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Abstract

The goal of this work is to further increase the use, by all the stakeholders, of well-established and official cataloguing
methods for the preservation, valorisation and study of naturalistic heritage. The work describes the standards of the Central
Institute for Cataloguing and Documentation (ICCD) for cataloguing the Italian mineralogical, petrological and planetologi-
cal heritage to the community of scientists, curators and museum practitioners. This work then provides an overview of the
geoscientific heritage already catalogued through these standards and freely available for study and research purposes on the
SIGECweb online database. Finally, the importance of a standardized cataloguing—in the comprehension of the historical,
cultural and ethical aspects relative to the conservation and valorisation of the geoscientific heritage—will also be highlighted.

Keywords Geo-mineralogical heritage - Cataloguing - ICCD - Sigecweb - Geoethics

1 Introduction

Studies over the past two decades have shown that the debate
about geoscientific heritage has evolved passing from dis-
cussions on what kind of geoscientific heritage was worthy
of conservation to considering the best museum practices
and policies for both its management and the valorisation
of its scientific, educational and touristic meanings (Baret-
tino et al. 2000; Burek and Prosser 2008; Hoffman 2009;
Magagna et al. 2013; Garofano 2015; De Lima and De
Souza Carvalho 2020). In this regard, establishing a sustain-
able and easy-to-follow museum cataloguing practice, based
on both standardized and robust rules, will certainly help to
achieve the aforementioned goals. A considerable amount of
literature has been published on museum cataloguing. These
studies, among them the major work of Loubar (2017),
underlined how a cataloguing campaign carried out using
appropriate standards and controlled vocabularies made it
possible to (re)discovery museum collections, acquiring
historical and scientific data that would have been difficult
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to retrieve otherwise. For instance, the National Meteorite
Collection at the Smithsonian Institution preserves more
than 45,000 meteorite specimens, including 10,000 pol-
ished thin sections. All these specimens have been carefully
catalogued —encompassing the thin sections that have been
accompanied by images realised by means of the optical and
the scanning electron microscope as well as at the Fourier-
transform infrared spectrometer— and the data have been
made available freely on the online database Smithsonian
Geogallery (https://geogallery.si.edu/gems-minerals-meteo
rites-rocks). As stated by Beolchini (2002), there is an ever
increasing need to store historical collections in electronic
databases to manage and publish specimen information on a
national and international level, since archives and scientific
museums can be considered important tools for cataloguing
bio- and geodiversity alongside born-digital data (Suarez
and Tsutsui 2004; Hanner et al. 2009; Leo 2011; Gippoliti
et al. 2014; Farley et al. 2018; Vicentini et al. 2018, 2020;
Walisch et al. 2019; Kays et al. 2020).

In Italy, the Italian Code of Cultural Heritage and Land-
scape (Legislative Decree n. 42 of 22 January 2004 and
subsequent modifications) states that cultural property also
included “the collections of museums, picture galleries,
art galleries and other exhibition venues of the State, the
Regions, other territorial government bodies, as well as any
other government body and institute” (art. 10, part 2, letter
a). The status of cultural property is, therefore, attributed
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to a “collection” regardless of the various kinds of objects.
Furthermore, in Annex A, paragraph 13, letter a, the cat-
egories of cultural properties include “collection and speci-
mens belonging to zoological, botanical, mineralogical
and anatomical collections”. The process of recognition of
naturalistic heritage as a cultural property was helped by
the Central Institute for Cataloguing and Documentation
(ICCD), which promoted the establishment of cataloguing
standards for both the technical-scientific and naturalistic
heritages through a memorandum of understanding (2005)
between the Ministry for Cultural and Environmental Her-
itage (MiBAC), the Conference of the Rectors of Italian
Universities (CRUI), the National Agency for New Tech-
nologies, Energy and Sustainable Economic Development
(ENEA), and the National Association for Scientific Muse-
ums (ANMS). This activity was part of a project to enrich
the cluster of cataloguing standards already developed by the
ICCD for the archaeological, architectural, ethnoanthropo-
logical and historical-artistic Italian heritage. The catalogu-
ing standards realised by the ICCD were characterised by
codified methodologies for gathering, exchanging, accessing
and processing data at a national level (Cammelli 2016). As
highlighted by Mancinelli (2018), the establishment of com-
mon procedures was the core of the information dissemina-
tion between the diverse actors (both public and private)
operating in the cultural heritage area. These data exchange
then constituted the National Catalogue of Cultural Proper-
ties as stated in the Code of the Cultural and Landscape
Heritage (article 17, paragraph 5) (Moro 2015, 2017).

In 2005, the ICCD realised the PST (scientific and tech-
nological heritage) cataloguing standard for the technical-
scientific heritage (Castellani et al. 2006; Miniati 2008),
while two years later specific cataloguing standards were
established for the preservation and valorisation of natural-
istic heritage. In detail, the corpus of the cataloguing stand-
ards relative to naturalistic heritage consisted of six cata-
loguing cards: BN-B (naturalistic heritage-botany), BN-M
(naturalistic heritage-mineralogy), BN-PE (naturalistic her-
itage-petrology); BN-PL (naturalistic heritage-planetology),
BN-P (naturalistic heritage-palacontology), BN-Z (naturalis-
tic heritage-zoology) (Agnelli et al. 2007; Armiraglio et al.
2007; Angelelli et al. 2008; Casto et al. 2007a, b, c; Paradiso
et al. 2015). Generally speaking, the cataloguing standards
developed by the ICCD comprise regulations that are the
registration data models, terminological tools as vocabular-
ies and thesauri, methodologies (i.e., specific procedures
and policies) realized for the various categories of cultural
properties to acquire data according to homogeneous crite-
ria. The structure of the cataloguing standards for natural-
istic heritage is divided into two parts: a series of sections
common to all the standards (i.e., cross-paragraphs), and a
series of paragraphs developed for the different categories of
naturalistic heritage in which technical information relative
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to the single type of specimen are reported (i.e., special-
ised paragraphs). In the pages that follow, it will provide an
overview of the regulations, the registration data models and
of the specialised paragraphs relative to the cataloguing of
the geoscientific heritage, in its broadest sense, and of the
mineralogical, petrological and planetological heritage in a
more specific way. It is noteworthy that the ICCD standards
discussed here aiming to catalogue the specimens that are
included in rock, mineral or meteorite collections, even if
the Code of the Cultural and Landscape Heritage (art. 10)
attributes the status of naturalistic heritage to the collection
as a whole, and not to the individual samples in it. On the
other hand, the same Code requires the cataloguing of every
cultural property (art. 17). In 2012, after that the cataloguing
standards of the naturalistic heritage were established, the
National Association of Scientific Museums (ANMS) has
promoted the CollMap project, that is an online database
aiming to map the zoological and naturalistic collections
preserved in the Italian natural history museums. CollMap
provides data on the number of the samples encompass-
ing the analysed collection other than generic information
about its historical, taxonomic, and biogeographical value
(Vomero 2013; Marangoni and Miglietta 2015; Marangoni
et al. 2017). However CollMap is not able to catalogue a
single specimen. On the contrary, the BN-M, BN-PE and
BN-PL cataloguing standards provide a detailed descrip-
tion of all the specimens encompassing in a rock, mineral-
ogical or meteorite collection in a conceptual framework of
elements, relationships and cataloguing rules that give an
exhaustive museological, historical and scientific description
of the single sample and, consequently, of the collection. It
should be noted that if cataloguing is an essential part of
managing a museum’s key asset (i.e., its collections), only
the catalogue campaigns carried out through official and
standardised criteria can help natural history museums to
direct properly their collecting policies and activities such
as research, interpretation, conservation, exhibition organi-
sation, and publications. In this regard, it is important to
note that the standards promoted by the ICCD are the only
cataloguing policies recognised at a national level.

The work will then examine the current status of the cat-
aloguing of the geoscientific heritage in Italy through the
analysis of the records included in the SIGECweb (General
Catalogue Information System) online database (http://www.
sigecweb.beniculturali.it). As pointed out by Calosso et al.
(2008), the SIGECweb is a web-based platform that man-
ages the entire ICCD cataloguing system from the develop-
ment of new cataloguing standards to data dissemination.
The SIGECweb includes more than 2.6 million of catalogu-
ing records relative to the Italian cultural properties. Among
these, 831,114 cataloguing cards were available to both
scientific institutions and researchers through the National
Catalogue of Cultural Properties (http://www.catalogo.benic
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ulturali.it) (Corradini 2013; Moro 2015, 2017; Plances and
Benes 2015; Cignoni and Meloni 2019). After having ana-
lysed the mineralogical, petrological, and planetological
cataloguing cards on SIGECweb, this work will discuss how
a standardised cataloguing of the geoscientific heritage on a
national level can improve not only the practices and policies
for its preservation and conservation, but also its valorisation
through research projects aiming to investigate the historical,
cultural, and ethical aspects related to this unique part of the
Italian naturalistic heritage.

2 Materials and methods

Here we show the specialised paragraphs contained in the
BN-M, BN-PE, and BN-PL cataloguing standards. While
the categories of naturalistic objects referring to the first
two standards are quite obvious (i.e., mineral and rock
specimens), the last cataloguing standard refers to the col-
lection of meteorites that, due to their peculiarities, cannot
be catalogued using the same standards realized for rocks
and minerals. It is worth noting that in this study, the term
“specimen” refers indifferently to a mineral, rock, or meteor-
ite specimen; otherwise, when referring to a specific kind of
object, the terms mineral, rock or meteorite are used.

Table 1 describes the first specialised paragraph (OG) of
the BN-M, BN-PE and BN-PL cataloguing standard. The
structured field OGT (object) contains data useful for the
typological and terminological identification of the cata-
logued specimen. The subfield OGTD (definition) provides
a formal description of the specimen: it may be the for-
mal and official name of the species but, if not available,

Table 1 The OG paragraph

Lung Rip Obbl Voc
OoG Object
OGT Object *
OGTD Definition 70 * Yes
OGTL Language code 3 Yes
OGTV Identification 70 Yes
OGTO Container type 70
OGTC Collection name 50
QNT Quantity
QNTN Number 25
QNTI Quantity set 5
QNTS Unknown quantity 2 Yes

This paragraph is the same for the BN-M, BN-PE, and BN-PL cata-
loguing standards

LUNG contains the maximum number of text characters, RIP indi-
cates the possibility to repeat a field and OBB, when marked by an
asterisk (¥), its mandatory filling. VOC specifies whether the field has
to be compiled using a pre-compilated vocabulary or not

even an obsolete name or a simple description taken from
museum catalogues and inventories could also be reported.
For instance, museum catalogues often reported the term
tourmaline. We know that it refers to a supergroup and not to
a species, but until the specimen will be analysed, this is the
term that has to be reported in OGTD. However, even when
a species name is given, the old name will continue to be
retained because this subfield, like many others in the cata-
loguing standards discussed here, is recursive. The subfield
OGTYV (identification) describes the catalogued specimen
according to an open glossary of terms, indicating whether
the specimen was part of a museum collection, of a series of
specimens, or of a set of specimens not necessarily similar
but collected on the same site or on the same occasion. In
the eventuality that the catalogued specimen was part of a
museum or private collection (Fig. 1), the latter could be
described in OGTC (collection name).

The structured field QNT indicates the quantity of the
objects composing the catalogued specimen. This field is

Fig. 1 This wonderful sulphur specimen (65x45x25 cm) from Sic-
ily, now in the collections of the Natural History Museum of the Uni-
versity of Firenze, was previously owned by the well-known dealer
and collector Alberto Ponis. Cataloguing allows you to keep track of
the various collection steps that often characterize the most important
samples. This is a foremost information for the history of collectors
and collections
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useful to provide information about rock and meteorite col-
lections where the specimen can be composed of several
fragments or samples. Also in the cataloguing of minerals,
sets containing several samples may occur. The structured
field QNT could, therefore, be used in the occurrence of
sets for which the historical value of the whole exceeds the
scientific value of the individual specimens, or in case of
groupings of relatively similar samples of the same species
for which the scientific and economic value of the individ-
ual specimen does not justify individual cataloguing. In the
event that the sum of the specimens could not be determined,
the field QNTS could be filled with the abbreviation NR
(unknown quantity).

Table 2 shows the paragraph SM concerning the system-
atic mineralogy, i.e. a specialised section containing several
structured fields where data about the nomenclature (SMN),
systematics (SMS), type specimen (SMT) and crystallo-
graphic characteristics (SMC) of the catalogued specimen
can be provided. This paragraph also described the habit and
eventually, if measured, the physical and optical properties
of the sample. Furthermore, text labels might also be
reported in the field SME (tags and labels). The terms in the
vocabularies of SM have been taken from scientific publica-
tions and from terminologies recommended by the Interna-
tional Mineralogical Association (IMA), the Commission
on New Minerals and Mineral Names (CNMMN), the Com-
mission on Classification of Minerals (CCM), and the Com-
mission on New Minerals, Nomenclature and Classification
(CNMNQC). Glossaries adopted by the Commission on
Museums (CM), Commission on Gem Material (CGM), and
by the Working Group on Inclusions in Minerals (WGIM)
have also been taken into consideration. With regard to min-
eralogical species, the only official source is the dataset con-
taining 5650 currently valid mineral species recognized by
the IMA and CNMMN (Levison 1966; Sanero and Gottardi
1968; Bailey 1980, 1982; Bayliss and Levinson 1988; Mako-
vicky 1989; Hawthorne et al. 1995; Martin 1998; De Four-
estier 2002). Furthermore, the Mineralogical Society of
America and the European Mineralogical Union provided a
list of reliable mineralogical database (i.e., Athena Mineral-
ogy, Mindat, Mineralogy Database, Euromin Project). Con-
cerning the use of Dana’s and Strunz’s mineralogical clas-
sification, useful information could be found in Gaines et al.
(1997) and Strunz and Nickel (2001). For a glossary of terms
in Italian, an interesting source was Carusone and Olivetta
(2006). In SMNP is then possible to indicate polytypes,
while in SMNV the mineral variety and in SMNS any syno-
nym reported on the museum label or in other archival docu-
mentation relative to the catalogued specimen (De Fourestier
1999; Bayliss 2000; Ferraris et al. 2001). SMS provide data
about the systematics of the mineralogical species. In par-
ticular, this field make it possible to insert data about the
chemical-structural mineral classification along with
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information about the mineralogical composition (e.g.,
SMSF and SMSE report the experimental and theorical for-
mulas). SMTT (type) defines the type mineral specimen and
it could be filled through a pre-compiled list of terms (i.e.,
holotype, cotype and neotype) approved by CM, CNMMN
and IMA (Dunn and Mandarino 1987). The name(s) of the
author(s) that described for the first time the mineral species
of the catalogued specimen could be reported in SMTA and
the relative bibliographical reference in SMTB. SMC con-
tains the crystallographic features of the catalogued mineral.
Some of these data (i.e., SMCS, SMCL, SMCG, SMCP, and
SMCZ) are common to all the specimens belonging to the
same mineralogical species, while other data (i.e. SMCA,
SMCB, SMCC, SMCF, SMCE, SMCM, SMCV) could show
slight but significant variations typical of the single mineral
sample. SMAB (appearance) describes the relationships
between crystal and matrix. This field is also useful to cata-
logue cut-stones, while habit and possible cutting-styles
could be reported in SMAA. The Miller Indices could be
specified in SMAF. The possible presence of twinning, pseu-
domorphism, paramorphism, zoning, and inclusion in the
catalogued specimen could be listed, respectively, in SMAG,
SMAP, SMAS, SMAZ, and SMALI. In the structured field
SMF data about the physical properties of the catalogued
specimen are provided. For instance, in SMFC quantitative
data about the colour of the mineral are given according to
a standardised scale (e.g. RGB, HSB, CIE, Munsell etc.),
while in the subsections SMFT, SMFB and SMFP are pro-
vided information about the mineral streak, luster and trans-
parency. SMFD expressed the density (g/cm?) measured on
the catalogued mineral. In SMFG could be indicated the
Gladstone-Dale Index that allowed one to derive a compat-
ibility index of the physical and chemical data used to char-
acterize a mineral (Mandarino 2007). In his review of the
Gladstone-Dale relationship in minerals, Mandarino (1981)
elaborated the Compatibility Index (CI) in comparing the
physical and optical properties of minerals. CI could be
specified in SMFI and its value is a required calculation by
IMA for the approval of a new mineral species. SMFH con-
tains information based on the Mohs scale of mineral hard-
ness that is a qualitative ordinal scale characterising the
scratch resistance of different minerals through the ability of
a harder material to scratch a softer material (Broz et al.
2006). Vickers hardness or microindentation hardness test-
ing, which is a method for measuring the hardness of a min-
eral on a microscopic scale (Hermann 2011), could be
reported in SMFN. SMFA describes the level of cleavage of
the catalogued mineral according to a predefined terminol-
ogy, i.e. absent (no cleavage), poor (difficult-formed cleav-
age surfaces), distinct (recognisable cleavage surfaces), good
(good cleavage surfaces), excellent (excellent cleavage sur-
faces), perfect (perfect and glossy cleavage surfaces). The
type of fracture-surfaces could be reported in SMFU as
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conchoidal (curved fracture surfaces), even (smooth frac-
tures), or uneven (curved fracture surfaces). SMFE is related
to the toughness of the catalogued specimen which could be
elastic (it might be bend and snap back to its original shape
after the stress is released), ductile (it might be drawn into
wire), malleable (it might be flattened or deformed by ham-
mering without breaking), sectile (it might be cut into thin
shavings by a knife or other sharp object). SMFO concerns
the optical phenomena of the catalogued specimen. The
terms proposed for completing these subsections are aster-
ism (a type of chatoyancy in which the inclusions reflecting
the light are arranged in a pattern radiating outwards from a
point producing star-like patters), chatoyancy (optical phe-
nomenon caused by the light off closely packed parallel
inclusions in cavities), iridescence (the production of a rain-
bow of colours caused by intereference of light in thin films
of different refractive indices and varying thickness), labra-
dorescence (also known as schiller, it is a particular type of
iridescence found in labradorite and a very few other miner-
als), opalescence (it refers to an opal-like play of light-pro-
ducing flashes of colours that may appear like a patch-work
of different colours that are not really there). The presence
of radioactivity — a property that, even if not too prevalent
in minerals, might be useful in their identification — can be
indicated in SMFR using the terms present, not determined
or not detected. Whether present, its value can then be
reported in SMFV. Magnetism is another property that is
found in some minerals and whose presence could be speci-
fied in SMFM as follows: type of magnetism, Curie tempera-
ture (T(), transition temperatures (T}), saturation magnetiza-
tion, magnetic field (Hsat), magnetic coercivity (Hc),
remanence or residual magnetism (Hcr). SMFL and SMFS
report the fluorescence and the phosphorescence of the cata-
logued mineralogical specimen. SMO and its subsections
describe the optical properties in non-metallic minerals.
Data should only be entered if obtained from the catalogued
specimen. For an explanation of the terms reported in these
sections and an introduction to the methodologies used in
crystallographic optics see Mazzi and Bernardini (1992),
Nesse (2004). Whereas if the catalogued sample is a metallic
mineral, data regarding its optical properties should be given
in SMM and subsequent subsections (Ixer 1990; Criddle and
Stanley 1993; Nesse 2004). Any information about museum
labels should be reported in SME (tags and labels) and its
subsections SMEI (original header), SMET (text), and SMW
(notes).

Turning now to the cataloguing of rocks, that requires
the standard BN-PE (petrological heritage), it is possible to
see in Table 3 the structured fields and the relative subfields
useful to the systematic classification and description of
the rock specimens. The glossaries proposed for complet-
ing these sections were taken from recommendations of the
Commission on Systematics in Petrology (CSP), and by the
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International Union of Geological Sciences (IUGS) (Fettes
and Desmons 2011). With regard to igneous and sedimen-
tary rocks, some cataloguing sections —and relative glossa-
ries—were taken from the Igneous Data Base (IGBA) and
from the Sedimentary Data Base. Both of them were realized
by the Sub-commission on Data Bases in Petrology (SDBP)
(La Maitre et al. 2002). In the structured field SRN, data
about lithology and rock type determination can be given
(Fig. 2). In this regard, SRNT allows to classify the type of
rock as follows: igneous rock, plutonic igneous rock, vol-
canic or subvolcanic rock, sedimentary rock, metamorphic
rock, metamorphic rock—schist, gneiss or granofels type.
The rock name of the catalogued sample should be reported
in Italian in SRNP (Carusone and Olivetta 2006) whereas
the rock name of the specimen should be indicated in Eng-
lish—according to the IUGS nomenclature—in SRNR. Rock
variety and commercial name can then be specified in SRNV
and SRNC.

The structured field SRC describes the petrographic fea-
tures of the catalogued specimen in a broad sense, extended
also to sedimentological and textural features. SRC is organ-
ized in the following subfields: SRCE—eruptive type or mode
of occurrence, SRCD-diagenetic grade, SRCM-metamor-
phic grade, SRCP/SRCS/SRCB—primary, secondary and
biogenic structures, SRCR-type of texture, SRCG-grain
contact, SRCF—-grain shape, SRCX-matrix, SRCC—cement,
SRCZ-alteration, and SRCH-type of alteration. Modal min-
eralogy can be given in SRM, including data about primary
(SRMP) and accessory minerals (SRMA) along with their
mineral information flags (SRMT). Normative mineralogy
should be specified according to the CIPW norm in SRMN
(Pruseth 2009). Geotechnical properties as density (SRGD),
porosity (SRGP) (i.e., primary—SRGA, secondary—SRGB,
and effective-SRCG), permeability (SRGE), and resistivity
(SRGR) can be indicated in SRG paragraph and its subfields.
SRF describes the physical characteristics of the catalogued
specimen, providing data about the colour index (SRFI),
the colour of the sample according to Munsell colour chart
(SRFC), and its palaecomagnetism (SRFP). The possible
presence of radioactivity should be reported in SRFR and
its value —expressed in mR/hr or pSv/hr— listed in SRFV.
Paleontological data pertaining to the catalogued specimen
as relative age (SRLE) and biozone (SRLB) can also be
reported in SRL paragraph. In this regard, the various types
of biozones (i.e., distribution biozone, interval biozone, line-
age biozone, association biozone, abundance biozone) are
taken from the Guida Italiana alla Classificazione e alla Ter-
minologia Stratigrafica (2003). The absolute age of the cata-
logued specimen should be indicated in SRRE, specifying
in SRMM the methodology used to acquire the data (e.g.,
Carbon-14, isochrone, magnetic striping etc.) as reported
in the IUGS’ Age Method Code Database. The lithological
representativity of the catalogued specimen depending on
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Table3 The SR (Systema.tics— SR Systematics—petrology Lung Rip Obbl Voc
petrology) paragraph relative to
the BN-PE cataloguing standard SRN Classification *)
SRNT Type of rock 100 *) yes
SRNP Rock name (Italian name) 100 *) yes
SRNR Rock name (IUGS) 100 Yes
SRNV Variety 100
SRNC Trade name 200
SRNN Other names 200
SRC Petrographic characteristics
SRCE Eruptive type or mode of occurrence 50 Yes
SRCD Diagenetic grade 100 Yes
SRCM Metamorphic grade 100 Yes
SRCP Primary structures 100 Yes
SRCS Secondary structures 100 Yes
SRCB Biogenic structures 100 Yes
SRCA Other structures 100
SRCR Type of texture 50 Yes
SRCG Grain contact 50
SRCF Grain shape 50
SRCT Roundness 50
SRCX Matrix 100
SRCC Cement 50
SRCZ Alteration 50 Yes
SRCH Type of alteration 100 Yes
SRM Mineralogy Yes
SRMP Main minerals 300 Yes Yes
SRMA Accessory minerals 300 Yes Yes
SRMT Attributes 200 Yes
SRMN Normative mineralogy 300 Yes
SRG Geotechnical properties
SRGD Density 10
SRGS Cohesion 15 Yes
SRGP Porosity 3
SRGA Primary porosity 15 Yes
SRGB Secondary porosity 15 Yes
SRGC Effective porosity 3
SRGE Permeability 10
SRGR Resistivity 10
SRF Physical characteristics
SRFI Colour index 30
SRFC Colour 100
SRFP Paleomagnetism 100
SRFR Radioactivity 15 Yes
SRFV Radioactivity level 10
SRFA Other 200
SRL Palaeontological information
SRLP Palaeontological content 300
SRLE Relative age 50
SRLB Biozone 100 Yes
SRR Radiometric dating Yes
SRRM Method 50 Yes
SRRE Absolute age 10
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Table3 (continued) SR Systematics—petrology Lung Rip Obbl Voc
SRI Other information
SRIR Opverall lithological representativeness 10 Yes
SRIP Sample availability 4
SRIS Thin section availability 4
SRIG Granulates availability 4
SRIM Use as stone material 12 Yes
SRIT Field of application (link to other ICCD cards) 100
SRIU Reference to other databases 150
SRT Type specimen(s) *)
SRTT Type 10 *) Yes
SRTA Author 150
SRTB References 250
SRE Tags and labels Yes
SREI Original header 2000
SRET Text 2000
SRA Notes 2000

Fig.2 Varicoloured slates of the Grassera Unit. Cavo, Elba Island,
Tuscany, Italy (from the collections of the Natural History Museum
of the University of Firenze). Rock collections are not only a key for
interpreting and teaching geology but also a crucial tool for scientific
research. Cataloguing is the best way to make all the information on
the sample always stored and accessible
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previously acquired data, sampling and on the geological
context—should be indicated in SRIR using a predefined ter-
minology (i.e., good, discrete, sufficient, insufficient, inde-
terminate). Information about the availability of the samples,
thin sections, and granulates should be given, respectively,
in SRIP, SRIS, and SRIG. If the catalogued specimen could
be used as a stone material (e.g., cutting stone), this infor-
mation should be provided in SRIM and in SRIT the fields
of application. In particular, the SRIT field can be used also
when a possible link to other ICCD cards may occur (Re
etal. 2013, 2015). In case that other databases (e.g., IUGS,
IGBA; SEDBA, national geologic databases and catalogues
of natural history museums) should contain additional data
describing the same type of rock as the catalogued sample,
this information could be specified in SRIU. Noteworthy,
the BN-PE standard can also be used for cataloguing tektites
and impact rocks (Giuli et al. 2008) that in the last decades
have been extensively studied by many authors (e.g. Giuli
et al. 2000).

So far, this paper has focused on the cataloguing of
mineralogical and petrological heritage. The following
paragraph instead will discuss the cataloguing of meteorite
specimens (Table 4). The BN-PL (naturalistic heritage—
planetology) standard was, in fact, developed to specifi-
cally catalogue the meteorite specimens preserved in the
Italian natural history museums (Fig. 3). Our description
of this standard begins with paragraph SP (systematics—
meteorites) suitable to gather all the systematic data. Glos-
saries and thesauri useful to structured fields and related
subfields compilation were taken from the guidelines of
the Meteoritical Society. This is an international organisa-
tion, established in 1933 and dedicated to the studies of
meteorites and other extra-terrestrial materials (Marvin
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Table4 The SP (Systematics—meteorites) paragraph relative to the
BN-PL cataloguing standard

SP Systematics—meteorites Lung Rip Obbl Voc
SPN Nomenclature *)

SPNN  Name 100 *)

SPNE  Type 20 Yes
SPNC  Class 50 Yes
SPNG  Group 50 Yes
SPNT  Petrologic type 5 Yes
SPNL  Fall/find 4 Yes
SPND  Date 10

SPNS Owner of the type specimen 100

SPNP  Weight of the type specimen 10

SPNM  Owner of the main mass 100

SPNK  Weight of the main mass 10

SPNW  Total known weight 10

SPC Petrographical characteristics

SPCS Shock stage 2 Yes
SPCT  Texture 50 Yes
SPCA  Weathering grade 2 Yes
SPCR  Chondrules/matrix ratio 10

SPCC  Chondrule types 150 Yes
SPM Mineralogical characteristics

SPMF  Fayalite (mole%) 15

SPMR  Ferrosilite (mole%) 15

SPMA  Anorthite (mole%) 15

SPMO  Olivine (vol%) 10

SPMP  Pyroxene (vol%) 10

SPML  Plagioclase (vol%) 10

SPMM  Metal (vol%) 10

SPMS  Sulphides (vol%) 10

SPMZ  Other minerals 50

SPO Oxygen isotopes

SPOA  Delta 170 20

SPOB  Delta 18 O 20

SPOC  Delta 170 20

SPD Dating

SPDE  Igneous age 15

SPDR 87 Rb/86 Sr 20

SPDS 147 Sm/144 Nd 20

SPDU 238 U/206 Pb 20

SPDG  Shock Age 10

SPDD 87 Rb/86 Sr 20

SPDP 40 Ar/40 K 20

SPDX  Cosmic ray exposure age 10

SPDH 3 He 10

SPDN 21 Ne 10

SPDA 38 Ar 10

SPDT  Terrestrial age 10

SPDC  14C 10

SPDB  10Be 10

SPDL  36Cl 10

Table 4 (continued)

Sp Systematics—meteorites Lung Rip Obbl Voc
SPI Other information

SPIP Sample availability 4

SPIS Thin section availability 4

SPIG Granulates availability 4

SPT Type specimen(s) *)

SPTT  Type 10 (*) Yes
SPTA  Author 150

SPTB References 250

SPE Tags and labels Yes

SPEI Original header 2000

SPET  Text 2000

SPA Notes 2000

Fig.3 The finding of a meteorite specimen during a scientific expe-
dition in the Lut Desert (Iran). The collection enrichment, explicitly
required by the Code of Cultural Heritage and Landscape, is a key
goal of the scientific expeditions. In this case, there are even more
data to be preserved because it is important to provide information
on the so-called cultural context (the motivations and the way the
expedition has been undertaken) as well as the environmental charac-
teristics in which the specimens were collected. The meteorite of the
figure is now in the collections of the Natural History Museum of the
University of Firenze

1993). The Meteoritical Society also approves, through
its Nomenclature Committee, all new meteorite names and
classifications and record them in the Meteoritical Bul-
letin Database (MBD- https://www.Ipi.usra.edu/meteo
r/). On 8 October 2020, MBD stated 64,066 valid mete-
orite names, 7514 provisional names and 11,618 full-text
writeups. Other sources useful for both the study and the
cataloguing of meteorite specimens were the Catalogue of
Meteorites (Grady 2002), the Atlas of Meteorites (Grady
et al. 2014), MetBase, Antarctic Meteorite Newsletter,
Meteorite Newsletter, Earth Impact Database, Lunar and
Planetary Institute, JSC Astromaterials Research and
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Exploration Science, JSC Astromaterials Curation. In
paragraph SPN (nomenclature), data about the classifica-
tion of the catalogued meteorite specimen are provided.
SPNN specifies the official name of the catalogued mete-
orite specimen as reported in MBD. Usually, meteorites
are given names based on the place of recovery but some-
times, particularly when they are found in dense collection
areas, a number can also follow the locality. In this regard,
it should be noted that all the fragments belonging to a
meteorite should have the same name (in field researches
the belonging of specimens to the same meteorite can be
occasionally found, following analysis, and then the speci-
mens—albeit with different names—are said to be paired).
SPNE specifies the meteorite type (i.e., chondrite, achon-
drite, stony-iron and iron), while meteorite class, group,
and petrologic type are indicated, respectively, in SPNC,
SPNG and SPNT. It is worth mentioning that meteorites
are classified as ‘falls’ if they can be associated with an
observed fall event and collect shortly afterwards or ‘finds’
if their finding on the ground is unrelated to any sighting.
This is an important distinction —because finds, depending
on the time they spent on Earth, are more prone to chemi-
cal interaction with the terrestrial environment (Weisberg
et al. 2006)—that has to be specified in SPNL (fall/find).
The date of the witnessed fall or the date of the meteorite
discovery (find) should then be stated in SPND. It has to
be said that the date reported in SPND could not be the
same indicated in RAC (information about the recovery)
within LR paragraph (recovery data). In fact, the year of
the fall might be different from the year of the meteorite
recovery as shown by the Sikhote-Alin meteorite, which
fell in Russia on 12 February 1947, and whose fragments
are still being recovered today (Komatsu et al. 2019).
Data about the research institution that acted as official
repository should be provided in SPNS whereas in SPNP
the weight of the type-specimen can be specified. Whilst
information about the public or private actor that owns the
main mass of the catalogued meteorite specimen should be
given in SPNM and the weight of the main mass reported
in SPNK. The total known weight of the meteorite, derived
from the sum of the weight of all meteorite samples
belonged to the same meteorite body, can then be specified
in SPNW. SPC describes the petrographic characteristics
of the catalogued meteorite fragment. For instance, SPCS
gives information about the degree of shock pressure—
ranging from S1 (unshocked, pressure <5 GPa) to S6 (very
strongly shocked, pressures up to 90 GPa)—the meteor-
ite experienced. The shock stage is assigned based on the
petrographic features showed by minerals such as olivine,
pyroxene, and plagioclase (Stoffler et al. 1991; Schmitt
et al. 1994; Schmitt and Stoffler 1995; Kimura et al. 2003;
Rubin 2004; Weisberg et al. 2006; Grady et al. 2014). Tex-
tural and micro-textural features of the catalogued sample
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can be listed in SPCT, and SPCA indicates the weather-
ing grade—i.e., the alteration of the original component
phases of the meteorite to phases that were more stable
at Earth’s surface. These parameters are usually obtained
by analysing the catalogued specimen or its thin sections.
A scale of weathering effects has been proposed by Jull
et al. (1991) and updated by Wlotzka (1993), Wlotzka
et al. (1995), Al-Kathiri et al. (2005). This classification
considers six grades of weathering, beginning with minor
to complete oxidation of the metal and then troilite (cat-
egories W1-W4) and continuing with at first minor (W5)
and then massive (W6) alteration of mafic silicates. The
chondrule-matrix relationships (SPCR) and, mainly, the
chondrule type (SPCC) have the potential to distinguish
between categories of chondrule forming mechanisms,
revealing the processes at work in the early solar system
(Hewins 1997; Connolly 2016; Hezel et al. 2018; Russell
2018). The structured field SPM accounts for the miner-
alogical features of the catalogued meteorite specimen,
providing the average composition of main silicates along
with data about specimen’s modal mineralogy (Rubin
1997; Bland et al. 2004; Yaroshevsky and Ivanov 2010).
The first data should be indicated in SPMF (fayalite
mol%), SPMR (ferrosilite mol%), and SPMA (anorthite
mol%) while SPMO (olivine vol%), SPMP (pyroxene
vol%), SPML (plagioclase vol%), SPMM (metal vol%),
and SPMS (sulphides vol%) reported the modal mineral-
ogical data. In SPMZ should be specified the presence of
the other minerals found in the catalogued specimens and
their modal percentages in vol%. In SPO data relative to
the oxygen isotopic composition should be reported. It was
worth mentioning that this parameter played a pivotal role
in meteorite classification as pointed out by Clayton et al.
in their seminal article (1976). Another important factor
that gives useful information for the study of infall rates,
meteorite distributions, weathering grade, and meteorite
concentration mechanisms is the terrestrial age, i.e. the
residence time of a meteorite on the surface of Earth. As
said earlier, most meteorites are recovered as finds and
the analysis of their terrestrial ages provides data about
the effect of local geology and climate on their weath-
ering. The terrestrial age —which is obtained by measur-
ing the amount of radioactive isotopes that had formed in
space as a result of cosmic ray bombardment (the greater
the amount of unstable cosmogenic isotopes found in
the meteorite, the shorter the time it will have been on
Earth according to Jull et al. 1990; Wlotzka et al. 1995;
Bland et al. 1996, 1998; Grady et al. 2014)—should be
indicated in SPDT. SPI contains data on chips, thin sec-
tions or granulates of the catalogued specimen available
for the loan (respectively, the subfields SPIP, SPIS, SPIG)
and information about type specimen (SPTT), the author
and the year of the species validation (SPTA) and relative



Rendiconti Lincei. Scienze Fisiche e Naturali (2021) 32:95-116

107

references (SPTB). Finally, SPE provides information
about museum labels (SPEI-original header and SPET-
text) and other data useful to a complete cataloguing of
the meteorite specimen (SPA).

Another interesting paragraph (UB), common to min-
erals, rocks and meteorites, is the one related to heritage
data and collections. This contains the structured field STI
(estimate) which provides an economic value for the asset
in question. The issue of the economic value of scientific
and naturalistic finds has always provoked a strong debate
in the scientific community. However, it should be remem-
bered that all the public bodies, with the transition from the
financial report to the economic-patrimonial report, have a
duty to estimate the economic value of their assets (Manetti
and Valeri 2012). Moreover, it is useful to highlight that
minerals and meteorites have a large market with well-estab-
lished commercial value. The determination of the valuation
requires various parameters to be taken into account—such
as the state of conservation, rarity, the cultural context of
origin, etc.—discussed in Pratesi et al. (2014). Since the
asset may undergo revaluation or depreciation over time,
all estimates can be reported, from the most recent to the
oldest, preceded by the indication of the currency. It should
be noted that following a substantial inventory evaluation
and revaluation campaign—carried out on over 10 million
specimens of its Natural History Museum—the University
of Firenze has seen the value of its assets increase from 37
to over 400 million euros.

Finally, information about analyses and restoration can
be found in paragraph RS (restoration and analyses). Instru-
mental analyses, even when very specialistic techniques are
used (Borgheresi et al. 2007), are provided in ALBT (type
of analysis), ALBD (date), ALBE (laboratory), ALBO (prin-
cipal investigator), ALBR (data analyses), ALBN (notes).

3 Results

As explained in the introduction, the National Catalogue
of Cultural Properties is the official national database that
collected information on Italian cultural heritage (http://
www.catalogo.beniculturali.it). These data are the result of
cataloguing activities carried out by diverse research institu-
tions in Italy. The National Catalogue of Cultural Properties
offers free access to researchers and users to a part of the
catalogued records contained in the SIGECWeb database
as monuments, historical-artistic collections, archaeological
sites, scientific and naturalistic heritages. Of the 831,114
catalogued objects included in the National Catalogue of
Cultural Properties, 46,689 records describe naturalistic col-
lections catalogued using the ICCD standards for naturalistic
heritage. These records are distributed in the Italian regions
of Piedmont (700), Umbria (40), Sardinia (3722), Tuscany

(39,899), Campania (60), Lazio (360), and Emilia Romagna
(1908). The records can be classified as follows: 5816 pale-
ontological heritages, 700 zoological heritages, 487 botanic
heritages. To these have to be added, 39,626 mineralogical
specimens (all of them located in Tuscany) catalogued using
the BN-M standard. The cataloguing campaign was per-
formed in 2013 by the Natural History Museum of the Uni-
versity of Firenze, the most important naturalistic museum
in Italy and one of the largest in the world (Pratesi 2012a).
The National Catalogue of Cultural Properties shows that
60 rock specimens were catalogued through the BN-PE
standard and all these records are preserved in Campania.
The cataloguing campaign was carried out in 2014 by the
Michelangelo Museum in Caserta (Di Lorenzo 2011; Volpe
2016). At the current status of research, no cataloguing data
concerning the Italian planetological heritage had been
included in the National Catalogue of Cultural Properties
using the BN-PL standard.

4 Discussion

The standards realised by the ICCD to catalogue geoscien-
tific heritage aimed to define a methodology, presented in the
previous section, to facilitate the conservation, valorisation
and management of mineralogical, petrological and plan-
etological heritage in the most objective way. The BN-M,
BN-PE, and BN-PL standards established not only a clear
definition of the heritage studied but also an exhaustive and
rigorous cataloguing method based on predetermined cri-
teria (e.g. systematics, classification, physical properties,
museological and historical data). These cataloguing stand-
ards thus faced the geoscientific heritage from an integrated
perspective, considering all its multiple dimensions (i.e. nat-
uralistic, geological, historical and cultural). Furthermore,
the systematic cataloguing through predeterminate and
rigorous criteria lead to the recognizing of mineralogical,
petrography, and planetological objects as scientific herit-
age. In this regard, Lourengo and Wilson (2013) advocated
the view that, while naturalistic heritage is a concept of
immediate understanding, the notion of scientific heritage
is “diverse, complex, multi-layered, and more difficult to
define”. The same authors then underlined how the concept
of scientific heritage lies “at the intersection of two distinct
and complex worlds—the world of science and the world of
(cultural) heritage.” In this context, the term ‘heritage’ refers
not only to buildings and landscapes of historical value but
also—and among many others—to minerals, rock samples,
meteorite specimens, as well as to ethical issues in conduct-
ing research and teaching practices through geoscientific
materials—materials that were often dispersed in scientific
museums or institutions and university collections (Cipriani
and Poggi 1994; Cipriani 2007, 2011; Jardine 2013; Ludwig
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and Weber 2013; Barale et al. 2014; Marengo et al. 2014;
Reis et al. 2014; Petti et al. 2015; Wolfschmidt 2016; Bit-
tarello et al. 2017; Canudo 2018; Rosenberg and Clary 2018;
Franza and Pratesi 2020). In this regard, the cataloguing of
several naturalistic collections in Italy was promoted by the
Italian University Museum Network, a project established
and financed in 2012, involving 12 Italian universities (i.e.
Bari, Cagliari, Chieti-Pescara, Ferrara, Firenze, Parma,
Perugia, Roma “La Sapienza”, Salento, Siena, and Tuscia),
that aimed to the cataloguing of the most significant sections
of the natural history collections belonging to these aca-
demic institutions through the ICCD standards. The results
of catalogue campaigns were then included in the National
Catalogue of Cultural Properties as well as they were used to
organize preservation and valorisation activities to facilitate
the study and the management of the university museum
collections (Corradini 2012, 2016, 2019; Corradini and
Campanella 2014).

Nevertheless, the Catalogue of National Cultural Proper-
ties shows how the geoscientific heritage, on the whole, still
suffers from a lack of widespread cataloguing as there are
few scientific museum institutions (i.e. the Natural History
Museum of the University of Firenze and the Michelangelo
Museum at Caserta) that have decided to carry out a cata-
loguing campaign using the two BN-M, BN-PE standards.
And surprising, no meteorite collections (BN-PL stand-
ard) have been catalogued or included in the Catalogue of
National Cultural Properties at the time of writing this work.
Even if the topic is beyond the scope of this work, it has to
be said that meteorite collections are preserved worldwide
in scientific institutions (e.g. the Nation Institute of Polar
Research in Tokyo or the NASA Johnson Space Centre in
Houston) as well as in significant natural history museums
as the Naturhistorisches Museum in Wien, the Museum fiir
Naturkunde in Berlin, the National Museum of Natural His-
tory in London, the National Museum of Natural History
in Paris, the Russian Academy of Science, the National
Museum of Natural History in Washington, the American
Museum of Natural History in New York, and the West-
ern Australian Museum in Perth (Bevan 2013; Brandstitter
2013; Caillet Komorowski 2013; Clarke et al. 2013; Ebel
2013; Greshake 2013; Kojima 2013; Ivanova and Nazarov
2013; Russell and Grady 2013). Although not extensive as
the those aforementioned, Italy has a number of important
meteorite collections, which have been the core of a lively
scientific debate throughout the years (Gallitelli 1974; Per-
chiazzi and Mellini 1995; Cipriani and Corazza 1998; Cip-
riani et al. 1999; Zuanetti 1999; Folco and Rastelli 2000,
2002; Folco et al. 2002; Folco and Zeoli 2005; Perchiazzi
et al. 2004; Costa and Gallo 2009a,b; Maccagni 2011;
Fioretti and Finotti 2012; Pratesi 2012a, b; Costa et al. 2018;
Zucchini et al. 2018; Franza and Pratesi 2020; Franza et al.
2021). The meteorites that fell on the Italian peninsula over
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the centuries, which are now housed in museum naturalistic
collections, represent a naturalistic heritage of great histori-
cal and scientific value. As an example, the meteorite that
fell on Siena in 1794 was defined by Marvin (1995, 1998)
as one of the history’s most consequential fall, since the
analysis of the recovered samples contributed to the accept-
ance of meteorites’ cosmic origin. However Italian meteorite
collections have not only a historical significance, but they
are also an important source of extra-terrestrial material
for research purposes. Cataloguing meteorite specimens
in naturalistic collections along with their relative archival
documents, museum catalogues and inventories can lead
to a better characterization of previously analysed samples
and to the potential discovery of meteorites unknown to
the scientific community (Trevisani 2011; Moggi Cecchi
et al. 2015, 2019a; Pratesi et al. 2019; Llorca et al. 2020;
Marocchi et al. 2020). Furthermore, as rightly suggested
by Dorfman (2012), meteorite collections hold many levels
of intangible values (Ahmed 2006). For instance, Wilson
(2020) pointed out how meteorite collections showed the
naturalistic heritage as a mean of moral and social witness-
ing. This author argued that temporary or permanent exhi-
bition focusing on astronomy and planetary sciences allow
visitors to observe, through both the display of meteorite
specimens and educational apparatus that described the dis-
covery and the study of meteorite fragments, how humans
have interacted with the cosmic environment underlining
that “humanity is not the measure but a component in a
wider system that is dependent upon the relationships that
are built within it” (Burke 1991; Bignami 2004; White et al.
2010; Madiedo 2012; Setti 2012; Flamini 2014; Hutson et al.
2015; Day et al. 2017; Corrigan et al. 2018; Tiedeken et al.
2018; Moggi Cecchi et al. 2019b; Willis et al. 2019). Mete-
orites collections in natural history museums are, therefore,
representative of scientific, historical, and cultural mean-
ings that added extra value to a specimen. Consequently, a
rigorous cataloguing through predeterminate criteria, as the
BN-PL cataloguing standard realized by the ICCD, could
lead to more precise conservation policies and management
strategies of the astromaterials (e.g. McCubbin et al. 2019)
preserved in Italian natural history museums. For instance,
a standardized cataloguing of meteorite samples could pro-
vide a common basis for the exchange of information and
help in resolving the problems related to the preservation of
meteorite collections in case of sample transfer to research
and teaching laboratories or scientific exhibition.

The cataloguing through standardised criteria also proved
useful for the management of geoethical aspects relative to
geoscientific heritage (Fig. 4). As stated by Peppoloni and
Di Capua (2015), Bobrowsky et al. (2017) the term geo-
ethics “consists of research and reflection on the values
which underpin appropriate behaviours and practices, wher-
ever human activities interact with the Earth system.” An
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Fig.4 NWA 6704 ungrouped achondrite (from the collections of
the Museo di Scienze Planetarie in Prato). According to the rules of
the Nomenclature Committee of the Meteoritical Society, each new
meteorite specimen (unless it is a fragment from another sample or
paired with other samples) represents a type specimen that has to be
preserved with care and following professional procedures in official
repositories. Therefore, a cataloguing of these specimens is obliged

interesting meaning of the word geoethics emerged during
the 34th International Geological Congress held in Brisbane
in 2012 where geoethics was defined as “an interdiscipli-
nary field, which involves Earth and Planetary Sciences as
well as applied ethics, regarding the study of abiotic world
(geoeducation, natural hazards, geo-mining, engineering
geology, communication, geoconservation, etc.). [...] In
addition, the necessity of considering appropriate protocols,
scientific integrity issues and a code of good practice is cov-
ered by this discipline. Planetary geology and astrobiology
also require a geoethical approach” (Martinez-Frias 2013;
Di Capua et al. 2017). Considering the latter definition, the
cataloguing of geoscientific heritage through standardised
criteria became more than a procedure to “keep update”
the catalogues of the mineral, rock and meteorite collec-
tions preserved in Italian natural history museum. In fact,
as shown in the previous section, the BN-M, BN-PE and
BN-PL cataloguing standards contain not only geological
and mineralogical data about the catalogued specimen but
also social and cultural data of certain geoethical interest.
For instance, the BN-PL cataloguing standard gives infor-
mation useful to prevent bad scientific practices and ethi-
cal misconduct in planetary sciences (Baratoux et al. 2018;
Persson et al. 2018; Vasconcelos et al. 2017; Martinez-Frias

et al. 2010). In particular, a rigorous and objective cata-
loguing of meteorite specimens could help both museum
curators and researchers to prevent the black market of mete-
orites, providing clear data about the place of recovery and
the manner in which the meteorite specimen was acquired.
This is a key information considering that international laws
about meteorite acquisition are not uniform (Schmitt 2002;
Fasan 2004; Gounelle and Gounelle 2019). In this regard,
the ICOM Code of Ethics for Museums (2013) pointed
out how museums have to supervise new acquisitions to
ensure that any specimen for purchase, gift, loan, bequest,
or exchange had not been illegally obtained. Furthermore,
museums should not acquire specimens where there is rea-
sonable cause to believe their recovery involved unauthor-
ised or unscientific fieldwork or damage to geological sites.
In the same way, acquisitions should not occur if there has
been failure to disclose the finds to the owner of the land
or to governmental authorities. To prevent illegal traffic in
naturalistic, cultural and scientific objects, museums should
establish the full history of the item since discovery to acqui-
sition. To sum up, museums should not acquire geologi-
cal specimens that have been collected, sold or otherwise
transferred in contravention of local, national, regional or
international law (ICOM Code of Ethics for Museums, art.
2.3-2.4 and 2.6). In this regard, the cataloguing standards
realized by ICCD provide museum curators with exhaustive
information about the place of recovery, the authors of the
discovery, the modalities of acquisition as well as verified
scientific data relative to the specimen (Pratesi et al. 2014;
Moggi Cecchi et al. 2017).

The findings discussed in this section suggest that the
cataloguing of geoscientific heritage using the ICCD
standards (i.e. BN-M, BN-PE, BN-PL) provides para-
mount information useful for the conservation and the
development of management strategies that have to be
adapted to the type of catalogued specimen (i.e., mineral,
rocks or meteorite specimens). As an example, these data
are extremely useful in the conservation and valorisation
of geoscientific heritage specimens using non-destructive
techniques (e.g. Artioli 2013; Moggi Cecchi 2014; Bal-
letti and Guerra 2015; Marinangeli et al. 2015; Taccetti
et al. 2019; Cesareo et al. 2020; Colombo et al. 2020),
because it allows to retrieve information about the history
of a sample otherwise unknowable. This multidisciplinary
approach, which focuses on cataloguing by combining the
methodologies of historical analysis with instrumental
techniques, improves the valorisation of historical collec-
tions as valuable primary sources in geo-mineralogical
research (e.g. D’Amico and De Angelis 2009; Mottana
etal. 2012; D’Amico et al. 2013; Borghi et al. 2015, 2020;
Migaszewski and Mader 2019).

The ICCD cataloguing standards then provide useful data
for the study and the evaluation of legislative, conservative,
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and management plans to promote effective research, didac-
tic and educational strategies for an optimum valorisation
of the Italian mineralogical, petrological and planetological
heritage. Future work is required to establish the motiva-
tions (e.g., lack of training for compiling the cataloguing
cards, shortage of qualified staff and financial resources etc.)
of the low level of participation of scientific, museum and
academic institutions to cataloguing their naturalistic collec-
tions using these standards. However, it worth mentioning
that the Museo di Scienze Planetarie in Prato is going to
launch a cataloguing campaign using the BN-PL standard
by the end of 2020 whereas the meteorite collection of the
Natural History Museum of the University of Firenze, that
has been already catalogued using the same standard, will
be included in the National Catalogue of Cultural Herit-
age as soon as the scientific validation of the cards will be
performed.

5 Conclusions

ICOM Code of Ethics for Museums (2013) stated how muse-
ums have the responsibility for making collections and all
relevant information pertaining to them available as freely
as possible to the scholarly communities (art. 3.2). This
aim could not be achieved without a proper cataloguing of
museum heritage through objective, standardized and pre-
determinate criteria. The aim of the present study was to
examine the three different cataloguing standards realised
by the ICCD to catalogue mineralogical, petrological and
planetological heritage preserved in Italian natural history
museums and academic institutions. The investigation of the
BN-M, BN-PE, and BN-PL cataloguing standards showed
that these standards provide scholars and museum opera-
tors with in-depth information about the scientific, social
and cultural history of the catalogued specimens. These
standards—that it is worth reminding are the unique official
national standards—may provide detailed information about
rock, mineral, and meteorite specimens preserved in Ital-
ian public or private natural history museums according to
well established and recognised criteria. The data are then
organised and gathered through a single and official reposi-
tory—the SIGECWeb online database. It is noteworthy to
stress this point because the use of SIGECweb, which is the
official repository of MiBAC, allows to trace and maintain
over time the numerous cataloguing campaigns that are cur-
rently carried out in natural history museums and to save
public financial resources. In fact, the greatest investment
in cataloguing (alongside financial resources) is the human
investment, with experts analysing and recording data that
often end (and get lost) in a “grey area”, owing to the adop-
tion of diverse and local electronic cataloguing management
systems. Carrying out a cataloguing campaign that does
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not use neither standardised criteria to collect the data nor
official databases to make them available to the scholarly
community means wasting financial and human resources
in processing information that cannot be useful to know the
actual composition of the Italian naturalistic, cultural and
scientific heritage. Furthermore, cataloguing campaigns are
often reported in non-indexed journals that are not included
in any database or directory. This is another and not mar-
ginal aspect that contributes to the loss of the data collected.
Although this study focused on illustrating the cataloguing
of geoscientific heritage through the standards proposed by
the ICCD, the findings might also have a bearing on the
pivotal role that museums have in attract wider audiences
for didactic and recreative purposes. In fact, the cataloguing
of mineralogical, petrological and planetological heritage
through the BN-M, BN-PE and BN-PL standardised mod-
els provided well-founded and accurate data that could be
used in displays and temporary or permanent exhibitions.
Museum collections indeed reflect the naturalistic, scien-
tific and cultural heritage of the communities from which
they have derived and a proper study through a standardised
cataloguing could increase the public understanding of the
contributions of geological museums to society as well as
enhancing social resilience through the fruition of geosci-
entific heritage (Ghiara 2011; Carpino 2015; Carpino and
Morelli 2016; Carpino et al. 2017, 2019; Petrosino et al.
2019).
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