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Abstract - S. Lombardo, Sixty years of research at Grotta La Fabbrica 
(Southern Tuscany): Recent excavations and future perspectives.

Grotta La Fabbrica in central Italy preserves a well-defined strati-
graphic sequence including Late Mousterian, Uluzzian, and Protoau-
rignacian layers, making it a key site for studying the Middle-Upper 
Paleolithic transition. This study aims to clarify the technological 
and raw material dynamics across the Mousterian and Uluzzian 
levels through the lithic analysis of newly excavated, in situ assem-
blages. The results reveal that, while raw materials were strictly 
local throughout the sequence, the Uluzzian levels show a marked 
increase in quartz use and a broader range of exploited resources. 
This shift corresponds to a clear change in reduction strategies, from 
the integrated production concepts typical of the Mousterian (i.e., 
surface exploitation methods such as Levallois) to the predominant 
use of the bipolar method in the Uluzzian. These findings align with 
broader patterns observed across the Italian peninsula, highlight-
ing Grotta La Fabbrica’s importance as a high-resolution record of 
cultural and technological transformation during the early Upper 
Paleolithic. Future work will integrate technological and paleoenvi-
ronmental data to refine this picture further.

Key words - Late Musterian, Uluzzian, Lithic technology, Grotta La 
Fabbrica, Southern Tuscany, Italy

Riassunto - S. Lombardo, Sessanta anni di ricerche a Grotta La Fabbri-
ca (Toscana meridionale): scavi recenti e prospettive future.

Per la sua sequenza stratigrafica che include Musteriano recente, 
Uluzziano e Protoaurignaziano, Grotta La Fabbrica rappresenta un 
sito chiave per lo studio dell’inizio del Paleolitico Superiore in Italia 
centrale. Questo studio mira ad aggiornare il quadro tecno-economico 
attraverso l’analisi del materiale litico inedito proveniente dai livelli 
musteriani e uluzziani indagati nel corso dei nuovi scavi. I risultati 
mostrano che le materie prime impiegate risultano strettamente loca-
li lungo tutta la sequenza, ma nel passaggio dal Paleolitico Medio al 
Superiore si osserva un significativo incremento dell’impiego del quar-
zo, accompagnato da un cambiamento nelle strategie di scheggiatura. 
Nell’industria uluzziana, infatti, vengono abbandonati i concetti di 
produzione integrata tipici del Musteriano, come il Levallois, a favore 
della riduzione mediante scheggiatura bipolare. Questi risultati si in-
seriscono pienamente nel quadro osservato in altri contesti della Peni-
sola Italiana. Le ricerche future amplieranno le analisi tecnologiche e 
paleoambientali, rafforzando ulteriormente il valore della stratigrafia 
di Grotta La Fabbrica come testimonianza di questo cruciale momen-
to di transizione. 

Parole chiave - Musteriano recente, Uluzziano, Tecnologia litica, 
Grotta La Fabbrica, Toscana meridionale, Italia 

The site

Grotta La Fabbrica (Parco Regionale della Marem-
ma in Grosseto, Central Italy) is situated 7 meters 
above the coastal plain on an extensive limestone cliff 
(Lat. N. 42°39’14’’, Long. W 1°23’24’’). Over time, the 
cave has undergone significant size reduction due to 
the gradual erosion of the cliff edge. This process is 
evident from stalagmites and cemented fill found out-
side the cave’s entrance, indicating the loss of its fron-
tal portion. The current entrance faces south. The cave 
consists of two main chambers with several branching 
passages, illuminated by natural windows opening 
onto the cliff face. The ceiling is generally low, with 
occasional cracks extending upwards, while the floor 
slopes noticeably toward the east. The main chamber, 
covering an area of roughly 100 m², preserves portions 
of a well-stratified sequence despite extensive erosion-
al events, including layers associated with the Late 
Mousterian, Uluzzian, Protoaurignacian, and a small 
remnant of a Gravettian and Epigravettian deposit.

Research history

Initial investigations (1964-1973)

The first exploration of Grotta La Fabbrica took place 
in 1964-65, conducted by the Istituto di Antropologia 
e Paleontologia Umana of the University of Pisa, in 
collaboration with Prof. G. Guerrini of Grosseto and 
the Società Naturalistica Speleologica Maremmana. 
Systematic excavations were later carried out between 
1969 and 1973 under the direction of Prof. Carlo Tozzi 
(Pitti et al., 1976). These investigations focused primar-
ily on the western chamber of the cave. A significant 
portion of the original deposit, protected by collapsed 
boulders, was found along the north wall, while other 
explored sections contained reworked sediments.
The preserved stratigraphic sequence identified in-
cluded layers corresponding to the Late Mousterian 
(layer 1), Uluzzian (layer 2), Protoaurignacian (layers 
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3-4), and a small remnant of a Gravettian and Epi-
gravettian layer (layer 5), which had been largely erod-
ed. The stratigraphic succession was grouped into two 
main sedimentary complexes (Pitti et al., 1976). The 
lower Complex A (layers 1-3) consists of sandy silts with 
few clasts, generally decalcified and rich in phosphatic 
crusts and concretions, indicating prolonged phases of 
surface alteration and post-depositional modification. 
The upper Complex B (layers 4-5) comprises coarser, 
carbonate-rich sediments with abundant limestone 
clasts, reflecting renewed inputs from the cave walls 
and roof (Pitti et al., 1976). 

New investigations (2007-2011)

Excavations at Grotta La Fabbrica resumed in 2007 
under the direction of M. Dini and continued until 
2011 with the goal of identifying additional strati-
graphic sections suitable for dating (Dini & Tozzi, 
2012; Dini et al., 2012). These excavations focused on 
the northeastern part of the cave, adjacent to the areas 
previously explored. Two intact portions of the depos-
it were identified: one in squares H-I 8-9 and another 
in squares G-F 9-10, separated by a series of erosional 
gaps (Fig. 1d). Additionally, a distinct Mousterian layer 
was found in square G8.

Figure 1. (a) Geographic location of Grotta La Fabbrica. The map shows the palaeogeographic reconstruction of Italy with the mean sea level 
at approximately 40,000 BP. The map was generated using QGIS 3.36.3 (https://www.qgis.org/). Source of the Digital Elevation Model and 
Bathymetry: EMODNED (https://emodnet.ec.europa.eu/geoviewer/). (b) Close-up view of the entrance to Grotta La Fabbrica. (c) Plan of the 
excavation area showing the location of Section F-G-H-I 8/9. (d) Stratigraphic sequence of Grotta La Fabbrica exposed during the 2007-2011 
excavation campaigns, Section F-G-H-I 8/9.
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The same stratigraphic sequence was determined, 
with layers corresponding to the Mousterian (US 
24), Uluzzian (UUSS 23, 17b), and Protoaurignacian 
(UUSS 20, 21, 22, 17a). The Mousterian and Uluz-
zian layers were dated using the OSL method, yield-
ing results of 44 ± 2.1 ka for the Mousterian and 
40 ± 1.6 ka for the Uluzzian (Villa et al., 2018). The 
dating of the Protoaurignacian layer is currently un-
derway.

Materials and methods

La Fabbrica collections are housed in the Diparti-
mento di Civiltà e Forme del Sapere, University of 
Pisa. The materials presented here have been ana-
lyzed as part of a Bachelor Thesis conducted by the 
author with the supervision of Prof. Giovanna Radi 
and Prof. Carlo Tozzi. This thesis examined mate-
rials from the three cultural horizons of the cave 
frequentation (Mousterian, Uluzzian, and Protoau-
rignacian) uncovered during the 2007-2011 exca-
vation campaigns. The Protoaurignacian materials 
(Excavations 1969-73 and 2007-11) are currently un-
der re-examination, therefore are excluded from the 
present work.
For the study, the sorting procedure used by Pao-
la Villa and collaborators was followed (Villa et al., 
2018), excluding from the technological analysis flake 
fragments (broken flakes without the platform) flakes 
<1 cm and chunks, tested cobbles and cobble frag-
ments, these excluded specimens are included in the 
ground total and present in Tab. 1.
Raw material geological origin, presence of patina, 
combustion traces, and ochre residues were record-
ed. The classification of raw materials was conduct-
ed macroscopically, using a triplet lens (10x, 16x). 
The length, width, and thickness were measured 
according to the technological axis. When this was 
not possible, the longest measurement was conven-
tionally regarded as the length. All the artifacts 
were assigned to integrity classes based on the lo-
cation of identified fractures, as well as to techno-
logical categories: core, flake, laminar flake, blade, 
bladelet, chunks and chips (Bagolini, 1968; Tixier 
et al., 1980; Inizan et al., 1995). For each debitage 
blank (flake, laminar flake, blade, and bladelet), the 
extent and cortex position, the orientation of dor-
sal scars, the butt characteristics, and the produc-
tion technique were recorded. For each core: the 
number of exploited faces, the type and mode of 
preparation of the stringing platform, the direction 
of scars, the stage of exploitation, the target of the 
exploitation, and the concept of debitage (Boëda, 
2013).

Results

Mousterian (layers 1, 24)

The lithic materials exhibit fresh margins, with only 
two Levallois flakes displaying partial patina. The 
majority of the Mousterian assemblage is made out of 
radiolarite (74.1%), followed by chert (11.6%) and flint 
(8.9%). Quartz (2.7%), silicified limestone (1.8%), and 
quartzite (0.9%) appear sporadically. Radiolarite, pri-
marily occurring in the form of angular pebbles, was 
likely sourced from secondary deposits in the Om-
brone and Albegna riverbeds and banks. Quartz was 
collected locally, mainly from the primary outcrops of 
the Uccellina Mountains formations (Dini & Conforti, 
2011; Dini & Tozzi, 2012).

Cores

The natural blocks selected for flaking were mostly 
pebbles of varying shapes and dimensions. Radiolarite 
is the most frequently used raw material (58.3%), fol-
lowed by flint (25%) and chert (16.7%). The cores range 
in size from 49 to 20 mm in length. Five cores show a 
recurrent centripetal Levallois debitage (Fig. 2, n. 1, 2, 
4). With one exception, the surface opposite the flaking 
face consistently preserves large cortical residues. Two 
cores have been exploited for flakes production through 
multidirectional removals, and one core on angular peb-
ble features two orthogonal series of detachments. Four 
specimens, two on flint and two on radiolarite, were ex-
ploited by bipolar percussion on anvil. In all cases, the 
high-quality raw material was heavily reduced, making 
it difficult to determine whether bipolar debitage was 
employed from the beginning of the reduction process 
or if it followed another reduction strategy.

Debitage products and tools

The debitage products include cortical and semi-cor-
tical flakes (6.5%) and rare elongated blanks (blades, 
bladelets, and laminar flakes), attesting to the begin-
ning of the reduction sequence, as well as a great num-
ber of flakes. Predetermined-predetermining flakes 
(2.2%) and technical flakes (2.2%), used for striking 
platform management and core convexity mainte-
nance, are also attested. Most flakes exhibit unidirec-
tional negatives, followed by bidirectional scars. The 
platforms are mostly flat (27%), facetted (17.6%) and 
shattered (10.8%).
Side scrapers constitute the dominant tool category (8) 
(Fig. 2, n, 7-8). All tools, except one made on an ir-
regular elongated blank, were produced by retouching 
flakes. Three are denticulate, including one made on 
a flake from Levallois debitage, while a déjeté conver-
gent scraper was manufactured on a cortical flake.
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Uluzzian (layers 17a, 23)

Raw materials

The lithic materials exhibit fresh margins, with only one 
item displaying a double patina, indicating the reuse of 
an older/exposed blank. This behavior is further evi-
denced by a fully patinated Levallois core classified as a 
manuport. Radiolarite is the most commonly used raw 
material (55.8%). The proportion of quartz increases 
significantly compared to the Mousterian layers, reach-
ing 24.7%. Chert and flint (5.2% and 7.8%, respectively) 
and silicified limestone (5.2%) are attested in low per-
centages, while quartzite (0.6%) and limestone (0.6%) 
are sporadically present. The provenance of raw mate-
rials aligns with what has already been observed for the 
Mousterian. No flint blanks attributable to the Scaglia 
Rossa Formation are present, although they were spo-
radically identified among the Uluzzian materials from 
the first excavation campaign (Villa et al., 2018).

Cores

The natural blocks selected for flaking varied in 
shape and size, including flakes, pebbles, and frag-
ments. The initial blank sizes were varied, the cores 
range in size from about 80 to 10 mm. The striking 
platform was cortical or prepared either with a sin-
gle or a few strokes. One core on a pebble displays 
a single striking platform with a unidirectional 
series of negatives (Fig. 2, n. 14), while six cores 
were exploited through a series of multidirectional 
detachments. The poor quality of the raw material, 
characterized by numerous cleavages, severely af-
fected the debitage process, leading to the discard-
ing of cores after producing only a few flakes. Five 
cores, three of which are made from high-quality 
raw material, show clear signs of bipolar percus-
sion on anvil (Fig. 2, n. 9-12). The predominant use 
of this technique is a distinguishing feature of the 
Uluzzian. The bipolar technique is consistently ap-
plied regardless of variations in size, shape and raw 
materials quality (Kaczanowska et al., 2010; Moro-
ni et al., 2018; Peresani et al., 2019; Arrighi et al., 
2020a; Collina et al., 2020; Marciani et al., 2020; 
Rossini et al., 2022; Silvestrini et al., 2022), with 
the aim of maximizing lithic production efficiency, 
minimizing the use of time and energy and achiev-
ing specific technological goals (e.g. production 
of elongated blanks, thin flakes, naturally backed 
flakes) (Delpiano et al., 2024; Marciani et al., 2025; 
Rossini et al., 2022).

Debitage products and tools

The debitage products include cortical and semi-corti-
cal flakes and elongated blanks (blades, bladelets, and 
laminar flakes), attesting to the beginning of the re-
duction sequence, as well as a great number of flakes. 
Fragmentation is significant, with 47.4% of the deb-
itage blanks being broken. This high degree of frag-
mentation may be attributed to the extensive use of 
the bipolar technique, the quality of the raw material 
blocks, and poor debitage surface management, re-
sulting in knapping errors and broken blanks. Most 
flakes exhibit bidirectional dorsal scars, predominant-
ly linked to bipolar debitage, and feature flat or shat-
tered platforms.
The tool assemblage is limited (nine specimens) and 
consists of blanks of different types. Side scrapers 
are the dominant category, one of which was real-
ized on a bladelet. One end scraper was manufac-
tured on a cortical flake. Notably, the assemblage 
includes a lunate (Fig. 2, n. 17) and a backed tool, 
the latter produced on a flake from bipolar debitage 
(Fig. 2, n. 15).

Table 1. Quantification of the knapped assemblage from the Mouste-
rian and Uluzzian layers.

Techno categories Mousterian Uluzzian

N % N %

Core 12 8.6 12 5.7

Blade 2 1.4 7 3.3

Completely cortical blade 2 1

Semi cortical blade 1 0.5

Production 1 0.7 4 1.9

Technical blade 1 0.7

Bladelet 1 0.7 5 2.4

Semi cortical bladelet 2 1

Production 1 0.7 3 1.4

Laminar flake 6 4.3 10 4.8

Cortical flake 2 1

Production 6 4.3 7 3

Technical flake 1 0.5

Flake 74 53.2 83 39.5

Cortical flake 6 4.3 7 3.3

Semi cortical flake 3 2.2 2 1

Production 41 29.5 48 22.9

Technical flake 3 2.2 3 1.4

Debordant flake 3 2.2

Indeterminate 18 12.9 23 11

Tool 11 7.9 9 4.3

Chunk 19 13.7 51 24.3

Chip 12 8.6 28 13.3

Manuport 2 1.4 5 2.4

Total 139 100 210 100
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Discussion

Although the sample analyzed in this study is quantita-
tively small, the observed trends in the lithic industry 
of the two levels align with those previously document-
ed from the 1969-1973 excavation campaigns (Dini & 
Tozzi, 2012; Villa et al., 2018). The procurement of 
raw materials for the Mousterian level is strictly local, 
with radiolarite being the largely dominant lithotype 
(74.1%), while quartz use remains marginal (2.7%). 
Despite its abundance near the cave, quartz appears to 
have been minimally exploited, likely due to its poor 

quality and possibly also a well-established knowledge 
of local raw material sources, which allowed the se-
lection of lithotypes more suitable for the preferred 
knapping methods. 
Among the reduction sequences, the recurrent centrip-
etal Levallois method is well represented in both cores 
and debitage blanks, whereas the preferential Leval-
lois method is attested by only a few flakes. However, 
most blanks were obtained from cores prepared with 
low technological investment, and some blanks pre-
sented affordances that were exploited for flake pro-
duction. The use of bipolar percussion on an anvil is 

Figure 2. (a) Mousterian artifacts. Levallois cores (1, 2, 4); Levallois flakes (3, 5); flake (6); side-scrapers (7, 8). (b) Uluzzian artifacts. Bipolar cores 
(9-12); end-scraper (13); Unifacial unidirectional core (14); backed flake (15); side scraper (16); lunate (17).
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more consistently attested than previously noted (Villa 
et al., 2018), nevertheless, this technique likely played a 
marginal role. It appears to have been employed main-
ly to maximize the exploitation of high-quality raw 
materials with irregular morphologies, or dimensions 
too small to be knapped by other techniques. Side 
scrapers constitute the dominant tool category.
In the Uluzzian layers, radiolarite remains the most 
frequently used raw material (55.8%), but in contrast 
to the Mousterian levels, quartz use increases signifi-
cantly, reaching 24.7%. This shift in raw material pref-
erence may reflect different production goals. While 
quartz is poorly suited to the Levallois reduction 
strategies documented in the Mousterian, it is more 
effectively exploited by means of the bipolar method 
(largely used in the Uluzzian assemblage regardless of 
shape and raw material quality), which overcomes the 
natural challenges posed by the material and allows 
the production of a broad range of blanks (Delpiano et 
al., 2024). The reduction sequence is characterized by 
unidirectional and multidirectional debitage, with no 
evidence of the integrated production methods (sensu 
Boëda, 2013 e.g., Levallois) typical of the Mousterian. 
Striking platforms are either cortical or minimally pre-
pared with a single or few strokes. Core convexities are 
rarely managed, with knappers instead utilizing the 
natural ridges of the raw material as guides for detach-
ments. The retouched tool assemblage is dominated by 
side scrapers and end scrapers, and a single lunate was 
found.
From 50 to 39 ka cal BP, the Italian territory is charac-
terized by the coexistence of multiple cultural entities, 
including the Late Mousterian, Uluzzian, and Proto-
aurignacian technocomplexes (Marciani et al., 2020; 
Higham et al., 2024). These industries are documented 
in several caves and rock shelters across the penin-
sula, and notably, Grotta La Fabbrica is one of only 
three sites in Italy where all three technocomplexes are 
present, alongside Grotta di Fumane (Peresani, 2012) 
and Grotta di Castelcivita (Gambassini, 1997; Arrighi 
et al., 2020a; Rossini et al., 2022). The last phase of 
the Mousterian is documented at several Italian sites 
with patchy distribution. This phase is characterized 
by the predominant use of direct percussion with a 
hard hammerstone on locally sourced raw materials. 
However, in some instances, the use of raw materials 
transported from greater distances has been observed 
(Spinapolice, 2012; Grimaldi & Santaniello, 2014).
The preferred debitage concepts are the integrated 
production methods, such as Levallois and discoid. 
The primary goal of production was the creation of 
flakes, elongated blanks, and occasionally bladelets 
(Marciani et al., 2020 and references therein). The 
widespread use of integrated methods suggests that 
significant investment in Mousterian industries was 
dedicated to the production phase, particularly in the 

initial preparation of the core and the maintenance of 
convexities.
The closest parallel to the Mousterian of Grot-
ta La Fabbrica is Grotta dei Santi (Moroni et al., 
2019), which contains a well-preserved stratigraph-
ic sequence, including multiple Mousterian levels. 
Radiometric dating indicates that the Mousterian 
occupation of La Fabbrica coincides with the most 
recent occupation phase at Grotta dei Santi (45,770 
to 40,260 cal BP, Moroni et al., 2019; Spagnolo et 
al., 2020; Conti et al., 2023). Notably, the Uluzzian 
occupation of La Fabbrica corresponds to a period 
during which Grotta dei Santi exhibits sterile units. 
At the technological level, the two sites share some 
similarities in the exploitation of pebbles, with both 
Levallois and additional methods being employed 
(Moroni et al., 2019). The use of small pebbles also 
characterizes the industry of the so-called Pontinian 
technocomplexes, such as Grotta Breuil (Grimaldi & 
Santaniello, 2014). At Breuil, local pebbles were ex-
ploited, and a behavioral change is observed along 
the sequence. The lower layers exhibit a continuous 
debitage process, transitioning from a unidirection-
al to a centripetal debitage method, while the upper 
layers are dominated by a unidirectional method 
(Grimaldi & Santaniello, 2014). 
In contrast, northeastern Tuscany displays different 
trends. Several sites attributed to the final Mousterian, 
including Grotta del Capriolo, Buca del Tasso, Buca 
della Iena, Grotta all’Onda, and Grotta di Equi, are 
primarily characterized by an abundance of denticu-
lates (Pitti & Tozzi, 1971).
Recently, the sites of Buca della Iena and Grotta del 
Capriolo have been re-assessed (Gennai et al., 2025). 
Radiocarbon dating indicates that occupations at both 
Buca della Iena and Grotta del Capriolo are broadly 
contemporaneous, falling between 50-40 ka cal BP 
(Gennai et al., 2025). At both sites, reduction methods 
are either Levallois and Discoid, with Levallois meth-
ods predominating (Gennai et al., 2025).
The Uluzzian represents a clear cut with the previ-
ous and partially coeval Mousterian technocomplex. 
Geographically limited to Italy and Peloponnese 
(Kaczanowska et al., 2010; Moroni et al., 2018; Villa 
et al., 2018; Peresani et al., 2019; Collina et al., 2020; 
Rossini et al., 2022; Silvestrini et al., 2024), the Uluz-
zian is also temporally confined to 44-39 ka (Higham 
et al., 2024). A main cluster of sites is located in the 
Puglia region (Borzatti von Löwenstern, 1970; Palma 
di Cesnola, 1993; Moroni et al., 2018; Silvestrini et al., 
2022; Spinapolice et al., 2022). On the Tyrrhenian side, 
in addition to Grotta La Fabbrica, the Uluzzian is also 
attested in Campania (Benini et al., 1997; Collina et 
al., 2020; Rossini et al., 2022) and Lazio (Villa et al., 
2018), and only two sites are attested in northern Italy 
(Peresani et al., 2016, 2019).
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The technocomplex exhibits cohesive features, includ-
ing the production of distinctive ornaments and bone 
tools (Arrighi et al., 2020b) and the systematic use of 
bipolar technology (Delpiano et al., 2024). The bipo-
lar method was applied regardless of the various raw 
materials and the site-specific peculiarities and can be 
interpreted as a deliberate ergonomic strategy aimed 
at increasing the lithic production efficiency. Partially 
diverging from this pattern are the evolved-final Uluz-
zian of Grotta del Cavallo, in which lamellar reduction 
strategies can be considered as a main production sys-
tem alongside the bipolar method (Moroni et al., 2018) 
and the layer A4 of Fumane (Peresani et al., 2016), 
which features Levallois and discoid debitage and a 
low presence of bipolar technique. Considering the re-
touched tools, the Uluzzian is characterized by the sys-
tematic production of end-scrapers and the presence 
of backed pieces (mainly lunates) (see Sano et al., 2019 
for their use as armatures of projectile weapons), the 
number of which varies greatly between sites, but is 
generally very low as in the case of La Fabbrica (2 from 
1969-73 excavation, and 1 presented in this work).

Conclusions and future perspectives

Due to its strategic location in central Italy and the sig-
nificance of its preserved sequence, Grotta La Fabbrica 
remains a crucial site for understanding the dynamics 
at the beginning of the Italian Upper Paleolithic. This 
brief contribution has presented some of the materials 
from recent excavations, and yet much work remains 
to be done. The discovery of a second portion of in 
situ stratigraphy is particularly significant, as it not 
only confirms the site’s stratigraphic integrity but also 
provides valuable samples for dating. In addition to 
previously published data, forthcoming research will 
include the dating results of the Protoaurignacian lev-
el and the technological analysis of the entire assem-
blage. A thorough examination of the raw materials of 
the other levels and their reduction strategies is also 
planned. Despite the challenges posed by the state of 
faunal preservation, a comprehensive study of the fau-
nal remains will also provide new insights into site use 
and subsistence strategies. More than 60 years after its 
initial discovery, there is no doubt that Grotta La Fab-
brica continues to hold great potential for advancing 
our understanding of this critical period.
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