
ANNARITA FRANZA - DANIELA FAGGI - MARCO MORELLI - GIOVANNI PRATESI96

ISSN 1123-265XDOI: 10.53246/ANMS0013 MUSEOLOGIA SCIENTIFICA nuova serie • 15: 96-106 • 2021

Professionalità/Gestione

Lodi (Italy) 1972: 
A cold meteorite case closed

Annarita Franza
Dipartimento di Scienze della Terra, Università degli Studi di Firenze, Via G. La Pira, 4. I-50121 Firenze.

Daniela Faggi
Marco Morelli
Fondazione Parsec, Via Galcianese, 20/H. I-59100 Prato.

Giovanni Pratesi
Dipartimento di Scienze della Terra, Università degli Studi di Firenze, Via G. La Pira, 4. I-50121 Firenze.  
INAF-IAPS, Istituto di Astrofisica e Planetologia Spaziali, Via Fosso del Cavaliere, 100. I-00133 Roma. 
E-mail: giovanni.pratesi@unifi.it (corresponding author)

ABSTRACT
This paper investigated the presumed meteorite fall that occurred in the town of Lodi (Lombardy, Italy) on 
3 June 1972. The event has been classified as a pseudometeorite by the Nomenclature Committee of the 
Meteoritical Society. However, although some investigations may have carried out to ascertain the nature 
of the recovered specimen, no experimental analyses have been published so far. The aim of this work is 
therefore not only to further current knowledge of the Lodi pseudometeorite by reconstructing the event 
through the examination of untapped sources, but also to present the results obtained by the portable energy 
dispersive X-ray fluorescence spectroscopy (pED-XRF) and X-ray diffraction analyses that were performed on 
the sole recovered specimen to pinpoint its origin. The latter was sent by its owner to the Museo di Scienze 
Planetarie in June 2021 thus showing the importance of naturalistic museums not only to preserve meteorite 
collections, but also for closing key knowledge gaps in meteoritics and planetary sciences using the proper 
analytical techniques.
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RIASSUNTO
La meteorite Lodi (1972): un caso risolto

L’articolo investiga la presunta caduta di un meteorite avvenuta a Lodi il 3 giugno 1972. L’evento è stato classificato come una 
pseudo-meteorite dal Nomenclature Committee della Meteoritical Society. Tuttavia, sebbene all’epoca fossero state condotte alcune 
investigazioni per accertare la natura del campione recuperato, nessun dato sperimentale è stato finora pubblicato. L’obiettivo di 
questo articolo è non solo quello di ricostruire l’evento attraverso l’esame di fonti inedite, ma anche di illustrare i risultati delle analisi 
ottenute attraverso l’impiego di tecniche analitiche quali la spettroscopia di fluorescenza a raggi X a dispersione di energia portatile 
e la diffrazione a raggi X per identificare l’origine del campione. Quest’ultimo è stato inviato dal suo proprietario presso il Museo 
di Scienze Planetarie di Prato nel giugno del 2021 affinché fosse scientificamente esaminato, dimostrando quindi l’importanza dei 
musei naturalistici non solo per la conservazione delle collezioni di meteoriti, ma anche per il progresso della ricerca nell’ambito 
della stessa meteoritica e delle scienze planetarie. 

Parole chiave:
Lodi, pseudo-meteorite, pED-XRF, XRD, collezionismo di meteoriti, musei.

INTRODUCTION

A large and growing body of literature has investi-
gated meteorites over the centuries, showing that the 
human fascination with the ‘stones that fall from the 
sky’ is old as the human thought (Burke, 1986). Hav-
ing said that, it comes as no surprise that meteorites 
became objects of collecting interest even before 
their cosmic origin was ascertained at the end of the 

18th century (Marvin, 2007). For instance, meteorites 
have been regarded as devotional and ritual objects 
by diverse prehistoric cultures such as the Hopewell 
people in Eastern North America (Prufer, 1961; Mc-
Coy et al., 2017), and many studies have been pub-
lished on the use of meteorites in the production of 
objects of art and utility in various cultures and an-
cient civilizations (e.g., Buchner et al., 2012; Jambon, 
2017; Chen et al., 2018; Mayne et al., 2020).
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In their overview of some of the world’s most impor-
tant meteorite collections, McCall et al. (2006) out-
lined that the preservation of meteorite specimens in 
naturalistic museums began in the second half of the 
18th century. Since then, the pivotal role played by 
these institutions in the curation of meteorites as a 
scientific heritage (Franza & Pratesi, 2021a) has never 
been ceased, to the point that today it is possible 
to identify in the Advanced Curation the cross-dis-
ciplinary field that intends to improve acquisition, 
investigation, and curation practices of astromate-
rial collections (McCubbin et al., 2019). These ac-
tivities are not limited to the conservation measures 
and valorization actions that aim at the safeguard of 
meteoritic samples specimens, while ensuring their 
accessibility to the future generations of scholars 
and amateurs (Llorca et al., 2020; Marrocchi et al., 
2020; Franza & Pratesi, 2021b; Franza et al., 2021a), 
but they also include the characterization of those 
specimens that have been recovered on eyewitness 
accounts to ascertain their cosmic origin. In this re-
gard, McCubbin et al. (2019) note that “one of the 
most important ‘sample return spacecraft’ may be the 
Earth itself” because, during its annual orbit around 
the Sun, it collects around 40.000 tons of extrater-
restrial material ranging from small particles, less 
than 0.2 mm in size (i.e., interplanetary dust particles 
- IDPs), to large meteorites (Zolensky et al., 2006). 
According to Bradley et al. (1996) and Vernazza et 
al. (2015), the greater part of the IDPs come from 
comets and asteroids, while all the meteorites that 
have been recovered on the Earth to date originate 
from asteroids, the Moon or Mars. The recovery of 
the extraterrestrial material that reaches the ground 
is thus one of the primary and most important goals 
of planetary sciences, because it provides key clues 
to understanding the formation and evolution of the 
Solar System (e.g., Neveu & Vernazza, 2019). 
However, the recovery of fallen astromaterial is not 
an easy task. Research such as that conducted by 
Bland et al. (1996) has shown that less than 1 in 500 
meteorites presenting a mass greater than 100 g are 
successfully recovered. To bridge the gap, since the 
middle of the 20th century networks of optical cam-
eras, such as the Prairie Fireball Network, the Me-
teorite Recovery and Observation Project (MORP), 
the Tajikistan Fireball Network, the Finnish Fireball 
Network, and the Desert Fireball Network have been 
developing with the aim of surveying meteors and re-
covering meteorites (Halliday et al., 1978; Wetherill 
& ReVelle, 1981; Brown et al., 2011; Bland et al., 2012; 
Kokhirova et al., 2015; Trigo-Rodríguez et al., 2015). 
The Prima Rete Italiana per la Sorveglianza sistem-
atica di Meteore e Atmosfera (hereafter PRISMA), 
which is a member of the Fireball Recovery and In-
terPlanetary Observation Network (FRIPON), was 
designed to contribute to the detection of meteorite 
falls in Italy, and it made possible the discovery of 

two meteorite fragments that fell near the village 
of Cavezzo on 1 January 2020 (Gardiol et al., 2016; 
Carbognani et al., 2020; Colas et al., 2020; Gardiol 
et al., 2020; Barghini et al., 2021; Pratesi et al., 2021). 
In his review, Codato (2020) noted that PRISMA, 
which currently counts more than 50 all-sky cam-
eras, is operating since 2016 and therefore the me-
teorites that have been discovered prior to this date 
were recovered thanks to eyewitness observations. 
In this regard, the Meteoritical Bulletin Database 
(MBD), which is the official source of information 
regarding all the accepted meteorites by the No-
menclature Committee of the Meteoritical Society, 
indicates that in addition to the 43 approved meteor-
ites, 22 events, whose possible extraterrestrial nature 
has not yet been ascertained, have occurred in Italy. 
Among the data related to these events, which are 
summarized in Table 1, it is interesting to note that 
4 entries (Brianza, Legnano, Trentino and Lodi) are 
classified as pseudometeorites, i.e., an object that has 
been claimed to be a meteorite, but which is non-me-
teoritic in origin. Remarkably, none of these events, 
apart from the Marsala meteorite (1834) (Franza et 
al., 2021b), has been deeply investigated to date to 
confirm or deny their cosmic nature. The goal of this 

   Name Year Place 

Lucania -56 Basilicata

Italy (956) 956 Italy

Italy (963) 963 Italy

Aglar 1112 Friuli-Venezia Giulia

Viterbo 1474 Lazio

Crema 1511 Lombardia

Milan 1525 Lombardia

Piedmont 1583 Piemonte

Crevalcore 1596 Emilia-Romagna

Calce 1635 Veneto

Pentolina 1697 Tuscany

Terranova di Sibari 1755 Calabria

Brianza 1760 Lombardia

Novellara 1766 Emilia-Romagna

Fabriano 1776 Marche

Turin 1782 Piedmont

Massa-Lubrense 1819 Campania

Marsala 1834 Sicily

Civitavecchia 1855 Lazio

Legnano 1855 Veneto

Trentino 1971 Trentino-Alto Adige

Lodi 1972 Lombardia

Tab. 1. Italian doubtful and pseudometeorites as reported 
in the Meteoritical Bulletin Database.
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paper is therefore to call into question the presumed 
meteorite fall that occurred on 3 June 1972 in Lodi. 
Drawing upon two strands of research (i.e., analysis 
of archival documents and analytical investigations), 
this case study attempts to reconstruct the event ex-
amining untapped sources as well as to present to the 
scholars’ community the data obtained through both 
the portable energy dispersive X-ray fluorescence 
spectroscopy (pED-XRF) and the X-ray diffraction 
analyses, which were performed on the sole recov-
ered specimen. These findings were used to ascertain 
the reliability of the event and to determine whether 
its origin was extraterrestrial. 
The Lodi pseudometeorite was sent by its owner, 
Mr. Giovanni Bettinelli, to the Museo di Scienze 
Planetarie (henceforth named MSP) of Prato to ver-
ify its nature. MSP keeps more than 500 meteorite 
specimens, several impact rocks and more than 7000 
minerals. Since its establishment in 2005, MSP has 
increasingly become an important center for research 
in meteoritics and for the diffusion of planetary sci-
ence literacy nationwide (e.g., Pratesi et al., 2005; 
Grady et al., 2014, Carpino, 2015; Moggi Cecchi et 
al., 2015; Carpino & Morelli, 2016; Carpino et al., 
2020). The characterization of possible new mete-
orite specimens (Moggi Cecchi et al., 2017), which 
have been recovered by non-professional scientists, 
is one of the activities led by MSP that most bridges 
citizen science to new publics (Hetland & Schrøder, 
2020). As suggested by Sforzi et al. (2018), natural-
istic museums have a long history of collaboration 
with amateur-expert communities that pre-dates the 
professionalization and institutionalization of science 
in 19th century (e.g., Hellis, 2014) and the modern 
definition of the term citizen science as well (Eitzel 
et al., 2017). By drawing on these concepts, Riesch 
and Potter (2014) outlined how public participation 
in scientific research can be considered as a win-win 
situation in which formal scholars can benefit from 
both the knowledge of highly skilled amateur scien-
tists and the support of the general public, while the 
participants are involved in public engagement ac-
tivities that make them part of a real and meaningful 
scientific research. Furthermore, Kloetzer et al. (2021) 
pointed out how natural history museums run differ-
ent types of citizen science projects such as public 
events, monitoring programs, field research, inventory 
projects, and data processing (e.g., the transcription of 
museum tags, ancient catalogues, and other archival 
documents) to digitize collections (Ballard et al., 2017; 
Pierroux et al., 2020). In this context, the engagement 
of the general public in museum-led activities aiming 
to collect and recognize possible meteorite specimens 
offers new opportunities to develop innovative and 
ever-more involving citizen science projects for gath-
ering data to improve our knowledge of the chemical 
and physical processes, which occurred during the 
formation of the early Solar System. 

MATERIALS AND METHODS
Case presentation
Diverse national newspapers and local gazettes (e.g., 
La Nazione, 4 June 1972; Il Cittadino, 9 June 1972) 
reported that a meteorite fell on Caviaga, a village in 
the municipality of Cavenago d’Adda, which is about 
5 kilometers far from Lodi, on the morning of 3 June 
1972. As reported in these articles, the specimen was 
found in the backyard of a farm by Maria Bambina 
Telga, a 27-year-old woman who was walking with 
Margherita, her 16-month-old baby girl. Telga told 
the reporters she heard a hissing sound and then a 
loud bang. The woman also stated that she had seen 
a stone falling from the sky and almost hitting her. 
After getting better from such a fright, Telga moved 
closer to the object that was plunged in the ground 
about 20 centimeters away from her. She remem-
bered that it was smoking and giving off an intense 
smell of sulfur. Bucked up, Telga tried to pick up 
the stone, but without succeeding because it was “as 
hot as iron removed from the forge to shape horses’ 
hooves” (see Il Cittadino, 4 June 1972). So, she called 
her husband Francesco Bettinelli, a 26-year-old man 
working as a tractor driver in the farmhouse, who 
removed the fiery stone from the ground using an 
iron bar. After ten minutes, it was still hot. Subse-
quently, the couple brought the recovered specimen 
to Emilio Groppelli, who was the farm’s owner. He 
doubted that it could be a meteorite since it appeared 
to be a volcanic rock. However, the hypothesis of 
the specimen’s extraterrestrial origin continued to be 
supported by Bettinelli, who replied to the reporters 
that he had immediately recognized the stone as a 
meteorite, since he had watched a television show 
that talked about these celestial bodies just a few 
days earlier. As it was predictable, the event caused 
a stir. The specimen was thus placed into a glass jar – 
which was usually used to preserve jam – and showed 
to the neighbors. Telga described the stone as black-
ish, about the size of a hand’s fist, and quite heavy. 
Some fragments were sent to the research laborato-
ries of Caviaga methane center (Centro Metanifero 
di Caviaga) for further analysis. Telga also told the 
local gazettes that she had received a money offer 
(10.000 Italian lire) for the purchase of the meteorite, 
but she refused – although she needed it as a moth-
er of two young children – thinking that the stone 
would have brought her luck. The reporters then 
interviewed Bruno Martinis (1920–2013), who was 
a professor of geology at the University of Milano. 
He said that such meteorite falls were unusual for the 
Italian peninsula and, if the extraterrestrial nature 
of the finding had been confirmed, it would have 
been a rare half-pound find. Martinis concluded his 
interview by stating that he would have analyzed 
the recovered specimen in Milano. Nevertheless, to 
the best of our knowledge, neither his investigations 
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nor those at the aforementioned research center were 
ever performed. 
In addition to the record listed in MBD and to the 
newspaper articles that have been cited in this study, 
the event is reported in Grady (2000). Here, its ex-
traterrestrial nature seems to have been discredited 
by two letters that were sent to the Mineralogy De-
partment of the Natural History Museum (NHM) 
in London on 3 and 31 July 1972. Both were written 
by Gemma Rosa Levi Donati (1929–2017), who was 
a professor of geology at the University of Modena 
and Reggio Emilia. Although Levi Donati contribut-
ed to the study and classification of Italian meteorites 
in 1970s (e.g., Levi Donati & Jarosewich, 1971, 1972), 
none of her works focused on the Lodi pseudome-
teorite. Furthermore, the letters she sent to NHM 
had been lost (H. Bates, personal communication, 
8 June 2021). 
This is how the story seems to end, but Giovanni 
Bettinelli, who is Telga’s eldest son, reached out MSP 
asking that the specimen he had been keeping since 
1972 was analyzed to ascertain its origin. 

Specimen’s description
The sole recovered specimen after the presumed 
meteorite fall occurred in Caviaga in 1972 was 
brought by its owner to MSP in June 2021. It is a 
heavy compact blackish specimen, which shows 
on its external surface some yellowish and brown-
ish areas (fig. 1). No sign of previous sampling is 
detectable. After a first non-contact investigation 
performed by pED-XRF, a fragment was picked up 
by the lowest part of the specimen to perform XRD 
analysis. Residuals of this fragment after the XRD 
analysis have then been embedded in polyester resin 
and are now preserved at MSP. The whole specimen 
of the Lodi pseudometeorite weights 461 g and its 
size are 8x 5x4 cm. After the analytical investiga-
tions were completed, the specimen was returned to 
Mr. Bettinelli by parcel post. 

Experimental techniques
To evaluate the sample’s presumed cosmic origin, 
the chemical composition of the minerals occurring 
in the specimen was obtained using a Bruker ELIO 
Non-contact micro-XRF Scanning Spectrometer 
equipped with a Rh-target anode X-ray source (10-
50 kV, 5-200 mA) and a 17 mm2 SSD detector (energy 
resolution < 140 eV for Mn Ka).
The non-contact measurements are non-invasive 
and completely non-destructive. Moreover, no sam-
ple preparation is required. Therefore, this physical 
technique is particularly suitable for analyzing art-
works (Moioli & Seccaroni, 2000) and meteorites 
(Zurfluh et al., 2011) as well. This instrument allows 
reliable qualitative trace element detection in a range 
of detectable elements as far as Na (Z = 11) to U (Z 
= 92). The spectra were recorded with the ELIO 
software which provides the automatic peak ID and 
a quick visual indication of elements. 
The following acquisition parameters were used dur-
ing the 20 analyses performed on the specimen: spot 
size of the X-ray beam was 1 mm; 30 s at 40 kV and 
50 μA (overall spectral range from 0 to 40 keV); 30 
s at 20 kV and 100 μA (light elements present in the 
spectral region from 0 to 10 keV); 30 s at 50 kV and 
40 μA with a Mo filter (element in the spectral region 
from 10 to 40 keV). 
XRD analysis of the detached sample was performed 
at the laboratories of the Earth Sciences Department 
of the University of Firenze by means of a Philips PW 
1050/37 diffractometer, equipped with a data acqui-
sition system X’Pert PRO Panalytical, Cu anode, and 
graphite monochromator.

RESULTS
The first set of visual investigations examined the ex-
ternal surface of the specimen to determine whether 
it showed characteristics like those of a fresh fall-
en meteorite. In this regard the specimen does not 

Fig. 1. Lodi pseudometeorite.
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present neither evidence of fusion crust - which is 
the most important feature yielded by the passage 
through the atmosphere - nor signs of ablation.
The appearance is characterized by the presence of 
a mineral assemblage, and this is the reason why 20 
pED-XRF analyses have been performed in different 
points of the specimen. All analyses showed the pres-
ence of Pb and/or S, Zn, Ca, in different amounts (fig. 
2). Noteworthy, oxygen cannot be detected with this 
technique while – due the poor resolution of the EDS 
spectrometry – Pb and S cannot be distinguished 
each other.
Nevertheless, an XRD analysis (fig. 3) was performed 
on the picked-up fragment allowing to ascertain the 
nature of the mineral assemblage where three miner-
al phases – corresponding to galena, sphalerite, and 
calcite – seem to coexist. 
The results of these analyses show the occurrence of 
an assemblage of Pb-Zn sulphides and, considering 
that these minerals are not present in meteorites, the 
terrestrial nature of the specimen can be confirmed.

DISCUSSIONS
The most striking result to emerge from the data is 
the terrestrial origin of the analyzed specimen. The 
mineralogical phases that have been detected are 
consistent with ore deposits located in the municipal-
ities of Lecco and Bergamo. In these areas, between 
1930s and 1980s were operating several mines for the 
extraction of metals from minerals like sphalerite and 
galena (Candela, 2008; Maida & Veneziani, 2012). 
Samples such as the one that has been found in Cav-
iaga are then present in the Adda river and its tribu-
taries (Garzanti et al., 1999). 

What has just been stated seems to be confirmed by 
the geological map of Lodi and its surroundings. In 
the lithological and morphological map of the Quar-
ry Plan of the Municipality of Lodi (2003), it can be 
observed the presence of gravelly deposits relative to 
the past and most recent alluvium of the current Adda 
valley. Therefore, it is possible to assume a ‘geolog-
ical contamination’, with samples containing for the 
greater part galena and sphalerite, of the site where 
the presumed meteorite specimen was found. 
Another interesting result is the possible support 
given by the pED-XRF technique as a tool to charac-
terize presumed meteorite specimens (mainly when 
the minerals are so different from those occurring in 
meteorites) in a non-invasive way. If the utilization of 
different types of spectroscopic methods in mineral-
ogy, geology and in cultural heritage conservation is 
a well-established topic (e.g., Borgheresi et al., 2007; 
Lo Giudice et al., 2012; Re et al., 2013; Angelici et al., 
2015; Casadio et al., 2017), the study of their appli-
cation in meteoritics and planetary sciences tends to 
focus on specific methodologies such as SEM-EDS 
(Scanning Electron Microscope with Energy Dis-
persive Spectroscopy, EPMA-WDS (Electron Probe 
Micro Analysis with Wavelength Dispersive Spec-
troscopy), micro-Raman, LIBS (Laser Induced Break-
down Spectroscopy), XANES (X-ray absorption near 
edge structure), and Mössbauer spectroscopy (e.g., 
Giuli et al., 2000; Hochleitner et al., 2004; Giuli et 
al., 2008; Moggi Cecchi, 2014; Galazka-Friedman et 
al., 2017; Gardiol et al.; 2017; Dell’Aglio et al., 2018). 
Few researchers (e.g., Allegretta et al., 2020) have ad-
dressed the use of the pED-XRF analysis to determine 
the nature of presumed meteorite specimens, so the 
heuristic potential of this technique to discriminate 

Fig. 2. pED-XRF spectrum of a portion of galena showing the overlapped peaks of Pb and S.
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between meteorite and meteor-wrong findings has 
yet to be explored.
This study has confirmed the non-extraterrestrial 
nature of the purported meteorite specimen that was 
recovered in Caviaga in 1972. Despite this, it serves 
to highlight the pivotal role played by media in the 
dissemination of science news about possible mete-
oritic events. As showed by Kierman (2000), Day 
(2019) and Franza et al. (2021b), this is a sensitive 
topic for both historic and more recent presumed 
falls. In the case of the Lodi pseudometeorite, local 
newspapers did a credible job in reporting the ac-
count of the fall as told by the witnesses together with 
the opinion of an expert scientist as a follow-up to the 
event. Presumably their readers were interested and 
followed these discussions as well. However, media 
may also report meteorite events that – although not 
confirmed – are then covered by several press agen-
cies around the world, such as the news of a bus driver 
who was apparently hit and killed by a meteorite in 
southwest India in 2016 (Hauser, 2016). The cases in 
which meteorites appear to cause damage to property 
or persons seem to get a high-profile media coverage. 
For instance, the news of the study that Unsalan et 
al. (2020) carried out on the first man hit and killed 
by a meteorite in Sulaymaniyah (Iraq) in 1888 was 
reported by several press agencies worldwide. In the 
same vein, Muravyev and Grokhovsky (2020) have 
systematized and critically revised data about various 
episodes of damage to the property or human health 
because of meteorite falls from 16th century to 2019. 
This is not a minor finding because the possibility 
that Telga and her baby girl could be injured by the 
presumed meteorite fall was one of the aspects that 
interested the press most. The event that occurred in 

Caviaga in 1972, although terrestrial in origin, can 
be therefore considered as a part of the brand-new 
research about the possible connections between fo-
rensic and planetary sciences.
The newspaper articles published in 1972 in fact con-
tained several elements (e.g., the meteorite was hot 
and smoking when it was found) which help to make 
clear what happened in Caviaga. The descriptions 
provided in the articles prove that the specimen re-
covered by Mr. Bettinelli could only be the one sup-
posed to have fallen. In fact, according to the story, 
the specimen had dug a little hole in the ground and 
was still smoking when it was collected. However, 
the investigations showed the terrestrial origin of the 
specimen and therefore confirm that the Lodi mete-
orite is a pseudometeorite, which means “an object 
that has been claimed to be a meteorite, but which is 
nonmeteoritic in origin” according to the Meteoriti-
cal Bulletin Database (see website 1). Therefore, this 
study has proven that the Lodi fall must be discarded.

CONCLUSIONS
In conclusion, this paper has given an account of the 
event that occurred at Caviaga in 1972 and has suc-
ceeded in ascertain the nature of the sole recovered 
specimen, which is not extraterrestrial in origin. Fur-
thermore, this study has stressed the importance of 
naturalistic museums in the promotion of knowledge 
and scientific culture (e.g., Cain & Rader, 2017, and 
references therein).
The investigation of presumed meteorite specimens 
that have been recovered by amateur astronomers, 
also as part of citizen science programs (Colas et 
al., 2015; Fries et al., 2017; Gritsevich, 2017; Bouley 

Fig. 3. X-ray powder diffraction pattern showing the peaks of calcite, sphalerite and galena.
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et al., 2019; Brian et al., 2019; Marmo et al., 2019; 
Gardiol et al., 2021), by museum institutions such 
as MSP plays a relevant role in improving a pub-
lic understanding of meteoritics. Broadly speaking, 
naturalistic museums have a general responsibility to 
contribute to science outreach and popularization, 
making research findings accessible also to non-ex-
pert audience, who might benefit from these data 
according to the concept of Responsible Research 
and Innovation, which has been formulated by the 
European Commission in 2017. The case of the Lodi 
pseudometeorite has thus shown how planetary 
science works, and the way in which naturalistic 
museums’ agenda can meet the demands of society, 
culture, and the general public alike.
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interrante G., isselin y., JeanGeorGes y., Janeux 
p., Jeanneret p., Jobse k., Jouin s., Jouvard J.M., 
Joy k., Julien J.F., kaCerek r., kaire M., keMpF M., 
kosChny d., krier C., kWon M.k., laCassaGne 
l., laChat d., laGain a., laisné e., lanChares v., 
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Galazka-FriedMan J., Woźniak M., duda p., rze-
peCka p., JakuboWska M., karWoWski l., 2017. Möss-
bauer spectroscopy—a useful method for classification 
of meteorites? Hyperfine Interactions, 238: 67.

Gardiol d., Cellino a., di Martino M., 2016. PRI-
SMA, Italian network for meteors and atmospheric studies. In: 
Roggermans A., Roggermans P. (eds.), Proceedings of 
the International Meteor Conference, Egmond, the 
Netherlands, 2-5 June 2016, pp. 76-79. 

Gardiol d., barGhini d., ColoMbetti p., tariCCo 
C., ManCuso s., rubinetti s., di Martino M., 2017. 
Improvement of the extraction method of faint signals 
in γ-activity measurements of meteorites. The European 
Physical Journal Plus, 132: 269.

Gardiol d., barGhini d., buzzoni a., CarboGnani 
a., di Carlo M., di Martino M., knapiC C., lon-
dero e., pratesi G., rasetti s., riva W., salerno 
r., stirpe G.M., valseCChi G.b., volpiCelli C.a., 
zorba s., Colas F., zanda b., bouley s., Jeanne s., 
MalGoyre a., birlan M., blanpain C., GattaCCeCa 
J., leCubin J., MarMo C., rault J.l., vaubaillon J., 
vernazza p., aFFatiCati F., albani M., andreis a., 
asCione G., avosCan t., baCCi p., baldini r., bale-
strero a., basso s., bellitto r., belluso M., benna 
C., bernardi F., bertaina M.e., betti l., bonino r., 
boros k., bussi a., Carli C., Carriero t., CasCone 
e., Cattaneo C., Cellino a., ColoMbetti p., Co-
loMbi e., Costa M., CreMonese G., CriCChio d., 
d’aGostino G., d’elia M., de Maio M., deMaria p., 
di dato a., di luCa r., FederiCi F., GaGliarduCCi 
v., Gerardi a., Giuli G., Guidetti d., interrante 
G., lazzarin M., lera s., leto G., liCChelli d., 
lippolis F., ManCa F., ManCuso s., MannuCCi F., 
Masi r., Masiero s., MeuCCi s., Misiano a., MoGGi 
CeCChi v., Molinari e., Monari J., MonteMaGGi 
M., MontesarChio M., Monti G., Morini p., na-
stasi a., paCe e., pardini r., pavone M., peGoraro 
a., pietronave s., pisanu t., puGno n., repetti u., 
riGoni M,, rizzi n., roMeni C., roMeo M., rubi-
netti s., russo p., salvati F., selvestrel d., serra 
r., siMonCelli C., sMareGlia r., soldi M., stanGa 
r., straFella F., suvieri M., tariCCo C., tiGani sava 
G., toMbelli M., trivero p., uMbriaCo G., vairetti 
r., valente G., volpini p., zaGarella r., zollo a., 
2020. Cavezzo, the first Italian meteorite recovered 
by the PRISMA fireball network. Orbit, trajectory, 
and strewn-field. Monthly Notices of the Royal Astronomical 
Society, 501(1): 1215-1227.

Gardiol d., Cuppone t., asCione G., barGhini d., 
CarboGnani a., di Martino M., di Carlo M., pra-
tesi G., riva W., rubino e., russo p., stirpe G., va-
leri d., volpiCelli a., 2021. A successful example of citizen 
science within the PRISMA network applied to the 15th March 



105LODI (ITALY) 1972: A COLD METEORITE CASE CLOSED

2021 bolide over Italy. EuroPlanet Science Congress 2021, 
13-24 September 2021, EPSC2021-208.

Garzanti e., GaMba a., Malara F., vidiMar C., 1999. 
Evoluzione della mineralogia del detrito in sistemi flu-
viali segmentati da sbarramenti naturali o artificiali e 
attraverso la pianura: il bacino idrografico dell’Adda 
(Lombardia). Geologia Insubrica, 3: 43-60. 

Giuli G., pratesi G., Corazza M., Cipriani C., 2000. 
Aluminium coordination in tektites: A XANES study. 
American Mineralogist, 85(9): 1172-1174.

Giuli G., eeCkhout s.G., koeberl C., pratesi G., 
paris e., 2008. Yellow impact glass from the K/T 
boundary at Beloc (Haiti): XANES determination of 
the Fe oxidation state and implications for formation 
conditions. Meteoritics and Planetary Science, 4(5): 981-986.

Grady M., 2000. Catalogue of meteorites. Cambridge Uni-
versity Press, Cambridge, 689 pp.

Grady M., pratesi G., MoGGi CeCChi. v., 2014. Atlas 
of meteorites. Cambridge University Press, Cambridge, 
384 pp.

GritseviCh M., 2017. Detection and Characterisation of Me-
teors as a Big Data Citizen Science project. American Geophy-
sical Union, Fall Meeting 2017, abstract #ED24B-02.

halliday i., blaCkWell a.t., GriFFin a.a., 1978. The 
Innisfree meteorite and the Canadian camera network. 
Journal of the Royal Astronomical Society of Canada, 72(1): 
15-39. 

hauser C., 2016. That wasn’t a meteorite that killed 
a man in India, NASA says. The New York Times, 16 Fe-
bruary 2016.

hellis h., 2014. Knowledge, character and professio-
nalisation in nineteenth-century British science. History 
of Education, 43(6): 777-792. 

hetland p., sChrøder k.C., 2020. The Participatory 
Turn: Users, publics, and audiences. In: Hetland P., Pierroux 
P., Esborg L. (eds.), A History of Participation in Mu-
seums and Archives. Traversing Citizen Science and 
Citizen Humanities. Routledge, London, pp. 168-185.

hoChleitner r., tarCea n., siMon G., kieFer W., 
popp J., 2004. Micro-Raman spectroscopy: a valuable 
tool for the investigation of extraterrestrial material. 
Journal of Raman Spectroscopy, 35(6): 515-518. 

JaMbon a., 2017. Bronze Age iron: Meteoritic or not? 
A chemical strategy. Journal of Archaeological Science, 88: 
47-53.

kierMan v., 2000. The Mars Meteorite: A case study 
in controls on dissemination of science news. Public 
Understanding of Science, 9(1): 15-41.

kloetzer l., lorke J., roChe J., GoluMbiC y., Win-
ter s., JöGeva a., 2021. Learning in Citizen Science. In: 
Vohland K., Land-Zandstra A., Ceccaroni L., Lemmens 
R., Perelló J., Ponti M., Samson R., Wagenknecht K. 
(eds.), The Science of Citizen Science. Cham, Springer, 
pp. 283-308.

kokhirova G.i., babadzhanov p.b., khaMroev u.k., 
2015. Tajikistan fireball network and results of photo-
graphic observations. Solar System Research, 49: 275-283.

levi donati G.r., JaroseWiCh e., 1971. The Valdiniz-
za Meteorite: Mineralogy, Chemistry and Microtextu-
res. Meteoritics, 6(1): 1-14.

levi donati G.r., JaroseWiCh e., 1972. Mineralogi-
cal And Chemical Researches On L-Chondrites: Gir-
genti. Meteoritics, 7(2): 109-125.

llorCa J., CaMpeny M., ibáñez n., allepuz d., Ca-
Marasa J.M., aurell-Garrido J., 2020. The meteorite 
of Barcelona (1704): History, discovery, and classifica-
tion. Meteoritics and Planetary Science, 55(4): 705-725.

lo GiudiCe a., re a., anGeliCi d., Calusi s., Gelli 
n., Giuntini l., Massi M., pratesi G., 2012. In-air 
broad beam ionoluminescence microscopy as a tool for 
rocks and stone artworks characterisation. Analytical 
and Bioanalytical Chemistry, 404: 277-281.

Maida F., veneziani a., 2012. Minerali della provincia di 
Bergamo. Novecento Grafico, Bergamo, 96 pp. 

MarMo C., Colas F., bouley s., vaubaillon J., 
zanda b., vernazza p., GattaCCeCa J., rault J.l., 
blanpain C., CaMinade s., leCubin J., MalGoyre a., 
Meyer F., steinhausser a., birlan M., Maquet l., 
audureau y., kWon M.k., 2019. The FRIPON Project or 
Pride and Prejudice in Citizen Science. In: Molinaro M., Shor-
tridge K., Pasian F. (eds.), Astronomical Data Analysis 
Software and Systems XXVI, ASP Conference Series, 
Vol. 521. Proceedings of a conference held 16-20 Oc-
tober 2016 at Stazione Marittima Conference Centre, 
Trieste, Italy. Astronomical Society of the Pacific, San 
Francisco, pp. 165-168.

MarroCChi y., bonal l., GattaCCeCa J., piani l., 
beCk p., GreenWood r.C., esChriG J., basque a., 
nuCCio p.M., Foresta Martin F., 2020. The Piancal-
doli meteorite: A forgotten primitive LL3.10 ordinary 
chondrite. Meteoritics and Planetary Science, 55(8): 1-12.

Marvin u.b., 2007. Ernst Florens Friedrich Chladni 
(1756-1827) and the origins of modern meteorite re-
search. Meteoritics and Planetary Science, 31(5): 545-588. 

Mayne r.G., CorriGan C.M., MCCoy t.J., day 
J.M.d., rose t.r., 2020. Qarabawi’s Camel Charm: 
Tracing the meteoritic origins of a cultural artifact. 
Meteoritics and Planetary Science, 55(5): 1000-1010. 

MCCall G.J.h., boWden a.J., hoWarth r.J., 2006. 
The History of Meteoritics and Key Meteorite Collections: Fi-
reballs, Falls and Finds. Geological Society of London, 
London, 520 pp.

MCCoy t.J., Marquardt a.e., Wasson J.t., ash 
r.d., viCenzi e.p., 2017. The Anoka, Minnesota iron 
meteorite as parent to Hopewell meteoritic metal beads 
from Havana, Illinois. Journal of Archaeological Science, 
81: 13-22.

MCCubbin F.M., herd C.d.k., yada t., hutzler a., 
CalaWay M.J., allton J.h., CorriGan C.M., Fries 



ANNARITA FRANZA - DANIELA FAGGI - MARCO MORELLI - GIOVANNI PRATESI106

M.d., harrinGton a.d., MCCoy t.J., MitChell J.l., 
reGberG a.b., riGhter k., snead C.J., tait k.t., zo-
lensky M.e., zeiGler r.a., 2019. Advanced Curation 
of Astromaterials for Planetary Science. Space Science 
Reviews, 215: 48.

MoGGi CeCChi v., 2014. L’applicazione della spettro-
scopia Raman allo studio delle meteoriti e dei mine-
rali delle collezioni Museo di Scienze Planetarie della 
Provincia di Prato. in: del Favero l., Fornasiero 
M., Molin G. (a Cura di), atti del xxi ConGres-
so anMs, la riCerCa nei Musei sCientiFiCi. padova 
9-11 noveMbre 2011. Museologia Scientifica Memorie, 11: 
157-160.

MoGGi CeCChi v., Carpino s., pratesi G., Caporali 
s., Manenti F., 2015. Storia di una meteorite ritrovata: 
il caso della meteorite metallica Slaghek’s Iron. In: Pra-
tesi G., Ceccolini F., Lotti P. (a cura di), Atti del XXII 
Congresso ANMS, Il partimonio culturale dei musei 
scientifici. Firenze 14-16 novembre 2012. Museologia 
Scientifica Memorie, 14: 166-168.

MoGGi CeCChi v., pratesi G., Carpino s., Caporali 
s., 2017. La classificazione delle meteoriti in conto terzi 
come veicolo efficace per l’incremento patrimoniale 
e per la valorizzazione scientifica delle collezioni dei 
musei naturalistici. In: Malerba G., Cilli C., Giacobini 
G. (a cura di), Atti del XXV Congresso ANMS, “COSE 
DI SCIENZA” Le collezioni museali: tutela, ricerca ed 
educazione. Torino, Sistema Museale di Ateneo, 11-13 
novembre 2015. Museologia Scientifica Memorie, 17: 144-
147.

Moioli p., seCCaroni C., 2000. Analysis of art objects 
using a portable x-ray fluorescence spectrometer. 
X-Ray Spectrometry, 29(1): 48-52.

Muravyev l.a., Grokhovsky v.i., 2020. Historical 
List of Harmful Meteorites. In: Votyakov S., Kiseleva D., 
Grokhovsky V., Shchapova Y. (eds.), Minerals: Structu-
re, Properties, Methods of Investigation. Springer Pro-
ceedings in Earth and Environmental Sciences. Sprin-
ger, Cham, pp. 147-159.

neveu M., vernazza p., 2019. IDP-like Asteroids For-
med Later than 5 Myr After Ca–Al-rich Inclusions. The 
Astrophisical Journal, 875: 30.

pierroux p., hetland p., esborG l., 2020. Traversing 
Citizen Science and Citizen Humanities: Tacking stitches. In: 
Hetland P., Pierroux P., Esborg L. (eds.), A History of 
Participation in Museums and Archives. Traversing 
Citizen Science and Citizen Humanities. Routledge, 
London, pp. 3-24.

pratesi G., Morelli M., rossi a.p., ori G.G., 2005. 
Chemical compositions of impact melt breccias and 
target rocks from the Tenoumer impact crater, Mauri-
tania. Meteoritics and Planetary Science, 40(11): 1653-1672.

pratesi G., MoGGi CeCChi v., GreenWood r.C., 
FranChi i.a., haMMond s.J., di Martino M., bar-
Ghini d., tariCCo C., CarboGnani a., Gardiol d., 

2021. Cavezzo—The double face of a meteorite: Mine-
ralogy, petrography, and geochemistry of a very unu-
sual chondrite. Meteoritics and Planetary Science (https://
doi.org/10.1111/maps.13695).

pruFer o.h, 1961. Prehistoric Hopewell Meteorite 
Collecting: Context and Implications. The Ohio Journal 
of Science, 61: 341-352.

re a., anGeliCi d., lo GiudiCe a., Maupas e., Giun-
tini l., Calusi s., Gelli n., Massi M., borGhi a., 
Gallo l.M., pratesi G., Mandò p.a., 2013. New 
markers to identify the provenance of lapis lazuli: tra-
ce elements in pyrite by means of micro-PIXE. Applied 
Physics A, 111(1): 69-74.

riesCh h., potter C., 2014. Citizen science as seen by 
scientists: Methodological, epistemological and ethical 
dimensions. Public Understanding of Science, 23(1): 107-120.

sForzi a., tWeddle J., voGel J., lois G., WäGele 
W., lakeMan-Fraser p., MakuCh z., vohland k., 
2018. Citizen science and the role of natural history museums. In: 
Hecker S., Haklay M., Bowser A., Makuch Z., Vogel 
J., Bonn A. (eds.), Citizen Science. Innovation in Open 
Science, Society and Policy. UCL Press, London, pp. 
429-444.

triGo-rodríGuez J.M., lyytinen e., GritseviCh M., 
Moreno-ibáñez M., bottke W.F., WilliaMs i., lu-
povka v., dMitriev v., kohout t., Grokhovsky v., 
2015. Orbit and dynamic origin of the recently recove-
red Annama’s H5 chondrite. Monthly Notices of the Royal 
Astronomical Society, 449(2): 2119–2127. 

unsalan q., bayatli a., Jenniskens p., 2020. Earliest 
evidence of a death and injury by a meteorite. Meteoritics 
and Planetary Science, 55(4): 886-894.

vernazza p., Marsset M., beCk p., binzel r.p., birlan 
M., brunetto r., deMeo F.e., dJouadi z., duMas C., 
Merouane s., Mousis o., zanda b., 2015. Interpla-
netary Dust Particles as Samples of Icy Asteroids. The 
Astrophisical Journal, 806: 204.

Wetherill G.W., revelle d.o., 1981. Which fireballs 
are meteorites? A study of the Prairie Network photo-
graphic meteor data. Icarus, 48(2): 308-328.

zolensky M., bland p., broWn p., halliday i., 2006. 
Flux of Extraterrestrial Materials. In: Lauretta D.S., McSwe-
en H.Y. (eds.), Meteorites and the Early Solar System 
II. University of Arizona Press, Tucson, pp. 869-868. 

zurFluh F.J., hoFMann b.a., Gnos e., eGGenberGer 
u., 2011. Evaluation of the utility of handheld XRF in 
meteoritics. X-Ray Spectrometry, 40(6): 449-463. 

Websites (accessed 26.09.2021)

1) https://www.lpi.usra.edu/meteor/metbullclass.php?-
sea=Pseudometeorite

Submitted: July 10th, 2021 - Accepted: September 29th, 2021 
Published: December 10th, 2021




