w/w % in the rhizospheres. In Juncus acutus, Zn is mainly accumulated in
the root epidermis and its chemical environment is site-dependent and multi-phase (amorphous Zn silicate,
Zn apatite, Zn hydroxycarbonate, and Zn sulphate). Also, different Zn-organic complexes (e.g. Zn histidine
and Zn cysteine) were mainly detected in the plants collected from the site characterized by the highest Zn
concentration, and they were identified as part of a detoxification strategy.

Combination of SR complementary probes revealed novel unexpected biomineralization paths and
demonstrated that biogeochemical interactions play a relevant role in the Zn cycle. The accumulation of Zn
in the plant roots makes Juncus acutus a valuable autochthonous plant employable in the development of
phytostabilization techniques. The variation of Zn speciation suggests that Juncus acutus has developed its own
site-specific molecular processes that have to be carefully considered during the selection and management of
phytoremediation techniques.

The authors acknowledge CESA (E58C16000080003) from RAS and RAS/FBS (F72F16003080002) grants.

Caldelas C. & Weiss D.J. (2017) - Zinc Homeostasis and isotopic fractionation in plants: a review. Plant Soil, 411, 17-46.

Medas D., De Giudici G., Pusceddu C., Casu M.A., Birarda G., Vaccari L., Gianoncelli A. & Meneghini C. (2019) -
Impact of Zn excess on biomineralization processes in Juncus acutus grown in mine polluted sites. J. Hazard. Mater.,
370, 98-107.

Passariello B., Giuliano V., Quaresima S., Barbaro M., Caroli S., Forte G., Carelli G. & Tavicolic L. (2002) - Evaluation of
the environmental contamination at an abandoned mining site. Microchem. J., 73, 245-250.
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The World Health Organization (WHO) established chrysotile, asbestos tremolite and actinolite, crocidolite,
amosite and anthophylliteas asbestos belonging to group I carcinogens. The effects on the health of prismatic/
acicular analogues (EMP) of asbestiform phases are still debated, as they are not regulated, although
their geometric ratios fall within the definition of fibers (length >5 pm, <3 um; aspect ratio >3:1). The
comminution of samples is fundamental for the reproducible quantification of fibers. However, the preparation
method described in the Italian Ministerial Decree 06/09/1994 is indicative and lack one coding. Moreover, t
he comminution can originate artifacts from pristine acicular/prismatic habit classifiable as fibers. Following
the Decree all. 1B, for analysis by Scanning Electron Microscopy (SEM), three asbestiform samples of the
actinolite-tremolite series and three made of prismatic/acicular ones were addressed. For each sample, three
aliquots (3 g each) were mechanically milled for 30”, 2 and 5 min respectively, at constant speed. All samples
milled for 30” showed that asbestiform amphiboles originate fibers and others break as prismatic. For longer
grinding, this distinction is less apparent.

In vitro tests on cell lines were carried out on the two types, on the fraction <10 um.

Oxidative stress is the central mechanisms involved in the carcinogenicity induced by asbestos. To mimic
intra-alveolar environmental were used A549 (human alveolar basal epithelial cell line derived from lung
carcinoma) and RAW 264.7 (mouse monocyte cell line). Preliminary to identify sub-toxic fiber doses unable
to cause a cell death over 30%, crystal violet was performed. The cells were exposed to 2.2, 6.6, 22, 50, and
100 pg/ml of each sample, and after 24, 48 and 72 h of incubation, the cell monolayers were rinsed, stained
with crystal violet, and dried. The dye taken up by the cells was solubilized and absorbance was read at 590
nm using a microtiter plate reader.

The intracellular reactive oxygen species assessment was evaluated by using the molecule 2/,
7'-dichlorofluoresceindiacetate (DCF-DA). Cell monolayers were preliminarily loaded with 2 pM DCF-
DA and after 3 h the redox state was quantified by spectrophotometer. After, to examine the genotoxicity/
clastogenicity effect induced by exposure at the different fibers the micronucleus test was performed in both
cells line.

The results highlight how critical the asbestos comminution phase is in the preparation of the samples.

Thus, the aspect ratio and the morphology of the fibers play a role in the assessment of health risk; it is
debatable what aspect ratio is to be considered as lower and upper limits of a range. Instead, it is proved that
fibers with > 20:1 ratio, although EMP, are potentially carcinogenic as not easily phagocytosed by macrophages,
therefore not removed from the lungs (Addison, 2008).

Addison J. & McConnell E.E. (2008) — A review of carcinogenicity studies of asbestos and non-asbestos tremolite and
other amphiboles. Regul. Toxicol. Pharmacol., 52, S187-S199.
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Calcium apatites biominerals are among the most studied crystalline phases in biomedicine, due to their
similarity to the mineral component of hard tissues in animals and humans. Thus, a detailed knowledge of
their mechanical and thermal properties plays a relevant role in biomaterial development and applications. In
this work, the mechanical properties of hexagonal hydroxylapatite [OHAp, Ca, (PO,),(OH),, P6, space group]
and type-A carbonated apatite [CAp, Ca, (PO,),CO,, PI space group] were investigated by ab initio quantum
mechanics techniques.

While some data are present in literature about the second order elastic constants (SOECs) of hydroxylapatite,
both on the experimental (Katz and Ukraincik, 1971; Gardner et al., 1992) and theoretical sides (Ching et al.,
2009; Slepko and Demkov, 2011), no data are available on SOECs and thermodynamics on the completely
carbonated type-A Cap. Also, very few results on the equation of state of both OHAp and type-A CAp are
available. In the present study, we report the thermo-chemical and thermo-physical properties of the both
minerals in a wide pressure range and at temperatures between 0 K and 1000 K. The hybrid DFT/B3LYP
density functional in conjunction with Gaussian-type orbitals basis set were adopted, correcting for dispersive
forces and employing the quasi-harmonic approximation. The zero-pressure bulk modulus of hydroxylapatite
and type-A carbonated apatite were calculated using a 3"-order Birch-Murnaghan equation of state, obtaining
at 0 K 115.9 GPa and 106.2 GPa, and at 300 K 109.5 GPa and 103.0 GPa, respectively. In addition, we
provided the second order elastic constants (SOECs) of both OHAp and type-A Cap in athermal conditions.
These data could be helpful for experimental researchers involved in mechanical analysis this kind of minerals
at physical conditions that are difficult to obtain during experimental procedures, and for guiding researchers
interested in quantum mechanical modelling of apatite-based minerals.

Ching W.Y., Rulis P. & Misra, A. (2009) - Ab initio elastic properties and tensile strength of crystalline hydroxyapatite.
Acta Biomater., 5(8), 3067-3075.

Gardner T.N., Elliott J.C., Sklar Z. & Briggs G.A.D. (1992) - Acoustic microscope study of the elastic properties of
fluorapatite and hydroxyapatite, tooth enamel and bone. J. Biomech., 25(11), 1265-1277.

Katz, J.L., & Ukraincik, K. (1971) - On the anisotropic elastic properties of hydroxyapatite. J. Biomech., 4, 221-227.

Slepko A. & Demkov A.A. (2011) - First-principles study of the biomineral hydroxyapatite. Phys. Rev. B, 84(13).
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Epidemiological findings of radon risk related studies confirm that residential radon represents worldwide
an important cause of lung cancer mortality. The ?*?Rn is one of the most abundant of this noble trace element,
which can be transported from the source to indoor spaces. Inhalation of radon gas and its solid decay
products (i.e., '*Po, *'*Po) can lead to high-energy alpha irritation of bronchial tissues, which can finally cause
lung cancer. The concentration of radon in a dwelling is a complicated function of geogenic factors, such
as: geological features (accessory minerals bearing uranium in lithology and geological age), geochemical
characteristics (**U, **Th and #**Ra content), soil permeability, grain size, presence of faults, fractures and
karst zone. Uranium/radium contents in igneous, metamorphic and sedimentary rocks can vary in a wide
range from low to very high levels. Higher contents typically occur in some organic-rich argillaceous rocks
(Hot Shale), heavy minerals placers deposits, reworked igneous or magmatic clastic rocks and, sometimes, in
phosphates. When searching for radon prone areas, the influence of the uranium mineralization in vein or stock
work should be taken into consideration, as they typically cause radon emission. Actually, the geology is one of
the most important factors in controlling the distribution and level of indoor radon, so that the identification of
geogenic radon potential of different areas becomes the most important step in the risk assessment procedures.

Direct soil gas radon measurement are scarce and inhomogeneously distributed, especially in Sardinia.
Several methods have been proposed by the international literature to produce GRP map where lack of direct
soil gas measurements occurs. In some cases, Rn values of regions with sufficient data have been extended
to areas with alleged similar geology or geogenic maps of European territories have been produced based
on geological units, mainly defined on the basis of lithology and age. The problem with those approaches is
the large variability of the Rn potential within the same geological unit, making the methodology sometimes
ambiguous. In fact, the geological conditions that controls the enrichment of U (then Rn) in lithotypes are
complex and the lithology cannot always represent the real occurrence of U enrichment. In general, lithotypes
are classified with textural and compositional criteria. The latter criterion is based on the main and most
common minerals in the crust. Therefore, rocks classified as the same category from a lithological point of view
may have different compositions of accessory phases, which may have very different U contents. Rocks can
hold U enrichments according to geodynamic, stratigraphic, environmental and geochemical features, climatic
conditions and, mainly for sedimentary rocks, composition of the source areas which feed the sedimentary
basins. Thus, it can be assumed that different geological evolutions related to the paleogeography of the
geological regions do not allow to automatically exporting the measurements performed in other geological
regions, in the absence of appropriate measurements that define the contents of Rn producing elements. As a
matter of fact, a geogenic potential map must be preliminary drawn to take into account the local geological
condition and the geodynamic environment from which they derive.

146


mailto:sdapelo@unica.it

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

Montmorillonite clay for the removal and recovery of metals and dyes from industrial
wastewaters

Parisi F.*!, Sciascia L.> Princivalle F.3, Merli M.2, Lazzara G.! & Milioto S.!
! Dipartimento di Fisica e Chimica, Universita di Palermo.

2 Dipartimento di Scienze della Terra e del Mare, Universita di Palermo.
3 Dipartimento di Matematica e Geoscienze, Universita di Trieste.

Corresponding email: filippo.parisi@unipa.it

Keywords: clay, wastwwaters, adorption.

The disposal of wastewaters originated from industrial activities represents a serious environmental issue,
mainly due to the simultaneous presence of different type of pollutants and involves researchers in different
fields ranging from chemistry, biology, medicine, mineralogy. The interest in this issue comes from the
twofold objective to decontaminate the effluents and separate and recover the valuable by-products present
in wastewaters, thus satisfying the growing need for availability of economic resources for the production of
chemicals, materials or fuels. The employment of Montmorillonite clay, readily and inexpensively available,
was here proposed as a green sustainable approach for the adsorption (and removal) of two class of pollutants,
metals and dyes. The attention was focuses on three “models” pollutants: Pb(II), Ce(IIl) and crystal violet The
choice is due to the fact that they are widespread in industrial wastewaters of various origin: this characteristics,
together with their effect on human health, make them ideal for a study on water remediation. Moreover, when
separated from the industrial wastewater, they can be individually recycled in industrial production with no
or simple treatment. Clay/pollutant hybrids were prepared under different pH conditions and characterized
through the construction of the adsorption isotherms, kinetic studies and XRD measurements. The obtained
information was employed to propose the better strategy for the removal and recovery of the different
components from aqueous solutions mimicking industrial wastewaters.
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This research study shows the natural and manmade asbestos mapping accuracy retrievable by hyperspectral
thermal data and describes some of the classification results tested on the airborne processed data for a rural area
in Italy. Lithological and hazardous materials mapping using visible and shortwave infrared hyperspectral data
is consolidated and well-known processing chains are available, however there is a lack of such methodologies
for hyperspectral thermal infrared data (Kirkland et al., 2002; Black et al., 2016).

An overview of the principal TASI-600 characteristics (Santini et al., 2012), i.e. 32 spectral bands in the
8.0-11.5 um spectral range, and the retrieved asbestos maps are presented in this study.

Several Natural Occurring Asbestos (NOA) deposits were identified using the emissivity absorption features
of the asbestos minerals composing the NOA outcrops. Whereas, for the detection of asbestos-cement roofs, the
diminished spectral contrast is significant because it places higher signal-to-noise ratio (SNR) requirements for
spectroscopic detection and identification by airborne imagery. Results accuracies both for NOA and asbestos-
cement roofs have been validated using available ground truth.

The study highlights that the new generation of multi/hyperspectral thermal sensors e.g., HyTES, TASI-
600, SpecTIR, AHI, Hyper-Cam, AisaOWL (Udelhoven et al., 2017), releases challenging opportunities for
accurate hazardous asbestos minerals identification and monitoring.

Black M., Riley T.R., Ferrier G., Fleming A.H. & Fretwell P.T. (2016) - Automated lithological mapping using airborne
hyperspectral thermal infrared data: A case study from Anchorage Island, Antarctica. Remote Sensing of Environment,
176, 225-241.

Kirkland L., Herr K., Keim E., Adams P., Salisbury J., Hackwell J. & Treiman A. (2002) - First use of an airborne thermal
infrared hyperspectral scanner for compositional mapping. Remote Sensing of Environment, 80(3), 447-459.

Santini F., Palombo A., Dekker R.J., Pignatti S., Pascucci S. & Schwering P.B. (2014) - Advanced anomalous pixel
correction algorithms for hyperspectral thermal infrared data: The TASI-600 case study. IEEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing, 7(6), 2393-2404.

Udelhoven T., Schlerf M. Segl K. Mallick K. Bossung C. Retzlaff R., Rock G., Fischer P., Miiller A., Storch T., Eisele
A., Weise D., Hupfer W. & Knigge T. (2017) - A satellite-based imaging instrumentation concept for hyperspectral
thermal remote sensing. Sensors, 17(7), 1542.
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The increase in the concentration of carbon dioxide in the atmosphere is a relevant and outstanding problem.
Many solutions have been set out, none of them being the definitive one. A synergic approach to the problem is
needed: many complementary methods of sequestration should be combined with the reduction of production
to decrease the total amount of CO, in the atmosphere.

In the present work, a direct and green method to convert C(IV) into C(III) and trap CO, into a stable
crystalline structure other than a carbonate (i.e. calcium oxalate, weddellite) is proposed (Pastero et al., 2019).
CO2 is reduced and precipitated as calcium oxalate through Ca-ascorbate (CaAsc) as a sacrificial reductant. The
reaction has been validated. Reaction’s kinetics and trapping yield are under evaluation. Weddellite crystals
precipitated show very high quality, as demonstrated by single crystal X-ray measurements. Moreover, crystals
obtained by different experimental setups exhibit invariably stable flat (F) forms, even if the morphology
reflects the crystal growth conditions. The crystal quality of the precipitate reflects on its stability, essential for
storage purposes.

It was experimentally demonstrated that the precipitation of weddellite from CO, could be described as a
two-step process, following two separate reactions: i) a red-ox reaction that involves the reductant (CaAsc);
i) the nucleation of calcium oxalate. The red-ox is the rate-determining step of the process and should be
enhanced to increase the overall reaction rate, for example tuning the temperature and the pH to adjust the
reducing power of ascorbic acid.

The conversion of carbon dioxide into oxalates doubles the capturing ratio with respect to the carbonation
process. Besides, the dissolution of the calcium oxalates does not directly produce CO,, as happens for
carbonates, thus meaning that if dissolved, CO, would not be straight released in the environment.

The ascorbic acid degradation cascade has been proven to have no or just feeble interference with the
production of calcium oxalate from CO,, and the products of the degradation are generally considered not
harmful.

The reaction rate of the whole process has been experimentally found to be strongly dependent on the
extent of the reaction surface: the reaction yield could be increased explosively working with aerosol (very
high reaction surface).

Pastero L., Curetti N., Ortenzi M.A., Schiavoni M., Destefanis E. & Pavese A. (2019) - CO, capture and sequestration
in stable Ca-oxalate, via Ca-ascorbate promoted green reaction. Science of the Total Environment, 666, 1232—1244.
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Semi-arid and arid areas in the Mediterranean basin are characterized by the scarcity of productive soils and
water. Agricultural practices, mainly based on the intensive use of chemical fertilizers (NPK), produce a further
soil impoverishment and water resources overexploitation. Bioaugmentation (Dejonghe et al., 2001) is an
alternative, sustainable strategy that aims to select indigenous bacterial and/or mycorrhizal fungi to be used as
inocula to speed up mineral dissolution, making macronutrient bioavailable for the plant growth. This strategy
requires an integrated biogeochemical approach, based on a detailed knowledge about soil, hydrogeology,
soil-root interaction, site microbial community and about the underlying factors in plant-microbe interactions.
Soil samples from a Sardinian farm (Italy) were collected in order to characterize their mineralogy (XRD),
chemistry (XRF and CHN analysis) and selected bioavailable macronutrients (Ca, Mg, Na, K and P). The
latter were evaluated by different methods as ammonium acetate extraction, pore water analyses and diffusive
gradient in thin films (DGT).

The study area (Pula, SW Sardinia) lies in an alluvial plain whose sediments come from a weathered
leucogranite belonging to the Villacidro Intrusive Unit. The soil samples are loamy sand with low amounts
of organic matter (avg. C = 1.16 wt.%; N = 2.5 wt.%), and a granite-like mineralogy mainly consisting of
quartz, feldspars, biotite and kaolinite. Major oxides contents (Si0,~72.2, A1203~15.3, Fe,0,~2.7, Na,0~L.5,
K,0~6.4 wt.%, and CaO and MgO <1 wt.%) suggest that parent-rock is a syenogranite.

Results indicate that:

i)  the bulk soil composition does not reflect the bioavailability of elements;
ii) Ca is the most bioavailable element;

iii) macronutrient concentration in solution depends on the extraction method;
iv) K and P are the most limiting factors in plant growth.

Ongoing researches aim to select microbial inocula suitable for the bioaugmentation strategy. A first attempt
has been performed by placing inoculated granite slices in rhizoboxes with growing plants. Slices will be
analyzed by microscopic and spectroscopy techniques to observe the biological contribution to the mineral
alteration.

This study is in the framework of the SUPREME project (ERANETMED 2) which involves Italian (UNICA,
ENEA, AGRIS and CRS4) and international partners of Mediterranean basin (Algeria, Cyprus, Jordan). The
final goal is a successful rearrangement of the group of the main microorganisms involved in the energy flows
necessary to counteract soil depletion and provide a sustainable productivity.

Zhang H. & Davison W. (1995) - Performance characteristics of diffusion gradients in thin films for the in situ measurement
of trace metals in aqueous solution. Anal. Chem., 67, 3391-3400.

Dejonghe W., Boon N., Seghers D., Top E.M. & Verstraete W. Bioaugmentation of soils by increasing microbial richness:
missing links. Env. Microbiol., 3, 649-657.
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Rio Montevecchio (Arbus, Sardinia, Italy) is a stream severely affected by the highly impacting mine
wastes, hosted in the Piccalinna impoundment, and is characterised by little vegetation and sandy streambed
upstream and rocky and pebbly streambed downstream. The application of hydrologic-tracing techniques, in
cooperation with the USGS, allowed to calculate large daily loads of mine-related constituents, reaching 1780
kg/day SO,*, 340 kg/day Zn, 47 kg/day Fe, and 50 kg/day Mn. Along the study reach, the cumulative loads
reached 2080 kg/day for SO,*, 421 kg/day for Zn 56 kg/day for Mn and 50 kg/day for Fe.

Instream attenuation processes account for a 14% loss of Zn and SO,>, 89% and 77% for Al and Fe
loads respectively. Powder X-ray diffraction analysis of stream precipitates, coupled with geochemical
modelling, allowed to identify the newly-formed mineral phases responsible for heavy metals abatement but
also potential secondary sources of pollution; Fe-oxyhydroxides, K-jarosite (KFe**,(OH)(SO,),) and alunite
(KAIL(SO,),(OH),) are regarded as the major players in Fe, SO,* and Al attenuation.

Two nearby mining-affected streams (Rio San Giorgio and Rio Naracauli) (De Giudici et al., 2017, 2014)
feature loads respectively two and three orders of magnitude lower, thanks to a depositional (rather than
erosional) environment that allows the emplacement of effective and resilient biogeochemical barriers.

Compared to the neighbouring Rio Irvi (De Giudici et al., 2018), that has contaminants loads one order of
magnitude higher, Rio Montevecchio has pollution source areas widespread along the entire study reach and
its flow regime is slower and is more exposed to evaporation processes, leading to the formation of efflorescent
salts, which act as temporary sinks for pollutants.

Finally, the discrepancy between discharge measured at the end of the study reach and at a slug injection
point downstream suggests that, along that segment, the stream mainly flows in the sub-riverbed volume and
might actively recharge underground water reservoirs.

De Giudici, G., Medas, D., Cidu, R., Lattanzi, P., Podda, F., Frau, F., Rigonat, N., Pusceddu, C., Da Pelo, S., Onnis, P.,
Marras, P.A., Wanty, R.B. & Kimball, B. (2018) - Application of hydrologic-tracer techniques to the Casargiu adit and
Rio Irvi (SW-Sardinia, Italy): Using enhanced natural attenuation to reduce extreme metal loads. Appl. Geochemistry
96, 42-54.

De Giudici G., Pusceddu C., Medas D., Meneghini C., Gianoncelli A., Rimondi V., Podda F., Cidu R., Lattanzi P., Wanty
R.B. & Kimball B.A. (2017) - The role of natural biogeochemical barriers in limiting metal loading to a stream
affected by mine drainage. Appl. Geochemistry 76, 124—135.

De Giudici G., Wanty R.B., Podda F., Kimball B.A., Verplanck P.L., Lattanzi P., Cidu R. & Medas D. (2014) - Quantifying
biomineralization of zinc in the rio naracauli (Sardinia, Italy), using a tracer injection and synoptic sampling. Chem.
Geol., 384, 110-119.
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Asbestos-like minerals commonly occur in mafic to ultramafic rocks affected by ocean floor metamorphism
and/or, more in general, by metasomatic processes. The occurrence of such rocks in Italy was documented in
both Alps and Apennines where occasionally they outcrop from Ligurian to Calabrian region. The ophiolitic
sequence we investigated is in Southern Apennines, at the Calabria-Lucanian border zone (Pollino Massif area),
that during Jurassic time was connect to the Ligurian sector of the western Tethys. Such a ophiolite includes
tectonic slices made up of serpentinitic rocks associated with metadolerite dykes and continental crust rocks
(mainly granofels, garnet-, garnet/biotite- and biotite-gneisses, and amphibolites). Although the southern Italy
serpentinites have been the object of numerous researches and their mineralogical composition largely studied,
in this paper we present new and detailed data from SEM-EDS and EMP analyses, on a mineral, the edenite,
recently detected in these rocks by Dichicco et al. (2019). Edenite is a double chain silicate of the amphibole
group, fairly rare in the ophiolitic sequences where it testifies a medium to high metamorphism (Garcia-
Casco et al., 2002; Deschamps et al., 2011). Similarly to the more common asbestos minerals (tremolite,
actinolite, and serpentine) find in the studied serpentinites, edenite may present as crystal aggregates, mostly
associated with serpentine, diopside and calcite, or as 30 to 80 pm-long single crystals with a fibrous habit.
EMPA results reveal (1) a homogeneous chemical composition of crystals regarding contents of major element
oxides (51.32<54.3, 23.6203<2.71, 1.26tot<2.85 wt%) and (2) the occurrence in their structure of some heavy
metals such as Cr (0.01203<0.02 wt%), Mn (0.04sensu stricto and accordingly it could represent a mineral
“potentially harmful” for human health. However, further detailed field and laboratory studies are needed to
improve our knowledge on edenite formation in the serpentinitic rocks of the Southern Apennines in order to
better constrain the mode of occurrence of this mineral at the Pollino Massif area and to attempt the estimation
of the hazard related to it.

Deschamps F., Guillot S., Godar M., Andrean M. & Hattori K. (2011) - Serpentinites act as sponges for fluid-mobile
elements in abyssal and subduction zone environments. Terra Nova, 23, 171-178.

Dichicco M.C., Rizzo G. & Sinisi R. (2019) - Mineralogical Asbestos Assessment in the Southern Apennines (Italy): A
Review. Fibers, 7, 24.

Garcia-Casco A., Torres-Roldan R.L., Milla G., Millan, P. & Schneider, J. (2002). Oscillatory zoning in eclogitic garnet and
amphibole, Northern Serpentinite Melange, Cuba: A record of tectonic instability during subduction? J. Metamorph.
Geol., 20, 581-598.
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Soil analyses are among the most known and common analyses in the field of forensic geology investigation.
The samples usually are constituted by minerals deriving from the alterations of the lithologies of the substrate.
These minerals allow a comparison between the reference (samples taken in the victim or at the scene of a
crime) and the comparison samples (samples linked to the suspect). Nonetheless, the elements constituting a
soil sample are not always derived from the alteration of the substrate lithologies. Often, in fact, there are rare
and scattered particles of different origins, especially in heavily populated areas. Such elements, much less
frequent in percentage than the mineral portion, sometimes help distinguish the samples more significantly,
while their peculiarity and rarity allow to achieve compatibility between reference samples and samples of
comparison. In the world of forensic science these “curious”, but obviously not so unusual, components must
never be neglected because they can be instrumental in determining the compatibility between the samples. For
this reason, a special “Atlas of micro-compounds in soil” has been drawn up, which includes many elements
of anthropic origin.
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The body of a young woman - Elisa Claps - was found in a church attic, 17 years after her disappearance.
The main problem for law enforcement officers, amongst many others, was to determine the location of the
primary crime scene. During the homicide investigation, deeply set in the pattern of the rubber sole of one of
the victim’s shoe, the investigators recovered some minuscule rock fragments.

The initial phase of securing the evidence, and the subsequent sampling of the area where the body had
been found searching for a comparison material, was quite a long but necessary process. Subsequently, a
typical carbonate rocks facies-analysis by thin-section was performed on both the evidence and the comparison
material. This allowed reaching a close match between the evidence and such material.

The positions of carbonate clasts within the shoe, as well as the location in which they were presumably
captured by the sole, helped to answer the big question on where the crime actually took place, suggesting the
church attic as the primary crime scene.
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Functionalization of natural zeolites (NZ) with cationic surfactants drastically alters the surface chemistry of
zeolite and opens new applications possibilities for water treatment: adsorption of pharmaceuticals, pesticides,
dyes, etc. The use of surface modified natural zeolites (SMNZs) could be a reliable approach for water treatment,
as they can simultaneously remove cations, anions, and/or non-ionized molecules. The main advantages of
the NZs, as starting materials, are their abundance in nature, low-cost and good stability. However, the main
drawback is a potential instability of surfactant at the zeolite surface. Literature data showed that a certain
amount of surfactant can be removed from the zeolite surface depending on experimental conditions, which
could have a negative impact on water quality. To increase SMNZs stability and abate possible negative effects
on the environment, it is suggested to use different novel types of surfactants (Reeve et al., 2018 and references
therein).

For these reasons, a zeolite-rich tuff IZ CLI (Turkey) with clinoptilolite as the main component (79%) has
been modified using two cationic surfactants such as Cetylpyridinium chloride (CPyCl) and Arquad®2HT-75
(ARQ), the latter with two hydrocarbon chains. The bilayer composites (B), CPyCl-B and ARQ-B, were
prepared using the method of fast functionalization (de Gennaro et al., 2016). To test the stability of composites,
1 g of CPyCI-B or ARQ-B was washed with 2 1 of distilled water. Z-potential (Zetasizer Nano ZS90, Malvern
Instruments) was measured for unmodified tuff as well as for composites before and after washing.

Z-potential for [Z CLI has shown a negative value (-37.9 mV). The formation of a bilayer was confirmed
by the inversion of Z - potential values which turned to positive for both composites CPyCI-B and ARQ-B
(+37.7mV and +36.1mV, respectively). After extensive washing of composites, Z - potential of CPyCI-B
has dropped to -7.9 mV indicating a significant loss of surfactant molecules. On the other hand, washing of
ARQ-B almost did not affect Z-potential indicating great stability of bilayer at the zeolite surface when a two-
tailed surfactant was used. These results could open new possibilities for SMNZs applications in fields where
surfactant stability is crucial, such as water treatment, thus promoting further research on the use of different
novel cationic surfactants.

de Gennaro B., Mercurio M., Cappelletti P., Catalanotti L., Dakovi¢ A., De Bonis A., Grifa C, Izzo F., Krakovi¢ M.,
Monetti V. & Langella A. (2016) - Use of surface modified natural zeolite (SMNZ) in pharmaceutical preparations.
Part 2. A new approach for a fast functionalization of zeolite-rich carriers. Micropor. Mesopor. Mat., 235, 42-9.

Reeve P.J. & Fallowfield H.J. (2018) - Natural and surfactant modified zeolites: a review of their applications for water
remediation with a focus on surfactant desorption and toxicity towards microorganisms. J. Environ. Manage., 205,
253-61.
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Specially after the entering into force of the Law 68/2015 on Environmental crimes, to deal with judicial
cases regarding environmental crimes may represent a not negligible difficulty, in economic and technical
terms.

In the October 2018 an important and unique agreement regarding Forensic Geology and Environmental
Crimes, was signed between the Messina Prosecutors and the Messina University. This agreement, if necessary,
allows to the scientific referent of the university to coordinate a multidisciplinary team of forensic scientists to
assist the Judicial Authority in the solution of serious and environmental crimes.

The available forensic team is actually composed of researchers and professors expert in forensic geology,
chemistry, biology, anthropology, legal medicine, etc., authorized to use high technology instruments supplied
by the Messina University both in the labs and in the field. In this last case, the georesistivimeter for ERT
tomography or the instrument for refraction seismic, the IR thermo-camera, and/or the metal detector are
fundamental geophysical instruments to assist the Judicial Authority in cases of suspect environmental
disasters. When necessary, the scientific referent may also involve freelance experts or the staff of the regional
agency for environment.
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A major environmental issue in the towns of the Padan Plain is particulate pollution. This is especially
significant in wintertime, when high pressure and dry conditions hinder the dispersion of the polluting
particles. Among the different contributions to the particulate matter (PM10), that from minerals is particularly
significant. Minerals in PM10 are in part related to vehicular traffic. Although only a fraction of the total
PM10, this mineral fraction, mostly composed by magnetite and maghemite, is a significant carrier of heavy
metals. Morevoer, it is present with a significant fraction of extra fine particles. These minerals are magnetic;
their presence can be monitored by the analysis of leaves and PM10 filters, measuring the SIRM and the mass
susceptibility. Leaf monitoring has the advantage of low cost and ubiquitous sampling, but in winter-time the
fall makes it of lesser use.

Here we sampled, for 7 weeks between 25/1/2019 and 1/2/2019 the leaves of Hedera helix, Parietaria
officinalis and Rubus caesius, in Torino and in Parma, which are evergreen commonly found in urban conditions.
Mass susceptibility was measured, with the aim to check whether their magnetic response is significant. The
ultimate goal for this investigation is to provide a proxy for magnetic pollution readily available for mapping
of the polluters at a fine scale. The investigation was done within an “Alternanza Scuola Lavoro” project with
secondary schools in Parma and Torino, reported in a separate communication (session Geosciences at school).

The sampling was done near and at the border of a highly trafficked road (Corso Casale, Torino), in a urban
park (Campus in Parma, Murazzi-Lungo Po Macchiavelli in Torino), and near a urban highway (Parma). In
Torino, in 4 out of 6 sampling days PM10 was higher than 80 mg/m3, with maximum at 122 mg/m3 (8/2/2019)

The leaves were dryed and grounded; the susceptibility was measured at the Department of Physics of the
University of Parma. In all samples the susceptibility was significantly beyond error.

The main results are: 1) Parietaria and Rubus are significantly more efficient than Hedera in taking up
magnetic particles. In Parma, Rubus highlights a significant difference between samples (p<0.05), whereas
hedera doesn’t. 2) The susceptibility of samples collected around the highly trafficked urban road (Corso
Casale) is significantly higher than other locations, for both Hedera and Parietaria. 3) In the traffic-free urban
sampling in Lungo Po the response from Hedera is not different from that from the side of the urban highway
(Tangenziale) in Parma, indicating a substantial mobility of the magnetic matter. 4) Also the magnetic response
of Parietaria and Rubus, is not significantly different in Lungo Po and Tangenziale, suggesting that both are
suitable for magnetic monitoring. 5) In Hedera no significant difference was found between old and young
leaves. 6) Differences during sampling days are hardly significant, with a small increase in Parma, and decrease
in Torino, at the end of the sampling. This is possibly related to the beginning of the academic period at the
beginning of march in Parma, and to decreased urban pollution (17 mg/m3 the last sampling day in Torino).

In conclusion, we foresee future developments in the magnetic analysis to locate pollution spots, and detail
the distribution of pollutants by the analysis of Parietaria officinalis and/or Rubus caesius.
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Inawide variety of basic and applied research, including environment, biology, medicine and nanotechnology,
there is an urge towards the fundamental knowledge of biomolecules-mineral interaction at a single molecular
level. In fact, mineral surface properties, at the micro- and nanometric scale, can control important interaction
processes, such as adsorption, alignment, differentiation, coagulation, aggregation, filtration, and ionic
transport in porous media. Furthermore, particle size, shape, surface charge and crystal-chemistry may also
have important catalytic repercussion.

Here we investigated in detail the specific interaction between the basic amino acids L-alanine and glycine
and the (001) clinochlore surface. The interaction process was investigated by cross-correlated scanning probe
microscopy (SPM) and quantum mechanics simulations (QM) at the DFT/B3LYP level of theory. In the present
work specifically developed SPM-based methods for nano-morphological-physical characterization and nano-
chemical FTIR spectroscopy/imaging with nanoscale X-Y and sub-nm Z resolution were effectively applied.
Clinochlore is a very particular phyllosilicate whose surface generally presents after cleavage both positively
charged hydrophobic micro-nanostructured areas (related to interlayer brucite-like sheet), and negatively
charged hydrophilic ones (related to the TOT layer). These areas are atomic flat (~ 0.2 A rms), extended
from several micrometers to few nanometers, with a typical in-depth separation of ~4 A (the thickness of
the brucite-like interlayer sheet). By depositing amino-acids water solutions on the clinochlore surface we
generate a hydrophobic environment (on the brucite-like surface) in a water medium. Similarly to the behavior
previously observed for DNA, RNA and single nucleotides, the clinochlore surface was found able to condense
(the condensation/amplification factor respect to the amino acid dispersion in the water droplet was about
103), organize, and agglomerate amino-acids molecules onto specific regions, the brucite-like ones. The amino
acid is stably and not uniformly adsorbed onto the brucite-like surface of clinochlore, organized in dot-like
structures, agglomerates, rings and filament-like structures up to about 150 nm long. Single molecules and the
different clinochlore layers were discriminated by SPM and nano-FTIR chemical spectroscopy/imaging, with
sizes in agreement with QM calculations. Simulations provided also the conformation of the molecule on the
surface, the intermolecular bonding scheme and the Bronsted-Lowry basic/acid strength related to AI**/Mg?*
substitutions in the brucite-like sheet and to AI**/Si*" in the TOT. The reported findings are useful not only for
biotechnological and environmental purposes (from synthesis/use to sequestration of biomolecules), but also
for prebiotic chemistry research.
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The “Ancient Marble Routes” project started in 2009 thanks to a collaboration between the “Ca’ Foscari” and
IUAV Universities of Venice and is finalised to systematically study the wrecked marble cargoes, mostly dating
to the Roman age, discovered in the coastal seabeds of Calabria, Sicily and Sardinia. Further to archaeological
studies, archacometric analyses were performed to determine the origin of the stone materials carried by these
shipments, generally made of white marbles. Such an origin may help reconstructing the ancient sea routes of
the ships and since the wrecks are usually lying in shallow waters, in most cases the stones have already had,
or will have in future, an underwater museum destination, or will be the subject of a virtual 3D exploration.
This paper presents the results obtained from minero-petrographic and geochemical studies conducted to
establish the geographical origin of the white marble blocks composing the Early Imperial shipwreck found
at Punta del Francese, off the coast of Stintino, Sardinia. Each of the fourteen marble blocks recorded was
sampled and then analysed in thin section under an optical microscope, subsequently powdered for X-Ray
diffraction, the determination of the stable carbon and oxygen isotopic ratios by mass-spectrometry and the
geochemical analysis by ICP-MS for the evaluation of the concentrations of some trace elements proven to be
discriminant between fine-grain marbles. The results of all the archaecometric investigations indicate that the
marble shipment of Punta del Francese was composed of marmor lunense quarried in the Carrara valleys and
probably directed to a destination in Spain or Gallia.
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The aim of this work was to characterize chemical composition of the alloys and corrosion microstructures
of Phoenician bronze weapons from the archaeological site of Motya (western Sicily, Italy). For this purpose,
some bronze artifacts were selected and studied by the combined use of different analytical techniques, such as
scanning electron microscope (SEM-EDS) and electron microprobe analysis (EMPA). Moreover, X-ray maps
on cross section of the artifacts were also performed to obtain information about elemental distribution in the
different layers. Quantitative analysis from rim to core sections has been acquired using EMPA in order to
estimate different composition of major and minor elements of the original alloy. The results revealed that binary
(Cu-Sn) and ternary alloys (Cu-Sn-Pb) with some impurities of As compose the weapons. A common feature
of quite all samples is represented by dissolution of copper in outermost layers (i.e., decuprification process)
as well as widespread presence of chlorine as the main corroding agent. However, different microstructures of
the alloys were observed, i.e., an axe shows a matrix of low tin bronze with large and insoluble Pb globules,
which undergo oxidation processes, forming oxidized lead compounds on the patina; other artifacts display
complex stratified corrosion layers with a periodicity, recognized as the Liesegang effect (Scott, 2006), which
is related to the occurrence of chloride compounds. The study of the microstructures and the stratigraphy of
these metal artifacts allow having new insights about corrosion process and the nature of the alloys as well as
on metallurgical background of Phoenicians.

Scott D.A. (2006) - Periodic Corrosion Phenomena in Bronze Antiquities. Studies in Conservation, 30(2), 49.
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Egypt is extremely rich on ornamental stones and its inhabitants have been able to make the most of what
nature has offered them. The richness of this wide range of stone materials can be appreciated by visiting
any Egyptian collection. The theme addressed in this project concerns the diffusion at the public of the geo-
petrographic characteristics of the stone materials used to preserve the finds in the Egyptian Museum of Turin,
through the creation of an application for smartphones and tablet, in Italian and English, whose contents are
simple and clear both from the point of view of language and of their graphic and structural organization. It
represents a tool of innovative communication aimed at promoting, increasing and enhancing the heritage
preserved in one of the main Italian museums, thanks to which the visitor can enjoy cultural and scientific
aspect at the same time

The application STONE Pietre Egizie has been developed with the purpose to give the greatest freedom
to the visitor who can choose to obtain either i) basic and simple Information or ii) insights based on own
interests and decide whether to devote himself mainly to the archaeological part or know the raw material and
its provenance

Taking into account the requirements of both artistic and scientific representativeness, 50 finds of Egypt
Museum were selected and listed in alphabetical order in the application. The form of each find reports the
collocation of the selected find, its name, the epoch in which was carved, the site where it was found, the name
of the discoverer, the size and a detailed description, which highlights the material value of the rock used and
its interaction with the artwork. Each form is completed by a relevant number of photos, that the user can scroll
and zoom in. At the bottom of the form an interactive icon addresses to the corresponding rock.

By means of a numbered list of the stones used in all described monuments, the specific data of each rock
can be accessed. The form of each rock is organized according to the following fields: three photos of the
rock at macro, meso and microscopic scale, the petrographic name, the historic name, a macroscopic and
microscopic description and a list of the main uses in the past. At the bottom of the screen a headword allows
to access to the quarry of origin, connected to a simplified geological map where the quarrying district is
indicated, implemented by a brief geological setting. The button to see the archeological find with the its raw
rock is also reported.

The approach followed in the app may be to raise public awareness of the role that Earth Sciences can play
in the future even in unconventional sectors such as the enhancement and dissemination of Cultural Heritage
and to increase dialogue between earth scientists, humanists, archaeologists and cultural managers.

The application can be downloaded free from the App Store or Google Play for Apple and Android devices,
respectively.
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The decay of inhumated human remains cannot be predicted, since under the same extrinsic burial conditions
an intra individual skeletal variability may occur, depending on intrinsic bone features, such as shape, porosity,
hardness and histological structure. Up to now many studies have been published on the decay of human bones
recovered both in archaeological and in forensic field. In particular, many researches have been reported on
human bone diagenesis of adult skeleton from a macroscopic and microscopic point of view (Caruso et al.,
2018; Caruso 2015-2016). On the contrary, few research projects were provided to investigate the diagenesis of
juvenile (or subadult) human skeletons (age ranged from 0 to 18 years old). Generally, the juvenile human bones
are poorly preserved, compared to adult human bones; this can be ascribed to their smaller size, incomplete
mineralization, higher organic and water content and porosity. Therefore, to understand the causes of the lack
of juvenile human skeletons in the archaeological and forensic records is important for several anthropological
studies, i.e. paleodemography and paleopathology.

It is generally accepted that diagenetic processes act heavily upon juvenile skeletons, even if the way
this occurs is still not well understood and explored. Juvenile bone diagenesis could be influenced by the
differential treatment of children in funerary practice compared to adults (depth and burial location) in past
cultures. Moreover, the modern archaeological techniques are not often able to retrieve the juvenile remains.

In this light, the current research project aims to investigate how archaeological and contemporary juvenile
bones, compared to their adult counterparts, degrade at histological and chemico/mineralogical level for
quantifying their diagenesis over time.

For the first time, several subadult bones will be investigated by combining conventional and advanced
analysis techniques, such as backscattered scanning electron microscope (BSE-SEM), synchrotron X-ray
micro tomography (SR-pCT), X-ray powder diffraction (XRD) and electron microprobe (EMP-WDS).

Caruso V., Cummaudo M., Maderna E., Cappella A., Caudullo G., Scarpulla V. & Cattaneo C. (2018) - A comparative
analysis of microscopic alterations in modern and ancient undecalcified and decalcified dry bones. Am. J. Physical
Anthropol., 165(2), 363-369.

Caruso V. (2015-2016) - Degradation of organic and mineral phases in buried human remains: the Earth Sciences analytical
characterization, Ph.D. Thesis, Universita degli studi di Milano, Dipartimento Scienze della Terra Ardito Desio.

163


mailto:caruso.valentina@libero.it

© Societa Geologica Italiana, Roma 2019 CONGRESSO SIMP-SGI-SOGEI PARMA 2019

Chemical and textural fingerprint of natural stones for the use of construction and restoration
stakeholders (CatSTONE project)

Castagnotto E.*1, Locardi F.2-3, Scrivano S.1, Ferretti M.2 & Gaggero L.1

! Dipartimento di Scienze della Terra dell’ Ambiente e della Vita, Universita degli Studi di Genova.
2 Dipartimento di Chimica e Chimica Industriale, Universita degli Studi di Genova.
3 Istituto di Struttura della Materia — CNR, Area della Ricerca di Romal, Monterotondo Scalo, RM.

Corresponding email: castagnottoelena@gmail.com

Keywords: DTA/TG GC-MS, heritage, stones.

In spite of its excellent resolution, the conventional MOLP-based petrographic analysis is an operator
dependent technique. In order to make the characterization of ornamental and historical stones more accessible,
the CatSTONE project presents an integrated approach more based on instrumental data, as a contribution to
the European Innovation Partnership (EIP) NATUREUROSTONE Building a harmonised European database
on natural stones for the use of construction and restoration stakeholders. The project aims at defining the
limits of investigation and the resolution of an original analytical method for natural stone materials and,
within the Cultural Heritage setting, to verify the validity of the chemical imprint as a support to historical-
artistic stakeholders. It is mostly addressed to the carbonatic rocks of the European database to-be, which
encompasses a large amount of the European market and built heritage. It ai