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Grotta Battifratta cave is a Hey archaeological cave located along a travertine escar"ment in the Yarfa Aalley 
(Rieti, central Italy), <ithin the middle �iber catchment. Recent interdisci"linary investigations by Sa"ienza 
@niversity of Rome have documented a <ellI"reserved stratigra"hic succession s"anning from the Middle 
 alaeolithic to the "ostIMedieval "eriod, <ith "articularly detailed evidence for Neolithic and Bronze Age ac
tivity at the cave entrance. �his study integrates archaeological eBcavation <ith sedimentological, micromor
"hological, geochemical, mineralogical, micro"alaeontological and radiocarbon analyses to reconstruct the 
Holocene cave in8ll and its linHs to human use. Neolithic de"osits (end of the 7th–beginning of the Cth millennium 
BK$) accumulated through shortIlived de"ositional and erosional events driven by alternating slo"e stability, 
surface runoff and e"isodic Harst reactivation. Bronze Age evidence is more s"atially restricted and re>ects 
e"isodic use, liHely linHed to "astoral "ractices, during a "hase of hydrological reorganisation of the Harst system 
follo<ed by lo<Ienergy carbonate sedimentation.  ostIMedieval ceramics in the u""ermost de"osits "rovide a 
terminus "ost =uem for 8nal in8lling, <hich falls <ithin the �ittle Ice Age "hase of hydroclimatic instability. 
�verall, Grotta Battifratta cave sho<s ho< Holocene cave de"osits record the intert<ined effects of environ
mental "rocesses and human activities, "roviding a geoarchaeological archive of humanIHarst landsca"e in
teractions in inland central Italy.

1. Introduction

Kaves are <idely recognized as archives of natural and anthro"o
genic "rocesses, offering reliable insights into longIterm environmental 
change and human occu"ation (Ghite, ?988; Yarrand, VFF?; Kremaschi 
et al., VFFC, VF?�; Goldberg and Sher<ood, VFF7; Yord and Gilliams, 
VFF�). �<ing to their relatively stable microclimates and sheltered 
conditions, <hich favour the "reservation of strati8ed de"osits des"ite 
intense outside <eathering, caves have signi8cantly advanced our un
derstanding of "ast climatic >uctuations, de"ositional "rocesses, and 
cultural "ractices throughout the &uaternary, enabling reconstructions 

of socioIenvironmental dynamics from the  alaeolithic on<ards 
(Goldberg and Sher<ood, VFF7; Angelucci et al., VFF9; Kremaschi et al., 
VF?�; Mallol and Goldberg, VF?�; S"ina"olice et al., VFVV). �heir 
sedimentary successions, s"anning from the daylight zone to dee"er 
chambers, can ca"ture subtle traces of "ast human behaviours and 
environmental transformations (Hunt et al., VF?C; Goldberg and Sher
<ood, VFF7).

Kaves function as ma(or sedimentary tra"s <ithin Harst landsca"es. 
Sediment sources are highly diverse and include "roducts of bedrocH 
"hysical <eathering, such as >aHing, s"alling, eBfoliation, and granular 
disintegration, together <ith colluvial and alluvial in"uts trans"orted 
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from outside the cave and along the Harst net<orH, as <ell as aeolian 
material, biogenic accumulations, and anthro"ogenic debris (Goldberg 
and Sher<ood, VFF7; Karroll, VF?V; Hall et al., VF?V; 4arHanas et al., 
VFV?; Zerboni et al., VFVV). As a conse=uence, archaeological cave 
studies have long re"resented a Hey domain for geoarchaeological 
research, integrating sedimentology, micromor"hology, geochemistry, 
and, more recently, molecular a""roaches to disentangle site formation 
"rocesses, re8ne chronologies, and assess the nature and intensity of 
human "resence <ithin dynamically evolving de"ositional environ
ments (Yarrand, VFF?; Kremaschi et al., VFFC, VF?�; Ghinassi et al., 
VFF9; Nicosia and Stoo"s, VF?�; Massilani et al., VFVV; Morley et al., 
VFV�; Aldeias and Stahlschmidt, VFV�; Kostanzo et al., VFV�). In this 
frame<orH, geoarchaeological analyses have "roven essential for dis
tinguishing geogenic de"osits from anthro"ogenic com"onents, 
including combustion residues and stablingIrelated accumulations, 
thereby allo<ing a more "recise reconstruction of de"ositional "rocesses 
and activity "atterns <ithin cave environments (Angelucci et al., VFF9). 
�his methodological re8nement has substantially im"roved our under
standing of ho< caves <ere used over time, their role <ithin foraging 
and "astoral systems, and the <ays in <hich these functions res"onded 

to climatic variability and cultural change.
Recent decades have seen a marHed gro<th of caveIbased geo

archaeological research across the Mediterranean and $uro"e. In this 
<ider frame<orH, Italian Harst systems offer multi"le strati8ed se
=uences from the  alaeolithic to the Bronze Age (Kremaschi and Yerraro, 
VFF�; Rellini et al., VF?�, VFVF; Boschian et al., VF?�; Angelucci et al., 
VF?9; Moroni et al., VF?9; Kremaschi et al., VFFC, VFVV, VFV7;  ier
uccini et al., VFVV; S"ina"olice et al., VFVV; Ryan et al., VFV�).

A""lications of geoarchaeological a""roaches to cave conteBts in 
"eninsular Italy have highlighted the com"leBity of Holocene in8ll se
=uences, <here anthro"ogenic in"uts such as combustion residues, dung 
accumulations and tram"led surfaces alternate <ith slo"eIderived sed
iments and <aterIlain de"osits (Boschian et al., VF?�; Kremaschi et al., 
VFVF, VFV7).

�hese strati8ed archives have "roven "articularly valuable for 
reconstructing landIuse dynamics and for clarifying the interaction be
t<een natural "rocesses and cultural activity in Harst environments, 
contributing to broader reconstructions of "aleoenvironmental change, 
site formation dynamics, and human behaviour in Holocene Mediter
ranean landsca"es (Kremaschi et al., VFFC, VFVF, VFV7 ; Kremaschi and 

Fig. 1. A) Google $arth imagery of the study area <ith the location of the Grotta Battifratta (�V.VF98�7 N, ?V.�9VC�? $). B) J�M of the area surrounding Grotta 
Battifratta (J�M elaborated in &GIS �.��; freely do<nloaded from htt"s#��tinitaly."i.ingv.it�; �ar=uini et al., VFV�). K) Geological ma" of the area in <hich the main 
geological formations are re"orted (H, Holocene de"osits; @AK, Kastelnuovo di Yarfa Syntem; @ M,  oggio Moiano Syntem; @MS, Monteleone Sabino Synthem; KJZ, 
Scaglia Kinerea Jetritica Ym.; AAS, Scaglia Aariegata Ym.; SAA, Scaglia Rossa Ym.) (modi8ed from Servizio Geologico d�Italia, VFF9; sheet �C� Kittaducale). J) 
 edological ma" of the study area, in <hich are re"orted the main "edological features (modi8ed from Karta dei Suoli del �azio). In detail, B�b refers to terraces and 
transitional slo"es on travertine and re<orHed volcanic de"osits, <ith Ha"lic �uvisols and Kalcaric Kambisols. B�d indicates slo"es on gravel and marine sands, 
featuring $ndosHeletic Kambic Kalcisols. B�e includes slo"es and summit areas on cemented sandy gravel, <ith $ndosHeletic Kambic Kalcisols, Kalcaric SHeletic 
$"ile"tic  haeozems, and Kalcaric Kambisols. B�g covers slo"es on sandy gravel, <ith Kalcaric SHeletic $"ile"tic  haeozems, Kalcaric Kambisols, and Kalcaric 
Regosols. H�d describes hillsides on limestone–marl alternations (7–�CR slo"e), <ith Kalcaric $"ile"tic Regosols, Kalcaric SHeletic $"ile"tic Kambisols, and Kalcaric 
Regosols. H�e refers to hillsides on limestone–marl alternations (>�CR slo"e), <ith Rendzic �e"tosols, $ndosHeletic Kambic $ndole"tic  haeozems, and $"ile"tic 
Rendzic  haeozems.
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Yerraro, VFF�; Iaconis and Boschian, VFF8; Boschian et al., VF?�; Rellini 
et al., VFVF)

Githin this Mediterranean cave frame<orH, the "resent research 
focuses on Grotta Battifratta (Rieti, central Italy), <here a <ide and 
crossIdisci"linary geoarchaeological a""roach is em"loyed to investi
gate the Holocene sedimentary in8lling in relation to climatic vari
ability, Harst hydrology, and human land use. By integrating 
archaeological data <ith sedimentological, micromor"hological, 
geochemical, mineralogical and micro"aleontological analyses, <e 
reconstruct the "rocesses controlling sediment accumulation and "res
ervation and evaluates their im"lications for human occu"ation from an 
understudied inland sector bet<een the central A"ennines and the �iber 
Aalley.

2. Study area: geology, soils and climate

Grotta Battifratta cave (�V.VF98�7◦ N, ?V.�9VC�?◦ $, ��F m asl) is a 
travertine cave system located a""roBimately �F Hm northeast of Rome, 
<ithin the munici"ality of  oggio Nativo (Rieti), in the southern foot
hills of the Sabina Mountains, <hich are "art of the central A"ennine 
foldIandIthrust belt that "rimarily develo"ed during the Neogene 
(Yig. ?A and B). �he local bedrocH com"leB surrounding the cave is 
com"osed of the Mesozoic to Kenozoic sedimentary succession 
belonging to the @mbria–Marche–Sabina shelfItoI"elagic domain that is 
overlain by  lioI leistocene continental de"osits (Servizio Geologico 
d�Italia, VFF9; Kosentino et al., VF?F). S"eci8cally, the lithostratigra"hic 
succession com"rises @""er Kretaceous to �o<er $ocene reddish marly 
limestones <ith chert (SAA),  aleocene to �o<er $ocene marls and 
bioclastic marly limestones, and Middle $ocene marly limestones and 
marls intercalated <ith violet to blacH chert (AAS and KJZ), overlain by 
the  lioI leistocene succession. �his includes conglomerates and san
dy–silty layers (@MS), calcareous tufas and travertines (@ M) (hosting 
Grotta Battifratta and other caves and rocHshelters), mediumIto 8neI
grained sands, and, at the to", Holocene slo"e, >uvial, and colluvial 
de"osits <ith local levels of volcanic de"osits (H) (Yig. ?K). �he "edo
logical cover in the study area re>ects diverse soilIforming "rocesses 
sha"ed by variations in "arent material and to"ogra"hy. �he ma"s soil 
units B�b, B�d, B�e, B�g, H�d, and H�e (Yig. ?J), re"resenting distinct 
lithoIto"ogra"hic associations, each su""orting s"eci8c soil ty"es clas
si8ed according to the Gorld Reference Base (GRB, VF?C) and docu
mented in the Karta dei Suoli del �azio (?#VCF,FFF scale) (Na"oli et al., 
VF?9). �verall, soils of the area dis"lay coherent degrees of alteration of 
the marly�limestone and travertine bedrocHs, <ith catenas of regosols, 
cambisols, luvisols, and "haeozems forming according to lateral changes 
in slo"e, substrate teBture, substrate com"action, and arboreal cover.

�he "resentIday climate eB"eriences a Mediterranean to subI 
Mediterranean regime <ith strong "reci"itation seasonality# rainfall is 
concentrated in autumn–<inter, <hereas summer is com"aratively dry 
(GM�, VF?�; IS RA, VFVV). Mean annual "reci"itation falls in the 
�FF–?FFF mm class in the main valley�foothill areas and increases to 
?FFF–?CFF mm across the Monti Sabini ridge, <hile annual tem"era
tures are around ?V–?� ◦K (�mean) <ith .?8–VF ◦K (�maB) and 
.7–8 ◦K (�min), im"lying a marHed thermal range inland. �his seasonal 
contrast linHs directly to geomor"hic res"onses# summer drought fa
vours fuel drying and 8re susce"tibility, and the 8rst intense autumn 
rains "romote event runoff and slo"e erosion <hen ground cover is 
reduced (IS RA, VFVV).  resent land cover is a mosaic of agricultural 
"atches (including "ermanent cro"s) and eBtensive broadIleaved�miBed 
forests; vegetation belts are dominated by thermo"hilus deciduous oaH 
forests (e.g., Quercus pubescens s.l., Q/ cerris, locally Q/ Erainetto), <ith 
chestnut and beech at higher elevations (Biondi et al., VF?�; Bottacci 
and Klauser, VFVV).

3. The karst system of Grotta Battifratta

Grotta Battifratta o"ens on the left slo"e of the Riano Aalley, a 

tributary of the Yarfa River in the �iber River basin (Yig. ?A). �he Harst 
system develo"s <ithin Middle  leistocene travertine de"osits of the 
 oggio Moiano Synthem (@ M), dated to >�CF Ha (Manfra et al., ?9�7;
Servizio Geologico d�Italia, VFF9; Kosentino et al., VF?F) (Yig. ?K). �he 
@ M consists of encrusting limestones and bioinduced lacustrine lime
stones formed by calcium carbonate "reci"itation from >o<ing <aters 
over vegetated substrates. Surrounding the cave, laminated to 
thinIbedded, nonIcemented bro<nish limestones com"osed of calcar
eous silt or silty sand are Interbedded <ith travertines, and liHely 
re"resent "alaeosols or sediments de"osited in >ooded de"ressions or 
small "onds.

Grotta Battifratta is an e"igenic Harst system (sensu Je Gaele and 
Gutiérrez, VFVV) <ith a <ide cave entrance, transitioning through a 
narro< cave mouth into an internal conduit net<orH develo"ed along 
fractures and bedding "lanes in the travertine (Yigs. V and �). �he cave 
entrance, originally a cave chamber eB"osed by slo"e retreat, is marHed 
by a remnant stalactite (Yig. �), and measures ?8 m in <idth, 8.C m in 
de"th, and 7 m in height. Its size and sha"e are controlled by structural 
discontinuities and further modi8ed by mechanical colla"se (e.g., 
freezeItha< cycles) and biological "rocesses (e.g., root etching, 
microI"itting). In earlier "hases, the area liHely functioned as a cave 
mouth, in>uenced by a s"ring discharge "oint that "eriodically 
re<orHed the de"osits via >ood<aters. �he internal cave system dis"lays 
a linear to angular, east<ardIoriented cave "ro8le, <ith a large chamber 
8lled <ith siltyIclay sediments and s"eleothems linHed to recharge zones 
(Yig. �). �he main conduit (.7F m long) eBhibits Heyhole mor"hology, 
<ith an u""er rounded "hreatic tube entrenched by a vadose canyon, 
in8lled <ith reddishIbro<n clays and colla"se debris (Yig. �). �his dual 
mor"hology indicates hydrological shifts from "hreatic to vadose con
ditions, related to discharge variations and <ater table lo<ering due to 
climatic changes (Yord and Gilliams, VFF�; Je Gaele and Gutiérrez, 
VFVV). �he cave alternated "eriods of active and "assive hydrological 
"hases (Good<ard and Goldberg, VFF?). Juring active "hases, 
highIenergy conduit >o<s trans"orted coarse, organicIrich sediments. In 
"assive "hases, autogenic recharge through the e"iHarst, slo< "ercola
tion, seasonal dri"<ater, and local "onding favoured the <inno<ing of 
silts and clays, often <ith illuvial features (Saso<sHy and Mylroie, 
VFF�).

Mor"hological variations (e.g., constrictions, bends, roughness) and 
sedimentation in>uenced >o< velocity and hydraulic gradient, "ro
ducing sedimentary facies <ith marHed lateral and longitudinal vari
ability. Ma(or recharge events can erode earlier de"osits and redistribute 
sediment along the Harst system, <hereas =uieter "hases favour the 
settling of 8neIgrained material in "onded areas and the develo"ment of 
illuvial features driven by slo< "ercolation and seasonal dri"<ater. 
(Yord and Gilliams, VFF�; Je Gaele and Gutiérrez, VFVV).

�. Archaeological background

Archaeological evidence for the earliest "hases of human occu"ation 
in the Sabina mountain area remains fragmentary, des"ite its central 
"osition <ithin the net<orH of routes connecting the �iber Aalley, the 
Kentral A"ennines and further east, the Sibillini Mountains and the 
Adriatic coast. Nevertheless, the available record, "rimarily from surface 
survey and s"oradic eBcavations, documents longIterm human "resence 
s"anning  rehistory and  rotohistory (Acanfora, ?97V; Albertini et al., 
VF?9; Bulgarelli, ?9�9;Guidi and Santoro, VF?V; Yili""i and  acciarelli, 
?99?; Rolfo et al., VF?7). Githin this frame<orH, the Yarfa Aalley and its 
tributaries stand out for the concentration of caves and rocH shelters 
<ith a high archaeological and "aleoenvironmental "otential (Konati 
Barbaro et al., VFV�a).

Grotta Battifratta ( oggio Nativo, Rieti) <as 8rst investigated in the 
?98Fs, <hen eB"loratory soundings carried out by the Italian Institute of 
Human  alaeontology identi8ed t<o "rinci"al occu"ation "hases at the 
cave entrance, attributed to the Neolithic and the Bronze Age (Segre 
Naldini and Biddittu, ?98C, ?988). Middle Bronze Age (MBA) "ottery, 
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associated <ith scattered human remains in the inner corridor, sug
gested funerary use during this "hase (Segre Naldini and Biddittu, 
?98C).

Archaeological investigations resumed in VFV? <ithin the FarEa 
Dalley Pro6ect/ Caves, People, and Past Environments, directed by Je"art
ment of Anti=uity Sciences at Sa"ienza @niversity of Rome (Konati 
Barbaro et al., VFV�a). $Bcavations focused on the cave entrance and the 
ad(acent internal sectors, eB"osing a long stratigra"hic se=uence s"an
ning from the late  leistocene to the early modern "eriod (Yigs. � and C). 
�his investigation has documented an older "hase of occu"ation at the 
cave entrance (�rench A) dating to the @""er  leistocene (Yig. V). �his 
as indicated by a lithic assemblage em"loying the !evallois techni=ue, in 
association <ith faunal remains, including large mammal bones such as 
7os primigenius (Konati Barbaro et al., VFV�a).

�rench B (�B), located at the cave mouth, yielded a Neolithic strat
igra"hic succession <here the material recovered is homogeneous and 
consistent <ith the radiocarbon dates obtained so far (see �able � in §

7.�), thereby allo<ing the occu"ation of the site to be securely "laced 
<ithin a relatively short chronological s"an of a fe< centuries. �he use 
of the cave seems to be closely linHed to the "resence of a seasonal <ater 
source.

�he "ottery assemblage includes vessels and decorative motifs 
characteristic of both the central Adriatic (Ri"oliIstyle and Katignano 
cultures) and �yrrhenian areas (IncisedIlines <are). �he "resence of a 
YioranoIstyle mug decorated <ith incised motifs further suggests cul
tural interactions eBtending to the  o  lain. Moreover, the "redomi
nance of closed sha"es such as mugs, carinated vases, and (ars indicates 
a functional em"hasis on <aterIrelated activities (Konati Barbaro et al. 
VFV�a, VFV�b) (Yig. C).

�he lithic assemblage is characterized by a substantial "resence of 
bladelets, cores, and other elements linHed to the laminar c&a8ne 
opératoire, indicating that Hna""ing activities tooH "lace onIsite. �he use 
of highI=uality ra< materials, es"ecially 8neIgrained chert obtained 
from both "rimary and secondary de"osits (Karletti et al., VFV7), "oints 

Fig. 2. A) @AA ac=uisition of the cave entrance of Grotta Battifratta and the travertine escar"ment. B)  lan and "ro8le cave survey (modi8ed from the cave survey 
made by the Gru""o S"eleo Archeologico Aes"ertilio) <ith the "osition of different sectors of the cave. �he blue and light blue colour are the main archaeological 
eBcavation areas.
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to diverse "rocurement strategies involving both local and nonIlocal 
sources (Karletti et al., VFVCa, VFVCb) (Yig. C).

�he discovery of <ellI"reserved, "artially articulated human re
mains of a nonadult (S@�C) and of an adult male (S@�?�S@7F) 
(�hom"son, VFV�), in t<o overla""ing stratigra"hic units, suggests that 
the cave <as also used as a burial site. A clay 8gurine, a bone "endant, 
and a fragmented stone bracelet found in "roBimity to the nonadult�s 
remains; ho<ever, their "rimary association as burial offerings remains 
tentative, as the stratigra"hic conteBt a""ears to have been disturbed by 
"ost de"ositional <aterI>o< alterations (Konati Barbaro et al., VFVC) 
(Yig. C).

Human occu"ation of the cave a""ears to have ceased at the 
beginning of the Cth millennium BK$, <ith no evidence of subse=uent 
activity until the Bronze Age, bet<een the ?8th and ?�th centuries BK$. 
Juring this "eriod, Middle Bronze Age (MBA) grou"s reoccu"ied the 
site, utilizing the inner "art of the cave as a funerary s"ace. In contrast, 
the area near the cave entrance liHely served domestic or "astoral 
functions, such as the sheltering of livestocH or food "re"aration, sug
gested by the "resence of a combustion feature.

Segre Naldini and Biddittu (?98C) re"orted the "resence of scattered 
human remains in association <ith MBA � ceramics <ithin the internal 

corridor, con8rming the cave�s use for burial during this "hase. �he 
ceramic assemblage is dominated by (ars, mugs, and carinated bo<ls, 
decorated "rimarily <ith incised or eBcised geometric motifs such as 
meanders and zigzags 8lled <ith dots, often enhanced <ith <hite inlay. 
�hese decorative features are ty"ical of MBA � conteBts in central Italy.

Juring the Bronze Age, the cave may have been used by "astoral 
communities moving through the Riano River Aalley along seasonal 
transhumance routes, <ith Grotta Battifratta serving as one of several 
tem"orary sto"overs along their (ourney to or from the A"ennines. 
Juring this "hase, MBA grou"s reoccu"ied the site, utilizing the inner 
"art of the cave as a funerary s"ace (Segre Naldini and Biddittu, ?98C). 
In contrast, the area near the cave entrance liHely served domestic or 
"astoral functions, such as the sheltering of livestocH or food "re"ara
tion, suggested by the "resence of a combustion feature eBcavated in the 
cave mouth area (Konati Barbaro et al., VFV�a) (Yig. �).

�he most recent occu"ation is documented by a maiolica (ug found at 
the to" of the se=uence, dated to the 8rst half of the siBteenth century K$ 
and com"arable to material from the Kry"ta Balbi in Rome (Konati 
Barbaro et al., VFV�a) (Yig. C).

Fig. 3. A) Yield "icture of the cave entrance of Grotta Battifratta. Red "olygon indicates remnant fossil stalagmites and the yello< "olygon the outer sector of the cave 
mouth (�B); B) Jetail of the inner chamber area 8lled <ith 8ne sediments, <ith s"eleothems visible in the bacHground (red arro<s). K) Jetail of the conduit area and 
8ne sediments (red arro<s). JI$) �he outer sector of the cave mouth (�rench B).
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5. Materials and methods

�ur study investigates the cave mouth area, <hich "reserves evi
dence of Neolithic and Bronze Age occu"ations. Yor analytical "ur"oses, 
the cave mouth <as subdivided into t<o sectors# the �uter Kave Mouth 
(�KM) and the Inner Kave Mouth (IKM) (Yigs. V and �). �he �KM cor
res"onds to the "ortion of the cave closest to the dri"line and is therefore 
more directly in>uenced by eBternal agents such as rainfall, tem"erature 
>uctuations, and sedimentary in"uts from slo"e <ash or surface runoff. 
�he �KM sector <as investigated through the archaeological eBcavation 
of �rench B (�B).

�he IKM, by contrast, lies further inside the cavity and is less affected 
by these eBogenous "rocesses, re"resenting a more sheltered environ
ment <here de"ositional dynamics are modulated by internal cave 

conditions and attenuated eBternal in>uences. �he IKM sector <as 
investigated through the eBcavation of �rench J (�J). �he stratigra"hic 
investigation of the archaeological cave de"osits at Grotta Battifratta 
focused on �B and �J, <hich <ere systematically sam"led for a range of 
laboratory analyses.

Sediment sam"les for grainIsize analysis, and for the measurements 
of organic and inorganic carbon content and !Iray diffraction (!RJ) 
<ere collected at ?F cm intervals, as these analyses re=uired larger 
amounts of material and "rovided a broader resolution characterization 
of the eB"osed sedimentary succession. In contrast, sam"les for micro
"alaeontological analysis (ostracods) and <ere collect at C cm intervals 
to obtain higherIresolution insights into the microenvironmental 
changes. In addition, undisturbed blocHs for thinIsection micromor
"hology <ere eBtracted from selected stratigra"hic units, and selected 

Fig. �. A) $Bcavation areas located in "roBimity to the cave entrance and cave mouth at Grotta Battifratta (see also Yig. V). B) Jetail and ortho"hoto of the main 
combustion feature (Bronze Age) identi8ed highlighted by red dashed outlines. K) Jetail of the eBcavation area at the cave mouth sho<ing the eB"osure of Neolithic 
"ottery fragments visible on the surface (yello< arro<s. J) Yinal stratigra"hic section (�B) at the cave mouth sho<ing the Neolithic de"osits overlain by Bronze Age. 
�he dashed red line marHs the boundary bet<een the Bronze Age de"osits and the underlying Neolithic se=uence.
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sam"les for "rovenance analysis <ere collected from both the �B and �J 
sections. A total of seven sam"les for radiocarbon dating <ere obtained 
from sections �B and �J.

9/5/ Stratigrap&y, sedimentology and geoc&ronology

Archaeological eBcavation <as carried out according to stratigra"hic 
units (S@s) in both �B and �J.

$ach S@ <as 8eld described in detail and assigned a colour using the 
Munsell Soil Kolour Khart (Munsell Kolor Kom"any, ?99�). Strati
gra"hic "ro8les in both �B and �J <ere subdivided based on distinct 
"edoIsedimentary characteristics. Ma(or erosional surfaces <ithin both 
"ro8les <ere also identi8ed. Subse=uent sam"ling <as "erformed for 
sedimentological analysis, <ith sam"les collected at ?F cm intervals or 
according to S@ thicHness and interfaces. ?V sam"les <ere analysed from 
section �B and 9 from section �J. GrainIsize (GS) analyses <ere con
ducted using the laser diffraction techni=ue to determine  article Size 
Jistribution ( SJ) ($shel et al., VFF�).

Seven sam"les from �B and �J <ere selected for AMSIradiocarbon 
dating and <ere sent to the Jating and Jiagnostic Kenter (K$JAJ) of 
Salento @niversity (Italy). Radiocarbon dates <ere calibrated <ith 
�BKal (htt"s#��c?�.arch.oB.ac.uH�oBcal.html) using the IntKalVF cali
bration curve (Reimer et al., VFVF) (see �able �), and the archaeological 

chronology <as established <ith reference to the regional frame<orH 
"ro"osed by  almisano et al. (VFV?).

9/;/ Geoc&emical and mineralogical analysis

�rganic and inorganic carbon contents <ere analysed on �8 sam"les 
collected at C cm intervals, both �B and �J, to obtain highIresolution 
data on �otal Karbon (�K), �otal �rganic Karbon (��K), and �otal 
Inorganic Karbon (�IK). Sam"les <ere ovenIdried (.CF ◦K), dis
aggregated manually, and sieved to retain the <V mm fraction. �his <as 
then ground into "o<der for analysis.

�K <as measured by <eighing ali=uots in tin ca"sules to siB decimal 
"laces and combusting them in a �hermo Yisher Ylash VFFF $lemental 
Analyzer. Gases <ere se"arated and =uanti8ed by thermal conductivity, 
yielding �K values in <eight "ercent. ��K <as determined on 
carbonateIbearing sam"les after "reItreatment <ith ?8R HKl to remove 
inorganic carbon.  o<dered sam"les <ere acidi8ed in silver ca"sules 
until effervescence sto""ed, dried at 7C ◦K, sealed, and analysed. �IK 
<as obtained by subtracting ��K from �K.

Yor !RJ analysis, ?9 re"resentative sam"les from trenches �B and 
�J <ere "o<dered <ith an agate mortar.  o<ders <ere "acHed into 
standard holders (Bragg–Brentano geometry) using the bacH8lling 
techni=ue to minimise "referred orientation. !Iray diffraction <as 

Fig. 5. AIJ) Neolithic materials# A,  ainted Ri"oliI style vase (scale bar C cm); B, "olished stone ring (scale bar V cm; B, tools, débitage elements, core (scale bar 
C cm); J, clay 8gurine (scale bar ? cm). $IY) Bronze Age "ottery (scale bar V cm for $ and C cm for Y). G) ?7th century K$ glazed maiolica (ug (scale bar V cm).
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"erformed using a  analytical !� ert  ro diffractometer (KuI4α, 
λ = ?.C�F7 '; �F HA, �F mA), scanning from C◦ to �F◦ Vθ, <ith F.F��◦
ste"s and F.C s�ste". Mineral "hases <ere identi8ed using  analytical 
!� ert HighScore soft<are (Jegen et al., VF?�) by com"arison <ith 
reference "atterns from the internal database.

9/>/ T&in section micromorp&ology

A total of ?F undisturbed sediment blocHs <ere collected for 
micromor"hological analysis# four from �B, 8ve from �J, and one from 
a Bronze Age combustion feature (see § �). Sam"ling <as carried out on 
freshly cleaned stratigra"hic "ro8les using standard "rocedures to "re
serve the internal structure and minimise disturbance. Attention <as 
"aid to maintaining the original orientation and integrity of each blocH, 
<hich <ere carefully <ra""ed and stabilised for trans"ort.

�hin section "re"aration <as "erformed by the laboratory Massimo 
Sbrana, Servizi "er la Geologia ( iombino, Italy), follo<ing the "rotocol 
described by Mur"hy (?987). Sam"les <ere airIdried, im"regnated <ith 
"olyester resin under vacuum, sliced, mounted on glass slides, and 
"olished to �F μmIthicH sections measuring CC × 9C mm.

Micromor"hological observations <ere conducted using an �lym"us 
B!�? microsco"e e=ui""ed <ith VB, �B, ?FB, and �FB magni8cations 
and an �lym"us $�VF digital camera for documentation; observations 
<ere "erformed under "lain "olarized light (  �) and crossI"olarized 
light (! �). Jescri"tions follo<ed the terminology and classi8cation 
criteria of Stoo"s (VFV?), <ith inter"retative su""ort from reference 
<orHs and illustrated atlases including Nicosia and Stoo"s (VF?�), 
Mac"hail and Goldberg (VF?8), and Stoo"s et al. (VF?8).

9/4/ Compositional analysis

Sam"les from �B (�B�F and �BCF) and from �J (�J�F, �JCF, and 
�J�F) sections <ere selected for com"ositional analysis. Sand sam"les 
<ere dryIsieved to isolate the ?VC–CFF μm fraction, chosen to re"resent 
the ty"ical grainIsize range of the studied de"osits and to "rovide a 
dataset com"lementary to the micromor"hological observations. �he 
selected fractions <ere im"regnated <ith resin and "re"ared as "olished 
thin sections for "etrogra"hic analysis.

Yrame<orH grain com"osition for sam"les �B�F, �BCF and �J�F <as 
determined follo<ing the GazziIJicHinson "ointIcounting method 
(Ingersoll et al., ?98�), in <hich each grain is classi8ed according to its 
mineralogical identity at the scale of individual crystal fragments. 
Kounted grains <ere grou"ed into monomineralic and "olymineralic 
categories. Ra< "ro"ortions <ere calculated based on total counts, and 
"ercentages <ere recalculated to ?FFR to obtain standardized com"o
sitional "arameters, including &Y� (=uartz–felds"ar–lithic) "ro"ortions, 
&m4  (monocrystalline =uartz–felds"ar relationshi"s), and �m�v�s 
(volcanic–sedimentary lithic sub"o"ulations).

9/9/ Cstracod analysis

A total of �� sam"les from �B and �J <ere "rocessed for micro"a
leontological analysis. $ach sam"le <as soaHed in a CR HV�V solution 
for V� to �8 h to disaggregate the sediment, then <etIsieved using a 
F.F7� mm mesh and airIdried. �he dried residues <ere handI"icHed to 
collect both (uvenile and adult ostracod valves. Identi8cation of adult 
ostracod valves and other biological remains <as conducted under a 
stereomicrosco"e and su""lemented by Scanning $lectron Microsco"e 
(S$M) imaging. Abundant and <ellI"reserved ostracods <ere recovered 
from only four sam"les, including both adult and (uvenile forms. �he 
a""roBimate (uvenileItoIadult ratio of 8#? suggests in situ assemblages 
(follo<ing Ghatley, ?988; Boomer et al., VFF�). �he "resence of very 
earlyIstage moults further indicates a lo<Ienergy de"ositional 
environment.

6. Results

-/5/ Field description oE t&e outer cave mout& section T7 and t&e inner 
cave mout& section TD

$Bcavation of the outer cave mouth sector revealed a shallo< 
north–southIaligned de"ression, a""roBimately � m in length and be
t<een F.C m and V m in de"th, at the base of the Neolithic se=uence.

It is bounded to the <est by a ram" of roofIfall blocHs that isolates it 
from the ad(acent cave entrance. Re"eated colla"se events created a 
natural sediment tra", "reserving a strati8ed archaeological se=uence 
dated to the Neolithic, Bronze Age, and historical "eriod.

�hree stratigra"hic sections (�BINorth, �BISouth, and �BI$ast) <ere 
cleaned and sam"led during the eBcavation. Jes"ite general lateral 
consistency, minor intraIunit variations re>ect local to"ogra"hy, roofI 
fall clasts, and human disturbance. �BISouth (in the "revious cha"ters, 
�B) <as selected as the main reference "ro8le (Yig. SI ?).

�B reveals a vertically continuous succession of 8neIgrained cave 
sediments, subdivided into eight stratigra"hic units (from to" to bottom 
S@s ?VIVCIV7IV�I��I�CIC�I7F), each marHed by distinct "edoI 
sedimentological "ro"erties and archaeological features.

�he S@s ?VIVCIV7 are the u""ermost "art of the se=uence, consisting 
of crossIlaminated sand, sandy silt, and silty clay, sho<ing evidence of 
erosive surfaces, roofIfall blocHs, and a 8ningIu"<ard trend (Yig. 7). 
Yrom S@ V� do<n<ards, the �B sho<s much evidence of anthro"ogenic 
in>uence. S@ V� and S@ �C are rich in charcoal, faunal remains, and 
"ottery sherds <ith some evidence of "referential orientation. S@ ��, by 
contrast, is archaeologically "oor, featuring voids <ith clay illuviation 
and manganese coatings. �o<er units (S@ C�I7F) include silty sand to 
clayIrich sediments, often <ith dis"ersed charcoal, carbonate concre
tions, and travertine clasts (Yig. 7).

In the inner cave mouth sector, trench �J (in the "revious cha"ters, 
�J) <as eBcavated to eB"ose the stratigra"hic se=uences of the internal 
corridor, <hich <as subse=uently correlated <ith the succession iden
ti8ed in the �KM. �J reveals an 8F cmIthicH unit de"osited <ithin a 
narro< conduit, featuring three scours on bedrocH correlated <ith 
distinct sedimentary e"isodes (Yig. �). �he con8ned mor"hology sug
gests that de"osition <as strongly in>uenced by channelled >o<s.

�he �J stratigra"hic succession com"rises C vertically stacHed units 
(S@s �7I��I�8I�9I�F) that sho< massive and laminated 8neIgrained 
sediments. �he "assage among these units can be locally gradually or 
shar".

S@ �7 consists of darH bro<n silty clay <ith a <eaH subIangular 
blocHy structure and scattered centimetric limestone clasts at the to", 
becoming laminated and sandier to<ard the base (Yig. �). S@ �� 8lls a 
concave erosional de"ression and is com"osed of "ale bro<nishIgrey 
silty clay <ith yello<ish mottles and moderate blocHy structure; a 
large limestone blocH ais embedded. S@ �8 forms the main clayIrich cave 
8ll and is subdivided into three subIunits, <ith massive structure. In S@ 
�8b, discontinuous charcoal laminae occur. S@ �9 occu"ies a shallo< 
erosional de"ression <ithin S@ �8b and is made u" of yello<ishIbro<n, 
<eaHly laminated clayey silt <ith dis"ersed charcoal and a 8ne sand lens 
at the bottom. At the base, S@ �F 8lls a narro< erosional trough incised 
into S@ �8c and consists of blacH to darH bro<n silty clay <ith a massive 
structure and abundant charcoal (Yig. �).

-/;/ Sedimentological, geoc&emical, and micropaleontological analyses

�he sedimentological and geochemical characterisation of �B <as 
carried out on the eight sedimentary units (S@s ?V to 7F).

�he general trend in GS analyses along the �B section (Yig. 8A) in
dicates that the u""er "art of the "ro8le, corres"onding to S@ ?V and S@ 
VC, is dominated by sandyIsized "articles. In these units, sand is the main 
fraction, <ith silt and clay occurring in minor "ro"ortions. Ho<ever, a 
marHed increase in 8ne "articles is recorded at the to" and base of S@ ?V. 
Yrom the base of S@ V7 do<n<ard, there is a gradual increase in clay and 

!/ Forti et al/                                                                                                                                                                                                                                     Quaternary Science Reviews 385 (2026) 110007 

8 



silt, <hich become the dominant com"onents of the sediment 
throughout the rest of the succession. A 8neIgrained GS characterizes all 
underlying units. A localised increase in sand is observed at the base of 
S@ ��, <here the sandy fraction tem"orarily rises before the return to a 
"redominantly siltyIclayey matriB.

Githin S@ V�, a distinct and localised increase in gravel content is 
recorded, clearly standing out against the overall 8neIgrained 
bacHground.

Yrom the to" of the succession do<n to �F cm, including S@ ?V, S@ 
VC, and S@ V7, ��K and �IK remain relatively stable, <ith moderate 
values and no marHed >uctuations. At S@ V�, both ��K and �IK begin to 
increase, <ith ��K reaching its main "eaH and �IK at the S@ V�–S@ �� 
boundary. Githin S@ ��, both ��K and �IK decrease marHedly. In S@ 
�C, �IK increases moderately, <hile ��K rises shar"ly bet<een 9F and 
?FF cm, reaching a second high "eaH. In S@ C�, both ��K and �IK 
decrease again, reaching their lo<est values in the lo<er "art of the 
"ro8le (Yig. 8A).

Kom"ositional analysis indicates that the sam"les from the �B sec
tion (�B�F and �BCF) dis"lay a sedimentaclastic, felds"a
tho–=uartzo–lithic com"osition <ith a clear dominance of 
monomineralic grains (>CFR), mainly =uartz and felds"ar. �ithic grains 
form a subordinate com"onent com"osed mainly of micritic to s"aritic 
carbonate fragments, "artly silici8ed, together <ith minor siltstone and 
argillite, and rare felsic volcanic lithics. Accessory minerals include 
micas (muscovite and biotite <F.8R) and o"a=ue heavy minerals 
(<?.7R), <hereas bioclasts and organic debris (gastro"od fragments, 
co"rolites, bone, and charcoal) are rare (<?R). Intrabasinal com"onents 
are abundant (I� = �F–�9R), mainly calcareous tufa intraclasts, 
clay–silt aggregates, and mud clasts (Yig. ?F). �he recalculated frame
<orH com"osition (&Y�) indicates =uartz contents bet<een C� and 7�R, 
felds"ar V�–�?R, and lithic fragments ??–?CR. Monocrystalline =uartz 
(&m = 7F–�FR) dominates, and felds"ars are largely "lagioclaseIrich 
(4Y�(4Y +  ) ≈ F.��–F.�C). �ithic fragments (�) account for less than 

?CR of frame<orH grains and are over<helmingly sedimentary (�s =
8C–?FFR), <ith rare volcanic fragments (�m < �.�R, �v < 8.�R).

!Iray diffraction analysis of sam"les from trench �B reveals the 
"resence of =uartz, 4Ifelds"ars, "lagioclase, and hydrous micas 
(muscovite and�or illite; see also �hom"son and @HrainczyH, VFFV). 
Kalcite is detected in all sam"les eBce"t �B �F, <here the absence of the 
characteristic "eaH at .V9.�◦ Vθ indicates it lacHs. �he relative intensity 
of this "eaH varies across the �B section, suggesting differences in calcite 
abundance. A <eaH, broad "eaH around ?V◦ Vθ in sam"le �B ?FF may 
also indicate the "resence of Haolinite (Yig. SIV).

�he micro"aleontological analysis on V� sam"les from �B section 
indicates that the basal "ortion of the succession, from sam"les from 
CC cm to ??C cm and �C cm to F cm <as barren. Sam"le from de"th 
CF cm revealed an abundant ostracod assemblage, dominated by Ilyo
cypris bradyi, <ith Candona s"., 7it&ynia fragments, and o"ercula also 
"resent (Yig. SI�).

�he general trend in GS results along the �J section (Yig. 9B) sho<s 
that S@ �7 is characterised by 8neIgrained sediments, <ith silt and clay 
as the dominant fractions at the to" and a moderate "resence of sand at 
the bottom. In S@ ��, the GS becomes more heterogeneous, <ith higher 
sand "ro"ortions and a decrease in clay, <hile silt remains consistently 
"resent. A return to 8ne GSs is observed in S@ �8a, <here the sediments 
are "redominantly com"osed of silt and clay <ith a degree of sand 
content. In S@ �9, a slight coarsening trend is evident, <ith an increase 
in the sandy fraction and a concurrent decrease in silt, <hile clay re
mains stable. At the base of the "ro8le, S@ �F is almost entirely 
com"osed of 8ne sediments, <ith a strong dominance of silt and clay and 
very lo< sand content.

Yrom the to" of the section to the base of S@ �7, ��K values are 
moderate and stable, <hile �IK remains consistently lo<. In S@ ��, �IK 
sho<s a marHed increase, reaching its highest values in the "ro8le, 
<hereas ��K remains lo< throughout the unit. In S@ �8a, ��K values 
are stable and slightly higher than in the overlying unit, <hile �IK 

Fig. 6. A)  hotogra"h of the �B section. B) �ine dra<ing of the �B section sho<ing the internal stratigra"hic units; the red boB indicates the "osition of the 
stratigra"hic log in Yig. 8. �he ad(acent "anels sho< closeIu" "hotogra"hs of the individual stratigra"hic units (S@s), as described in Section 7.?.
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decreases but still sho<s moderate variability. In S@ �9, ��K reaches its 
"eaH in the "ro8le, <hile �IK remains moderate and stable. At the base 
of the se=uence, in S@ �F, �IK values decrease to their lo<est levels, 
<hile ��K remains relatively lo< but eBceeds �IK (Yig. 8B).

Yrom a com"ositional "oint of vie< the �J�F sam"le eBhibits a 
felds"athic–=uartzose–lithic frame<orH dominated by sedimentary 
lithics. Monocrystalline =uartz (&m = 7V.VR) remains the main 
frame<orH grain, <hile felds"ar sho<s 4Y�  (4Ifelds"ar�"lagioclase) 
ratio of F.�8. �ithic fragments are eBclusively sedimentary (�s = ?FFR), 
com"rising micritic and s"aritic carbonates, minor clayey siltstone, and 
re<orHed "edogenic aggregates. Intrabasinal grains are "articularly 
abundant (I� ≈ C�R), dominated by tufa and mud intraclasts, clay ag
gregates, and nodules, <hich locally obscure the "rimary de"ositional 
fabric. Accessory "hases include rare micas (<?R) and s"oradic o"a=ue 
minerals, <hile bioclasts and organic remains are virtually absent. �he 
recalculated &Y� and &m4  "ro"ortions are & = 7?R, Y = ��R, � = 7R 

and &m = 7VR, 4Y = ?8R,   = VFR, res"ectively. �he �J de"osits differ 
marHedly, being intrabasinally dominated and characterized by abun
dant carbonate intraclasts and tufa fragments (Yig. 9).

!Iray diffraction analysis reveals a slightly more com"leB mineral
ogical assemblage com"ared to �B (Yig. 8). &uartz and hydrous micas 
(muscovite�illite) are consistently "resent, <ith 4Ifelds"ars also detec
ted eBce"t in �J �F. @nliHe �B, "lagioclase is absent in �J ?F, �J VF, 
and �J �F. GeaH, broad "eaHs at .?V◦ Vθ in �J�CF to �J�8F suggest 
"ossible Haolinite "resence (Yig. 9). Kalcite, identi8ed mainly via the 
(?F�) re>ection (.V9.�◦ Vθ), is absent in �J ?F and �J �F, and only 
<eaHly "resent in �J �F. Konversely, it dominates in �J �F, <here 
additional re>ections -(F?V), (FF7), (VFV)* con8rm its abundance. In 
this sam"le, only =uartz, hydrous micas, and calcite <ere identi8ed, 
indicating a distinct mineralogical com"osition (Yig. SIV).

In �rench �J, ?� sam"les <ere analysed for their micro
"alaeontological content. �he lo<ermost "art of the se=uence <as 

Fig. 7. $B"osed stratigra"hic succession of the �J section.  hoto (A) and inter"retative dra<ing (B) of the section �J; the red boB indicates the "osition of the 
stratigra"hic log in Yig. 8. �he ad(acent "anels sho< closeIu" "hotogra"hs of the individual stratigra"hic units (S@s), <hich are described in detail in Section 7.?.
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Fig. 8. Stratigra"hic succession of �B (A) and �J (B) sections <ith associated micromor"hological and com"ositional sam"les, radiocarbon dates, "article size 
distribution ( SJ), sam"les <ith ostracods and carbon content (�IK and ��K). �he coloured lines on sections �A and �B indicate the correlating surfaces common to 
both. Koloured lines highlight the main stratigra"hic surfaces identi8ed in the �B and �J sections and are used to facilitate correlation bet<een the t<o trenches. 
Solid lines re"resent erosional surfaces, <hereas dashed lines indicate de"ositional contacts bet<een stratigra"hic units.
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barren, but beginning at a""roBimately �F cm de"th the de"osits yielded 
layers rich in "lant remains and 7it&ynia opercula. �he sam"le taHen at 
7C cm contained a <ellIdevelo"ed ostracod assemblage dominated by 
Cyprideis torosa, re"resenting a distinctly oligoty"ic community. Sam
"les bet<een 7F cm and CF cm similarly "roduced "lant debris together 
<ith abundant 7it&ynia opercula (Yig. SI�). A marHed environmental 
shift is evident in the sam"le at �F cm, <hich contains abundant car
bonate concretions and a microfossil assemblage dominated by Candona 
angulata along <ith numerous charo"hyte gyrogonites.

-/>/ Micromorp&ological investigation

-/>/5/ T&in sections Erom T7
Micromor"hological analyses of the selected S@s of section �B are 

summarized in �able ?, <hereas main as"ects are re"orted in the 
follo<ing "art. �he coarse mineral fraction is consistent throughout the 
succession, <ith a "revalence of subangular and subrounded sandIsized 
=uartz grains follo<ed by other 8neIgrained siliceous and volcanic 
mineral grains inherited by the local lithologies and soil cover, namely 
chert, ortho"yroBenes, felds"ars, and micas. �heir in"ut <ithin the cave 
is com"atible <ith interstitial colluvium <ashing the "articles do<n
<ards through the 8ssures in the travertine bedrocH, <ith relative 
abundances varying slightly, liHely because of ultraIlocal variations in 
their availability. Heterometric travertine fragments sho<ing varying 
degrees of roundedness and solutional alteration are common 
throughout the de"osit.

�rganic inclusions are dominated by heterometric charcoal frag
ments ranging from silt size to subIcentimetric, generally subangular to 
subrounded due to <ater traction and mostly situated <ithin S@ V� 
("artially eroded and rede"osited at the bottom of S@ V7). Bone frag
ments eBist in varying concentrations and are generally sandI and 
gravelIsized and sometimes burned and "hos"hatised. Ho<ever, the 

larger diagnostic osteological remains <ere mostly recovered during 
archaeological eBcavation for dedicated "rocessing. Small ceramic 
fragments and lum"s of grog and "artially 8red clay are sometimes 
observed in association <ith boneIbearing layers, but liHe<ise, the 
larger fragments <ere collected during eBcavation. �esser amounts of 
shell fragments (terrestrial gastro"ods) and "hos"hatised co"rolite 
fragments (unidenti8ed) are found in association <ith the former 
elements.

�he analysis of the groundmass revealed a hidden feature related to 
the overall accretion of the de"osit# the 8neIgrained fraction identi8ed 
<ith the GS analysis (clay silt) is com"osed of rounded aggregates highly 
varying in size (medium sand u" to centimetric) divided into a light 
yello< (�y"e ?) and a darH bro<n (�y"e V) variants, inter"reted as t<o 
se"arate Hinds of "edorelicts. �hese t<o intermiB, "roducing an overall 
yello<ish bro<n groundmass colour throughout the succession. �heir 
"rovenance, as for the coarse mineral grains, is to be reconducted to 
Harst dynamics and sediment source. �y"e ? "edorelicts are inter"reted 
as ri"Iu" clasts eroded by >o<ing <ater from the sediment de"osits 
found in cave interior conduits (Yig. �). �y"e V "edorelicts re>ect colour 
and teBtural characteristics ty"ical of humic soils and liHely inherited 
from the overlying soil cover in(ected from the e"iHarst. �y"e ? and V 
"edorelicts dis"lay a certain degree of mechanical durability, as they can 
be observed as discrete teBtural entities that became "art of the very 
de"ositional structures of the layers. �his is eBtremely evident, for 
eBam"le, in the u""er half of thin section �B MV (Yig. ?FA–K), <here 
they associate <ith mineral grains to form <ellI"reserved 8ningIu"
<ards trends created by lo<Ienergy <ater discharge at the outlet of the 
cave (Yig. ?FB).

 rimary de"ositional structures, ho<ever, have been locally 
disturbed by com"action and anthro"ic "resence that resulted in "artial 
<elding of "edorelicts (Yig. ?FJ and $), heavy deformation of the de
"osits, and enrichment in charcoal, bone fragments, and the other 

Fig. 9.  hotomicrogra"hs of sandIsized de"osits from Battifratta Kave. (A–K) Sam"les from �rench B (�B�F–�BCF) sho<ing the "redominance of eBtrabasinal 
siliciclastic grains and clayIrelated "edogenic features. Monomineralic grains include =uartz (&tz), felds"ar (4Y), and minor volcanic lithics (�v). �ithic fragments (�c, 
�sa) are mainly micritic to s"aritic carbonate grains, "artly silici8ed. Kommon features include clay rims surrounding detrital "articles, clay–silt aggregates, and "yr 
("yroBene) grains, indicating limited trans"ort and "ostIde"ositional alteration. Klay coatings and sericite rims document in situ <eathering and redistribution <ithin 
the u""er cave–soil interface. Scale bars# ? mm and VFF μm. (JIY) Sam"les from �rench J (�J �F) characterized by abundant intrabasinal carbonate grains, including 
tufa and travertine fragments, calcitic intraclasts, and clay–silt aggregate intraclasts. Jetrital =uartz, felds"ar ( lag) and carbonate lithic fragments (�c) are s"arse 
and ty"ically coated by clay 8lms. �ocally, YeIoBide nodules and gastro"od shell fragments occur <ithin the micritic matriB. �he "redominance of re<orHed tufa 
fragments, "eloids, and intraclasts re>ects lo<Ienergy sedimentation in cave "ools and e"isodic roofs"all re<orHing. Scale bars# CFF μm and VFF μm.
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biogenic and anthro"ogenic elements "reviously described (thin section 
�B M�, Yig. ?FY–D). Klay dissolution caused by ambient <ater (liHely 
dri"<ater) contributed to the "artial teBtural, structural, and chromatic 
homogenization of the same layers (Yig. ?FG–I).

 orosity is high throughout the de"osit, eB"ressed as "lanes and 
8ssures <ith rare vughs and vesicles in the laminated strata re>ecting 
desiccation, teBtural discontinuities, and synIde"ositional incom"lete 
degassing (Yig. ?FA), and "acHing voids and bioturbative channels and 

chambers in the anthro"ized layers (Yig. ?F$).

-/>/;/ T&in sections Erom TD
Micromor"hological analyses of the selected S@s of section �J 

(�able V), as for those of section �B, corroborate 8eld observations and 
8nd remarHable correlation <ith the former, albeit <ith slight structural 
differences im"arted by local channelization (Yig. �).

�he coarse mineral fraction is again consistent throughout the 

Fig. 10. Selected thin section scans and micro"hotogra"hs from section �B. A) Scan of sam"le GBV? �B MV com"rising the u""er and lo<er "ortions of S@ VC. �he 
<hite dashed line indicates a stratigra"hic transition identi8ed in thin section but not during eBcavation and sam"ling. SlacH <ater laminae and 8ningIu"<ard trends 
are recognizable in the u""er half, <hile the lo<er half is characterised by fragmented and loosely "acHed aggregates of <elded and vughy silty clay. Note the 
desiccation 8ssures in the laminated de"osit, accom"anied by degassing vesicles, and the loose chaotic "acHing void in the lo<erIlevel B) Magni8ed detail of 8ningI 
u"<ard structures in S@ VC to", indicated by the u"right arro<s. K)  lane "olarized light (  �) detail of the �y"e ? and V rounded "edorelicts (yello< and bro<n, 
res"ectively) constituting the 8ningIu"<ards structures of S@ VC, in association <ith sameIsized mineral grains dominated by =uartz. J   � detail of S@ VC bottom. 
�he de"osit is com"osed of <elded bro<n clay s"ecHled <ith brighterIcoloured �y"e ? "edorelicts (<hite arro<) and enriched <ith trans"ortIrounded biogenic 
com"onents such as the bone fragment and "resumed "hos"hatised co"rolite (yello< arro<s). $) Scan of sam"le GBV? �B M� com"rising the bottom of S@ V7 and the 
to" of S@ V�, se"arated along a "robable erosion�fre=uentation surface. �he blue dashed line refers to the same discontinuity re"orted in Yig. 8. Both S@s are 
characterized by loosely "acHed subrounded silty clay aggregates and abundant charcoal, bone fragments, and anthro"ogenic material, such as the red ceramic 
fragments at the to" of the section (red arro<). Y)   � detail of S@ V7, sho<ing charcoal <ith a rounded and altered bone fragment (centre of the "icture). GII)   �� 
! � details of S@s V7 V�, sho<ing a localized and "artially mineralized ash de"osit (G), convoluted laminated clay coatings <ithin channels and chambers (yello< 
arro<s) (H), and a large �y"e V "edorelict (<hite arro<), <elded <ith bro<n clay aggregates and charcoal, and collectively <ra""ed in laminated clay coatings 
(yello< arro<s) (I).
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Table 1 
Micromorp&ological descriptions oE t&e T7 section/ Particle size and Erequency oE components are reported aEter Stoo"s (VFV?) as Eollows/ SIZ$# G (gravel); AK (very coarse 
sand); K (coarse sand); M (medium sand); Y (8ne sand). YR$&@$NK�# + (very fe<); ++ (fe<); +++ (common); ++++ (fre=uent).

Sam"le S@ Mineral coarse 
com"onents

Biogenic and 
anthro"ogenic 
coarse com"onents

Groundmass Aoids K�Y related 
distribution, BI 
fabric

Aggregation, 
microstructure

 edofeatures and sedimentary 
features

GB21 
TB 
M1

?V &uartz (M) ++++

�imestone 
fragments (G to Y) 
+++

Khert fragments 
(M to Y) +
Aolcanic minerals 
(orto"B, 4Ifels", 
micae)(M to Y) ++

Bone fragments (M 
to AY) +
Kharcoal (M to Y) +

�ello<ish 
bro<n silty 
loam

Khannels +
Structural 
+++

Aughs 
+++

Klose to double 
s"aced "or"hyric 
Krystallitic

Moderate 
Aughy

Illuviation clay coatings <ith 
internal convolute 
laminations 
++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) (M to Y) +
V) �ello< rounded clay 
aggregates (endogenic ri"Iu" 
clasts) ++

Rolled YeIMn nodules (cs Ifs) 
+++

GB21 
TB 
M2a

�o" VC &uartz (AK to Y) 
++++

�imestone 
fragments (G to Y) 
+++

Khert fragments 
(M to Y) +++

Aolcanic minerals 
(orto"B, 4Ifels", 
micae)(Y) ++

Bone fragments (M 
to AY) +
Microcharcoal (Y to 
AY) ++++

Kharcoal (M to Y) 
+++

 lant remains +

�ello<ish 
bro<n sandy 
loam

Khannels 
++

Structural 
+++

Aesicles 
+++

 lanes 
+++

Jouble s"ace 
"or"hyric, 
locally monic 
Krystallitic, 
locally s"ecHled

Gell develo"ed 
Angular blocHy 
to "laty

Yining u"<ard se=uences 
com"osed of medium to 8ne 
mineral sand and silt, and 
sorted rounded "edorelicts 
 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) (M to Y) +++

V) �ello< rounded clay 
aggregates (endogenic ri"Iu" 
clasts) ++++

Illuviation clay coatings +
Rolled YeIMn nodules (cs Ifs) 
+++

GB21 
TB 
M2b

Bottom 
VC

&uartz (AK to Y) 
++++

�imestone 
fragments (G to Y) 
+++

Khert fragments 
(M to Y) +++

Aolcanic minerals 
(orto"B, 4Ifels", 
micae)(Y) ++

Bone fragments (M 
to AY) +
Microcharcoal (Y to 
AY) ++++

Kharcoal (M to Y) 
+++

Non combusted 
"lant remains +
Keramic fragments 
+

�ello<ish 
bro<n sandy 
loam

Khannels 
++

Structural 
+++

Aesicles 
+++

 lanes 
+++

Jouble s"ace 
"or"hyric, 
locally monic 
Krystallitic, 
locally s"ecHled

Gell develo"ed 
Angular blocHy

Illuviation clay coatings# ++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) (M to Y) ++

V) �ello< rounded clay 
aggregates (endogenic ri"Iu" 
clasts) +++

Rolled YeIMn nodules (cs Ifs) 
+++

GB21 
TB 
M3

�o" V7 &uartz (AK to Y) 
++++

�imestone 
fragments (G to Y) 
+++

Khert fragments 
(M to Y) +++

Aulcanic minerals 
(orto"B, 4Ifels", 
micae)(Y) ++

Bone fragments (G 
to M) ++

Kharcoal (M to Y) 
+++

Shell fragments ++

Keramic fragments 
locally burned (G to 
AK) +

JarH yello<ish 
bro<n sandy 
loam

Khannels 
++

Khambers 
+++

Structural 
+++

Klose to o"en 
"or"hyric 
S"ecHled, locally 
crystallitic

Gell develo"ed, 
Subangular 
blocHy

Illuviation clay coatings ++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) (M to Y) ++

V) �ello< rounded clay 
aggregates (endogenic ri"Iu" 
clasts) +++

Rolled YeIMn nodules (cs Ifs) 
+++

GB21 
TB 
M�a

Bottom 
V7

&uartz (K to Y) 
+++

�imestone 
fragments (G, AK 
to Y) +++

Khert fragments 
++

Aolcanic minerals 
(orto"B, 4Ifels", 
micae)(M to Y) ++

Bone fragments (G 
to MS) ++

Kharcoal (G to Y) 
++++

Ko"rolite fragments 
(G to MS) +
Shell fragments +
Keramic fragments 
+

 lant remains ++

Grog "aste +

JarH yello<ish 
bro<n sandy 
loam

Khambers 
++++

Aesicles 
++++

Structural 
++++

 lanes 
+++

�"en to close 
"or"hyric 
Krystallitic

GeaHly 
develo"ed 
Subangular to 
crumby

Illuviation clay coatings <ith 
internal convolute 
laminations +++

In8lling of voids 
(bioturbation) 
 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) (M to Y) +
V) �ello< rounded clay 
aggregates (endogenic ri"Iu" 
clasts) +++

Rolled YeIMn nodules (cs Ifs) 
+

GB21 
TB 
M�b

V� to" &uartz (K to Y) 
+++

�imestone 
fragments (G, AK 
to Y) +++

Khert fragments (G 
to M) +
Aolcanic minerals 
(orto"B, 4Ifels", 
micae)(Y) +

Bone fragments 
locally burned (G to 
MS) +
Kharcoal (KS to Y) 
++++

Microcharcoal (Y to 
AY) +++

�ocal ash 
accumulations +

Bro<n sandy 
loam

Khambers 
+++

Aesicle 
+++

Structural 
+++

Moldic ++

�"en to close 
"or"hyric 
Krystallitic, 
locally s"ecHled

GeaHly 
develo"ed 
Krumby to 
s"ongy

Illuviation clay coatings <ith 
internal convolute 
laminations ++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated organic 
soil fragments) ++

V) �ello< clay aggregates 
(endogenic ri"Iu" clasts), 
large and deformed by 

(continued on next page)
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succession <ith the same characteristics as section �B, dominated by 
sandIsized subangular to subrounded =uartz grains in varying "ro
"ortions <ith lesser 8neIgrained siliceous and volcanic mineral grains 
inherited from the e"iHarst.

�y"e ? and V "edorelicts are dominant in the maHing of the 
groundmass. In the u""er strata, these form highly "orous de"osits <ith 
a 8ningIu"<ard trend and <ith occurrence of chitonic clay "ellicles 
"roduced by slight clay illuviation coating mineral grains and "edor
elicts (Yig. ??A and B). Konversely, in the lo<er strata they a""ear 
consti"ated, deformed, and <elded together, <ith convoluted and 
laminated clay illuviations "artially 8lling bioturbative voids and still 
"roducing chitonic "ellicles coating surviving individual grains and 
aggregates (Yig. ??$–�). Kontact surfaces bet<een S@s are slanted as a 
result of channelization and con8nement, sometimes "resenting local
ised slicHensides resulting from com"action along tilted "lanes. Kharcoal 
fragments occur in tight correlation <ith section �B, <ith the highest 
concentration found in S@ �F (corres"onding to section �B�s S@ �C). As 
<ill be further eB"lored in the Jiscussions, charcoal is liHely entering the 
cave together <ith interstitial soil colluvium from the e"iHarst, deriving 
from e"isodes of forest 8res that "romoted slo"e erodibility and 
enhanced do<n<ard charcoalIenriched sediment >uB. �ther biogenic 
and anthro"ogenic com"onents remain "resent, yet in overall lesser 
amounts com"ared to section �B because of the greater distance from 
the main occu"ation area of the cave. S@ �� (Yig. ?? A–KIJ) has a 
different com"osition, being a de"osit of dissolved and reIcemented 
travertine that "roduced a channelIcon8ned crust of limestone micrite 
<ith a very limited content of coarse mineral grains. �he crust has a 
massive structure and a high content of broHen and dis"ersed gastro"od 
shell fragments, es"ecially in its u""er stratigra"hic interface, <here the 
still soft micrite mingles <ith the incoming sediment, forming S@ �7, 
"roducing interdigitated horizontal "laty structures. �his suggests the 
tem"orary "ermanence of a con8ned small "ond of limeIsaturated 
<ater, follo<ed by "reci"itation of micrite, later buried by an endo
Harst discharge event before com"lete solidi8cation.

-/>/>/ T&in section analyses oE t&e combustion Eeature
In addition to the Neolithic se=uence, the archaeological levels 

attributed to the Bronze Age <ere also investigated. $vidence related to 
this "hase is s"atially restricted and concentrated in a limited area of the 
cave entrance. �his area corres"onds to the channel associated <ith the 
<ater outs"ring, develo"ed during a "hase of Harstic reactivation 
affecting the cave mouth (Yigs. V and �).

Githin this sector, an anthro"ogenic structure <as identi8ed and 
documented. �he feature, stratigra"hically de8ned as S@ ��, cuts into 
the u""ermost "ortion of S@ V�. It consists of a shallo< subIcircular 
negative structure containing abundant burnt material and has been 
re"orted during eBcavation as a combustion feature (Yig. ?V). Micro
mor"hological analyses of S@ �� identi8ed abundant burnt macroI 
botanical remains, taBonomically attributed to Acer s"., YraBinus s"., 
�strya car"inifolia, and &uercus ileB (Konati Barbaro et al., VFV�a). 
�bservation under the microsco"e revealed also burnt bone fragments, 
rubi8ed rocH clasts, ashIrich lenses, and com"acted burnt dung remains 
(Yig. ?VY and G). �he latter <ere identi8ed through the "resence of 
siliceous "lant 8bres associated <ith faecal s"herulites (Yig. ?VG), <hich 
are diagnostic of bovids and ovica"rines (Kanti, ?99�).

-/4/ Radiocarbon dating

In �rench B, � radiocarbon dates from charcoal and one from bone 
<ere analysed.

A charcoal sam"le from S@ V7 (���VV?��) gave a calibrated age of 
�?7�–79CF cal yr B  (Vσ), <hile a second charcoal sam"le from S@ V� 
(���VV?��) returned �?7C–79�F cal yr B  (Vσ). Kharcoal from S@ �C 
(����?�VC) <as dated to �?7�–79C7 cal yr B  (Vσ). A bone fragment 
from the bottom of S@ 7F (�����8CV) "rovided a consistent result of 
�?7C–79�F cal yr B  (Vσ). Also sam"le from the to" of S@ V� 
(���VV?�F), dated to ��C�–���V cal yr B  (Vσ) (�able �).

In �rench J, charcoal from the to" of S@ �� (���VV?79) yielded an 
age of �V?F–�FFV cal yr B  (Vσ), <hile a sam"le from the bottom of the 
same unit (���VV?�C) gave ��FF–��7C cal yr B  (Vσ). Kharcoal from the 
bottom of S@ �F (���VV?�?) <as dated to �?C8–788V cal yr B  (Vσ) 
(�able �).

�he most recent archaeological chronology is based on the analysis 
of "ottery, namely a ?7th century K$ maiolica (ug recovered from the 
u""er units, <hich "rovide a terminus "ost =uem for this "hase (Yig. �).

7. Discussion

7/5/ Evolution and Eormation oE t&e Middle Holocene deposit

�he Middle Holocene sedimentary in8ll of Grotta Battifratta re>ects 
the inter"lay bet<een Harstic "rocesses, hydroclimatic >uctuations, and 
anthro"ogenic activity. Stratigra"hic records from the inner and outer 
cave mouth sectors document shortIlived de"ositional and erosional 
"hases during the Middle Neolithic (�?7C–788V cal yr B ) <ith e"isodic 
human occu"ation, abandonment, eBternal disturbance, and sediment 
remobilization. Radiocarbon dates indicate a brief and intense sedi
mentary "hase, re>ecting a local eBam"le to regional climatic variability 
and land use from the Neolithic on<ard (4elly and Huntley, ?99?; 
Mercuri et al., VFFV; Kolombaroli et al., VFF�; JrescherISchneider et al., 
VFF�; Aigliotti et al., VF?F; Aannière et al., VFF8; Bro<n, VF?�; Stoddart 
et al., VF?9).

At the base of the successions, S@ �8c (�J) and S@s C� and 7F (�B), 
analyses highlighted slo"e <ash events that trans"orted mature, "edo
genised soils aggregates into the cave through a combination of gravi
tational fast to slo< soil in(ection, surface runoff, and e"iHarstic 
"ercolation that <inno<ed the 8ne "articles (see e.g., Yord and Gil
liams, VFF�; Saso<sHy and Mylroie, VFF�). �he de"osition occurred in a 
"onding setting fed by dri"<ater, and seasonal discharge favoured the 
develo"ment of slacHI<ater sedimentary facies (Yig. ?�A). As eBternal 
sedimentary >o< or soil in(ection entered the cave, it moved from 
narro< internal (oints, fractures and conduits (inner cave mouth) to the 
broader outer cave mouth sector, <here colla"se roofs"all blocHs and 
ram"IliHe mor"hologies acted as sediment tra"s, leading to the de"osi
tion of laminated sediments "romoted by gradual energy dissi"ation.

A subse=uent erosional "hase is evident as a shallo< scour at the base 
of S@ �F (�J) and as an erosional surface in S@ �C (�B) (Yig. ?�B). 
Bro<n soil round aggregates dominates the groundmass com"osition of 
S@ �F, and the absence of 8neIgrained slacH <ater laminations testi8es 
highIenergy chaotic releases (Yig. ??D–�). �he great amount of large and 
rounded charcoal fragments embedded <ithin this de"osit may attest 
the occurrence of forest 8res in the catchment area of the cave, 

Table 1 (continued )

Sam"le S@ Mineral coarse 
com"onents 

Biogenic and 
anthro"ogenic 
coarse com"onents 

Groundmass Aoids K�Y related 
distribution, BI 
fabric 

Aggregation, 
microstructure 

 edofeatures and sedimentary 
features

Keramic fragments 
(G to AK) ++

diagenesis and mechanical 
"ressure 
Rolled YeIMn nodules (cs Ifs) 
+
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Table 2 
Micromorp&ological descriptions oE t&e T7 section/ Particle size and Erequency oE components are reported aEter Stoo"s (VFV?) as Eollows/ SIZ$# G (gravel); AK (very coarse 
sand); K (coarse sand); M (medium sand); Y (8ne sand). YR$&@$NK�# + (very fe<); ++ (fe<); +++ (common); ++++ (fre=uent).

Sam"le S@ Mineral coarse 
com"onents

Biogenic and 
anthro"ogenic 
coarse com"onents

Groundmass Aoids K�Y related 
distribution, BI 
fabric

Aggregation, 
microstructure

 edofeatures and 
sedimentaryfeatures

GB21 
TD 
M1

�7 &uartz (M to Y) 
+++

�imestone 
fragments (K to 
Y), ++

Khert, locally 
burned (M to Y) 
+++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) ++

Bone fragments (M) 
+

Kharcoal (K to Y) 
+++

Shell fragments ++

Keramic fragments 
+

�ello<ish 
bro<n silty 
loam

Kom"ound 
"acHing voids 
+++

Monic to close 
"or"hyric 
Krystallitic

Moderate 
Krumby to subI 
angular blocHy

Illuviation clay coatings 
<ith internal convolute 
laminations 
++++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) + +

V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) +++

Rolled YeIMn nodules (cs Ifs) 
+++

GB21 
TD 
M2a

�7 
bottom

&uartz (M to Y) 
+++

�imestone 
fragments (K to 
Y), ++

Khert, locally 
burned (M to Y) 
+++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) ++

Bone fragments (M) 
+

Kharcoal (K to Y) 
+++

Shell fragments ++

Keramic fragments 
+

�ello<ish 
bro<n silty 
loam

Kom"ound 
"acHing voids 
+++

Monic to close 
"or"hyric, locally 
chitonic 
Krystallitic

Moderate 
Krumby to subI 
angular blocHy

Illuviation clay coatings 
<ith internal convolute 
laminations 
+++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) +++

V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) ++++

Rolled YeIMn nodules (cs Ifs) 
++

GB21 
TD 
M2b

�� to" &uartz (M to Y) 
++++

�imestone 
fragments, 
locally 
<eathered (K to 
Y), ++++

Khert (M to Y) 
++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) +

Bone fragments (G) 
+

Kharcoal (G to M), 
angular and locally 
fragments +++

Ko"rolite fragments 
+

Shell fragments +

�ight greyish 
bro<n silty 
loam and 
micrite

Khambers ++

Structural 
+++

 lanes ++

Khannels +

Klose "or"hyric, 
locally chitonic 
S"ecHled to 
crystallitic

Moderate 
Kom"leB, crumby 
to subIangular 
blocHy and "laty

Illuviation clay coatings 
<ith internal convolute 
laminations 
++++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) ++

V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) +++

�ocal 8ningIu"<ard 
se=uence of 8ne sand to silty 
clay +
Rolled YeIMn nodules ++

GB21 
TD 
M2c

�� &uartz (M to Y) 
++

Khert (M to Y) 
++

Bone fragments (M 
to Y) +
Kharcoal (G to M) 
++

Shell fragments 
+++

�ight yello<ish 
grey micrite

Aughs +
Khannels +

�"en "or"hyric 
Krystallitic

Gell develo"ed 
Massive

�ccasional clay "a"ulae +
Rounded YeIMn nodules and 
zonal im"regnation ++

GB21 
TD 
M3a

�� 
bottom

&uartz (M to Y) 
++

Khert (M to Y) 
++

Bone fragments (M 
to Y) +
Kharcoal (G to M) 
+++

Shell fragments ++

�ight yello<ish 
grey micrite

Aughs +
Khannels +

�"en "or"hyric 
Krystallitic

Gell develo"ed 
Massive

�ccasional clay "a"ulae +
Rounded YeIMn nodules and 
zonal im"regnation ++

GB21 
TD 
M3a

�8a to" &uartz (K to Y) 
+++

�imestone 
fragments (G, AK 
to Y) +++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) ++

Bone fragments (G) 
++

Kharcoal (G to M) 
+++

Shell fragments ++

Bro<n sandy 
loam

Khambers 
+++

Aesicles +
Structural 
+++

 lanes +++

Klose to o"en 
"or"hyric 
Krystallitic, 
locally 
"orostriated and 
granostriated

Gell develo"ed 
Subangular blocHy

Illuviation clayIsilt coatings 
++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) +++

V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) ++

�ocal 8ningIu"<ard 
se=uence of 8ne sand to silty 
clay +
Rolled YeIMn nodules 
++++

(continued on next page)
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"romoting slo"e instability and remobilization of soil fragments and 
burnt "lant remains (see e.g., JrescherISchneider et al., VFF�; Aannière 
et al., VFF8; Stoddart et al., VF?9). At current Hno<ledge, <hether such 
8res <ere s"ontaneous or intentionally "roduced to manage local 

deforestation, it is im"ossible to say.
A "eriod of reduced <ater >o< is observed in S@ �8b (�J) and S@ �� 

(�B). �hese units eBhibit <ellIlaminated silts <ith minor sand and clay, 
scattered charcoal, and micromor"hological features that are indicative 

Table 2 (continued )

Sam"le S@ Mineral coarse 
com"onents 

Biogenic and 
anthro"ogenic 
coarse com"onents 

Groundmass Aoids K�Y related 
distribution, BI 
fabric 

Aggregation, 
microstructure 

 edofeatures and 
sedimentaryfeatures

GB21 
TD 
M5a

�9 &uartz (M to Y) 
++++

�imestone 
fragments (G to 
Y), ++++

Khert (M to Y) +
Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(Y) +

Bone fragments (G 
to M) +
Kharcoal (G) +

�ight bro<n 
sandy loam

Khambers ++

Khannels +
Structural 
+++

Klose "or"hyric 
Krystallitic

GeaHly develo"ed 
Krumby

Illuviation clayIsilt coatings 
<ith internal convolute 
laminations 
+++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) +
V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) +
SlicHensides +
Rolled YeIMn nodules +
Jissolution and microI 
"itting of limestone 
fragments ++

GB21 
TD 
M5b

�9 
bottom

&uartz (M to Y) 
++++

�imestone 
fragments 
(mainly 
travertine) (G to 
Y), ++++

Khert (M to Y) 
++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) +

Kharcoal (M to Y) 
++

�errestrial 
gastro"od shell 
fragments +

Bro<n silty 
loam

Structural 
+++

Khambers ++

Single s"ace 
enaulic, locally 
chitonic 
Random striated

GeaHly develo"ed 
Kom"leB, vughy to 
crumb and 
chamber

Illuviation clayIsilt coatings 
<ith internal convolute 
laminations 
++++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) ++++

Rolled YeIMn nodules ++

GB21 
TD 
M5c

�8b to" &uartz (M to Y) 
++++

�imestone 
fragments 
(mainly 
travertine) (G to 
AK), +++

Khert (M to Y) 
++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) +

Kharcoal (G, AKS to 
Y) ++

�ight bro<n 
sandy loam

Khambers 
+++

Structural 
++++

Single s"ace 
enaulic, locally 
chitonic 
Krystallitic, 
locally s"ecHled

GeaHly develo"ed 
Kom"leB, vughy to 
crumb and 
chamber

Illuviation clayIsilt coatings 
<ith internal convolute 
laminations 
++++

 edorelicts# 
V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) +++

Rolled YeIMn nodules +

GB21 
TD 
M5d

�8b &uartz (K to Y) 
++++

�imestone 
fragments (M to 
Y), +++

Khert (K to Y) 
+++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) ++

Kharcoal (G to Y) 
++

Bro<n silty 
loam

Khambers ++

Khannels +
Structural 
++++

Khitonic to 
double s"aced 
coarse enaulic 
Granostriated

Moderate 
Bridged grain

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) ++++

Rolled YeIMn nodules (mIf) 
++

GB21 
TD 
S��0

�F &uartz (K to Y) 
++++

�imestone 
fragments (M to 
Y), +++

Khert (K to Y) 
+++

Aolcanic 
minerals (orto"B, 
4Ifels", Micae) 
(M to Y) ++

Bone fragments (M 
to Y) ++

Kharcoal (K to Y) 
++++

JarH bro<n 
silty loam

Khambers 
+++

Aesicles +++

Structural 
+++

Klose "or"hyric, 
locally chitonic 
Krystallitic

Moderate 
Khamber

Illuviation clayIsilt coatings 
<ith internal convolute 
laminations 
+++

 edorelicts# 
?) Bro<n subrounded clay 
aggregates (in8ltrated 
organic soil fragments) (M 
to Y) ++++

V) �ello< rounded clay 
aggregates (endogenic ri"I 
u" clasts) ++

Rolled YeIMn nodules (cs Ifs) 
+++
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of slacH<ater de"osition <ith only seasonal s"ring discharge. Structured 
voids, <eaH aggregation, and laminated illuvial coatings "oint to "ro
longed "onding and "ercolation, <ith intermittent clay <etting and 
drying cycling. Such features are ty"ical of a "assive Harst system, <here 
slo< e"iHarstic "ercolation and localised standing <ater dominate the 
sediment in"ut, localized calcite "reci"itation, and the slo< illuvial 
relocation of birefringent clays as observed trough the micromor"ho
logical and com"ositional analysis (Yig. ?�K).

A rene<ed, stronger erosional "hase is marHed by erosional surfaces 
at the bottom of S@ �9 (�J) and S@ V� (�B) <ith a localized "hase of 
roof s"all colla"se at outer cave mouth. S@ V� sho<s a 8ningIu"<ard 
trend <ith high ��K values and increased siltIclay content, re>ecting 
decelerating >ood<ater and ra"id sedimentation from sedimentIladen 
>o<s. Micromor"hological features, include laminated clay coatings, 
rounded charred "lant remains, rolled YeIMn oByIhydroBides nodules, 
and "edorelicts, and are indicative of shortIlived, highIenergy de"osi
tional events that re<orHed accumulated cave interior and e"iHarst 
sediments miBed <ith archaeological material. �he archaeological 
assemblage suggests that these sediments <ere de"osited during a "hase 
of scattered human fre=uentation of the cave, <ith the surrounding 
landsca"e being more favoured for eB"loitation (Yig. ?�J) (see e.g., 
Stoddart et al., VF?9).

�he u""ermost "reserved unit in the �J, S@ �8a, sho<s a return to 
moderate sedimentation <ith seasonal "onds, as indicated by the 
identi8ed ostracods, follo<ed by a ne< erosional "hase. �he terminal 
middle Neolithic "hase is characterized by S@ �8a (�J) that correlates 
<ith S@ V7 (�B). �he absence of S@ VC in inner cave mouth is related to a 
channelled erosional event (Bronze Age "hase, see neBt cha"ter). S@ V7 
and S@ VC are the best re"resentations of the rhythmic sedimentation 
that characterizes the lo<Ienergy >ood events at Grotta Battifratta cave. 
�hese events sho< <ellIde8ned 8ningIu"<ard trends <ith sandIsiltIclay 
laminae recognizable macrosco"ically, and further characterizable 
under the microsco"e as being, once again, com"osed of e"iHarst and 
endoHarst re<orHed minerals and clay aggregates trans"orted through 
the cave system to the outer cave mouth.  artial erosion of underlying 
archaeological strata and "reviously lain charcoalIrich sediments is 
res"onsible for the slight radiocarbon age inversion (S@ VC; see �able �) 
(Yig. ?�$). Juring the de"osition of S@ VC and S@ V7, the cave <as liHely 
eB"loited only tem"orarily# the e"isodic >ooding events that created the 
e"hemeral "onds at the cave mouth, as also evidenced by the abundant 
ostracod assemblage, made it a strategic location for shortIterm access to 
fresh <ater. Ho<ever, the same "rocess made it unsuitable for stable 
occu"ation.

�verall, for the Middle Holocene, alternating lo< to moderate 
erosive in>o<s and de"ositional "hases re>ects not only changes in the 
biome of the eBternal soil mantle on the slo"e, "ossibly even humanI 
induced as a result of ancestral land management, but also e"isodic 
hydrological activation of the cave�s "assive drainage system, a "attern 
that is documented for other Holocene A"ennine cave conteBts (e.g. 

�ana della Mussina cave, Kremaschi et al., VFVF, VFV7). Klastic sedi
ments <ere mobilised from the surrounding catchment during rainfall 
events ca"able of generating surface runoff and soil erosion and entered 
the cave through Harst conduits and fractures. @nder the microsco"e, 
these de"osits consist mainly of soil aggregates ("edorelicts), Ye–Mn 
nodules, laminated coatings, and dis"ersed charcoal, "ointing to the 
re"eated mobilisation of "edogenetic material from charcoalIenriched 
cambisols and "haeozems develo"ed outside the cave (see Na"oli 
et al., VF?9). �hese mor"hological and com"ositional signatures "rovide 
the sedimentary frame<orH <ithin <hich the Neolithic assemblage of 
"ottery, lithic artifacts, and faunal remains <as de"osited, resulting in a 
"alim"sest <here cultural and natural com"onents are closely inter
t<ined, a "rocess that is documented for several Neolithic cave sites in 
"eninsular Italy, <here slo"e <ash and seasonal runoff, driven by <arm 
and humid climate conditions often intensi8ed by humanIinduced 
landsca"e disturbance, led to the ra"id accumulation of 8ne sediments 
(see e.g., Boschian et al., VF?�; Kremaschi et al., VFVF; Rellini et al., 
VFVF). �hese slo"e <ash "rocesses are consistent <ith broader "alae
oecological evidence of increased 8re activity, soil erosion, and vege
tation disturbance since the middle Neolithic in central Italy. Kharcoal 
and "ollen records from sites such as �ago dell’Accesa indicate "eaHs in 
8re fre=uency around �FFF cal B  (JrescherISchneider et al., VFF�; 
Aannière et al., VFF8), <hile multi"le laHeI"ollen se=uences re>ect 
smallIscale s<idden agriculture and anthro"ogenic <oodland clearance 
(4elly and Huntley, ?99?; JrescherISchneider et al., VFF�; Aannière 
et al., VFF8; Stoddart et al., VF?9). In our record, the "resence of 
rounded bro<nish "edorelicts <ith a large amount of charred "lant re
mains suggests a "otential role of forest 8res in destabilising slo"e soils, 
though <e inter"ret these signals as indirect evidence of eBternal 8ring 
e"isodes, rather than direct slashIandIburn activity at the site (see also 
4elly and Huntley, ?99?; Mercuri et al., VFFV; Kolombaroli et al., VFF�; 
Aannière et al., VFF8; Stoddart et al., VF?9). Juring the Middle Neolithic 
(8FFF–77FF cal B ), central Italy under<ent signi8cant ecological 
changes driven by the inter"lay bet<een climate variability and 
eB"anding human landIuse (Mercuri et al., VFFV; Aannière et al., VFF8). 
Regional "aleoclimate "roBies indicate the climate <as generally <arm 
and humid, <ith occasional cooler and <etter oscillations (Stoddart 
et al., VF?9 and reference therein). �hese conditions favoured the 
develo"ment of dense deciduous forests (Quercus, Fagus, Carpinus) and 
"romoted stable soil formation "rocesses on the surrounding slo"es 
(Magri, ?999; Magri and Sadori, ?999; Mercuri et al., VFFV; Guilizzoni 
et al., VFFV; JrescherISchneider et al., VFF�; Sadori, VF?8).  alae
oecological records from numerous lacustrine basins demonstrate an 
increasing anthro"ogenic foot"rint# the 8rst a""earances of Triticum, 
Hordeum, and Cannabaceae "ollen "recede or coincide <ith micro
charcoal "eaHs and the rise of nitro"hilous herbs (Plantago, Urtica), 
suggesting that 8re <as used deliberately to create and maintain o"en 
areas (4elly and Huntley, ?99?; Mercuri et al., VFFV; Kolombaroli et al., 
VFF�; Aannière et al., VFF8). �his anthro"ogenic disturbance <as 

Fig. 11. Selected thin section scans and micro"hotogra"hs from section �J. In the scans, the <hite dashed lines indicate a stratigra"hic transition identi8ed in thin 
section but not during eBcavation and sam"ling, and the coloured solid lines refer to the same discontinuities re"orted in Yig. 8. A) Scan of sam"le GBV? �J MV 
com"rising S@ �� and the lo<er "ortion of S@ �7. “S@ �� to"”, as de8ned during eBcavation, is an interdigitation "roduced during the <et de"osition and subse=uent 
com"action of S@ �7. B)  lane "olarized and cross "olarized light (  ��! �) detail of S@ �7, com"osed of loosely "acHed �y"e ? and V "edorelicts (res"ectively, 
<hite dots and red dots) and mineral grains (yello< dots) bound by a thin coating of highly birefringent chitonic illuvial clay (<hite arro<s). KIJ)   � details of S@ 
�� and its contact zone <ith S@ �7. Gastro"od shells are very common in S@ �� (J), broHen and dis"ersed <ithin a lo< "orosity micrite "aste. $) Scan of sam"le GBV? 
�J MC com"rising the bottom of S@ �9 and the to" of S@ �8b, each subdivided into V subIlayers recognized during micromor"hological analysis. �hroughout the 
layers, bone fragments and other biogenic com"onents are rare, and charcoal�ashy s"ots occur occasionally. YII)   ��! � details of section MC, sho<ing common 
traits along the interce"ted stratigra"hy. (Y) and (H) sho< a groundmass com"osed of homogenized �y"e ? and V "edorelicts giving an overall light bro<n colour to 
the de"osit, rich in mineral grains <ith dominant medium sandIsized =uartz. Konvoluted laminated clay coatings are common <ithin large channels (yello< arro<s). 
(G) and (I) sho< discrete �y"e ? and V "edorelicts (res"ectively, <hite dots and red dots) <ith a dominance of the latter (bro<n clay aggregates), loosely "acHed and 
"artially <elded, bound by a thin coating of highly birefringent chitonic illuvial clay (<hite arro<s). D) Scan of sam"le GBV? �J S@�F com"rising S@ �F only. �arge 
charcoal fragments are eBtremely common and re"resented the main marHer for S@ �F during eBcavation. 4) Jetail of S@ �F�s charcoal fragments that a""ear <ellI 
integrated <ithin the <elded silty clay groundmass and coated by illuvial clay along structural voids (<hite arro<s) shared <ith the <elded clay aggregates. �) Jetail 
of �y"e V "edorelicts com"osing differentiated groundmass "atches. �iHe in the overlying strata, these are loosely "acHed, "artially <elded, and bound by the same 
coating of highly birefringent chitonic illuvial clay.
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moderate and s"atially limited, leading to a mosaicIliHe landsca"e 
com"osed of forest "atches, cleared "lots, and secondary grasslands that 
Stoddart et al. (VF?9) inter"ret, for its early "hase, as one of “initial 
engagement” <ith the landsca"e, characterised by smallIscale clearance 

<ithin an other<ise forested matriB.
Kom"arable cou"lings bet<een 8re activity, accelerated hillslo"e 

erosion, and the eB"ansion of agro"astoral land use have also been re
"orted in other $uro"ean and eastern Mediterranean conteBts. Several 

Fig. 12. �hin section scan and selected "hotomicrogra"hs of the 8re"lace. (A) Scanned thin section. S@V� is the host substrate; S@�� is the 8re"lace. B)  hoto of the 
sliced resinIconsolidated blocH. Included <ithin the burnt mass are several limestone "la=ues (<hite dots) alongside calcined bones (yello< dot) and rubi8ed 
limestone (red dots). KI$)  lane "olarized and cross "olarized light (  ��! �) details of the feature�s burnt inclusions, com"rising large charcoal fragments (<hite 
dots), calcined bones (yello< dots), and recrystallized ash (green dots), occasionally s"arry (blue dot in (J)). Konvolute and laminated clay illuviation is common, 
<ra""ing and coating soil lum"s and burnt inclusions (yello< arro<s). Y)   � vie< of a lum" of "artially burnt dung, "ossibly used as 8re starting fuel. G) ! � detail 
of faecal s"herulites (<hite arro<s) found in the dung, suggesting ca"rovine origin.
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<ell documented case studies linH midIHolocene increases in 8re ac
tivity and soil erosion to human land use "ractices in the northern 
A"ennines (Italy), the eastern, <estern and south eastern Iberian 
 eninsula (S"ain,  ortugal), and the Yrench  yrenees and  real"s (e.g., 
Maggi et al., ?99�; Iriarte, VFF9; Bal et al., VF?F; Gil Romera et al., VF?F; 
Aescovi et al., VF?F; Rius et al., VF??; Kom"ostella et al., VF?�; 
Simonneau et al., VF?�; Branch and Marini, VF?�; �allón Armada et al., 
VF?�; Revelles et al., VF?C; Galsh et al., VF?9; Simões et al., VFVF; 
Kremaschi et al., VFV7), as <ell as in GreeH catchments and eastern 
Adriatic Harst settings (Kroatia) (e.g., Aan Andel et al., ?99F; 4arHanas, 
VFF?; Yarrand, VFF�; Yorenbaher et al., VF?�; �a<son et al., VF?�; 
Berger et al., VF?7; Glais et al., VF?�; 4anie<sHi et al., VF?8; Jean et al., 
VFVF; Rousseau et al., VFVC; SmrHul( et al., VFVC).

7/;/ Cave deposit infill Eormation Erom t&e !ate Holocene to t&e 5-t& 

century CE

�he �ate Holocene de"ositional dynamics at Grotta Battifratta cave 
indicate a reorganisation of sedimentation "atterns in res"onse to shifts 
in hydrological characters and the in>uence of con8ned Harst 
mor"hology.

In the inner cave mouth, this "hase is marHed by a <ellIde8ned 
erosional surface at the base of S@ ��, <here a @Isha"ed incision sug
gests the transit of an energetic >o< ca"able of eroding and re<orHing 
"reviously de"osited Neolithic sediment. Yield observations indicate 
that this highIenergy >ood<ater event <as con8ned to a limited "ortion 
of the outer cave mouth sector, <here it carved through S@s VC and V7, 
eB"osing the to" of S@ V� (Yig. ?�A).

A radiocarbon date from bottom of S@ ��, thus "ertaining to the 
immediate in8lling of the freshly carved channel, "laces this event in the 
Middle Bronze Age (��FF–��7C cal yr B ; �able �). After this erosional 
event, the innerIouter cave mouth interface <as "artially dammed by a 
roof colla"se that tem"orarily im"ounded <ater and "romoted localized 
"onding in the inner cave mouth, leaving, ho<ever, drier ground at the 
outer cave mouth (Konati Barbaro et al., VFV�a). �he archaeological 
record during this "hase is limited to the outer cave mouth area and 
com"rises scattered faunal remains, fragmentary ceramics, and the 
combustion feature dated to ��C�–���V cal yr B . $stablishing its 
function is com"leB because, although it contains abundant burnt ma
terial, it lacHs an underlying rubi8ed horizon ty"ical of in situ 8re "ro
duction (Zerboni, VF??; Nicosia and Stoo"s, VF?�; Marras et al., VFV7). 
Ho<ever, its roughly circular "lan and strati8ed in8ll of burnt layers and 
ash lenses still "oint to a structured combustionIrelated de"osit. Rather 
than eBcluding a combustionIrelated origin, this lacH may re>ect limited 
"reservation of the original hearth microstratigra"hy, as similar cave 

and rocH shelter conteBts sho< that 8re residues affected by cleaning, 
raHeIout, dum"ing, tram"ling, or slight re<orHing may lose the ty"ical 
structure of intact hearths <hile still "reserving clear evidence of 
burning (Miller et al., VF?F; 4arHanas et al., VF?C; Ghitau et al., VF?8; 
Marcazzan et al., VFVV). Regardless of its eBact nature, ho<ever, the 
feature contains a variety of com"onents that com"lement the macro
sco"ic faunal and ceramic remains recovered during eBcavation, further 
indicating cave use by the local Bronze Age community. Krucially, the 
occurrence <ithin the burnt matter of faecal s"herulites suggests the 
"ossibility of a "astoral com"onent to cave use during this "hase 
( ortillo et al., VF?�, VFVF).

�he absence of re<orHing and shifting of the coarse biogenic in
clusions im"lies that the archaeological layers <ere buried and sealed 
soon after formation, "reserving their original layout and internal 
structure (Yig. ?�B).

�he in8lling of S@ ��, in the inner cave mouth sector, continued until 
the �ate Bronze Age (�V?F–�FFV cal yr B ; �able �). Sedimentation 
during this "hase <as dominated by the formation of the 8ne micrite 
mud, de"osited under lo<Ienergy conditions linHed to limited runoff, 
slo< "ercolation, and "rolonged <ater stagnation behind the dammed 
area <ith abundant microfossils. Je"osition <as favoured by the lo< 
ventilation settings and humid microIenvironment <ithin the inner cave 
mouth, favourable to the formation of s"ring tufa (sensu Ka"ezzuoli 
et al., VF?�) (Yig. ?�B). �his "hase, characterized by a reduced <ater
>o<, may have been associated <ith a surface arrangement in the outer 
cave mouth, consisting of large ceramic sherds and >at stones designed 
to facilitate the out>o< of <ater, and stratigra"hically overlying the 
combustion feature belo<.

�his local "hase of reduced hydrological activity seems to contrast 
<ith broader regional trends, as by the Middle and �ate Bronze Age 
(after .�FFF cal yr B ), central Italy eB"erienced increasing climatic 
instability, marHed by e"isodes of reduced "reci"itation, heightened 8re 
activity, and eB"anding land use. Indeed, multi"roBy "alaeoecological 
records from "ollenIlaHe se=uences consistently indicate <ides"read 
deforestation, the s"read of cereal cultivation, and the a""earance of 
orchard s"ecies (Clea, Ditis, Juglans), alongside declining forest cover 
and rising sediment mobility (see also 4elly and Huntley, ?99?; Jre
scherISchneider et al., VFF�; Mercuri et al., VFFV, VF?F; Sadori, VF?8; 
Stoddart et al., VF?9). Bioarchaeological data from  astena cave, suggest 
the a""lication of arti8cial management techni=ues to cultivated "lants, 
such as legumes, during the MiddleIBronze Age (Kortese et al., VFVV). 
�hese environmental and landIuse dynamics re>ect broader settlement 
dynamics, characterised by more nucleated habitation "atterns and 
intensi8ed eB"loitation of arable lo<lands, often associated <ith 
erosionI"rone landIuse strategies on ad(acent slo"es (Ricci �ucchi et al., 

Table 3 
Radiocarbon dates from the �B and �J.

Name sam"le S@ �rench �ab code Age B  not 
calibrated

Material ?�K cal yr B  
(Vσ) IntKalVF

Reference timeframe for central Italy (after 
 almisano et al., VFV?)

GB V? �B KV @S 
VC

VC B ���VV?�� 7?�� ± �F Kharcoal �?7�I79CF 
(9�.�R)

Middle Neolithic (�?CFI7�CF B ) CVFFI�CFF BK

GB V? �B K� @S 
V�

V� B ���VV?�� 7?C� ± �C Kharcoal �?7CI79�F 
(9�.CR)

Middle Neolithic (�?CFI7�CF B ) CVFFI�CFF BK

GBVV @S �C �B 
&??

�C B ����?�VC 7?8� ± �F Kharcoal �?7�I79C7 
(9V.8R)

Middle Neolithic (�?CFI7�CF B ) CVFFI�CFF BK

GB V� @S �? 
Adult human 
individual

Bottom 7F B �����8CV 7?CC ± �F Bone �?7CI79�F 
(9C,�R)

Middle Neolithic (�?CFI7�CF B ) CVFFI�CFF BK

GB V? @S �� Kombustion feature�S@ 
��I ��  S@ V�

B ���VV?�F �?C9 ± �C Kharcoal ��C�I���V 
(88.�R)

Middle Bronze Age (�7CFI�V�C��VCF B �?�FF 
?�VC�?�FF BK)

GB V? �J ��  @S 
��

�o" �� J ���VV?79 V9C� ± �F Kharcoal �V?FI�FFV 
(9C.�R)

�ate�Yinal Bronze Age (�BA�V�C��VCFI�?FF B � 
?�VC�?�FFI??CF BK) (YBA �?FFIV9CF B �??CF 
I?FFF BK)

GB V? �J 
B����M @S ��

Bottom �� J ���VV?�C ��7� ± �C Kharcoal ��FFI��7C 
(9C.�R)

Middle Bronze Age (�7CFI�V�C��VCF B ��?�FF 
?�VC�?�FF BK)

GB V? �J @S �F �F J ���VV?�? 7?F� ± �F Kharcoal �?C8I788V 
(9�.?R)

Middle Neolithic (�?CFI7�CF B ) CVFFI�CFF BK
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VFFF; Stoddart et al., VF?9).
Subse=uently, no further ma(or de"ositional event is documented 

until the "ostIMedieval "eriod. Around the ?7th century K$, one or more 
highIenergy >oods resha"ed the cave�s mor"hoIsedimentary con8gura
tion, es"ecially at the innerIouter cave mouth interface (Yig. ?�K). �his 
event is recorded as S@ ?V (�B) and S@ �7 (�J). Macrosco"ically, these 
are thicH chaotic layers com"osed of variously laminated sediments 
alternating <ith coarse grainIsize constituted by large, brecciated frag
ments of local travertine. Micromor"hology reveals the "resence of 
re<orHed and <elded cave and e"iHarst clay de"osits alongside ri""edI 
u" biogenic and anthro"ogenic inclusions from the older layers. 

Krucially, the 8nding of ?7th century K$ ceramic fragments (Yig. CG), 
aligns this chaotic sediment in"ut <ith "ulses belonging to a broader 
"hase of hydroclimatic instability observed across central and northern 
Italy during the early stages of the �ittle Ice Age (�IA), a "eriod of 
intense cooling that triggered geomor"hic "rocesses and "rom"ted an
thro"ic land management res"onses that occurred bet<een roughly AJ 
?�FF and ?8CF (Mann, VFFV; Grove, VF?9; Brandolini et al., VFVC). 
Regional "aleoenvironmental and historical records, "articularly from 
laHe sediment core of the Rieti Basin .�F Hm north, attest to heightened 
rainfall, fre=uent >ooding, and eBtensive slo"e destabilisation bet<een 
the midI?Cth and early ?�th centuries K$ (Mensing et al., VF?8). 

Fig. 13. �heoretical sHetches sho<ing the "aleoclimatic and "aleoenvironmental conditions during the Neolithic at Grotta Battifratta cave (ca. �?7C–79�F cal B ), 
<here it is highlighted the strong interaction bet<een slo"e erosion, cave hydrology, and human activity. �he succession begins <ith colluvial in"uts of charcoalIrich 
soils derived from forested slo"es, funnelled into the cave during <arm, humid $arly Holocene conditions (A). �his stable "hase is interru"ted by the 8rst erosive 
"hase, <hen vegetation clearance triggered surface runoff and sediment re<orHing inside the cave (B). As slo"e dynamics stabilised, dri" <aterIfed in8ltration led to 
the =uiet accumulation of 8ne, laminated silts in "onded, lo<Ienergy cave settings (K). A second erosive "hase follo<ed, liHely linHed to 8re disturbance on the 
slo"es, introducing charcoal, burnt bone, and disturbed soil aggregates into the cave system (J). In the 8nal stage, "reviously de"osited anthro"ogenicIrich sediments 
<ere internally remobilised by moderate >o< events, forming layered siltyIclay successions that marH the end of Neolithic in8lling ($). Red dashed lines indicate 
erosional contacts; blacH arro<s sho< the intensity of internal <ater >o<; blue arro<s de"ict slo"e runoff and in8ltration into the Harst system, and the sHull <ith the 
bones re"resents the t<o different burials.

Fig. 1�. �heoretical sHetches illustrating the succession of de"ositional and erosional "hases at Grotta Battifratta cave from the Bronze Age to the historical "eriod, 
integrating evidence from both the eBternal slo"e system and the internal cave environment. A Bronze Age erosive "hase is marHed by lateral incision into underlying 
Neolithic de"osits (A). �his is follo<ed by shortIterm use of the cave, evidenced by a Middle Bronze Age hearth (��C�–���V cal B ) and by the accumulation of "f 
s"ring tufa (B). Yinally, laminated, ashIrich, "oorly sorted colluvial sediments (S@ ?V – �B; S@ �7 – �J) record a >ood event during the ?7th century K$, associated 
<ith the early "hase of the �ittle Ice Age (K).
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Multi"roBy data from this "eriod reveal increased erosion indicators in 
the laHe (e.g. titanium and Glomus s"ores) and eB"anded <aterlogged 
environments (Alnus "ollen), "ointing to enhanced geomor"hic insta
bility and <etted <inters across the Mediterranean (Mensing et al., 
VF?7, VF?8). According to historical sources, the ?7th century sa< 
fre=uent >ooding in Rome, <ith "articularly severe events in ?C�F, 
<hen the �iber reached ?8.9C m at Ri"etta (Rome city centre), and in 
Jecember ?C98, <hich remains the highest historical >ood at ?9.C7 m 
(Bencivenga and Bersani, VF?�).

8. Conclusions

�he geoarchaeological investigation of the cave de"osits of Grotta 
Battifratta "rovides ne< insights into central Italian Holocene climate 
changes, recorded as an inter"lay bet<een Harst hydrology, soil avail
ability, local biome and human activity. Sediment in"uts derived from 
slo"e erosion, e"isodic in>o<, and carbonate "reci"itation <ere 
re"eatedly re<orHed, creating a com"osite stratigra"hy in <hich 
archaeological assemblages are recorded <ithin de"osits of miBed nat
ural and anthro"ogenic origin. �he archaeological record is therefore 
best inter"reted as a "alim"sest sha"ed by alternating de"ositional, 
erosional, and "ostIde"ositional "rocesses.

Juring the Neolithic, generally <arm and humid conditions su"
"orted dense forests, but the evidence for soil erosion and surface 8re, 
emerged in the form of inherited bro<n soil "edorelicts and trans"orted 
charcoal, may su""ort the hy"othesis that forest clearance <as taHing 
"lace to su""ort agricultural or "astoral land use. �his inter"retation is 
consistent <ith continental scale syntheses and regional case studies 
sho<ing that mid Holocene increases in 8re activity and hillslo"e 
erosion often tracH the s"read of agro"astoral land use, <here re"eated 
clearance and burning <ere used to maintain o"en ground, eBtend 
cultivable and grazing areas, and in some settings to enhance soil 
"roductivity.

 laced <ithin the <ider archaeological and "alaeoenvironmental 
frame<orH of central Italy, the Grotta Battifratta se=uence also su""orts 
a broader reassessment of Neolithic cave use. Inland sectors sho< a clear 
intensi8cation of cave fre=uentation, "articularly in connection <ith 
funerary "ractices (Grifoni Kremonesi, VFVF, VFVV). In this conteBt, the 
classic Neolithic narrative focused on "ermanent villages and longIterm 
settlement stability is less eB"lanatory, and more dis"ersed settlement 
"atterns and >eBible strategies of land and resource use become more 
"lausible (Robb, VFF�; Stoddart et al., VF?9). Konse=uently, cave as
semblages are better inter"reted not sim"ly as a re>ection of domestic 
occu"ation, but rather as the material outcome of "ractices <ith s"eci8c 
social and symbolic meanings that differ from those structured in o"en 
air settlements (Silvestri et al., VFVF).

In the Bronze Age, the use of the cave became s"oradic, "ossibly 
re>ecting decreasing rainfall and the regional shift to nucleated lo<land 
settlement locally Hno<n for this "eriod. $rosional re<orHing and e"i
sodes of carbonate "reci"itation altered the cave�s stratigra"hic frame
<orH, demonstrating the sensitivity of Harst environments to climatic 
and anthro"ogenic "ressures. �he 8nal in8lling during the early �IA 
re>ects a sudden "hase of >ooding associated <ith intensi8ed rainfall 
and slo"e instability, sealing the archive of earlier occu"ations.

Grotta Battifratta stands out as a multiI"hase Holocene archive of 
local climate dynamics, in <hich cultural evidence acted intermittently 
as a conditioning factor in de"ositional "rocesses. By framing its 
archaeological de"osits <ithin the <ider conteBt of Harst hydrology and 
Holocene climate history, Grotta Battifratta contributes to a broader 
understanding of ho< societies and environments coIevolved in central 
Italy.
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Jel Aentunesimo Secolo. @niversità degli Studi di Milano, Milano, "". ?�?–?9F.

Kremaschi, M., Yerraro, Y.,  eresani, M., �agliacozzo, A., VFFC. Il sito# nuovi contributi 
sulla stratigra8a, la cronologia, le faune a macromammiferi e le industrie del 
 aleolitico antico. In# Broglio, A., Jalmeri, G. ($ds.), Memorie Museo Kivico Ji 
Storia Naturale Ji Aerona, vol. 9. Museo delle Scienze, Italy, "". ?V–VV.

Kremaschi, M., Nicosia, K., Yavero, M., VFVV. $Btreme diagenesis in the �ate  leistocene 
stratigra"hic se=uence of Grotta Guattari (central Italy) and its im"act on the 
archaeological record. &uat. Sci. Rev. V98, ?F���V. htt"s#��doi.org�?F.?F?7�(. 
=uascirev.VFVV.?F���V.

Kremaschi, M., Regattieri, $., Zanchetta, G., Isola, I., Hellstrom, D.K., Zerboni, A., VFV7. 
4arst record of Holocene climate and humanIinduced changes in surface "rocesses in 
the northern A"ennines of Italy. Katena V77, ?F997F. htt"s#��doi.org�?F.?F?7�(. 
catena.VFV7.?F997F.

Kremaschi, M., Zerboni, A., Mercuri, A.M., �lmi, �., Biagetti, S., Ji �ernia, S., VF?�. 
�aHarHori rocH shelter (SG �ibya)# an archive of Holocene climate and 
environmental changes in the central Sahara. &uat. Sci. Rev. ?F?, �7–7F. htt"s#�� 
doi.org�?F.?F?7�(.=uascirev.VF?�.F�.FF�.

Kremaschi, M., Yerraro, Y., VFF�. �he u""er  leistocene in the  aglicci Kave (Gargano, 
southern Italy)# loess and te"hra in the anthro"ogenic se=uence. Atti Soc. �osc. Sci. 
Nat., Mem., Ser. A ?C�–?7�.

Je Gaele, D., Gutiérrez, Y., VFVV. 4arst Hydrogeology, Geomor"hology and Kaves. Dohn 
Giley and Sons, Khichester. htt"s#��doi.org�?F.?FFV�9�8???97FC��9. 

Jean, S.,  a""alardo, M., Boschian, G., S"ada, G., Yorenbaher, S., Duračić, M., Miracle,  . 
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