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Prethodno priopc¢enje/Preliminary report

U ovome radu donose se podatci o zaStitnim iskopavanjima i
uzorkovanjima juZne strane unutarnjega profila spilje Vindi-
je (profil 3) provedenima 2023. Cilj radova bila je zaStita juZne
strane profila i prikupljanje uzoraka za nove, dosad neprove-
dene analize. Spilja Vindija dugo zauzima vazno mjesto u ar-
heoloskoj struci, ne samo zbog izvanrednih nalaza kostanih
ostataka neandertalaca i paleolitickih kamenih te koStanih
izradevina, nego i zbog rane primjene raznih analiti¢kih meto-
da ¢iji su rezultati doprinijeli rjeSavanju klju¢nih pitanja o Zi-
votu i razvoju paleoliti¢kih populacija. U radu su opisane me-
todologija, tijek iskopavanja, postupci uzorkovanja, a pruZeni
su i osnovni kvantitativni podatci o prikupljenim nalazima.
Nadalje, donose se podatci o stratigrafiji te korelacije sa stra-
tigrafskom shemom prijas$njih istraZivanja. Tim iskopavanjem
prikupljeni su uzorci za radiokarbonsko datiranje, mikromor-
foloSku analizu, sedaDNA analizu te tefrokronolosSku determi-
naciju, kojima je cilj pruZiti dodatne uvide u procese nastanka
nalaziSta, kronologiju nastanka naslaga te okoliSne uvjete
tijekom gornjega pleistocena. Shodno navedenomu, naglase-
no je kako uzorkovanja za provedbu suvremenih analitickih
metoda u okviru arheoloSke znanosti mogu bitiintegrirana sa
zahtjevima zastitnih iskopavanja, ¢ak i u okviru iznimno ogra-
nicenoga opsega istraZivanja.

Klju€ne rijeci:
paleolitik, Vindija, zastitna iskopavanja, uzorkovanje, radiokarbonsko dati-
ranje, mikromorfoloska analiza

This article presents data about rescue excavations and sam-
pling of the south face of the interior profile (profile 3), conduct-
ed in the Vindija cave in 2023. The goal of the fieldwork was the
protection of the south profile face and the collection of samples
for new and hitherto unconducted analyses. Vindija has been a
relevant site in the field of archaeology for many years, not only
because of the extraordinary finds of Neandertal skeletal re-
mains and Palaeolithic stone and bone artefacts, but also due to
the early implementation of various analytical methods, whose
results have contributed to answering key questions about the
life and development of Palaeolithic populations. This paper
describes the methodology, the course of the excavation, and
the sampling procedure, while also providing basic quantitative
data on the finds recovered. In addition, data on stratigraphy
is provided, as well as correlation with the stratigraphic frame-
work established by earlier research. During this excavation,
samples were collected for radiocarbon dating, micromorpho-
logical analysis, sedimentary ancient-DNA (sedaDNA) analysis,
and tephrochronological determination, all aimed at offering
deeperinsights into site-formation processes, the chronology of
sediment deposition, and environmental conditions during the
Upper Pleistocene. In accordance with this, the study emphasiz-
es that sampling for the application of modern analytical meth-
ods within archaeological science can successfully be integrated
with the requirements of rescue excavations, even within the
constraints of highly limited research.

Key words:
Palaeolithic, Vindija, rescue excavations, sampling, radiocarbon dating, mi-
cromorphological analysis
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Uvod i pozadinaistrazivanja

Spilja Vindija znac¢ajno je arheolosko i paleontolo3ko nalazidte,
smjesteno u okolici Rijeke Voc¢anske, na zapadnoj padini brda
Vidov breg (E 467636 N 5129201), Opcina Donja Voca, Varazdin-
ska zupanija (Karta 1). Smjedtena je iznad doline potoka Sokot,
na nadmorskoj visini od oko 275 metara. Sastoji se od jedne ne-
pravilne dvorane kupolastoga svoda koja se postupno suzava
prema unutrasnjosti, ukupne dubine oko 50 metara.* Danasnji
ulaz u Spilju Sirok je 28 metara, a visok vise od 10 metara. Prva
iskopavanja na lokalitetu zapoceo je Stjepan Vukovi¢ dvadese-
tih godina prosloga stoljeca, pri ¢emu je pronasao arheoloske
ostatke iz paleolitika, mlade prapovijesti i antike. Akademik
Mirko Malez nastavio je sistraZzivanjimaod 1974.do 1986.2 kada
su pronadeni brojni ostatci pleistocenske faune, arheoloski na-
lazi iz razli¢itih razdoblja paleolitika te fosilni ostatci neander-
talacai modernih ljudi.¢ Tijekom toga vremena uklonjen je veci
dio kvartarnih naslaga iz Spilje, ali ostavljena su tri kontrolna
profila. Prvi i najveci o¢uvani profil (profil 1) nalazi se na samo-
me ulazu u $pilju, na njegovu sjevernomu kraju, a drugi, najma-
nji profil (profil 2), smjesten je blizu juznoga kraja ulaza u Spilju.
Treci profil (profil 3), na kojemu su 2023. provedena zastitna ar-
heoloska iskopavanja ogranicenoga opsega, smjesten je u unu-
trasnjemu dijelu Spilje, uz njezin sjeverni zid, te sadrzi dobro
ocCuvane slojeve iz gornjega dijela stratigrafskog slijeda (Sl. 1).

Tijekom svojih iskopavanja, Malez je zabiljeZio stratigrafski sli-
jed kvartarnih naslaga od 12 metara, koji su ¢inile 13 osnovnih
stratigrafskih jedinica (A - M), od kojih su neke podijeljene i na
podslojeves Slojevi A - D/gore nastali su u vrijeme holocena, u
posljednjih 12 tisu¢a godina, a stariji slojevi formirani su u vri-
jeme gornjegaisrednjega pleistocena.® U raznim slojevima pro-
nadenisuiljudski kosturni ostatci. U sloju D pronadeni su ostat-
ci anatomski modernih ljudi, a u slojevima G1, G3 i H pronadeni
su kosturni ostatci neandertalaca.” Osim toga, naslage su bile
bogate i paleontoloskim materijalom®iarheoloskim nalazima.

U slojevima D - Fd/d pronadene su izradevine iz razdoblja gor-
njega paleolitika, a u slojevima ispod njih (G1 - M) izradevine
koje se vezu za srednji paleolitik i materijalne ostatke nean-
dertalaca. Ipak, specificno obiljeZje toga nalazista nalazi su iz
sloja G1, gdje su, uz nalaze koji tipoloski pripadaju srednjemu
paleolitiku, pronadene i kamene i koStane izradevine koje se
najtesce vezu za gornji paleolitik? Stovide, u sloju G1 fosilni
ostatci neandertalaca pronadeni su zajedno s orinjasijenskim
kostanim Siljcima i kamenim orudem, ¢ime je to nalaziste po-
stalo klju¢no mjesto u raspravama o interakciji modernih ljudi

Introduction and research background

The Vindija cave is a significant archaeological and palaeonto-
logical site, located in the vicinity of Rijeka Vo¢anska, on the
western slope of the hill of Vidov Breg (E 467636 N 5129201),
Donja Voca municipality in Varazdin County (Map 1). The site
is located above the Sokot stream valley, 275 metres above sea
level. It consists of a single irregular chamber with a domed
ceiling, which gradually narrows towards the interior, with a
total depth of around 50 metres.* Nowadays the entrance is 28
metres wide and over 10 metres tall. Initial excavations were
started by Stjepan Vukovi¢in the 1920s, during which finds from
the Palaeolithic, later periods of Prehistory and the Roman pe-
riod were recovered.> Mirko Malez continued the research from
1974 to 1986, when numerous finds of Pleistocene fauna, ar-
chaeological finds from various periods of the Palaeolithic and
fossil remains of Neandertals were found.« During that period
most of the Quaternary deposits were removed from the cave,
butthree control profiles were leftin place.The firstand largest
preserved profile (profile 1) is located at the very entrance to
the cave, atits northern end, while the second and smallest pro-
file (profile 2) is positioned near the southern end of the cave
entrance. The third profile (profile 3), where limited rescue exca-
vations were carried out in 2023, is located in the inner part of
the cave, along its northern wall, and contains well-preserved
layers from the upper part of the stratigraphic sequence (Fig. 1).

During his excavations, Malez recorded a 12-metre strati-
graphic sequence of Quaternary deposits, consisting of 13 gen-
eral stratigraphic units (A-M), some of which are additionally
subdivided into subunits.s Layers A-D/gore (Eng. ‘upper’) were
formed during the Holocene, within the last 12 ka, while older
layers were formed during the Upper and Middle Pleistocene.®
Human skeletal remains were found in various layers. In layer
D, remains of anatomically modern humans were discovered,
while Neandertal skeletal remains were found in layers G1, G3
and H.7 In addition, the deposits were rich in palaeontological
material®and archaeological finds.

Artefacts from the Upper Palaeolithic were found in layers
D-Fd/d (‘lower/lower’), while the layers beneath them (G1-M)
yielded artefacts associated with the Middle Palaeolithic and
material remains of Neandertals. However, adistinctive feature
of this site is represented by finds from layer G1, where, along-
side typologically Middle Palaeolithic artefacts, both stone and
bone artefacts typically linked to the Upper Palaeolithic were
also discovered.® Moreover, in layer G1, Neandertal fossil re-

1 Malez, Rukavina 1979.

2 Vukovic¢ 1935; 1949; 1950

3 Malez 1975; Malez, Simuni¢, Simuni¢ 1984.

4 Za detaljniji uvid u povijestistrazivanja vidjeti Smith et al. 2024.

5 Malez, Rukavina 1979; Rukavina 1983; Malez, Simuni¢, Simuni¢ 1984.

6 Malez, Simuni¢, Simunic¢ 1984; Malez 1988.

7 Wolpoff et al. 1981; Smith, Boyd, Malez 1985; Ahern et al. 2004; Deviese et
al. 2017.

8 Miracle, Mauch Lenardi¢, Brajkovi¢ 2010; Patou-Mathis, Karavani¢, Smith
2018.

9 Karavani¢, Smith 1998.

1 Malez, Rukavina 1979.

2 Vukovic¢ 1935; 1949; 1950.

3 Malez 1975; Malez, Simuni¢, Simunic 1984

4 Fora more detailed insightinto the history of the research see Smith et
al. 2024.

5 Malez, Rukavina 1979; Rukavina 1983; Malez, Simuni¢, Simuni¢ 1984.

6 Malez, Simuni¢, Simuni¢ 1984; Malez 1988.

7 Wolpoff et al. 1981; Smith, Boyd, Malez 1985; Ahern et al. 2004; Deviése et
al. 2017.

8 Miracle, Mauch Lenardi¢, Brajkovi¢ 2010; Patou-Mathis, Karavani¢, Smith
2018.

9 Karavani¢, Smith 1998.
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i neandertalaca u vrijeme prijelaza iz srednjega u gornji pale-
olitik.* Takoder, fosilni ostatci iz Vindije bili su prvi iz kojih je
uspjesno sekvenciran stani¢ni genom neandertalaca,* 3to je
omogucilo detaljne uvide u evolucijske promjene i filogeniju na
molekularnoj razini te potaknulo ubrzani razvoj paleogenomi-

ke kao nove znanstvene discipline.

Zbog svoje vaznosti Vindija je, rjeSenjem Ministarstva kulture,
2003. zasti¢ena kao nepokretno kulturno dobro te upisana u
Registar kulturnih dobara Republike Hrvatske (reg. br. Z-1078).
Istodobno je, zbog paleontoloskih ostataka, zasticena i kao
spomenik prirode te upisana u Registar zasti¢enih objekata pri-
rode pri Drzavnhome zavodu za zastitu prirode.

Nazalost, u razdoblju nakon iskopavanja M. Maleza preostale
naslage u Spilji doZivjele su znatnu devastaciju. U Spilji su vidlji-
vi tragovi nedopustenoga kopanja, tragovi penjanja po profilu
1, tragovi paljenja vatre na povrsini preostalih sedimenata te
razli¢ite rupe nastale zbog nedopustenoga uzorkovanja. Medu
drasti¢nije devastacije ubraja se i potkopani dio juzne strane
profila 3, pogotovo u visini slojeva G1 - H, koji je ocigledni do-
kaz ilegalnoga kopanja u potrazi za fosilima i drugim nalazi-
ma. Krajnji u¢inak tih devastacija na profilu 3 jest izbo¢enost
naslaga koje se nalaze u gornjoj polovini juzne strane profila 3,
odnosno naslaga smjestenih iznad sloja Gz, koja neprekidno i
nepovratno ugrozava stabilnost cijeloga profila.

Upravo iz toga razloga, cilj istraZivanja provedenoga 2023. bio
je uklanjanje izbocCenih naslaga koje ¢e omoguciti dugoro¢nu

mains were found in association with Aurignacian bone points
and stone tools, making this site a key location in discussions
about interactions between modern humans and Neandertals
during the Middle-to-Upper Palaeolithic transition.*® Further-
more, the fossil remains from Vindija were the first from which
the Neandertal nuclear genome was successfully sequenced,*
providing detailed insights into evolutionary changes and phy-
logeny at the molecular level and significantly contributing to
the rapid development of palaeogenomics as a new scientific
discipline.

Due toitssignificance, Vindija was protected as a cultural herit-
age site in 2003 by decision of the Ministry of Culture, and was
added to the Register of Cultural Property of the Republic of
Croatia (reg. num. Z-1078). At the same time, due to its palaeon-
tological remains, it was also protected as a natural monument
and included in the Register of Protected Natural Values with
the State Institute for Nature Protection.

Unfortunately, in the period since the excavations by Malez the
remaining cave deposits have suffered significant devastation.
Traces of unsanctioned excavations are visible in the cave, as
well as traces from climbing onto profile 1, traces of fires on
the surfaces of the remaining sediments, and various holes
from unsanctioned sampling. Among the most drastic devasta-
tions is the undermined section of the southern side of profile
3, especially at the level of layers G1-H, which clearly indicates
illegal excavations in search of fossils and other finds. The ulti-
mate effect of this damage to profile 3 is the protrusion of de-

10 Karavani¢, Smith 1998; 2013; Smith, Jankovi¢, Karavanic¢ 2005; Zilhdo 2009

11 Greenetal 2010.

10 Karavani¢, Smith 1998; 2013; Smith, Jankovi¢, Karavanic¢ 2005; Zilhdo 2009.

11 Green et al. 2010.
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SLIKA 1. Tlocrt i presjek Spilje Vindije (izradio ). Jageti¢, SU Krasevski zviri; obra-
dila F. Sirovica).

FIGURE 1. Cave plan and cross-section (made by J. Jageti¢, SU KraSevski zviri;
modified by F. Sirovica).

stabilizaciju cijeloga profila.*> Izvorno planirani radovi trebali
su obuhvatiti uklanjanje izbo¢enih naslaga u cijeloj Sirini juzne
strane profila 3. Rijec je o zahvatu koji bi juZznu stranu profila
zahvatio u duzini od oko 4 m i uklonio sediment u dubinu od
maksimalno 45 cm. Medutim, iskopavanja su u konacnici znat-
no ogranicena,* pa je odlu¢eno da se izboc¢ina ukloni u maksi-
malnoj dubini od 20 cm te da se netaknutim ostavi oko 1 m od

posits located in the upper half of its southern side, specifically
those lying above layer G1, which continuously and irreversibly
threatens the stability of the entire profile.

For this reason, the goal of the excavation conducted in 2023
was to remove the protruding deposits in order to ensure the
long-term stabilization of the entire profile.> The work origi-

12 Natemelju odluke Ministarstva kulture i medija, Uprave za zastitu kultur-
ne bastine, Konzervatorskoga odjela u Varazdinu i rjeSenjem Upravnoga odjela
za poljoprivredu i zastitu okolisa Varazdinske zupanije od 23. 8. 2023, izdanima
Arheoloskomu muzeju u Zagrebu, od 28. kolovoza do 22. rujna 2023. provede-
na su zastitna arheoloska iskopavanja u $pilji Vindiji. Financijska sredstva za
istrazivanje osiguralo je Ministarstvo kulture i medija, na temelju ugovora br.
49-0068-23 0d 2. 0Zujka 2023. Iskopavanja su provedena pod stru¢nim vodstvom
Ivora Karavani¢a (Odsjek za arheologiju, Filozofski fakultet Sveucilista u Zagre-
bu), a uloge zamjenika voditelja obnasali su Ivor Jankovic¢ (Institut za antropolo-
giju) i Marko Banda (Odsjek za arheologiju, Filozofski fakultet Sveucilista u Za-
grebu). Ostali dio stru¢ne ekipe satinjavali su Nikola Vukosavljevi¢ (Odsjek za
arheologiju, Filozofski fakultet Sveucilista u Zagrebu), Filomena Sirovica (Arhe-
oloski muzej u Zagrebu), Lia Vidas (Institut za antropologiju), James C. M. Ahern
(Department of Anthropology, University of Wyoming), Robert Vazdar (Arheo-
loski muzej u Zagrebu) te studenti arheologije Luka Barisa, Ana Jagi¢, Katarina
Lukac i Claudia Pittner. U istrazivanju su u svrhu prikupljanja uzoraka za razlici-
te analize sudjelovalii Victoria Oberreiter (Department of Evolutionary Anthro-
pology, University of Vienna), Katarina Gerometta ( Centar za interdisciplinarna
arheoloska istraZivanja krajolika, Filozofski fakultet Sveucilista Jurja Dobrile u
Puli) te Giovanni Boschian (Department of Biology, University of Pisa). Laserska
i fotogrametrijska snimanja proveo je stru¢ni tim Hrvatskoga geoloskog insti-
tuta.

13 Odluka o ograni¢avanju opsega iskopavanja donesena je u skladu s
odredbama odluke Upravnoga odjela za poljoprivredu i zastitu okolisa Varaz-
dinske Zupanije (KLASA: 352-02/23-01/123, URBROJ: 517-19-2-1-23-2) te zakljucci-
ma donesenima na sastanku koji je na nalazistu odrzan 29. kolovoza 2023, uz
sudjelovanje predstavnika Konzervatorskoga odjela Ministarstva kulture i me-
dija u Varazdinu, Gradskoga muzeja Varazdin, JU Priroda Varazdinske zupanije,
Opc¢ine Donja Voca te voditelja istrazivanja.

12 On the basis of the decision of the Ministry of Culture and Media, Direc-
torate for the Protection of Cultural Heritage, Conservation Department in Va-
razdin and the decision of the Directorate for Agriculture and Environmental
Protection of Varazdin County of 23 August 2023, issued to the Archaeological
Museum in Zagreb, rescue excavations were conducted in Vindija in the period
from 28 August to 22 September 2023. Financial support for the research was
provided by the Ministry of Culture and Media, under contract num. 49-0068-
23,dated 2 March 2023. The excavations were carried out under the supervision
of Ivor Karavani¢ (Department of Archaeology, Faculty of Humanities and Soci-
al Sciences of the University of Zagreb), with Ivor Jankovi¢ (Institute for Anthro-
pological Research) and Marko Banda (Department of Archaeology, Faculty of
Humanities and Social Sciences of the University of Zagreb) acting as co-super-
visors. The rest of the team included Nikola Vukosavljevi¢ (Department of Ar-
chaeology, Faculty of Humanities and Social Sciences of the University of Za-
greb), Filomena Sirovica (Archaeological Museum in Zagreb), Lia Vidas (Institute
for Anthropological Research), James C. M. Ahern (Department of Anthropology,
University of Wyoming), Robert Vazdar (Archaeological Museum in Zagreb) and
students Luka Barisa, Ana Jagi¢, Katarina Luka¢ and Claudia Pittner. In addition,
Victoria Oberreiter (Department of Evolutionary Anthropology, University of Vi-
enna), Katarina Gerometta (Centre for Interdisciplinary Research in Landscape
Archaeology, Faculty of Humanities of the Juraj Dobrila University in Pula) and
Giovanni Boschian (Department of Biology, University of Pisa) participated in
the research with the aim of collecting samples for various analyses. Laser and
photogrammetric recordings were carried out by a professional team from the
Croatian Geological Survey.
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zapadnogaiisto¢nogarubajuzne strane profila, odnosno da se
iskopa sredisnji dio juzne strane profila u Sirini od 1,5 m.

U konacnici su i ta iskopavanja dodatno ogranicena jer je, s
obzirom na trenutacne uvjete zastite, utvrdeno da dubina isko-
paiznad 10 - 15 cm moze dodatno destabilizirati zapadni dio
juzne strane profila. Iskopavanja u sljede¢a dva tjedna stoga su
bila usmjerena na uklanjanje naslaga na predvidenoj povrsini
u skladu s maksimalno dopustenom dubinom od 10 do 15 cm.

Uz iskopavanja na juznoj strani profila provedena su i uzorko-
vanja naslaga u svrhu provedbe razli¢itih analiza. Odabrane
analize znacajne su zbog doprinosa rjeSavanju klju¢nih pitanja
o nastanku pojedinih naslaga, kronologiji pojedinih segmena-
ta stratigrafskoga slijeda te okoliSnim uvjetima i prisutnosti
pojedinih populacija hominina tijekom druge polovine gornje-
ga pleistocena. Kako je vecina analiza i dalje u tijeku i jo3$ nije
moguce predstaviti dobivene rezultate, u tekstu su prikazane
osnovne informacije o metodoloskome pristupu, utvrdenome
stratigrafskom slijedu, protokolima uzorkovanja i predvidenim
analizama. Time prikazani postupci mogu posluZiti kao primjer
integracije uzorkovanja orijentiranih na rjeSavanje znanstve-
nih pitanja s iskopavanjima iznimno maloga opsega i njihovim
operativnim te logisti¢kim ograni¢enjima.

Metoda iskopavanja i dokumentiranja nalazista

Profil 3 saCuvan je u visini od oko 4 m te je za potrebe iskopava-
nja njegova gornjegaizbocenog dijelaizgradena drvena skela s
dvjemarazinama (Sl. 2). Prije postavljanja skele zate¢eno stanje
laserski je snimljeno te fotogrametrijski dokumentirano, sto je
omogucilo izradu preciznoga trodimenzionalnog modela profi-
la.

Iskopavanja su obavljana od vrha profila prema dnu izbocenja.
Bez obzira na relativno malu povrsinu, iskopavanje je provede-
no uz postovanje stratigrafskoga slijeda, pracenje formalnih
stratigrafskih metoda i terminologije® te dokumentiranje spe-
cificnih karakteristika pojedinih stratigrafskih jedinica (sasta-
va, teksture, konzistencije i boje). Stratigrafske jedinice oznaca-
vane su redom od broja 1 zbog izbjegavanja potencijalnih pro-

14  Odluka je donesena na drugome sastanku odrzanomu 12. rujna 2023, uz
sudjelovanje predstavnika Konzervatorskoga odjela Ministarstva kulture i me-
dija u Varazdinu, Gradskoga muzeja u Varazdinu, Zavoda za paleontologiju i ge-
ologiju kvartara HAZU-a, JU Priroda Varazdinske Zupanije te zamjenika voditelja
istrazivanja.

15 NACSN 2005,

nally planned was intended to remove the protruding depos-
its along the entire width of the southern side of profile 3. This
would have included approximately 4 metres of the southern
profile face and involved the removal of sediments to a maxi-
mum depth of 45 centimetres. However, the excavations were
ultimately significantly limited, and it was decided that the pro-
trusion would be removed to a maximum depth of 20 cm, leaving
about 1 metre untouched at both the western and eastern edges
of the southern side of the profile. Thus, only the central section
of the southern side of the profile, measuring 1.5 metres in width,
was excavated.

Ultimately, even this excavation was further limited,* because
it was determined, given the current protection measures, that
excavating deeper than 10-15 cm could further destabilize the
western section of the southern profile face. The excavation ef-
forts during the following two weeks were therefore focused
on removing the sediments from the designated area, in accord-
ance with the maximally allowed depth of 10 to 15 cm.

In addition to the excavations on the southern side of the pro-
file, sediment sampling was carried out for the purpose of con-
ducting various analyses. The analyses selected are significant
for addressing key questions regarding the formation of specific
deposits and the chronology of individual segments of the strati-
graphic sequence, as well as environmental conditions and the
presence of hominin populations during the second half of the
Upper Pleistocene. As most of the analyses are still ongoing and
the results are not yet available, this text presents basic infor-
mation on the methodological approach, the stratigraphic se-
quence identified, sampling protocols and the planned analyses.
In this way, the procedures described may serve as an example of
integrating scientifically-driven sampling strategies with very lim-
ited excavations and their operational and logistical constraints.

The method of excavation and site documentation

Profile 3 is preserved to a height of approximately 4 metres, and
atwo-level wooden scaffolding was constructed for the purpose
of excavating its upper protruding section (Fig. 2). Prior to the
construction of the scaffolding, the existing condition of the
profile was recorded using laser scanning and photogrammetry,
which enabled the creation of a precise three-dimensional mod-
el of the profile.

Excavation was conducted from the top of the profile to the base
of the protrusion. Despite the relatively small surface area, the
excavation was carried out in accordance with the stratigraph-

13 The decision to limit the scope of the excavations was made in accordan-
ce with the provisions of the decision issued by the Directorate for Agriculture
and Environmental Protection of Varazdin County (KLASA: 352-02/23-01/123, UR-
BROJ: 517-19-2-1-23-2), and the conclusions reached at a meeting held at the site
on 29 August 2023. The meeting was attended by representatives of the Conser-
vation Department of the Ministry of Culture and Media in Varazdin, vVarazdin
City Museum, Public Institution ‘Nature of Varazdin County’, Donja Voc¢a Muni-
cipality, and the research supervisor.

14 The decision was made at a second meeting, held on 12 September 2023
and attended by representatives from the Conservation Department of the Mi-
nistry of Culture and Media in Varazdin, the Institute for Quaternary Palaeon-
tology and Geology in Zagreb of the Croatian Academy of Sciences and Arts,
Varazdin City Museum, Public Institution ‘Nature of Varazdin County’ and the
excavation co-supervisors.
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blema u korelaciji sa stratigrafijom iz prijasnjih istrazivanja.*
Sve utvrdene stratigrafske jedinice dokumentirane su opisom,
fotografijom i nacrtom, a izmjera je vrSena u Hrvatskome tere-
stickom referentnom sustavu (HTRS96/TM).

Svi nalazi ve¢i od 2 cmili jednaki 2 cm zasebno su prikupljeni
i popisani pod jedinstvenim oznakama, a njihov to¢an poloZaj
izmjeren je totalnom stanicom. Isti je postupak primijenjen i
na manje kosti s o¢uvanim dijagnosti¢kim anatomskim ili tak-
sonomskim elementima. Mokro prosijavanje vrseno je uz potok
Sokot pomocu vrtnih pumpi i crijeva. Svi nalazi pohranjeni su u
skladu sa stratigrafskom jedinicom i datumom iskopavanja te
jedinstvenom oznakom skupa nalaza iz sita. Nalazi su naknad-
no sortirani prema osnovnim kategorijama - kost/zub, litika,
ostalo. Uz to, prikupljani su i uzorci sedimenta za flotaciju kako
bi se vidjelo javljaju li se nalazi manji od Sirine oka sita, koja
iznosi 2mm.

Nakon zavrSetka istrazivanja i uklanjanja skele zavr$na situaci-
japonovno je laserskiifotogrametrijski snimljena. U konacnici,
juZznastrana profila prekrivena je geotekstilom te u¢vrs¢enadr-
venim podupira¢ima. Postavljene su i dvije dodatne kamere za
videonadzor te je cijelisustavnadograden, odnosno prilagoden
radu s vise kamera.

SLIKA 2. Drvena skela
postavljena uz profil
3 za potrebe iskopa-
vanja (snimila F. Siro-
vica).

FIGURE 2. Scaffold-
ing installed next to
profile 3 for the ex-
cavation (photo by F.
Sirovica).

ic sequence and following formal stratigraphic methods and
nomenclature,® with documentation of the specific character-
istics of each stratigraphic unit (mineral composition, texture,
consistence, colour). Stratigraphic units were labelled sequen-
tially, starting from number 1, in order to avoid potential prob-
lems with correlation with the stratigraphy of the earlier exca-
vations.*® All the stratigraphic units defined were documented
through descriptions, photographs and drawings, while meas-
urements were taken in the Croatian Terrestrial Reference Sys-
tem (HTRS96/TM).

All finds greater or equal to 2 centimetres were individually col-
lected and labelled with unique identifiers, while their exact po-
sition was recorded by total station. The same procedure was ap-
plied to smaller bones with preserved diagnostic anatomical or
taxonomic elements. Wet sieving was carried out near the Sokot
stream using water pumps and hoses. All finds were stored ac-
cording to their stratigraphicunitand excavation date, as well as
the unique label for the sieved find assemblage. The finds were
subsequently sorted into basic categories: bone/tooth, lithic,
other. In addition, sediment samples were collected for flotation
in order to determine whether materials smaller than the 2-mil-
limetre mesh size of the sieve were present.

After the completion of the excavation and the removal of the
scaffolding, the final condition of the profile was once again re-
corded using laser scanning and photogrammetry. Ultimately,
the southern side of the profile was covered with geotextile and
reinforced with wooden supports. Two additional surveillance
cameras were installed, and the entire monitoring system was
upgraded and adapted to support several cameras.

16 npr. Malez, Rukavina 1979.

15 NACSN 2005.
16 e.g. Malez, Rukavina 1979.
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Rezultati

Stratigrafija

U iskopavanome dijelu juzne strane profila 3 ukupno je odrede-
no 18 stratigrafskih jedinica(SJ). Opis slojeva napravljen je izrav-
nom opservacijom, a boje pojedinih jedinica prema Munsellovu
sustavu* odredene su naknadno, u povoljnijim uvjetima osvjet-
ljenja izvan 3Spilje. Opisi stratigrafskih jedinica dostupni su u
Tab. 1, a stratigrafski odnosi vidljivisu iz Sl. 3.

Results

Stratigraphy

A total of 18 stratigraphic units (SU) were identified in the ex-
cavated section of the southern side of profile 3. The layers
were described through direct observation, and the colours of
individual units were determined using the Munsell© Soil Color
Charts¥ subsequently, under more favourable lighting condi-
tions outside the cave. Descriptions of the stratigraphic units
areprovidedinTable 1,and their stratigraphicrelationships are

shown in Fig. 3.

Korelacija
/ Cor-
SJ/SuU Boja/ Colour (MUN) Opis Description (r’\el‘laalt:z)ln
Rukavina
1979)
Zutisiltni sloj koji se proteze cijelom Yellow silty layer extending across the
duzinom profila, bez ocitih varija- length of the excavation surface, with-
) cija. Prisutnirijetki klasti kemijski outapparentvariation. Rare clasts of
MUN 2.5Y 6/3 light ) y i )
1 yellowish brown trosenogvapnenca, pretezno male chemically weathered limestone are D
veli¢ine (2 - 0,5 cm duZine), kaoti¢no present, mostly of small size (2-0.5 cm
rasprseni unutar ove jedinice. in length), chaotically dispersed within
this unit.
Zutosivi siltni sloj bez sitnih klasta Yellow-grey silty layer without small
. . vapnenaca. NalaziseiznadS) 1, ali je limestone clasts. Found above SU 1, but
MUN 2.5Y 5/4 light olive . ) L ) .
2 brown prisutan samo u desnoj poloviniisko- | onlyintheright-hand half of the exca- D
pane povrsine. PoloZen je ukoso te vated surface. Gently slopes towards
blago pada nadesno (prema istoku). theright (eastwards).
Postdepozicijska promjenaslojeva Postdepositional alteration of layers SU
S)2iS)1.)avljase kao klinasta tvore- 2and SU 1. Appears asawedge-shaped
vina gradena od stvrdnutih, uglatih feature composed of hardened, angu-
nakupina sedimenta razdvojenih lar sediment aggregates separated by
3 / pukotinama, sa smedim (oksidiranim) | cracks, with brown (oxidized) coating /
prevlakama na povrsinama pukotina. | on the surfaces of the cracks. The fea-
Tvorevina se suzava od vrha profila ture narrows from the top of the profile
premadnuinastavlja u dvijevijugave | towardsthe bottom and continuesas
pukotine koje ulaze u S 1. two winding cracks which enter SU 1.
Sivisiltni sediment s koncentriranim Grey silty sediment with concentrated
mrljama Zeljezovih i manganovih patches of iron and manganese oxides
A MUN 2.5Y 5/4 light olive | oksidaismaloilibezvapnenatkih and with few or no limestone clasts. To b
brown klasta. Lijevo od vece recentne deva- the left of the large recent disturbance,
stacije S) 4 slican je bojom S) 1, ali ne SU 4 is similarin colourtoSU 1, but
sadrziklaste. contains no clasts.
Siltno-glinasti sloj u kojem se izmje- Silty-clayey layer with alternating
njuju zelene, narancaste i sive lecedo | green,orange and grey lenses up to
5cmduzine, uglavnom horizontalno 5cminlength, mostly horizontally
) poloZene, ponekad s umjerenorazvi- | oriented, occasionally exhibiting mod-
MUN Y 4/30live (prevla- | | . . , - A
5 dava prevalent) jenim pglledrlcnlm sr'ednjlm do ﬁnlm' eraFerdeveIoped polyhedral medwm» D (E?)
agregatima. Granicaje nagla, glatkai | to-fine aggregates. The boundaryis
valovita s najnizom tockom u sredis- abrupt, smooth and undulating, with its
njem dijelu iskopanog profila. lowest pointin the central part of the
excavated profile.

17 Munsell Color Co.1992.

17 Munsell Color Co. 1992.
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Korelacija
/ Cor-
SJ/Ssu Boja/ Colour (MUN) Opis Description relation
(Malez,
Rukavina
1979)
Siltno-glinasti sloj s crvenom nijan- Asilty-clayey layer with a reddish hue,
som, koji je prema desnom rubu isko- | becominglighterin colour towards
pane povrsine svjetlije boje. U njemu theright-hand edge of the excavated
se nalaze sitnivapnenacki klasti te area. It contains small limestone clasts
6 MUN 2.5Y 6/4 light koncentrirani sitni Zeljezovii manga- | aswellasconcentrated fineiron and .
yellowish brown novi oksidi. Na desnoj strani profila, manganese oxides. On the right side of
uklju€uje dva skupa gusto pakiranih the profile, itincludes two clusters of
valuticaioblutaka, vjerojatno pre- densely-packed pebbles and cobbles,
taloZenih iz donjih krupnozrnatih likely redeposited from underlying
jedinica. coarse-grained units.
Zutkasto-smedi siltni sloj koji se Ayellowish-brown silty layer located
nalaziispod S) 6 po cijeloj duzini beneath SU6 along the entire length of
iskopane povrsine. Varira u teksturi the excavated area. It varies in texture,
paje prema lijevom rubu iskopa- being more silty towards the left edge
vanjavise siltast,a prema desnom of the excavation and more clayey
vise glinast. Sadrzi gusto pakirane towards the right. It contains densely-
klaste vapnenca, uglavnom klasta packed limestone clasts, mostly rang-
) veli¢ine srednjega do sitnoga Sljunka | inginsize from fine to medium gravel
MUN 25Y 4/4 olive L o ]

7 brown (doo,5 cm duZine). Klasti su ¢esto (uptoo.scminlength). The clasts are E
kemijski troseni, Sto je vidljivo prema | often chemically weathered, as indi-
karakteristikama vanjske povrsine cated by the characteristics of their
(kore). Mjestimice je na kontaktu sa outer surfaces (rinds). In places, it is
SJ6izmijesan sa sedimentom iz tog mixed with sediment from SU 6 at the
sloja. Takoder, u njemu se naizmjeni- contact zone. Additionally, grey lenses
ce sa zuckasto-smedim matriksom of varying thickness alternate with the
javljajuisive lece (proslojci) razlicite yellowish-brown matrix throughout the
debljine. layer.

Svjetlosivi pjeskovito-siltnisloj s Alight-grey sandy-silty layer with
gusto pakiranim nesortiranim vapne- | densely packed, unsorted limestone
nackim klastima. Svjetliji je od sivih clasts. Itis lighterin colour than the
proslojaka unutar SJ 7. Varira u de- grey lenses within SU 7. The thickness of
bljini pa je premadesnom rubu isko- the layer varies - it becomes thinner to-
pavanja tanji,a u srediniiskopane wards the right-hand edge of the exca-
povrsine se zbog devastacija profilai | vation, whilein the central part of the
prisutnostive¢ih vapnenackih bloko- | excavated areaitisless distinct than
va komparativno slabijeisticeod SJ7 | SU7andtheunderlying deposits, due
inaslagaispod njega. Pridnu lijeve, to profile disturbance and the presence

) deblje polovine sloja te premasredini | of larger limestone blocks. In the lower

MUN  25Y 6/2 light | | . - ) )
8 iskopne povrsine vidljive su i varija- portion of the thicker, left-hand half of F (Fg?)

brownish gray

cije uvidu izmjene Zutih i sivih mrlja,
vjerojatno kao posljedica postdepo-
zicijskog troSenja nekih komponenti.
Na lijevom rubu iskopne povrsine sloj
ostro pada prema zapadu (taj je dio
sloja arbitrarno odijeljen kao S) 11),
ispunjavajuci udubinu na krovini S)

9 -vjerojatno predstavlja erozijsku
povrsinu.

the layer, as well as towards the centre
of the excavated area, variationsin the
form of alternating yellow and grey
patches are visible, likely as a conse-
quence of postdepositional weathering
of certain components. At the left edge
of the excavated area, the layer slopes
sharply to the west (this portion arbi-
trarily being designated as SU 11), filling
adepressionin the top of SU 9 - likely
representing an erosional surface.
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Korelacija
/ Cor-
SJ/su Boja/ Colour (MUN) Opis Description [:AIZItei(zm
Rukavi'na
1979)
Smedisiltno-glinasti sloj, koji se nala- | Abrownsilty-clayey layer located
ziispod SJ 8, alisamo na desnojstrani | beneathSU 8, butonlyontheright-
povrsine iskopavanja. Pridesnom hand side of the excavation surface. It
rubu jeinajdeblji (nekoliko centime- reachesits maximum thickness near
tara debljine), a premasrediniiskopa- | theright edge (several centimetres)
) ne povrsineisklinjava (na oko 40 cm and thins out towards the centre of the
MUN 25Y 4/3 olive ) ) ) . .
9 brown od desnog ruba iskopavanja). U nje- excavated area, petering out approxi- F
mu se nalaze loSe sortirani vapnena¢- | mately 40 cm from theright edge. The
ki klasti (do velicine srednjeg Sljunka) | layer contains poorly-sorted limestone
koji su najvise koncentrirani pridnu clasts (up to medium gravel size), most
sloja, a u ostatku sloja prevladavaju of which are concentrated at the base,
sitni klasti. while finer clasts predominate in the
rest of the layer.
Sivi glinasti sloj bez vapnenackih Agrey clayey layer without limestone
10 MUN 2.5Y 5/3 light olive | klasta, debljine svega nekoliko centi- | clasts,only a few centimetres thick. It .
brown metara. Takoder se prostire samo do extends only to the middle of the pro-
sredine profila, gdje isklinjava. file, where it peters out.
Arbitrarno odvojeni donjidio S) 8, u Arbitrarily separated lower part of SU
11 / lijevom dijelu iskopne povrsine. 8, located in the left-hand part of the F
excavated area.
Zuto-sivi siltno-glinasti sloj koji se Yellow-grey silty-clayey layer located
nalaziispod S)8idesnood S)11.Sloj below SU 8 and to the right of SU 11. The
se prostire u duljini od oko 30 cm layer extends approximately 30 cm to
nadesno do vertikalno poloZenog theright, up to a vertically-positioned
) vapnenackog bloka te se javljau limestone block, and occurs at the same
12 MUN 5Y 6/3 pale olive S : F
istojrazinisa$SJ9, 10,13, 14,161 17. level as SU 9, 10, 13, 14, 16 and 17. Its
Debljina mu iznosi oko 15 cm. SadrzZi thicknessis about 15 cm. It contains
nekoliko gruda Zuc¢kastog sedimenta | several clumps of yellowish sediment,
koje upuc¢uju na mijeSanje s drugim indicating mixing with other units.
jedinicama.
Zuto-smedi siltno-glinasti sloj sa Yellow-brown silty-clayey layer with
sitnim vapnenackim klastima. Nalazi | finelimestone clasts. Itislocated
) seispod S)10tese pruzadosredine beneath SU 10 and extends to the mid-
MUN 2.5Y 6/3 light . .. . .
13 yellowish brown iskopavane povrsine, potencijalno dle of the excavated area, potentially F
do vertikalno poloZzenog kamena. reaching avertically-positioned stone.
Po karakteristikama boje i teksture In terms of colour and texture, it is
slicanje SJo9. similartoSuU 9.
Sivisiltno-glinasti sloj, s manje klasta | Greysilty-clayey layer with fewer clasts
od S) 13islojevaispod(S) 16i17).Sloj than SU 13 and the underlying layers
1 MUN 2.5Y 5/3 light olive | se proteZze od desnog rubaiskopava- (SU 16 and 17). The layer extends from ;

brown

njado vertikalno poloZzenog kamena
u srediniiskopne povrsine.

the right-hand edge of the excavation
to avertically-positioned stone in the
middle of the excavated area.
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brown

nego u SJ 15. Oblik klasta pretezno
je plo¢ast, s duzom osi paralelnom s
taloZnom povrsinom.

Korelacija
/ Cor-
SJ/su Boja/ Colour (MUN) Opis Description relation
(Malez,
Rukavina
1979)
Sivi glinasto-siltni sloj koji se proteze | Grey clayey-silty layer extending across
cijelom Sirinom iskopne povrsine. the entire width of the excavated area.
Nalaziseispod S)12iS)11(S)8)na Itlies beneath SU 12 and SU 11 (SU 8)
lijevoj (zapadnoj) straniteS)16iS) on the left (western) side, and beneath
17 nadesnoj strani(isto¢noj)iskopne | SU16and SU 17 on theright (eastern)
povrsine. Sadrzi manje vapnenackih side of the excavation. It contains fewer
klasta i malo je svjetliji od S) 11 (S) 8). limestone clasts and is slightly lighter
) Nalazi se lijevo od vertikalno polo- in colour than SU 11 (SU 8). The layer is
15 MUN 5Y 5/2 olive gray . . ) . F
Zenog kamena u sredini, a desno od located to the left of a vertically-posi-
njega pada ukoso. U lijevom dijelu tioned stonein the centre and slopes
vidljive su varijacije u teksturii boji downwards to the right of it. Variations
- smede-sive zone s vapnenackim in texture and colour are visible in the
klastima te svjetlosive zone bez pre- left part of the layer: brownish-grey
vise klasta (slicne S) 18). zones with limestone clasts and light-
grey zones with few clasts (similar to
SU 18).
Sivi pjeskovito-siltni slojispod SJ 14. Grey sandy-silty layer beneath SU 14.
PruZase od desnogrubaiskopne It extends from the right-hand edge of
) povrsine do vertikalno poloZenog the excavated area to a vertically-posi-
16 MUN 5Y 5/3 olive L . . . . . F
kamena. Tamniji je i ima viSe srednje tioned stone. It is darker and contains
velikih klasta (c. 5 cm duzine) od S) 15, | more medium-sized clasts (about 5cm
iznad kojeg se nalazi. in length) than SU 15, which is below it.
Arbitrarno odijeljeni donji dio SJ 16, Arbitrarily separated lower part of SU
koji se prostire od desnog ruba isko- 16, which extends from the right-hand
pne povrsine prema sredini, aliima edge of the excavated area towards
krace horizontalno pruzanje u odno- the centre but has ashorter horizontal
sunas) 16, testogaS) 16 djelomice extent than SU 16, so SU 16 partially
17 / izravno granici sa S) 15. Izdvojen je directly borders SU 15. It is separated F
zbog varijacija u tom dijelu S) 16, od- due to variations in this part of SU 16,
nosno zbog prisutnosti Zutih proslo- specifically the presence of yellow
jaka.Sadrzisitne vapnenacke klaste. lenses. It contains fine limestone clasts.
SJ 17 takoder je tamniji od S) 15,iznad | SU17isalso darker than SU 15, above
kojeg se nalazi. whichitis located.
Zuto-sivi pjeskovito-siltni sloj. Vapne- | Yellow-grey sandy-silty layer. Lime-
nacki klasti su ucestali te su ¢es¢iu stone clasts are frequent and more
desnoj polovici pruzanja ovog sloja, abundantin theright-hand half of the
18 MUN 25Y 5/2 grayish | dokjesveukupno manjiudio klasta layer’s extent, although the overall F(Fd?)

proportion of clastsis lower thanin SU
15.The clasts are predominantly flatin
shape, with their long axes parallel to
the depositional surface.

TABLICA 1. Opisi stratigrafskih jedinica (izradio M.

Banda).

TABLE 1. Descriptions of stratigraphic units (made by M. Banda).
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Vrh stratigrafskoga slijeda Cine siltni slojevi (S) 1,21 4) Zuto do
Zutosive boje te zasebno dokumentirana postdepozicijska po-
java(S) 3), mozda nastala povremenim protjecanjem vode kroz
pukotine, koje su rezultat isudivanja i skupljanja izloZzenoga
profila. U sredini iskopne povrsine te ve¢im dijelomu SJ1iS) 4
nalazi se veca Cetverokutna devastacija nastala ljudskim dje-
lovanjem (vjerojatno uzorkovanjem), koja je otezavala prepo-
znavanje granice izmedu tih dvaju slojeva. Sljedece utvrdene
jedinicejesusiltno-glinastislojevirazlicitih nijansi, S) 5, smedi
sizmjenom zelenih, narancastih i sivih le¢a, aispod njega S 6,
s crvenom nijansom. Sve jedinice do podine SJ 6 imaju matrik-
snu potporu, masivne su i s vrlo malo tragova agregacije. Kla-
sti vapnenaca uglavnom su sitnih dimenzija ili u potpunosti
izostaju. Listi¢i tinjca veli¢ine 1 mm i manji vrlo su Cesti i lako
prepoznatljivi golim okom kroz cijeli sediment.

U sljede¢emu zuckasto-smedem siltno(-glinovitom) sloju S) 7
povecava se udio vapnenackih klasta, koji su ¢esto kemijski
troSeni. Vidnu promjenu u boji predstavlja SJ 8, svjetlosivi pje-
skovito-siltni sloj s ve¢im udjelom klasta, &iji je najdublji dio
arbitrarno odijeljen u S) 11. Cini se da stratigrafske jedinice od
SJ 5 do S) 8 (i moguce S) 9), na desnoj strani iskopanoga pod-
rucja, predstavljaju ispunu relativho duboke erozijske struk-
ture (eng. scour and fill) - tj. svojevrsnoga kanala - s glatkim,
konkavnim dnom. Ipak, brojne devastacije i ogranitena velici-
na istrazenoga podrucja otezali su prepoznavanje odredenih
stratigrafskih jedinica i njihovo horizontalno pracenje.

Horizontalna varijabilnost u sedimentaciji nastala je zbog po-
stojanja vapnenackih blokova i krupnih oblutaka, uglavhom u
jedinicama SJ 13 i S) 16, koji su utjecali na taloZenje, a poslje-
di¢no i na lateralnu varijabilnost taloZina. Zbog toga su neke
stratigrafske jedinice definirane unutar ogranicenih prostor-
nih podrucja, ¢ime su razdvojene one koje se nalaze u donjim
desnim i lijevim dijelovima iskopne povrsine, a koje se suzava-
ju ulijevo, odnosno udesno. Op¢enito, nagib klasta prili¢no je
izrazen u gornjim jedinicama i smanjuje se u donjima (unutar
iizmedu SJ 10,11, 12, 13, 14, 16, 17), Sto upucuje na to da su se
akumulirali unutar udubljenoga ili kanalu slitnoga prostora.
Sukladno tomu, SJ 17, 16, 14,13 i10te S) 9,8, 7, 6 i 5 predstav-
ljajuispunu jedne zajednicke kanalu sli¢ne strukture, vjerojat-
no nastale tijekom razlicitih faza taloZenja. Taj dio taloZnoga
slijeda zavrSava pri dnu subhorizontalnim kontaktom, koji se
nalazi na erozijskoj povrsini, $to oStro presijeca slozenu arhi-
tekturu stratigrafskih jedinica koje se nalaze ispod. Potom se
na cijeloj povrsini iskopavanja nalazi SJ 15, sivi glinasto-siltni
sloj, s odredenim varijacijama u sedimentaciji i udjelu klasta.
Zuto-sivi pjeskovito-siltni sloj S) 18 najniZi je u izbocenju te je
djelomi¢no i potkopan. Vrlo blago ponire u sredisnjemu dijelu
iskopane povrsine pratec¢i pruzanje slojeva u potkopanome
dijelu.

U iskopanome stratigrafskom slijedu jasno su vidljive lito-
loSke razlike izmedu skupina naslaga S) 1-6 te S) 7-18. U pret-
hodnoj prevladavaju siltni i glinasti slojevi bez vecega udjela
vapenanckih klasta, a u potonjoj prevladavaju pjeskovito-sil-
tni slojevi, obi¢no sa znatnim udjelom klasta veli¢ine $ljun-
ka. Takoder, gornji slojevi ¢esto su bili masivni i kompaktni, a

The top of the stratigraphic sequence consists of silty layers (SU
1,2and 4) of yellow to yellow-grey colour, along with a separate-
ly documented postdepositional feature (SU 3), possibly formed
by intermittent water flow through cracks resulting from the
drying and contraction of the exposed profile. In the central
part of the excavation surface, and largely within SU 1 and SU
4, there is a large quadrangular disturbance caused by human
activity (likely from sampling), which complicated the identi-
fication of the boundary between these two layers. The next
units identified are silty-clayey layers of varying shades: SU 5 is
brown with alternating green, orange and grey lenses, followed
by SU 6 with a reddish hue. All units down to the base of SU 6
are matrix-supported, massive, and with very few traces of ag-
gregation. Limestone clasts are mostly small in size or entirely
absent. Millimetre- to sub-millimetre-size mica flakes are very
frequent and easily identifiable at naked-eye scale throughout
the sediment.

In the following yellowish-brown silty(-clayey) layer SU 7, the
proportion of limestone clasts increases, many of which show
signs of chemical weathering. A noticeable change in colour is
visible in SU 8, a light-grey sandy-silty layer with a higher pro-
portion of clasts, whose deepest part has arbitrarily been sepa-
rated as SU 11. It appears that stratigraphic units from SU 5 to
SU 8 (and possibly SU 9), on the right-hand side of the excavated
area, represent the fill of a relatively deep erosional structure
(scour and fill) - i.e. a kind of channel - with a smooth, concave
base. However, extensive disturbances and the limited size of
the excavated area have made it difficult to identify certain
stratigraphic units and to trace them horizontally.

Horizontal variability in sedimentation has occurred due to the
presence of limestone blocks and cobbles, mainly in units SU
13 and SU 16, which affected the deposition, and consequently
the lateral variability, of the deposits. For this reason, some
stratigraphic units were defined within limited spatial extents,
distinguishing those located in the lower right and left parts
of the excavation surface, which taper off towards the left and
right, respectively. In general, the dip of the clasts is rather
pronounced in the upper unit and decreases in the lower ones
(within and between SU 10, 11, 12, 13, 14, 16 and 17), suggest-
ing that they accumulated within a depressed or channel-like
area. Consequently, SU 17,16, 14,13 and 10and SU 9,8,7,6 and 5
would represent the infill of a single channel-like feature, likely
formed during distinct depositional phases. This part of the
depositional sequence terminates at the bottom with a sub-
horizontal limit, which overlies an erosional surface that cuts
sharply through the complex architecture of the underlying
units. Below, covering the entire excavated surface, is SU 15, a
grey clayey-silty layer, showing some variation in sedimenta-
tion and clast content. The yellow-grey sandy-silty layer SU 18,
found at the base of the protrusion, is party undercut. It dips
slightly towards the centre of the excavated area, following the
orientation of the layersin the undercut section.

In the stratigraphic sequence, clear lithological differences are
visible between two groups of deposits: SU 1-6 and SU 7-18.
The former are dominated by silty and clayey layers with little
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SLIKA 3. JuZna strana profila 3 sa stratigrafskim jedinicama utvrdenima tijekom
iskopavanja (izradila F. Sirovica).
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FIGURE 3. South side of profile 3 with the stratigraphic units identified during
the excavation (made by F. Sirovica).

donji su se raspadali u grumenje®*® zbog svoje dobro razvijene
poliedri¢ne agregacije. Naposljetku, u donjim je slojevima za-
biljeZzena i ve¢a koncentracija nalaza, poglavito kostiju, $to je
jednako vidljivo i iz distribucije individualnih nalaza te nalaza
iz sita usprkos tomu $to u osnovi nema velike razlike u debljini
dvaju skupina naslaga.

Slojeviispod iskopne povrSine, u potkopanome dijelu, oznaceni
su preliminarnim oznakama za potrebe uzorkovanja, a njihovi
opisi vrSeni su na temelju postojecih povrsina, bez dubljega ¢i-
S¢enja profila, $to potencijalno predstavlja dodatna ogranice-
nja u determinaciji karakteristika i pruzanja slojeva. Ti slojevi
nisu iskopavani, nego su iz njih iskljucivo uzeti uzorci za razli-
¢ite analize.

Oznake od A6 do A16 oznacavaju slijed slojeva koje karakterizi-
raju okvirno paralelne konkavne granice, $to upucuje na to da
tvore ispunu duboke strukture nalik kanalu, oblikovane u sloju
A17.

Najgornja oznaka toga slijeda (A6) jest sivi siltno-glinasti sloj
koji sadrzi nesortirano vapnenacko krsje i nekoliko vecih blo-
kova ¢ije duze osi prate oblik konkavno zakrivljene podine. Na
dnu A6 nalazi se sivi glinoviti podsloj debljine svega nekoliko

or no limestone clast content, while the latter predominantly
consist of sandy-silty layers, usually with a significant propor-
tion of gravel-sized clasts. Additionally, the upper layers were
often massive and compact, whereas the lower ones tend to
break down into clumps*® because of their well-developed
polyhedric aggregation. Finally, a higher concentration of finds,
particularly bones, was recorded in the lower layers, which is
evident from both the distribution of individual finds and the
material recovered from sieving, despite the fact that there is
no substantial difference in the overall thickness between the
two groups of deposits.

The layers beneath the excavated area, in the undercut section,
were preliminarily labelled for sampling purposes, and their de-
scriptions were based on the visible surfaces, without deeper
cleaning of the profile. This may present additional limitations
in determining the characteristics and extent of the layers.
These layers were not excavated. Instead, only samples for vari-
ous analyses were collected from them.

Labels from A6 downwards to A16 represent a sequence of lay-
ers characterized by roughly parallel concave-upwards bound-
aries, suggesting that they fill-up a deep channel-like feature,
shapedin unit A1y.

18 eng. peds ili strukturni agregati prema standardnoj pedoloskoj termino-
logiji (Catt 1990).

18 ‘Peds’, following the standard soil-science terminology (Catt 1990).
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centimetara. Ispod se nalazi Az, crveni glinoviti sloj, a koji sadr-
Zi Ceste, nesortirane vapnenacke klaste (u rasponu od sitnoga
Sljunka do valutica). | u ovome slu€aju duze osi klasta paralelne
suserozijskom strukturom koja se nalaziispod i koja je nalik ka-
nalu. Ispod njega izmjenjuju se tanki slojevi smede i intenzivno
crvene boje, oznateni oznakama od A8 do A11, koji su razdvoje-
niod slojaA12 lako uocljivom o3trom granicom. Sloj A12 sastoji
seoddvajusiltno-glinovitih slojeva: gornjega zelenog i donjega
sivo-smedeg.

Oznake od A13 do A16 predstavljaju slijed slojeva debljine od
nekoliko centimetara, uglavnom bogatih glinom i siltom, i s pro-
mjenjivim koli¢inama vapnenackih klasta - obi¢no rijetkima
do Cestima te nesortiranima (od sitnoga $ljunka do valutica).
Nijanse variraju od smeckastih do zelenkastih i crvenkastih, s
opcenito dominantnom zelenkasto-zu¢kastom bojom, vjero-
jatno zbog postojanja fosfatnih konkrecija. Dno promatrane
sekvence oznaceno je oznakom A1y, a Cini je sloj s u€estalim
nesortiranim vapnenackim kr$jem u smeckastozelenkastom
glinasto-ilovastom matriksu. To je ujedno i posljednji vidljivi
sloj najuznoj strani profila.

Zanimljivo je da struktura tih slojevairaspored uklopljenih kla-
sta naizgled upucuju na to da je dugotrajni cikli¢ni slijed izmje-
njujucih erozijskih i depozicijskih procesa, viSe putai uvijek pre-
ma istome obrascu, ispunio te ispraznio povrsinu nalik kanalu
koja je formirana u najdonjemu sloju A17.

Arheoloski nalazi

Tijekom istrazivanja juzne strane profila 3 prikupljeno je uku-
pno 88 nalaza kojima je polozaj zabiljezen totalnom stanicom
(Tab. 2). Sveukupno 85 nalaza pripada kostima ili zubima (SI. 4:
1-6), a po jedna liticka izradevina pronadena je u Sj12te u S)
15. Litika iz S) 12 proksimalni je ulomak odbojka izradenoga na
kvarcu (Sl. 4: 7), dimenzije 12 x 11,5 x 3,12 mm. Drugi primjerak,
koji potjece iz S 15, jest odbojak (SI. 4: 8), odnosno prirodni noz
hrptenjak koji je izraden na oblutku tamnozelenoga srednjozr-
natog roznjaka, potencijalno bipolarnom tehnikom. Dimenzije
komada jesu 37,9 x 26,1 x 6,6 mm, a desno lateralno i distalno
ima kontinuirano ostecenje ruba, koje nije rezultat namjerne
obradbe. Oba navedena komada potjecu od sirovine koja je go-
tovo sigurno lokalnoga podrijetla, neovisno o vrsti izvorista, a
po svojim tipo-tehnolo3kim obiljeZjima nisu indikativni za po-
jedino razdoblje paleolitika. Medutim, prema stratigrafskome
poloZaju moZe se zakljutiti da su nastala tijekom gornjega pa-
leolitika. Osim toga, u S) 1 pronadena je i veca nodula Zeljezo-
vog oksida, koja je svrstana u kategoriju ostalo. Kao sto je ve¢
navedeno, znatno je vedi broj nalaza utvrden u donjim (S) 7 - SJ
18) nego u gornjim slojevima (S) 1 - S) 6), najvisa u€estalost utvr-
denajeusSjas,aliiusS)8/11(Tab.2).

Prilikom prosijavanja pronadeno je ukupno 2794 nalaza kostiju
manjih od 2 cm te jedan ulomak litike manji od 2 cm (Tab. 2). Od
toga, 2060 nalaza kostiju te ulomak litike dolaze iz definiranih
stratigrafskih jedinica, a ostatak nalaza pomijesan je pri ¢isce-

The topmost label (A6) of this sequenceis a grey silty-clayey lay-
er that contains unsorted limestone clasts and several larger
blocks whose longer axes follow the concave shape of the base.
Beneath it, A7 is ared clayey layer including frequent unsorted
limestone clasts (ranging from fine gravel to small pebbles);
alsoin this case, the longer axes of the clasts lie parallel to the
underlying channel-like erosional feature. Below it, there is a
sequence of thin layers of alternately brown and intensely red
colour, labelled A8 to A11, which are separated from layer A12
by a clearly visible sharp boundary. Layer A12 consists of two
silty-clayey sublayers: an upper green one and a lower grey-
brown one.

Labels A13 to A16 represent a sequence of layers, each several
centimetres thick, mostly consisting of clay- and silt-rich units,
and also including rare to frequent and unsorted (from fine
gravel to pebbles) limestone clasts. The colours range from
brownish to greenish and reddish, with a generally dominant
greenish-yellowish hue, likely due to extensive phosphate con-
cretions. The base of the observed sequence is marked by layer
A1y, which is a layer with frequent unsorted calcareous rubble
embedded in a brownish-green clay-loam matrix. This is also
the last visible layer on the southern side of the profile.

Interestingly, the architecture of these layers, and the organiza-
tion of the embedded clasts, apparently indicates that a long
cyclical sequence of alternating erosional and depositional
processes, always following the same scheme, several times
filled and emptied a channel-like surface that started from the
lowermost layer, A17.

Archaeological finds

During the investigation of the southern side of profile 3, a to-
tal of 88 finds were recovered and spatially recorded by total
station (Table 2). Of these, 85 finds are of bone or teeth (Fig. 4:
1-6), while one lithic artefact was found in SU 12 and another
in SU 15. The lithic artefact from SU 12 is a proximal fragment
of a flake made of quartz (Fig. 4: 7), measuring 12 x 11.5 x 3.1
mm. The second piece, found in SU 15, is a flake (Fig. 4: 8), more
precisely a naturally backed knife, made from a pebble of dark
green medium-grained chert, and potentially produced using a
bipolar-on-anvil technique. Its dimensions are 37.9 x 26.1 x 6.6
mm, and it has continuous edge damage on theright lateral and
distal margins, which is not the result of intentional retouch.
Both pieces are made from raw material thatis almost certainly
of local origin, regardless of the exact source type; and, on the
basis of their techno-typological characteristics, they are not
indicative of any specific Palaeolithic period. However, their
stratigraphic context suggests they were produced during the
Upper Palaeolithic. In addition, a larger nodule of iron oxide,
categorized as ‘other’, was found in SU 1. As previously noted,
a significantly greater number of finds were identified in the
lower layers (SU 7 - SU 18) than in the upper ones (SU 1 - SU 6),
with the highest concentrations found in SU 15 and also in SU
8/11(Table 2).

A total of 2794 bone fragments less than 2 cm in size, and one
lithic fragment also under 2 cm, were recovered during siev-
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KONTEKST SITO
CONTEXT INSITU SIEVE

S) Kost/Zub Litika Ostalo Ukupno Kost/Zub Litika

Su Bone/Tooth Lithic Other Total Bone/Tooth Lithic
1 1 2 178

4 1 1 0
5 9

6 15

7 6 6 187

8 14 14 191

9 3 3 43

10 1 1 40

11 5 5 33

12 6 1 7 97

13 6 6 73

14 8 8 163

15 19 1 20 656 1

16 6 6 76

17 6 6 107

18 3 3 192

POMIJESANO
MIXED ’ 734
UKUPNO 85 5 g8 2794 )
TOTAL

TABLICA 2. Zastupljenost nalaza po stratigrafskim jedinicama nadenih in situ i
tijekom prosijavanja (izradili F. Sirovica i M. Banda).

TABLE 2. Distribution of finds by stratigraphic unit found in situ and during siev-
ing (made by F. Sirovica and M. Banda).

nju vise stratigrafskih jedinica ili dolazi iz donjega, potkopano-
ga dijela profila. Kao i u slu¢aju pojedinacno prikupljenih na-
laza, vec¢ina nalaza iz sita potjece iz S) 15 iako sada viSestruko
nadilazi broj nalaza u svim drugim slojevima. Iz iste jedinice po-
tjece i jedini komad litike pronaden tijekom prosijavanja. Rijec
jeoproksimalnome ulomku odboj¢ic¢aili plo€ice,duzinegmm, a
izraden je na finozrnoj sirovini nelokalnoga podrijetla.

Nalazi su oprani, dokumentirani i uvedeni u bazu podataka.
Nakon istrazivanja privremeno su pohranjeni u Arheoloskome
muzeju u Zagrebu.

ing (Table 2). Of these, 2060 bone finds, plus the lithic fragment,
come from defined stratigraphic units, while the rest were
mixed during the cleaning of numerous stratigraphic units or
come from the lower, undercut part of the profile. As with in-
dividually collected finds, the majority of the sieved material
comes from SU 15, although now in significantly greater quanti-
ties than in all other layers. The only lithic found during sieving
also comes from this unit. It is a proximal fragment of a small
flake or bladelet, 9 mm in length, made from fine-grained raw
material of non-local origin.

The finds were washed, documented and entered into a data-
base. After the excavation, they were temporarily stored at the
Archaeological Museum in Zagreb.
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SLIKA 4. Odabrani nalazi litike, ko-
stiju i zuba pronadenih tijekom
iskopavanja (izradio M. Banda).

FIGURE 4.Selected lithic, bone and
tooth finds recovered during the
excavation (made by M. Banda).
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Uzorkovanje

Osim mjera zastite profila 3, u novo iskopavanje integrirano
je i prikupljanje uzoraka za vise analiza, koje mogu doprinijeti
rieSavanju otvorenih pitanja o starosti naslaga u pojedinim se-
gmentima stratigrafskoga slijeda Vindije, procesima nastanka
naslaga, paleookolisnim uvjetima te populacijskoj dinamici po-
jedinih skupinahomininanaprostorusjeverne Hrvatske. Naime,
kronologija naslaga u Vindiji uglavnom je okvirno konstruirana
na temelju stratigrafske pozicije, klimatskih indikatora i malo-
brojnih, nepouzdanih i danas vec¢inom zastarjelih rezultata ra-
diometrijskoga datiranja.

U svrhu doprinosa rjeSavanju problematike kronologije dosad
slabo datiranih slojeva, na datiranje metodom radioaktivnoga
ugljika (*«C) u laboratorij Oxford Radiocarbon Accelerator Unit
poslano je pet novih uzoraka kostiju iz SJ 7,9, 11, 13 i 15, koji su
korelirani s kompleksima E i F iz prijaSnjih istrazivanja. Kosti
su odabrane na temelju stratigrafskoga poloZzaja, ali i veliCine
ulomka i debljine kortikalne kosti, 3to bi moglo uvjetovati visu
koncentraciju kolagena. Nazalost, prilikom obrade svih pet uzo-
raka (P-55101, P-55102, P-55103, P-55104, P-55105) nije dobiveno
dovoljno kolagena za uspjesSno odredivanje njihove starosti.

Sampling

In addition to protective measures for profile 3, the new ex-
cavation also integrated the collection of samples for several
analyses that may help address open questions regarding the
age of depositsin specific segments of the Vindija stratigraphic
sequence, the formation processes of the sediments, palaeoen-
vironmental conditions, and the population dynamics of homi-
nin groups in northern Croatia. The chronology of the Vindija
deposits has so far been constructed largely on the basis of
stratigraphic position, climaticindicators and alimited number
of unreliable and, for the most part, outdated radiometric dat-
ing results.

To help address the issue of the poorly dated layers, five new
bone samples from SU 7, 9, 11, 13 and 15 were sent for radiocar-
bon (**C) dating to the Oxford Radiocarbon Accelerator Unit.
These samples were correlated with complexes E and F from
previous excavations. The bones were selected on the basis of
their stratigraphic position, as well as the size of the fragments
and the thickness of the cortical bone, which could indicate a
higher collagen content. Unfortunately, during the preparation
of all five samples (P-55101, P-55102, P-55103, P-55104, P-55105),



VAMZ /3.SERIJA/ LVIII (2025)

MARKO BANDA ETAL.: IZMEDU ISTRAZIVANJA | OCUVANJA — INTEGRACIJA ANALITICKIH METODA U ZASTITNIM ISKOPAVANJIMA SPILJE VINDIJE

Osim slanja uzoraka kostiju za radiokarbonsko datiranje, u svr-
hu poboljsanja kronologije naslaga prikupljeni su i uzorci sedi-
menata za detektiranje (kripto)tefre, odnosno piroklasti¢noga
materijala nastaloga vulkanskom erupcijom koji se taloZio na
povrsini krajolika.® Naime, takvi sedimenti mogu imati Siroku
geografsku rasprostranjenost, a s obzirom na to da nastaju u
geolodki kratkome vremenu, tvore vremenski sinkrone horizon-
te.*

Kako bi se sprijecila naknadna kontaminacija, u skladu s prepo-
rukom,?* uzorci sedimenata za detekciju kriptotefre prikupljani
su kontinuirano od dna do vrha profila u vertikalnome stupcu.
Stupac je smjesten nalijevoj poloviciistrazivane povrsine, a po-
dijeljen je na manje segmente visine 5 cm. Sediment je iz poje-
dinoga segmenta prikupljen povrsinskim struganjem, pa svaki
segment predstavlja jedan uzorak. Drugi manji stupac postav-
ljen je na desnu stranu iskopane povrsine kako bi se obuhva-
tili slojevi koji nisu zastupljeni na lijevoj strani.?> Po potrebi je
mjestimice segmentizmaknutlijevoilidesno od ravnine stupca
kako bi se priuzorkovanju izbjegli vec¢i vapnenacki klasti koji bi
umanjili koli¢inu sedimenta. S ciljem izbjegavanja kontamina-
cije, izmedu uzorkovanja pojedinih segmenata koristeni je alat
oc¢is¢en te su ukupno prikupljena 52 uzorka sedimenta.

Uzorkovanja na juznome licu profila 3 provedena su i u svrhu
rekonstrukcije paleookolisnih odnosa naslaga. Analizom drev-
ne DNA u sedimentu (sedaDNA) nastoji se nadopuniti spektar
zastupljene faune, a osim paleookolisnih pokazatelja, iz dobi-
venih podataka moguce je prepoznatii Zivotinjske vrste koje su
mogle nastanjivati Spilju. Osim toga, ovom analizom nastoji se
utvrditi i prisutnost pojedinih ljudskih populacija u razli¢itim
dijelovima stratigrafskoga slijeda, koja bi se ubuduc¢e mogla
upotrebljavati za dublje razumijevanje populacijskih dinamika
u regiji i vremenske faze nastanjivanja.

Uzorci za sedaDNA analizu prikupljeni su u trima stupcima,
oznaceni slovima A, B i C. Stupci A i B postavljeni su unutar
iskopne povrsine u Sirini od 20 cm uz lijevi rub, odnosno desni
rub iskopavane povrsine. Stupac C postavljen je naknadno
izvan iskopne povrsine, lijevo od stupca A. Uzroci sedimenata
prikupljani su iz svake stratigrafske jedinice, iz manjih rupica
promjera svega nekoliko centimetara (Sl. 5). Radi izbjegavanja
kontaminacije, sediment je prikupljan u sterilne tubice, uz kori-
Stenje maske i plasti¢nih rukavica. Nakon svakoga uzorkovanja
upotrijebljene su nove rukavice, a koristeni alat ocis¢en je 3 %
otopinom izbjeljivata. Uzorcisu poslani naanalizu u laboratorij
Ancient DNA Genomics and Biological Anthropology, Sveucilista
u Becu.

insufficient collagen was extracted to determine their ages suc-
cessfully.

In addition to submitting bone samples for radiocarbon dating,
sediment samples were also collected to improve the chronol-
ogy of the deposits by detecting (crypto)tephra, i.e. pyroclastic
material produced by volcanic eruptions that was deposited
across the landscape. Such sediments can have a wide geo-
graphical distribution; and, since they form over geologically
short time spans, they create time-synchronous horizons.?®

To prevent subsequent contamination, and in accordance with
recommendations,?* sediment samples for cryptotephra detec-
tion were collected continuously from the bottom to the top of
the profile in a vertical column. The column was placed on the
left-hand half of the excavated area and divided into smaller
segments, each 5 cm in height. Sediment from each segment
was collected by surface scraping, with each segment repre-
senting one sample. A second, smaller column was positioned
on the right side of the excavated area to include layers not
represented on the left side.?> When necessary, individual seg-
ments were slightly shifted left or right from the column axis to
avoid large limestone clasts that would reduce the amount of
sediment collected. To avoid contamination, the sampling tools
were cleaned between each segment, and a total of 52 sedi-
ment samples were collected.

Sampling on the southern face of profile 3 was also carried out
for the purpose of reconstructing the palaeoenvironmental
context of the deposits. Through the analysis of sedimentary
ancient DNA (sedaDNA), the aimis to complement the spectrum
of represented fauna. In addition to providing palaeoenviron-
mental indicators, the data obtained may help identify animal
species that could have inhabited the cave. Furthermore, this
analysis seeks to determine the presence of specific human
populations in various parts of the stratigraphic sequence,
which could, in the future, contribute to a deeper understand-
ing of population dynamics in the region and the temporal
phases of occupation.

Samples for sedaDNA analysis were collected from three col-
umns, labelled A, B and C. Columns A and B were placed within
the excavation area, each 20 centimetres wide, along the left
and right edges of the excavated surface, respectively. Column
C was added later, positioned outside the excavation area, to
the left of Column A. Sediment samples were taken from each
stratigraphic unit, using small holes just a few centimetres in
diameter (Fig. 5). To avoid contamination, the sediment was
collected in sterile tubes, using masks and plastic gloves. New
gloves were used foreach sampling, and the tools were cleaned
witha3% bleach solution.The samples were sent for analysis to
the Ancient DNA Genomics and Biological Anthropology labora-
tory at the University of Vienna.

19  Alloway et al 2013; Smith, Albert 2023.
20  Laneetal 2014

21  premalaneetal 2014.

22 v.laneetal 2014.

19 Alloway et al. 2013; Smith, Albert 2023.
20 Lane etal. 2014.

21 After Lane et al. 2014.

22 See Lane et al. 2014.
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SLIKA 5. Raspored uzoraka prikupljenih za analizu sedaDNA (izradila F. Sirovica).
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FIGURE 5. Layout of samples collected for sedaDNA analysis (made by F. Sirovica).

Geogeni procesi, kao i tragovi uzastopnoga koriStenja 3pilje,
ostavili su iza sebe sloZene naslage, pa geoarheoloske analize
sedimenata mogu pruZiti vrijedne uvide u procese formiranja
nalazista, promjene okolisa te aktivnosti i ponasanja ljudi u
proslosti, kao i u postdepozicijske preinake.» Stoga je jedan od
klju¢nih ciljeva ovoga istrazivanja mikrostratigrafska analiza
konteksta naslagainalaza koja moze omoguciti komparativne
analize promjena u skupovima artefakata i ekofakata priku-
pljenih na nalazistu u odnosu na okoliSne uvjete te definiranje
vrsta i dinamika taloZenja i stupnja poremecenosti, odnosno
postdepozicijskoga mijeSanja slojeva.

lako je strategija uzorkovanja za geoarheoloske analize u Vin-
diji morala biti prilagodena uvjetima istrazivanja u $pilji, odno-
sno ogranitena na profil dostupan za iskopavanje, osigurana je
reprezentativnost stratigrafskih jedinica. Skupni uzorci za gra-
nulometrijsku analizu frakcije <2 mm prikupljeni su za svaku od
stratigrafskih jedinica kada je to bilo moguce ili je uzorkovana
reprezentativna jedinica odredenoga skupa jedinica istoga se-
dimentacijskog facijesa. Istodobno su iz profila iskopne povr-
Sine izdvojeni cjeloviti, orijentirani uzorci sedimenta za mikro-
morfolosku analizu. Za mikromorfoloSku analizu prikupljeno
je 17 uzoraka koji obuhvacaju jednu stratigrafsku jedinicu ili,
ovisno o debljini slojeva, viSe njih (SI. 6). Vise jedinica obuhva-
¢eno je pojedinim uzorcima i kako bi se istrazili kontakti medu

Geogenic processes, as well as traces of successive human use
of the cave, have resulted in complex deposits, making geoar-
chaeological sediment analysis a valuable tool for understand-
ing site formation processes, environmental changes, and past
human activities and behaviour, as well as postdepositional
modifications.” Therefore, one of the key objectives of this re-
search is the microstratigraphic analysis of the context of de-
posits and finds. This can enable comparative analysis of chang-
esinassemblages of artefacts and ecofacts recovered from the
siteinrelation to environmental conditions, as well as the iden-
tification of the types and dynamics of sedimentation and the
degree of disturbance or postdepositional mixing of layers.

Although the sampling strategy for geoarchaeological analysis
at Vindija had to be adapted to the conditions of cave excava-
tion - i.e. limited to the profile accessible for excavation - the
representativeness of the stratigraphic units was ensured. Bulk
samples for grain-size analysis of the <2 mm fraction were col-
lected for each stratigraphic unit whenever possible, or a rep-
resentative unit was sampled from a set of units of the same
depositional facies. At the same time, intact, oriented sediment
samples were extracted from the excavation profile for micro-
morphological analysis. A total of 17 samples were collected
for micromorphological analysis, each covering either a single
stratigraphic unit or, depending on the thickness of the layers,

23 Mallol, Goldberg 2017.

23 Mallol, Goldberg 2017.
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SLIKA 6. Raspored uzoraka prikupljenih za mikromorfolosku analizu (izradila
F.Sirovica).
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FIGURE 6. Layout of samples collected for micromorphological analysis (made
by F. Sirovica).

njima. Uzorke Cine neporemeceni blokovi sedimenta velicine
0ko10x 6 x5cm, pazljivoomotaniu celulozni papirsoznacenim
usmjerenjem. Poslani su u specijalizirani laboratorij za rezanje
i bruSenje izbrusaka koji ¢e biti pregledani pod petrografskim
polarizacijskim mikroskopom.

Rasprava

Korelacija stratigrafskoga slijeda

Na temelju makroskopskih karakteristika stratigrafskih jedini-
ca definiranih tijekom novoga istrazivanja moguce je provesti
korelaciju sa stratigrafskom podjelom naslaga iz istrazivanja
M. Maleza,* a rezultati toga prikazani su na Sl. 7. Medutim, nije
moguce svaku naslagu nedvojbeno povezati s odredenim ekvi-
valentom. Taj problem nije neocekivan s obzirom na izrazenu
lateralnu raznolikost sedimentacijskih facijesa u Spiljskim de-
jim svojstvima od drugih, pa stoga sluze kao referentne tocke
za korelaciju stratigrafije. U vecini slu¢ajeva pojedine naslage
moguce je relativno smjestiti prema Malezovoj stratigrafiji, ali
je znatno teze strogo determinirati granice izmedu prije defini-
ranih naslaga. Jednako tako, moguce je dai pojedine Malezove

a number of units (Fig. 6). In some cases, several units were in-
cluded in a single sample to investigate the contacts between
them. The samples consist of undisturbed sediment blocks ap-
proximately 10 x 6 x 5 cm in size, carefully wrapped in cellulose
paper, marked withindication of orientation,andlabelled.They
were sent to a specialized laboratory for cutting and polishing
into thinsections, which will be examined undera petrographic
polarizing microscope.

Discussion

Stratigraphic sequence correlation

On the basis of the macroscopic characteristics of the strati-
graphicunitsdefined during the new investigation, itis possible
to correlate them with the stratigraphic division of the depos-
its from Mirko Malez’s research,* with the results shown in Fig.
7. However, it is not possible to definitively link each deposit to
a specific equivalent. This issue is not unexpected, considering
the high lateral variability of sedimentary facies in cave deposi-
tional environments. Some layers are more clearly identifiable,
due to their properties, and therefore serve as reference points
for stratigraphic correlation. In most cases, individual deposits
can be relatively positioned within Malez’s stratigraphy, but it
is significantly more difficult to precisely determine the bound-
aries between the previously-defined layers. It is also possible

24 Malez, Rukavina 1979; Malez, Simuni¢, Simuni¢ 1984.

24 Malez, Rukavina 1979; Malez, Simuni¢, Simuni¢ 1984.
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naslage svojim granicama prolaze kroz neke od novodefinira-
nih stratigrafskih jedinica, ali s obzirom na to da novija istra-
Zivanja imaju tendenciju minucioznijega biljeZzenja promjena u
naslagama, ta se moguc¢nost ¢ini malo vjerojatnom. Treba imati
naumu dasu opisislojevaiz prijasnjih istrazivanja temeljenina
kompozitnim opservacijama dvaju profila, onoga na ulaznome
dijelu Spilje (profil 1) te onoga iz unutrasnjosti (profil 3), zbog
¢ega su moguce diskrepancije sa stratigrafskom shemom iz no-
voga istrazivanja koja je vrsena samo u unutrasnjosti Spilje. K
tomu je vazno istaknutii to da su opisi slojeva u dostupnim ra-
dovimasaZzeti,* zbog Cega u cijelosti ne odrazavaju nivarijacije
u pojedinim naslagama ni neke, za potrebe ove korelacije, klju¢-
ne razlike medu slojevima.

Uzevsi prethodno iznesene probleme u obzir, slojevi od S) 1 do
SJ 5 najvjerojatnije odgovaraju sloju D iz prijasnjih stratigraf-
skih shema, koji Malez i Rukavina¥ opisuju kao ,fino pjeskulja-
sti sediment, lesolikog izgleda...uglavhom bez kamenja...U svje-
Zem stanju je sivkastonarandaste boje (po Munsellu 10 YR 7/4).“
Rije¢ je o siltnim i siltno-glinovitim slojevima koji se poklapaju
s navedenim opisom ividno se razlikuju od nizih slojeva po boji
i teksturi. Zbog toga treba imati na umu i to da sedimentoloska
istrazivanja pokazuju da se u unutrasnjosti Spilje blizu istrazi-
vanoga profila 3 naslaga D jasno izdvajala od naslaga komplek-
sa E po vecemu udjelu granulometrijske frakcije manje od 0,06
mm, odnosno udjelu silta i gline.?® Alternativno tumacenje ko-
reliralo bi S) 5's gornjim dijelom sloja E iz Malezove stratigrafije,
Stoodrazavacinjenicu da postoje nesigurnosti oko odredivanja
granica medu pojedinim slojevima.

Stratigrafske jedinice 6 i 7 vjerojatno zajedno tvore naslage
koje su u prijasnjim istrazivanjima oznacene kao sloj E. Malez
i Rukavina® navode da je rije¢ o ,pjeskuljastom sedimentu s
mnosStvo sitnog kamenog krsja..U svjezem stanju je sive boje
(po MunsellusYs5/2/E1/i5Y6/1/E2/)¢ auztoisticu daje mje-
stimi¢no krsje kemijski korodirano. Navedeni opisi odgovaraju
opisima slojeva SJ 6 i S) 7, u kojima se u novim istrazivanjima
zabiljezila veca koli¢ina sitnih klasta, koji su narocito kemijski
trosenius) 7.

Shodno tomu, stratigrafske jedinice 8-18 moguce je prili¢cno
sigurno korelirati s Malezovim F kompleksom. S) 8 iznimno je
svjetlosive boje i vidno je razli¢it od gornjega SJ 7, Sto se po-
klapa s opisom Maleza i Rukavine3® koji navode da krovni sloj
kompleksa F, odnosno sloj Fg, ima boju MUN N6. Naime, u opi-
sima slojeva u stratigrafskome slijedu,3* slojevima F kompleksa
jedinima su dodijeljene neutralne sive boje prema Munsellu
(N4-N7), iz Cega se mozZe zakljuciti da su po boji vidno odstupali
od superpozicioniranih i subpozicioniranih naslaga. Osim toga,
donja granica kompleksa F lako je prepoznatljiva jer postoji o0s-

that some of Malez’s layers extend across several of the newly-
defined stratigraphic units. However, given that recent inves-
tigations tend to record sediment changes in more detail, this
possibility seems unlikely. It is important to keep in mind that
the descriptions of layers from earlier research were based on
composite observations from two profiles - one at the cave en-
trance (profile 1) and the otherin theinterior (profile 3)* - which
may explain discrepancies with the stratigraphic framework of
the new investigation, which was conducted exclusively in the
interior of the cave. Additionally, it is worth noting that the de-
scriptions of layers in the available publications are concise,*
and therefore do not fully reflect the variations within indi-
vidual deposits or certain differences between layers that are
crucial for this correlation.

Taking the aforementioned issues into account, layers SU 1
through SU 5 most likely correspond to layer D from earlier
stratigraphic schemes, which Malez and Rukavina®* describe
asa“finesandy sediment with a loess-like appearance... mostly
stone-free... in its fresh state, greyish-orange in colour (accord-
ing to Munsell 20 YR 7/4)”. These are silty and silty-clayey layers
that match the given description and are visibly distinct from
the underlying layersin both colour and texture. In view of that,
it is important to note that sedimentological research shows
that, in the interior of the cave near the investigated profile 3,
layer D clearly stands out from the deposits of complex E by a
higher proportion of the granulometric fraction smaller than
0.06 mm, i.e. the silt and clay content.?® An alternative interpre-
tation would correlate SU 5 with the upper part of layer E from
Malez’s stratigraphy, reflecting the uncertainty in defining pre-
cise boundaries between individual layers.

Stratigraphic units 6 and 7 together likely correspond to the de-
posits designated as layer E in earlier investigations. Malez and
Rukavina*describeitasa“sandy sedimentwithalargeamount
of small limestone rubble... In its fresh state, it is grey in colour
(according to Munsell 5Y5/2forErand 5Y 6/1for E2)”, and they
also note that the clasts are chemically corroded in some areas.
These descriptions align with the characteristics of SU6 and SU
7, where the new research recorded a greater number of small
clasts, which are especially chemically weathered in SU 7.

Accordingly, stratigraphic units 8 to 18 can be fairly confi-
dently correlated with Malez’s F complex. SU 8 is distinctly
light grey in colour and clearly different from the overlying SU
7, which aligns with the description by Malez and Rukavina,®
who state that the top layer of the F complex, namely layer Fg,
has a Munsell colour of N6. In fact, in their descriptions of the
stratigraphic sequence,z* only the layers of the F complex are
assigned neutral grey tones according to Munsell (N4-N7), sug-

25 Malez, Rukavina 1979, 188.

26  Malez, Rukavina 1975; 1979; Malez, Simuni¢, Simuni¢ 1984.
27 Malez, Rukavina 1979, 189.

28 Malez, Simuni¢, Simuni¢ 1984

29 Malez, Rukavina 1979, 189.

30 Malez, Rukavina 1979, 189.

31 Malez, Rukavina 1979; Malez, Simuni¢, Simuni¢ 1984.

25 Malez, Rukavina 1979, 188.

26 Malez, Rukavina 1975; 1979; Malez, Simuni¢, Simuni¢ 1984.

27 Malez, Rukavina 1979, 189. Translated from the original by M. Banda.
28 Malez, Simuni¢, Simuni¢ 1984.

29 Malez, Rukavina 1979, 189. Translated from the original by M. Banda.
30 Malez, Rukavina 1979, 189.

31 Malez, Rukavina 1979; Malez, Simuni¢, Simuni¢ 1984.
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SLIKA 7. Korelacija novoutvrdenih stratigrafskih jedinica sa stratigrafskom po-
djelom naslaga iz istraZivanja M. Maleza (izradili M. Banda i F. Sirovica).
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FIGURE 7. Correlation of newly-identified stratigraphic units with the strati-
graphic division from the research of Mirko Malez (made by M. Banda and F.
Sirovica).

tra granica sa slojem G1.3> Prema tome, najnizi sloj iz iskopne
povrsine, odnosno SJ 18, te prvi sloj u potkopanome dijelu (A6),
zasigurno pripadaju prije definiranomu kompleksu F. S druge
strane, zasad nije moguce u potpunosti povezati stratigrafske
jedinice iz novih istrazivanja s podslojevima kompleksa F - Fg,
Fs, Fd/s, Fd, Fd/d, kako su ih redom definirali Malez i Rukavina 33
Dio problema korelacije proizlazi iz ve¢ navedene horizontalne
varijabilnosti u slojevima SJ 9-14 i S) 16-17, uzrokovane pore-
mecajima i razlikama u sedimentaciji zbog postojanja vapne-
nackih blokova, ¢ime je otezano horizontalno, ali i vertikalno
pracenje stratigrafskih jedinica.

Eventualno je moguce, i to barem djelomi¢no, na temelju stra-
tigrafskoga poloZaja korelirati sloj Fg sa S) 8, a sloj A6 sa Fd/d.
Osim toga, postoji potencijalna korelacija izmedu SJ 10 i sloja
Fd/s jer obje jedinice predstavljaju glinovite slojeve bez krsja,3
ali s obzirom na to da je S) 10 otkrivena samo na dijelu iskopne
povrSine i da ju nije jednostavno pratiti, moguce je daseradio
manjemu proslojku, koji stoga nije istovjetan sloju Fd/s. Uz to,
u sloju Fd, prema Malezu i Rukavini,s uz sivi matriks (MUN N5
i MUN 5Y 4/4) javljaju se i Zu¢kastozeleni proslojci, $to okvirno
odgovara opisu S) 18, koji predstavlja Zuto-sivi pjeskovito-siltni
sloj, iako slitne karakteristike ima i sloj A6 iz potkopanoga dije-
la koji se nalaziispod S 18.

gesting that they visibly differed in colour from the overlying
and underlying deposits. In addition, the lower limit of complex
Fis easily recognizable, as thereis a sharp boundary with layer
G1.3?Therefore, the lowest layer within the excavated area, SU
18,aswell as thefirstlayerin the undercut section (A6), can con-
fidently be assigned to the previously-defined F complex. On
the other hand, itis currently not possible to fully correlate the
stratigraphic units from the new excavations with the sublay-
ersofthe Fcomplex-Fg, Fs, Fd/s, Fd, Fd/d - as defined by Malez
and Rukavina.3? Part of the difficulty in establishing this corre-
lation stems from the aforementioned horizontal variability
within layers SU 9-14 and SU 16-17, caused by disturbances and
differences in sedimentation due to the presence of limestone
blocks, which complicates both horizontal and vertical tracing
of the stratigraphic units.

Itis potentially possible at least partially to correlate layer Fg
with SU 8, and layer A6 with Fd/d, on the basis of their strati-
graphic positions. In addition, there is a potential correlation
between SU 10 and layer Fd/s, as both units represent clay-rich
layers without clasts.3*However, since SU 10 was identified only
in part of the excavated area and is not easily traceable, it may
represent a smaller lens, and therefore may not be identical to
Fd/s. Furthermore, according to Malez and Rukavina,* layer Fd

32 v.Malez, Rukavina 1979. 32 See Malez, Rukavina 1979.
33 Malez, Rukavina 1979. 33 Malez, Rukavina 1979.
34  Malez, Rukavina 1979, 189. 34 Malez, Rukavina 1979, 189.
35  Malez, Rukavina 1979. 35 Malez, Rukavina 1979.



176

MARKO BANDA ETAL.. IZMEDU ISTRAZIVANJA | OCUVANJA — INTEGRACIJA ANALITICKIH METODA U ZASTITNIM ISKOPAVANJIMA SPILJE VINDIJE

VAMZ /3.SERIJA/LVIII (2025)

Ipak, slojevi oznaceni oznakama od A6 do A1y nisu iskopavani,
te je korelaciju sa slojevima iz prijasnjih istrazivanja potrebno
izvrsiti uz prikladne ograde, istodobno pruzajuc¢i mogucnost ja-
snijega definiranja konteksta iz kojih potje¢u novoprikupljeni
uzorci. Ako je sloj A6 moguce smatrati ekvivalentnim donjemu
dijelu kompleksa F, odnosno sloju Fd/d iz prijasnjihi straziva-
nja,®* tada se crveni sloj A7 moze smatrati ekvivalentnim sloju
G1, a istomu sloju vjerojatno pripadaju i tanke naslage od A8
doA1137)asnoizrazeni kontaktirazlika u boji izmedu A11iA12
upucuje na to da je A12 najvjerojatnije ekvivalentan sloju G2,
Sto dodatno podupire prepoznatljivost slojeva G1i G3, obiljeZe-
nih specificnim znac¢ajkama boje i sastava. Naime, na temelju
boje i sastava, slojevi oznateni oznakama od A13 do A16 odgo-
varaju opisu sloja G3.2* Prema alternativhome tumacenju, slo-
jeve A14 -A16 moguce je korelirati s donjim dijelom kompleksa
G (slojevi G4 i Gs5), iz tega proizlazi da je taj dio stratigrafskoga
slijeda samo preliminarno koreliran sa starijom stratigrafskom
shemom. Posljednji vidljivi sloj A17 mogao bi biti ekvivalentan
jednomu od slojeva donjega dijela kompleksa G (G4 ili Gs), ali i
sloju H iz starijih istrazivanja.3®

Analiza kronoloskoga slijeda

Provedenu korelaciju moguce je primijeniti za definiranje okvir-
ne starosti za naslage dokumentirane novim istrazivanjima, uz
nezaobilaznusuzdrzanost kojaje nuzanrezultat nesigurnostiu
dostupne podatke. Starosti determinirane u okviru kronologije
stadija izotopa kisika proizlaze iz prijasnjih relativno krono-
loskih determinacija na temelju tzv. alpske kronologije,s* pale-
oklimatskih indikatora skupova faune“ i objavljenih rezultata
apsolutnoga datiranja.s Doduse, samo su pojedine naslage
i pripadaju¢i skupovi nalaza, koji su bili predmet intenzivnih
rasprava o podrijetlu modernih ljudi i nestanku neandertalaca,
poput slojeva Fd/d, G1i G3, prethodno radiokarbonski datirani
s nesto vec¢im brojem uzoraka, pri ¢emu su primijenjene razli-
¢ite metode pripreme i mjerenja.« S druge strane, dosadasnje
uran-torij (U-Th) datiranje pojedinih slojeva nije rezultiralo po-
uzdanim podatcima zbog problema ,otvorenoga sustava“, od-
nosno vremena unosa urana nakon smrti organizma i naknad-

contains, in addition to a grey matrix (MUN N5 and MUN 5Y 4/4),
yellowish-green lenses, which roughly corresponds to the de-
scription of SU 18, representing a yellow-grey sandy-silty layer,
although similar characteristics are also present in layer A6 of
the undercut section located beneath SU 18.

However, the layers labelled A6 to A17 were not excavated, so
their correlation with layers from earlier investigations must
be approached with appropriate caution, while still allowing
for a clearer definition of the context from which the newly col-
lected samples originate. If layer A6 can be considered equiva-
lent to the lower part of complex F, specifically to layer Fd/d of
the previous research,’® then the red layer A7 may correspond
to layer G1, and the thin deposits A8 through A11 likely also be-
long to the same layer3” The clearly-defined contact and colour
difference between A11and A12 suggest that A12 is most likely
equivalent to layer G2, which is further supported by the recog-
nisability of layers G1 and G3, marked by their specific colour
and composition. That is to say, on the basis of their colour and
composition, that the layers labelled A13 to A16 correspond to
the description of layer G3.3® According to an alternative inter-
pretation, layers A14-A16 could be correlated with the lower
part of complex G (layers G4 and Gs), indicating that this por-
tion of the stratigraphic sequence has only been preliminarily
correlated with the older stratigraphic framework. The last vis-
ible layer, A17, could be equivalent either to one of the layers
of the lower part of complex G (G4 or Gs) or to layer H of earlier
investigations.3®

Analysis of the chronological sequence

The established correlation can be used to define the approxi-
mate age of the deposits documented in the new investigations,
with the necessary caution due to the uncertainty of the avail-
able data. The ages determined within the framework of the
marine isotope stage (MIS) chronology“ are derived from earli-
errelative chronological determinations based on the so-called
Alpine chronology,** palaeoclimatic indicators from faunal as-
semblages,“>and published results of absolute dating.“* Howev-
er, only certain layers and associated assemblages - those that
have been the focus of intense debate regarding the origins of
modern humans and the disappearance of Neandertals, such
as layers Fd/d, G1 and G3 - have previously been radiocarbon-
dated using asomewhat larger number of samples and through
the application of various preparation and measurement tech-
niques.* On the other hand, uranium-thorium (U-Th) dating of
some layers conducted thus far has not yielded reliable results,
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ne razmjene izotopa urana i torija s okoliSem. Takav proces
razlog je zasto su U-Th rezultati sustavno mladi od rezultata
radiokarbonskoga datiranja uzoraka iz slojeva kompleksa G.4
Parcijalno poznavanje starosti pojedinih dijelova stratigrafsko-
ga slijeda razlog je zbog kojega su moguca razli¢ita tumacenja
kronologije naslaga,s a pogotovo jeizrazeno slabo poznavanje
kronologije F, E i D kompleksa.

lako radiokarbonske analize na novoprikupljenim uzorcima
za sada nisu bile uspjesne, prema svim pokazateljima, gornje
stratigrafske jedinice oznacene kao S) 1, 2, 4 i 5 pripadale bi
razdoblju kasnoga glacijala, odnosno drugoj polovini MIS 2, na-
kon kasnoglacijalnoga maksimuma (LGM). Takva pretpostavka
temelji se na rezultatu radiokarbonskoga datiranja od 23,1 do
21,7 tisuca kalibriranih g. prije sadasnjosti“® (Z-2447) na kosti
Spiljskoga medvjeda iz sloja E,* koji je pak koreliran s jedinica-
ma oznacenima kao S) 6 i 7. Sukladno tomu, S} 6 i 7 moguce je
takoder pripisati razdoblju MIS 2, a moguce je da iste naslage
obuhvacdaju i razdoblje LGM-3,%° na Sto upucuju i rezultati ana-
lize faune koja upucuje na postojanje nekih vrsta prilagodenih
glacijalnim uvjetima.s

Kompleks F,odnosno stratigrafske jediniceod S8 do S) 18, kaoii
sloj A6, datiraju se u vrijeme MIS 3 na temelju triju rezultata da-
tiranja uzoraka ugljena raspona od 48 do 22 tisuca kalibriranih
g. prije sadasnjosti (Z-551, Z-612, Z-613).5* Dodatni uzorak med-
vjede kosti iz sloja Fd/d pruzio je rezultat od 33,4 do 29,1 tisuca
kalibriranih g. prije sadasnjosti (Z-2433).5 Medutim, treba imati
na umu da su ti rezultati nastali u vremenu prije uporabe ak-
celeratorske masene spektrometrije pa su, osim $to imaju jako
Siroke raspone, pojedine starosti naslaga kompleksa F vjerojat-
no nesto podcijenjene, $to podupiru i noviji rezultati datiranja
kostiju iz sloja F/d koji upucuju na kalibrirane starosti od 43 do
49 tisuc¢a godina prije sadasnjosti (10).5

Shodno tomu, slojevi kompleksa G vec¢im dijelom, ako ne i u ci-
jelosti, pripadaju vremenu MIS 3 jer rezultati datiranja smjesta-
ju uzroke kostiju iz sloja G1izmedu 43 i 52 tisuc¢a kalibriranih g.
prije sadasnjosti,>> a one iz sloja G3 u raspon od 44 do 52 tisuce
kalibriranih g. prije sadasnjosti(10).5° Stoga se ista starost moze
pretpostaviti za slojeve oznatene oznakama od A7 do A13, a sta-

due to the ‘open system’ problem - that is, the timing of ura-
nium uptake after the organism’s death and the subsequent
exchange of uranium and thorium isotopes with the environ-
ment. This process explains why U-Th results are systemati-
cally younger than radiocarbon dates from samples in complex
G.“ The partial understanding of the age of certain segments
of the stratigraphic sequence creates a context in which vari-
ous interpretations of the chronology of the deposits are pos-
sible.«” This is particularly true for the poorly-understood chro-
nologies of complexesF, Eand D.

Although radiocarbon analysis on the newly collected samples
has so far been unsuccessful, all available indicators suggest
that the upperstratigraphic units labelled SU 1, 2, 4, and 5 likely
belong to the Late Glacial period - that is, the second half of
MIS 2, after the Last Glacial Maximum (LGM). This assumption
is based on aradiocarbon date ranging from 23.1 to 21.7 ka cal.
BP“® (Z-2447), obtained from a cave bear bone found in layer E,*
which has been correlated with units SU 6 and 7. Accordingly,
SU6and7canalso beattributed to MIS 2,and itis possible that
these deposits include the LGM period as well,5° as suggested
by faunal analysis results indicating the presence of species
adapted to glacial conditions.s*

ComplexF,i.e.stratigraphic units SU 8 through SU 18, as well as
layer A6, are dated to MIS 3 on the basis of three charcoal-dat-
ing results ranging from 48 to 22 ka cal. BP (Z-551, Z-612, Z-613).5
An additional sample of a bear bone from layer Fd/d provided
a date between 33.4 and 29.1 ka cal. BP (Z-2433).53 However, it is
important to note that these results were obtained prior to the
use of accelerator mass spectrometry (AMS), and therefore, in
addition to having very broad ranges, the ages of some of the
complex F deposits are likely somewhat underestimated. This
is supported by more recent radiocarbon dating of bones from
layer F/d, which indicate calibrated ages ranging from 43 to 49
ka BP (10).54

Accordingly, the layers of complex G for the most part, if not
entirely, belong to the period of MIS 3, because dating results
of bone samples from layer G1 range between 43 and 52 ka cal.
BPssand those from layer G3 from 44 to 52 ka cal. BP (10).5° There-
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rost A14,A15iA16 ostaje otvorena jer nije sigurno odgovaraju li
sloju G3ili slojevima G4 i G5 po prijasnjoj stratigrafskoj podjeli.

S tim u vidu ostaje otvoreno i pitanje starosti sloja A17, za koji
nije sigurno predstavljali donji dio kompleksa GilislojH. Dostu-
pan je samo jedan rezultat radiokarbonskoga datiranja kosti iz
sloja H, koji je u kontekstu novih datiranjavidno podcijenjen (od
42,7 do 34,5 tisuca kalibriranih g. prije sadasnjosti; VRI-1125),5
dok rezultat datiranja kosti metodom U-Th s granice slojeva
H/I pokazuje prosjec¢ni rezultat od 88,2 * 2,3 tisuca g.5® Okvirno
usporedivi rezultati dobiveni su i novijim U-Th datiranjima koji
upucuju na starosti od 88,7 + 13 tisuca g. i 102 = 6 tisuca g. prije
sadasnjosti>® Ipak, ovi rezultati ostavljaju Siroke mogucnosti
datiranja sloja H, od zavr$noga dijela MIS 5 pa sve do pocetka
MIS 3, a rezultati revizije faunskih ostataka sugeriraju na posto-
janje umjerenih okolisnih uvjeta kao i u kompleksu G. To znaci
da su klimatske oscilacije na tome prostoru bile relativno blage
i da je stoga tesko prepoznati obrasce koji odrazavaju paleokli-
matske promjene tipi¢ne za pojedine stadije izotopa kisika.®®

Budu¢i znanstveni doprinos

Dodatnu perspektivu boljemu razumijevanju kronologije pe-
¢inskih naslaga mogli bi osigurati novi pokusaji radiokarbon-
skih analiza, ali bitan doprinos istoj problematici mogu pruziti i
druga uzorkovanja provedena tijekom iskopavanja.

To se ponajprije odnosi na analizu prisutnosti tefre koja se,
na temelju jedinstvenih mineralnih i geokemijskih svojstava,
moze povezati s pojedina¢nim erupcijama i geografskom lo-
kacijom pojedine erupcije. Zbog toga je korisna za dobivanje
referentnih kronostratigrafskih razina,®* Sto je temelj tefro-
kronologije.®? Starost odredene erupcije, odnosno depozicija
pojedine tefre Cesto je odredena na temelju radiometrijskoga
datiranja vulkanskih formacija i materijala pronadenoga u nji-
ma u proksimalnome podru¢ju erupcije, ali i na temelju poloza-
ja tefre udrugim naslagama te zapisima gdje postoje povoljni i
konzistentni depozicijski uvjeti kao 3to su jezerski sedimenti i
ledene jezgre.®* Determiniranjem naslaga tefre na arheoloskim
nalazistimainjihovim povezivanjem sa specifi¢nim erupcijama
dobivaju se kronostratigrafskireferetne razine koje omogucuju
odredivanje starosti stratigrafskoga slijeda te korelacije medu
razli¢itim arheoloskim i paleookolisnim zapisima kojiimaju iste
naslage tefre.5

fore, the same age can be assumed for the layers labelled A7 to
A13, while the ages of layers A14, A15 and A16 remain uncertain,
asitisunclear whether they correspond to layer G3 or to layers
G4 and Gs of the earlier stratigraphic framework.

With that in mind, the age of layer A17 remains an unresolved
issue, as it is uncertain whether it represents the lower part of
complex G orcorresponds tolayer H.Only oneradiocarbon date
isavailable forabone from layer H, which, when viewed in light
of newer datings, is clearly underestimated (ranging from 42.7
to34.5 ka cal. BP; VRI-1125)57 In contrast, a bone from the bound-
ary between layers H and I, dated by U-Th, yielded an average
result of 88.2 = 2.3 ka.*® Roughly comparable results were ob-
tained from more recent U-Th datings, indicating ages of 88.7 +
13kaand 102+ 6 ka BP>* However, these results leave open wide
possibilities for the age of layer H - from the final part of MIS 5
to the beginning of MIS 3. Moreover, a revision of the faunal re-
mains suggests the presence of temperate environmental con-
ditions, similar to those in complex G. This implies that climatic
oscillations in this area were relatively mild, making it difficult
to identify patterns reflecting the palaeoclimatic changes typi-
cally associated with specific marine isotope stages.®

Future scientific contributions

Additional insight into the chronology of the cave deposits
could be gained through new attempts at radiocarbon analysis,
but other sampling conducted during the excavation may also
provide an important contribution to this issue.

This, first and foremost, refers to the analysis of tephra pres-
ence, which, on the basis of its unique mineralogical and geo-
chemical characteristics, can be linked to specific volcanic
eruptions and their geographic locations. Therefore, it serves
asavaluable tool for establishing reference chronostratigraph-
ic horizons,® which forms the basis of tephrochronology.®2 The
age of a particular eruption, or the deposition of individual te-
phralayers, is often determined through radiometric dating of
volcanic formations and materials found in the proximal erup-
tion region, as well as by correlating tephra layers within other
sequences and records where favourable and consistent depo-
sitional conditions exist, such as lake sediments andice cores.®
By identifying tephra deposits at archaeological sites and asso-
ciating them with specific eruptions, chronostratigraphic refer-
ence horizons are established, enabling age determination of
stratigraphic sequences and facilitating correlations between
various archaeological and palaeoenvironmental records con-
taining the same tephra layers.®
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Istodobno, vulkanski pepeo koji nije moguce makroskopski uo-
¢iti, ali je zastupljen u naslagama u formi koncentracije sitnih
krhotina stakla i kristala, naziva se kriptotefra.®s Kriptotefra
predstavlja (ultra)distalnu depoziciju piroklasti¢noga materija-
la, koja se u odredenim sluc¢ajevima dogada i vise od nekoliko
tisuc¢a kilometara od izvorisne erupcije,® te posljedi¢no omogu-
¢ava determinaciju sinkronih referentnih horizonata na Siremu
geografskom prostoru.® Uzorci kriptotefre za tefrokronolosku
determinaciju izdvajaju se iz uzoraka sedimenta mikroskop-
skim tehnikama ekstrakcije krhotina vulkanskoga stakla, koji
se potom podvrgavaju geokemijskoj analizi, a specifi¢an hori-
zont depozicije odreduje se na temelju vertikalne koncentraci-
je stakla.®® Depozicija tefre moZe se sigurno datirati u vrijeme
odredene erupcije samo ako se pokaze da nije doslo do naknad-
ne pretaloZzbe, a za procjenu stupnja tafonomskih poremecaja,
osim distribucije ¢estica stakla,® upotrebljavaju se i mikroskop-
ske karakteristike cestica.”

Na prostoru srednje i jugoisto¢ne Europe detektiran je niz vaz-
nih (kripto)tefri iz razdoblja gornjega pleistocena,’* Ciji bi se
ostatci stoga mogli potencijalno detektirati u naslagamaiz Vin-
dije. Na tajnac¢in moguce je dobiti bolji uvid u starost pojedinih
naslagaivremenskiraspored njihove depozicije pomocu strati-
grafskoga slijeda nalazista. Osim toga, horizonti tefre mogli bi
dodatno posluziti i za pracenje stratigrafskih jedinica koje se
makroskopski ponekad tesko razlikuju, a mozda i poznavanje
mikrotopografskih situacija u 3pilji tijekom gornjega pleistoce-
na koji bi se mogli povezati s geomorfoloskim procesima.

Uz kronoloske analize, uzorkovanja su provedena i u svrhu re-
konstrukcije paleookolisnih odnosa naslaga. Naime, posljednje
revizije zastupljene faune u gornjemu dijelu stratigrafskoga
slijeda pokazale su da nema znacajnih razlika u klimatskim
uvjetima medu kompleksimaE, Fi G, odnosno da osim nekoliko
glacijalno prilagodenih vrsta iz sloja E, opcenito prevladavaju
umjereni uvjeti s mjesavinom otvorenih i Sumskih okolisa.”
lako su ti podatci vazni, oni su nesto niZe rezolucije i gotovo u
potpunosti predstavljaju podatke na razini kompleksa. Time
otezavaju paleoklimatsku i kronolosku korelaciju s glavnim kli-
matskim fazama gornjega pleistocena, istodobno potencijalno
prikrivajuc¢i promjene na kra¢im vremenskim relacijama, koje bi
mogle biti vidljive medu pojedinim slojevima.

Drevna DNA iz sedimenta (sedaDNA) postala je klju¢na metoda
u proucavanju nekadasnjih ekosustava i ljudskih aktivnosti
gdje skeletni materijal nije dostupan.”? DNA ocCuvana u sedi-
mentu potjeCe od razli¢itih bioloskih tvari kao $to suizmet, urin,
dlaka, stanice koZze i mikroskopska kost ili fragment koprolita,

At the same time, volcanic ash that cannot be detected macro-
scopically but is present in deposits in the form of concentra-
tions of small glass and crystal shards is called cryptotephra.®s
Cryptotephra represents (ultra)distal deposition of pyroclastic
material, whichin certain cases occurs thousands of kilometres
away from the source eruption,®® thereby enabling the identifi-
cation of synchronous reference horizons across a wider geo-
graphic area.”” Samples of cryptotephra for tephrochronologi-
cal determination are extracted from sediment samples using
microscopic techniques to isolate volcanic glass shards, which
are then subjected to geochemical analysis, and the specific
deposition horizon is determined on the basis of the vertical
concentration of the glass.®® The deposition of tephra can only
be reliably dated to the time of a particular eruption if it can
be shown that no subsequent redeposition has occurred, and
to assess the degree of taphonomic disturbance, in addition to
thedistribution of glass particles,® microscopic characteristics
of the particles are also used.”

In the region of Central and Southeastern Europe, a number of
significant (crypto)tephras from the Upper Pleistocene have
been identified,”* the remnants of which could potentially be
detected in the Vindija deposits. In this way, it is possible to
gain better insight into the ages of individual deposits and the
timing of their deposition throughout the site’s stratigraphic
sequence. Additionally, tephra horizons could further aid in
tracking stratigraphic units that are sometimes difficult to
distinguish macroscopically, and perhaps also in understand-
ing microtopographic conditions within the cave during the
Upper Pleistocene, which may be linked to geomorphological
processes.

In addition to chronological analysis, sampling was also carried
out forthe purpose of reconstructing the palaeoenvironmental
conditions of the deposits. Recent revisions of the faunal re-
mains from the upper part of the stratigraphic sequence have
shown that there are no significant climatic differences among
complexes E, F and G. Aside from a few glacially-adapted spe-
ciesfrom layer E, temperate conditions generally prevail, with a
mix of open and forested environments.”2 Although these data
are important, they are of relatively low resolution and are al-
most entirely limited to the level of sedimentary complexes.
This complicates palaeoclimaticand chronological correlations
with the major climatic phases of the Upper Pleistocene and
potentially obscures short-term environmental changes that
might be detectable between individual layers.
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koje postaju inkorporirane u matriks sedimenta i adsorbirane
na povrsine minerala.’«Kada se jednom zastite na taj nacin, ¢ak
i kratke i oStecene molekule mogu se oCuvati desetcima tisuca
godina.’s Kako bi se taj materijal prikupio, uzorci sedimenta
prikupljaju se tijekom iskopavanja u uvjetima kontrole konta-
minacije, sterilnim orudem i strategijom koja je usmjerena na
stratigrafiju neporemecenih profila’® Uzorkovanjem slojeva
u slijedu dobiva se vremenski okvir za otkrivanje genetskih si-
gnala, zajedno s arheoloskim i paleookolisSnim kontekstom.””
U laboratoriju se DNA ekstrahira s protokolima na bazi silicija,
koji su optimiziranizavrlo fragmentirane molekule,®a zatim se
pretvara u knjiznice sekvenciranja te, ovisno o istrazivackome
pitanju, analizira metodom nasumi¢noga sekvenciranja, meta-
barkodiranja ili pristupima ciljanoga obogacivanja.” Zajedno,
te metode omogucuju otkrivanje ljudske prisutnosti, raznoliko-
sti faune i okoliSne promjene izravno iz sedimenata.®°

Naposljetku, uzorkovanja za geoarheoloske i mikromorfoloske
analize, osim pruzanja paleookolisnih podataka, imaju poten-
cijal doprinijeti boljemu razumijevanju depozicijskih i postde-
pozicijskih uvjeta u Vindiji tijekom gornjega pleistocena. Naime,
vec su asocijacije neandertalskih fosila i gornjopaleoliti¢kih
izradevina u istim slojevima kod nekih autora izazvale sumnju
u stratigrafski integritet nalazista,® a Malez i Rukavina upuci-
vali su na postojanje krioturbacijskih poremecaja u pocetno-
me dijelu Spilje koji su zahvatili slojeve od E do J.52 Bruner je
sastavljanjem litickih izradevina izravno pokazala da je doslo
do mijesanja slojeva.t* Medutim, krioturbacijske pojave nisu
postojale u svim dijelovima $pilje,® a postotak sastavljenih ar-
tefakata mali je s obzirom na njihov ukupni broj,® Sto upucuje
na neporemecenost slojeva u odredenim dijelovima nalazista.
Ipak, opservacije proizasle iz tih istrazivanja, ukljucujuciinovu
reviziju geoarheologije 3pilje, upu¢uju na kompleksne odnose
depozicijskih i erozijskih procesa u formiranju danas o¢uvanih
naslaga, ¢ijim bi se dubljim razumijevanjem stratigrafski inte-
griteti skupova nalaza mogli znatno bolje procijeniti.

Sedimentary ancient DNA (sedaDNA) has become a key method
to investigate past ecosystems and human activity where skel-
etal material is not available.”» The DNA preserved in sediment
originates from various biological materials, such as faeces,
urine, hair, skin cells, microscopic bone, or coprolite fragments,
which become incorporated into the sediment matrix and
adsorbed onto mineral surfaces.”* Once protected in this way,
evenshortand damaged molecules can survive for tens of thou-
sands of years.”s To recover this material, sediment samples are
collected during excavation under contamination-controlled
conditions, with sterile tools and a strategy that targets un-
disturbed interior sections of stratigraphic layers.’® Sampling
across successive layers provides a chronological framework
for detecting genetic signals, in relation to the archaeological
and palaeoenvironmental context’” In the laboratory, DNA
is extracted using silica-based protocols optimized for highly
fragmented molecules,”® converted into sequencing libraries,
and subsequently analysed by shotgun sequencing, metabar-
coding or targeted enrichment approaches, depending on the
research question.” Together, these methods enable the detec-
tion of human presence, faunal diversity and environmental
change directly from the sediment record.®

Finally, geoarchaeological and micromorphological sampling,
in addition to providing palaeoenvironmental data, has the
potential to contribute to a better understanding of deposi-
tional and postdepositional conditions in Vindija during the
Upper Pleistocene. Associations of Neandertal fossils and Up-
per Palaeolithic artefacts within the same layers have already
led some researchers to question the site’s stratigraphic integ-
rity.* Malez and Rukavina point out the presence of cryoturba-
tion disturbancesin the cave’s entrance area, affecting layers E
to).®2Bruner, through refitting of lithic artefacts, demonstrates
directly that mixing of layers had occurred.® However, cryotur-
bation structures were not present throughout the cave,® and
the percentage of refitted artefacts was small relative to the
total number,®indicating a lack of disturbance in certain parts
of the site. Nevertheless, observations from these investiga-
tions, including the current revision of the cave’s geoarchaeol-
ogy, point to complex relationships between depositional and
erosional processes in the formation of the preserved deposits,
and a deeper understanding of these processes could allow for
amuch moreaccurate assessment of the stratigraphicintegrity
of the assemblages.
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Zakljucak

Tijekom opsegom iznimno ograni¢enoga iskopavanja i uzorko-
vanja srediSnjega dijela profila 3 $pilje Vindije, provedenoga
2023, koriStena je standardna metodologija iskopavanja pale-
olitickih nalazista uz biljeZenje individualnih nalaza, prosijava-
nje sedimenata i uzorkovanje u skladu s utvrdenim stratigraf-
skim slijedom nalazista.

Tijekom iskopavanja dokumentirano je 18 stratigrafskih jedini-
ca te dodatnih 12 slojeva koji nisu iskopavani, nego su razdvo-
jeni na temelju vidljivih promjena. Istodobno su primijecene i
brojne tvorevine koje upucuju na odredene depozicijske uvjete
u spilji tijekom dijela gornjega pleistocena. Dio novodefiniranih
naslagabiloje moguceizravno korelirati s kronostratigrafskom
shemom izradenom nakon istrazivanja iz 1970-ih i 1980-ih godi-
na, a pojedini dijelovi stratigrafskoga slijeda uvjetno su koreli-
rani natemelju stratigrafskoga odnosa s pouzdano koreliranim
stratigrafskim jedinicama. Tijekom iskopavanja prikupljeni su
mnogobrojni uzorci za razli¢ite vrste analiza koje mogu dopri-
nijeti daljnjemu razjasnjenju procesa nastanka pojedinih sloje-
va i rekonstrukciji djelovanja depozicijskih i postdepozicijskih
procesa, zatim pruZiti nove podatke o starosti naslagainalaza
te omoguciti nove rekonstrukcije okolisa. Kumulativno, ti po-
datci pokazuju da postoji potencijal za dodatne razrade prije
definiranoga stratigrafskog slijeda, bolje razumijevanje krono-
logije deponiranja naslaga iz gornjega pleistocena te nadopu-
njavanje podataka dobivenih klasicnom arheozooloSkom i pa-
leontoloSkom analizom. Time ta istraZivanja daju primjer inte-
gracije uzorkovanja, provedenih u svrhu rjeSavanjadugotrajnih
istrazivackih pitanja, srealnim potrebamaiogranic¢enjima koja
Cine sastavni dio zastitnih iskopavanja, posebno u kontekstu
istrazivanjaiznimno ograni¢enoga opsega.

Naposljetku je vazno istaknuti da je nakon zavrsetka iskopava-
njajuznastrana profila 3 zasti¢ena od osipanjaidevastacija po-
stavljanjem geotekstila i drvenih potpornja. Ipak, ostali profili
i ostatci naslaga u Spilji Vindiji i dalje su izloZeni procesima tro-
Senja, teje nuzno Sto prije definirati prikladna rjeSenja zastite i
konzervacije toga neprocjenjivog arheolo3kog, paleontoloskog
i paleookoliSnog zapisa.

Conclusion

During the spatially highly limited excavation and sampling
of the central section of profile 3 in Vindija Cave, conducted in
2023, standard methodology for the excavation of Palaeolithic
sites was employed. This included the recording of individual
finds, sediment sieving, and sampling in accordance with the
established stratigraphic sequence of the site.

During the excavation, 18 stratigraphic units were documented,
along with an additional 12 layers that were not excavated but
were distinguished on the basis of visible changes. At the same
time, numerous features were observed that indicate specific
depositional conditions in the cave during parts of the Upper
Pleistocene. Some of the newly-defined deposits could be di-
rectly correlated with the chronostratigraphic scheme devel-
oped following excavations in the 1970s and 1980s, while cer-
tain parts of the stratigraphic sequence were conditionally cor-
related on the basis of their stratigraphic relationship with reli-
ably correlated units. Alarge number of samples were collected
during the excavation for various types of analysis, which may
contribute to further clarification of the formation processes
of individual layers and the reconstruction of depositional and
postdepositional processes, as well as provide new data on the
ages of the deposits and finds and enable new environmental
reconstructions. Collectively, these data indicate the potential
for further refinement of the previously-defined stratigraphic
sequence, a better understanding of the chronology of Upper
Pleistocene deposits, and the broadening of data obtained
through classical archaeozoological and palaeontological
analysis. In this way, the research serves as an example of inte-
grating sampling strategies aimed at addressing long-standing
research questions with the practical needs and constraints
that are an inherent part of rescue excavations, particularly in
the context of investigations of extremely limited scope.

Finally, it is important to highlight that, following the excava-
tion, the southern side of profile 3 was protected from erosion
and damage by the installation of geotextile and wooden sup-
ports. However, other profiles and remaining deposits at the
Vindija cave remain exposed to degradation processes, making
it essential to urgently define appropriate protection and con-
servation measures for thisinvaluable archaeological, palaeon-
tological and palaeoenvironmental record.

Translated from Croatian by M. Banda.
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