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SUMMARY

The dissertation deals with the interpretation of the archaeological layers of five cave
archaeological sites: Mujina Pecina near Kastela, Velika pecina-Kli¢evica near Benkovac,
Zemunica in Bisko, Zala near Ogulin and Romualdova Pecina near Rovinj. The study is based
on geoarchaeological analyses that include a detailed description of the stratigraphic sequence
at each site, sedimentological laboratory analyses and micromorphological analysis of
sediments. The subjects of this study are prehistoric layers from the mentioned caves, from
the Middle Palaeolithic to the Bronze Age levels. The main goals of the geoarchaeological
study were to understand the infilling and postdepositional processes of the five caves, and
the environmental conditions that controlled them, as well as the use of the cave by humans
and animals. The identified site formation processes are polygenetic in origin and can
generally be divided in geogenic, non-human biogenic processes and processes derived by
anthropogenic activities. The analyses confirmed the hypothesis of different cave use by
Middle Paleolithic, Upper Paleolithic, Mesolithic, Neolithic and Bronze Age humans. The
environmental data from the sediments do not show particular connection between climate
and Neandertal presence in Romualdova and Velika Pe¢ina-Kli¢evica. The data from Mujina
Pecina differ in some extent. The human presence in the cave was more frequent during the
earlier warmer phases and the rather arid event corresponding to loess deposition. The phase
of more intense and continuous use of the cave by humans was during the deposition of unit
E3C. The Upper Palaeolithic levels consist of domestic waste residues. The Mesolithic levels
mostly comprise domestic waste deposits, including ash, bone fragments, and more or less
crushed land snails. The Neolithic, Copper, and Bronze Age part of the sequences are
characterised by continuous evidence of sheep/goat and probably cattle dung accumulations,

and were used as pastoral sites.

Key words: geoarchaeology, sedimentology, soil micromorphology, site formation processes,

caves, prehistory, Eastern Adriatic.



SAZETAK

Arheologija se cesto definira kao znanost koja proucava prosle kulture na temelju
materijalnih ostataka koje su one ostavile iza sebe. U te se ostatke ubrajaju razne konstrukcije,
zatim alatke izradene od raznolikin materijala, umjetnicki predmeti, kosti te ostale
rukotvorine i nalazi ljudskih aktivnosti. Svi su nam ti predmeti vazni za proucavanje ljudskog
ponasanja u proslosti. Medutim, najveci dio materijala koji arheolozi iskopaju prilikom svojih
istrazivanja nisu samo ti objekti, ve¢ nadasve tlo ili sediment u kojem su se pronadeni objekti
nalazili, odnosno njihov kontekst, koji se moze takoder djelomi¢no smatrati rukotvorinom, s
obzirom da covjek sudjeluje u njegovom formiranju putem raznolikih aktivnosti. U ovom
doktorskom radu bit ¢e rije¢ upravo o sedimentima i njihovoj vaznosti pri interpretaciji
arheoloskih nalaza i nalazista. Da bi razumijeli kontekst nalaza moramo razumijeti, izmedu

ostaloga, i procese koji su doveli do njihovog nastanka.

Tema doktorskog rada je interpretacija arheoloskih slojeva pet spiljskih arheoloskih
nalazista: Mujine pecine kod Kastela, Velike pec¢ine u kanjonu Klicevice nedaleko Benkovca,
Zemunice kod Biskog, Zale kod Ogulina i Romualdove $pilje nedaleko Rovinja. Istrazivanje
se temelji na geoarheoloskoj analizi koja ukljucuje detaljan opis stratigrafskog slijeda na
pojedinom nalazistu, osnovne sedimentoloske laboratorijske analize te mikromorfoloske
analize sedimenata. Predmet istrazivanja jesu prapovijesni slojevi u navedenim $piljama, od
srednjeg paleolitika do broncanoga doba. U radu je objasnjen medusobni utjecaj
prapovijesnoga ¢ovjeka i njegovog okolisa te razlike u upotrebi spiljskog prostora tijekom

kasnoga pleistocena i holocena na prostoru isto¢nog Jadrana.

Cilj geoarheoloskog istrazivanja pet navedenih $pilja jest ustanoviti procese talozenja
sedimenata, postdepozicijske procese te uvjete u okolisu koji su ih kontrolirali, kao 1 ljudske
aktivnosti u Spiljama. Identificirani procesi formiranje primjene su poligenetsku osnovu
porijekla i op¢enito se moze podijeliti u geogene, neljudskih biogenih procesima i procesima
dobivenih ljudskim aktivnostima. Analize su potvrdili hipotezu o razli¢itim koristenja Spilje

srednjeg paleolitika, gornji paleolitik, mezolitik, neolitika 1 broncanog doba ljudi.

Podaci za zaStitu okoliSa iz sedimenata ne pokazuju posebnu vezu izmedu klime i

neandertalca prisutnosti u Romualdova i Velike Peé¢ina-Kli¢evica. Podaci iz Mujina Peé¢ina



razlikuju u odredenoj mjeri. Ljudska prisutnost u njoj je ¢es¢a tijekom ranijih toplijim fazama
1 prili¢no susno slucaju odgovara lesnom talozenja. Faza intenzivniju i kontinuirano koristenje
Spilje ljudi je tijekom depozicije jedinice E3C. Razine gornjeg paleolitika sastoje od ostataka
domacih otpada. Mezolitika razine uglavnom obuhvacaju domace depozite otpada,
ukljucujuéi 1 pepela, koStanih ulomaka, te viSe ili manje zdrobljenim kopnenih puzeva.
Neolitika, bakra, a bron¢ano doba dio sekvence karakterizira kontinuirani dokaz ovaca / koza

1 vjerojatno stoke izmeta akumulacije, te su koriSteni kao pastoralnih stranicama.

Kljuéne rije¢i: geoarheologija, sedimentologija, mikromorfologija tla, procesi formiranja
nalazi$ta, $pilje, prapovijest, isto¢ni Jadran
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1. INTRODUCTION

Archaeology is often referred to as the science that studies past cultures based on
artefacts they left behind. These include various structures (e.g. houses, hearths, ovens, etc.),
tools made from different materials, art objects, bones and other artefacts related to human
activities. All these objects are important for the study of human behaviour in the past.
However, most of the material found by archaeologists during their excavations is not
comprised only of these objects, but also the sediment or soil in which they were found, i.e.
their context, can also be considered itself an artifact, since humans contribute to its formation
through a variety of activities. This thesis will discuss sediments and their importance in the
interpretation of findings and archaeological sites. In order to understand the context, it is also
necessary to understand the processes that led to its formation. The branch of archaeology that
studies the processes that led to the deposition of archaeological layers is called
geoarchaeology.

The stratigraphic sequences of sediments, the possible hiatuses, reworking and
disturbing of sediments can be determined using geoarchaeological methods. The
observations carried out on geoarchaeological samples also allow us to determine the origin
of the sediments on an archaeological site, i.e. whether it is related to human activities
(culturally conditioned) or formed by natural processes. What caused the deposition of
sediments in a specific place? Why do some layers contain certain artefacts? What human
behaviours or what natural processes have formed and modified the archaeological layers? All
these and other questions can be answered through the study of site formation processes
(Goldberg and Macphail, 2006; Butzer, 1964). One of the main objectives of geoarchaeology
IS to reconstruct the relationships that existed in the past between human groups and the
environmental context in which they lived (Angelucci, 2009). Cave sediments allow us to
understand to some extent the climate and environmental changes in the past. The possibility
of obtaining paleoclimatic data from cave sediments depends on whether the climate was the
deciding factor in the processes that led to the sedimentation of certain layers. Compared with
the open-air sites, the entrances of caves and rock shelters represent a privileged environment
of sedimentation for the reconstruction of the palaeo-environment and climate change.

The term geoarchaeology appears in the 1960’s and involves a multidisciplinary
scientific approach that uses the concepts and methods of archaeology and soil sciences to

solve archaeological problems. Although I. W. Cornwall published his book Soils for the



Archaeologist already in 1958, geoarchaeology developed as a separate discipline in the late
1960’s and 1970’s (in this context, K. Butzer’s book Environment and Archaeology: An
Introduction to Pleistocene Geography from 1964 should be mentioned).

In 1938, the Austrian scientist W. L. Kubiéna published the book Micropedology,
which represents a first attempt to introduce a terminology for the description of thin sections
and a first synthesis of knowledge on the micromorphology. The interest for this discipline
increased in the 1960 's when the need became more apparent for a new system for
micromorphological descriptions of thin sections as well as the need for a new terminology,
which was introduced by the Australian scientists R. Brewer and J. Sleeman (Fabric and
Mineral Analysis of Soils, 1964). With new knowledge and discoveries in the field of
micromorphology, and with new publications that appeared since the 1960’s, in order to
facilitate the understanding and communication among micromorphologists, a new
terminology was proposed by Bullock et al. in the Handbook for Soil Thin Section
Description (1985), which is now widely accepted. Based on this manual, but with somewhat
modified terminology, G. Stoops published in 2003 the Guidelines for Analysis and
description of Soil and Regolith Thin Sections, which represents the main textbook for
morphological description of soil samples and sediments. Although since the 1960°s many
papers related to micromorphological analysis and interpretation were published, only in 2010
the manual Interpretation of Micromorphological Features of Soils and Regoliths (eds. G.
Stoops, V. Marcelino and F. Mees) appeared, which includes not only the terminology for the
description, but also interpretations of micromorphological samples.

During the 1970’s archaeologists realised the importance of studying the context of
the findings for the interpretation of past events on archaeological sites. They understood that
the archaeological record cannot be considered only as a fossilised record of human behaviour
because it suffered modifications due to various processes. It was necessary to find a way to
identify such processes. Based on previous knowledge in geoarchaeology and the study of site
formation processes, M. B. Schiffer developed the concept of the formation of archaeological
sites and divided the processes into cultural (anthropogenic) and natural ones: the so-called C-
transforms and N-transforms (Schiffer, 1983). His concept is based largely on observations
done by Butzer (1982) such as the influence of water on the horizontal distribution of
artefacts or changes in the soil as a result of ice activities. Butzer (1982) also noted that the
processes that occur during population growth differ significantly from those during the
negative demographic phase, i.e. during the abandonment of the settlement (e. g. layers

forming a tell that belong to the time of the abandonment of the settlement, formed as a result
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of decay and destruction of houses and other structures, are thicker than those from the period
of the occupation, and the deposition is faster (Butzer, 1982; Miller Rosen, 1986).

Using standard geological methods, Malez, Paquette, An. Simuni¢ and Al. Simunié
studied the sediments containing archaeological remains from the cave Vindija with special
reference to the climatic conditions during the sedimentation (Malez and Rukavina, 1975;
Malez et al., 1984). The only systematic micromorphological study of sediments from
Croatian caves has been published by G. Boschian for Pupic¢ina Pe¢ in Istria (Boschian,
2006).

Most of the archaeological research on sites in caves is carried out at the entrance of
the cave, where sediments of various origins accumulate, often resulting in a complex
stratigraphic sequence. Most of the caves analysed for this thesis have that kind of sediments.

The research objectives are: to identify postdepositional and depositional processes of
archaeological layers in each of the studied caves (Mujina Peéina, Zala, Zemunica,
Romualdova Pecina, Velika Peéina-Klicevica), to determine how and to what extent humans
changed (influenced) their environment during prehistory and to provide a more complete
picture of the archaeological context, also identifying possible sin- and postdepositional
reworking of sediments.

The main hypotheses to be tested are:

It is possible to observe differences in the use of caves (and their eventual
abandonment) in different periods and these differences reflect different human behaviour and
their relationship with the environment surrounding them.

« It is commonly assumed that the Neandertals were adapted to a cold climate; since it
is possible to reconstruct the climate of the period of human occupation of the caves through
the study of sediments, it will also be possible to verify if Neandertals used caves
predominantly in cold or warm climate.

The study is based on geoarchaeological analysis that includes a detailed description
of the stratigraphic sequence at each site, sedimentological laboratory analyses and
micromorphological analysis of sediments. The subjects of this study are prehistoric layers
from five caves, from the Middle Palaeolithic to the Bronze Age levels. Attempts will be
made to explain the interaction of prehistoric humans with their environment, and to explain
the differences in the use of the caves during the late Pleistocene and Holocene in the eastern
Adriatic area.

By applying geoarchaeological methods to the study of archaeological sites, natural

and cultural formation processes will be determined as well as eventual postdepositional
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modifications on archaeological layers. The proposed research will provide new insights into
the archaeological context, the relationship between humans and their environment and into
the influence of the environment on human behaviour and will thus complete and improve the
archaeological interpretation.

Since the micromorphological research related to archaeology is very rarely conducted
in Croatia, this thesis should also contribute to the spreading of interest in such analyses,
especially because micromorphology is used today as a standard method in archaeology and it

represents a prerequisite for a more complete understanding of an archaeological site.



2. STUDY AREA
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Figure 2.1 Study area: 1. Romualdova Pecina, 2. Figure 2.2 Hydrogeological map of Croatia (Bognar
Pecina Zala, 3. Velika Peéina-Klicevica, 4. Mujina etal., 2012.).

Peéina, 5. Pe¢ina Zemunica.

The five caves studied in this thesis are situated in the Croatian karst (Fig. 2.1), which
is part of the broader Dinaric karst, located between the Pannonian Basin and the Adriatic
Sea. The main features include high plateaus and karst poljes oriented parallel to the typical
Dinaric northwest-southeast direction of tectonic activity. The Dinaric karst consists
predominantly of Triassic, Jurassic and Cretaceous limestones and dolomites (Fig. 2.2). The
features of the Croatian karst are developed in the massively bedded Cretaceous limestones,
the Promina Beds (alternating marls, sandstones, conglomerates, limestone and cherts,
overlain by alluvial sediments, mostly made of conglomerates with marly beds including coal
and plant remains), and the Jelar Breccia of unknown age.

During the Pleistocene, glacial processes affected only the higher parts of the Dinaric
Mountains, above 1,100 m a. s. | (Mihevc and Prelovsek, 2010; Zupan Hajna, 2010).

The caves are situated in several geomorphological regions of the Dinaric Mountain
Belt (after Bognar, 2001; Bognar et al., 2012), including:
1. Istrian Peninsula - South Istrian karst plateau (Romualdova Pecina),
2. Mountainous Croatia - area between Karlovac (Una-Korana) plateau and Ogulin-
Plaski Valley (Pe¢ina Zala),
3. North-Western Dalmatia - North Dalmatian karst plateau (Velika Pec¢ina-Kli¢evica in

Ravni Kotari),



4. Central Dalmatia - coastal area of Central Dalmatia (Mujina Pecina),
5. Central Dalmatia - Middle Dalmatian Hinterland / Zagora (Peéina Zemunica).

According to its geomorphological and geological setting, the Istrian peninsula
consists of three main regions. The White Istria covers the mountain ridge of Ucka and the
mountain group of Cicarija, it spreads in the northern and north-eastern part of the peninsula
and is characterised by barren rocky karst surfaces. The north-western and central part of
Istria is known as Grey Istria. It is composed of Eocene flysch consisting of impermeable
marl, clay and sandstone (Ridanovi¢, 1975); therefore most rivers and streams originate in
this area. The southern and western part of Istria (Red Istria) consists of a limestone plateau
where “terra rossa” soils (Alfisols and Ultisols) have developed, often with bauxite pockets
(Rogli¢, 1975). The characteristics of “terra rossa” indicate its polygenetic origin (Rogli¢,
1975). “Materials other than the insoluble residue of limestones and dolomites that might
have contributed to terra rossa are loess sediments, whose deposition was very important
recurrent process in Istria probably since the early Middle Pleistocene, and flysch sediments
which extended much more southwards from its present position” (Durn, Ottner and
Slovenec, 1999, 126) (Fig. 2.5). “Quartz diagenetic sediments” (known also as “quartz sands”
or “quartz sandstones”) occur within limestones in three separate layers (0.5 - 6 m thick)
trending in two directions: NE-SW (Tinjan-Pula region) and NW-SE (Savudrija-Buje-Oprtalj
region). These sediments are composed mostly of idiomorphic authigenic quartz crystals,
microcrystalline quartz aggregates and cryptocrystalline to microcrystalline chert-like clusters
(Durn et al., 2003).

The compressed core of the anticlinal structure of carbonate rocks (Upper Jurassic
thick-bedded limestone) between Pore¢ and Rovinj directs water flow (Ridanovi¢, 1975) (Fig.
2.4). Limska Draga (Lim Valley) is the 31 km long valley of the river Pazincica (or Pazinski
potok), which springs on the southern slopes of Uc¢ka, in a flysch area. Limska draga is the
extension of a once permanent river that ran east of the present town of Pazin before the uplift
of the Istrian limestone plateau and the formation of the Pazinski ponor. This was probably
the course of the present Pazincica River (Pazinski potok) whose course was later stopped by
the elevated flysch hills around Mount Orljak and Veli Breh, and directed to the canyon of the
present ponor at the border of flysch and limestone. Pazinéica directs its waters towards
springs in the eastern and the southern part of the Istrian peninsula (Fig. 2.3).

Romualdova Pecina is situated on the southern side of the 10 km long Lim Bay, which

is the continuation of the Limska Draga karst valley, now flooded by the Adriatic Sea.
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Pecina Zala is situated in the north-eastern part of the hilly-mountainous border of the
Ogulin-Plaski Valley. It is located at the foot of the northern slopes of the Krpelj (or Krpel)
Hill, which divides the Ogulin-Plaski Valley from the karstic valley of Dubrave, the area
extending from the shallow karst of Pokuplje and Kordun (the transitional area between the
Mountainous and Central Croatia) to Krpelj.

Four rock complexes can be distinguished in the Ogulin-Plaski microregion (Bahun,
1970).:

- clastic rocks of Upper Paleozoic and Triassic Age;

- Triassic and Jurassic dolomites;

- Jurassic dolomites with lenses of limestone;

- limestone almost exclusively of Cretaceous Age.

In addition to fluvial processes, dissolution was very important for the development
of the morphology of the area, because it shaped a plateau at the foot of the slopes of Krpelj
(between Ogulin and Ostarije) (Pavi¢, 1975). The whole area is characterized by elongated
outcrops of limestone and dolomite, oriented NW-SE along a typical Dinaric trend; only in
the Ogulinsko Zagorje there is a small outcrop of impermeable Triassic clastic rocks (Fig.
2.7). Several springs emerge along the eastern boundary of the dolomitic rocks outcrop, from
Vitunj through Ogulin and up to Plaski, and feed the surface waters (Zagorska Mreznica,
Vrnjika, Dretulja). Few kilometres to the East, at the contact between dolomites and
limestones, the surface waters sink into several ponors, and these waters re-emerge in
neighbouring springs, after their underground course (Fig. 2.6). Water staining proved the
connection between: Ogulinska Dobra and Gojacka Dobra, Zagorska Mreznica and Bistrac,
Zagorska Mreznica with Tounj¢ica and Kukaca, etc. (Ridanovi¢, 1975).

The main types of soils in this area are rendzinas, brown soils, and podzolic soils; in

small areas of carbonate rocks terra rossa also occurs (Pavi¢, 1975).
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Figure 2.6 Underground hydrography of the Ogulin Figure 2.7 Geology of the Ogulin-Plaski Valley (Pavié,

area (Pavié, 1975). 1975). 1. Paleozoic and Triassic clastics, 2. Dogger and
Malm and Lower Cretaceous dolomites, 3. Triassic, Liassic
and partly Malm dolomites, 4. Malm dolomites and
limestones, 5. Cretaceous limestones, 6. permanent
spring, 7. periodical spring, 8. ponor, 9. permanent
surface water stream, 10. periodical surface water stream.

Velika pecina is situated on the north-western side of the Klicevica river canyon, in
the North Dalmatian karst plateau, in the area of Ravni Kotari (Fig. 2.8).
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Figure 2.8 Ravni Kotari and Bukovica (Chapman, J., Shields, R.
and Batovi¢, 1996).




The composition of the bedrock is zonal and affects the morphology of the landscape.
Late Cretaceous and Tertiary limestones prevail in Ravni Kotari, extending along the NW-
SE Dinaric direction, while limestone ridges (anticline) alternate with valleys shaped on
sandy marls in the transverse SW-NE direction. A higher limestone plateau — Bukovica-
overhanged to the north by the Velebit mountain range lies in the direct hinterland of the
cave. In Bukovica, Tertiary limestones (Promina) are the most common rock type, together
with limestone breccias and conglomerates with marly intercalations and some bauxites
(Obrovac bauxites) (Fig. 2.9). A series of small seasonal lakes, known as blata, occur in the
higher valleys. The Benkovac valley drains into Nadinsko Blato through a deep gorge cut into
a limestone ridge at Kli¢evica (Chapman, Shields and Batovi¢, 1996).

The sedimentation in the valleys comprises the Eocene flysch, a series of Quaternary
sands and gravels, and modern alluvium (Chapman, Shields and Batovi¢, 1996). Soils on
loess and sands are widespread and most fertile in Ravni Kotari, especially in its western part,
from Smil¢i¢ up to Nin. In the eastern part of Kotari, soils with limestone skeleton and marly
soils prevail while scattered gravelly soil and terra rossa occur in Bukovica (Friganovic,
1975).
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Muyjina Pecina and Peéina Zemunica are situated in Central Dalmatia, the first one in
the coastal area of the Split region, the second one in the hinterland (Dalmatinska Zagora or
Middle Dalmatian Hinterland), which is divided from the coast by the Kozjak and Mosor
mountains.

Cretaceous and Paleogene limestones prevail in Zagora, with occasional intercalations
of older Triassic sediments - Werfenian schists, and gypsum (on the edge of Mu¢ fields, in the
valleys of Vrba, on the slopes of Svilaja and Mose¢). The limestone reefs of Opor (650 m),
Perun (485 m), Kozjak (780 m) and Mosor (1340 m) form an anticlinal fold, running steeply
towards the coast (Friganovi¢, 1975). Pedina Zemunica is situated at the foot of the Mali
Mosor Hills, in Turonian limestones with dolomite lenses, looking onto the Dicmo
(Krusvarsko or Bisko) karstic polje - a fertile field with dominant terra rossa soils (Fig. 2.10).

In the area between the limestone reefs and the coast - in Kastela, Solin, Split and
Stobrec polje - a narrow belt of tertiary marls (flysch) is interbedded with Neogene limestones
and Quaternary alluvium (Friganovi¢, 1975).

Limestone cliffs, marl slopes and alluvial plains are characteristic of the natural basis
of the Split coast. The area surrounding Mujina Pecina is tectonically complex, with stratified
limestone and massive and stratified limestone overthrusted on foraminiferal limestone
(Marinci¢, Magas and Borovi¢, 1971).

Figure 2.10 Geological sketch of Dalmatia: 1. sands and lacustrine deposits (Late Neogene), 2. recent

alluvial sediments, 3. recent gravel and sandy debris, 4. alluvium and terra rossa (Quaternary), 5.
lacustrine clay and marl deposits (Late Neogene), 6. limestone conglomerates (Paleogene) intercalated

with sandstones and marl, 7. platy and stratified/layered flysch (Paleogene), 8. marls and conglomerates
(Paleogene), 9. flysch-like deposits (Mesozoic), 10. limestone breccia (mostly Upper and Lower
Cretaceous), 11. stratified and banked karstified limestone (Mesozoic), 12. limestones and dolomites 11
(mostly Mesozoic), 13. dolomites (mostly Mesozoic) (Rogli¢, 1975).



3. MATERIALS AND METHODS

“Geoarchaeology begins in the field, for it is
there where observations are made and
initial data are generated. Missed
opportunities in making sound field
observations are very difficult to make up
for, (...) since the archaeological record is
extracted from the “geological” context...”
(Goldberg and Macphail 2006, 299).

This thesis examines the archaeological sediments of five Late Pleistocene to
Holocene cave sites (Mujina Peéina, Zala, Romualdova Peéina, Zemunica and Velika Pecina -
Kli¢evica). Emphasis is put on the prehistoric horizons, from the Middle Paleolithic to the
Bronze Age.

Mujina Pecina is located north of Kastela, about 260 m above sea level. All layers of
the cave belong to the Middle Late Pleistocene (45000 - 39000 BP) and contain finds of the
Middle Paleolithic Mousterian culture (Rink et al., 2002; Karavani¢ et al., 2008). Samples
were taken from two profiles (southern and western) of the archaeological trench inside the
cave; a sample of red soil (terra rossa) was taken as a control sample in the vicinity of the
cave. A total of 12 samples were analysed for grain-size analyses, and seven samples for
micromorphological analysis.

The cave Zala (MikaSinovica Pec¢ina / Savica Pecina) is located near the town of
Ogulin, on the left side of the stream Bistrac. The stratigraphic sequence comprises numerous
layers that belong to the Late Pleistocene (Late Upper Paleolithic) and Holocene (Mesolithic,
Bronze Age, Iron Age, Roman period, and Middle Ages); 15 samples for grain size analyses
and seven samples for micromorphological analysis were studied.

Romualdova Pecina is situated on the northern slope of the St. Martin’s Hill (Sv.
Martin), on the south coast of the Lim Bay (Lim Channel), close to its eastern end. The
entrance to the cave is located about 120 metres above sea level (Malez). Most of the layers
belong to the Middle Late Pleistocene; the findings were ascribed to the Middle and Upper
Paleolithic according to the typological characteristics; Holocene layers are also present
(including Bronze Age and more recent finds). The profiles of trench 1, excavated in 2007
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(Komso, 2011) and situated near the entrance of the cave were sampled; 11 samples for grain
size analyses and 13 samples for micromorphological analysis were analysed.

The cave Zemunica is located at the foot of the northern part of the Mali Mosor, close
to the village of Bisko, near Trilj. The stratigraphic sequence is formed by some Pleistocene
(Late Upper Paleolithic) and numerous Holocene layers (Mesolithic, Neolithic, Copper Age,
and Bronze Age) (Sosi¢-Klindzi¢ et al., 2015); 24 samples were collected for grain size
analyses and 31 samples for micromorphological analysis.

Velika Pecina is located on the northern slope of the canyon of the Kli¢evica creek,
near the village of Rastevi¢, near Benkovac. The stratigraphic sequence is relatively short:
layer D was dated to 39240 + / -740 BP (14C — AMS, Beta-228733), belongs to the Late
Pleistocene (with Mousterian finds) and overlaps chronologically with the upper layers of the
Mujina peéina (Karavani¢, Condi¢ and Vukosavljevié, 2007). Two sections of the trench
excavated in 2006 were sampled; seven samples for grain size analyses and 17 samples for
micromorphological analysis were collected. The excavation of the site is still in progress,
and other samples from new trenches will be collected in future.

Prior to fieldwork, a detailed study of topographic and geological maps was carried
out, in order to gather information about the spatial context and elevations, and about rocks
and sediments exposed at the surface (Goldberg and Macphail, 2006). When necessary, soil
maps were also consulted. The study of the environment surrounding the caves is very
important, since syn- and post-depositional processes may influence the sedimentation inside
caves, especially at the entrance, where colluvia or taluses typically accumulate (Waters,
1996). These can include reworked soils, fluvial deposits, aeolian deposits, etc. The
architecture of the units and the sedimentation processes were interpreted in relation to the
geomorphologic characteristics of the caves and their outside catchment.

Although caves are often considered to be “sedimentary traps” protected from many
post-depositional processes (Karkanas, 2013), dissolution, erosion and reworking can alter
significantly the stratigraphic framework. An approach based on depositional systems can
better explain sedimentation processes because it takes into consideration the stratigraphic
relationships within the sequence, since the boundaries of the lithostratigraphic units are not

always time-parallel.
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3.1 Fieldwork

In order to understand the infilling processes, and consequently the environmental
conditions that controlled them, as well as the use of the cave by humans and animals,
different methods were applied.

Three of the caves, Mujina Pe¢ina, Zemunica, and Romualdova Pe¢ina were studied
well after the end of the excavations; the lithostratigraphic sequence from Zala was examined
during the last two seasons of excavations when little of the 3D geometry of the sedimentary
units was available. The sequence from Velika Pe¢ina — Kli¢evica was sampled a few years
after the test excavations, and also during the first two seasons of the new excavations.
Detailed information about the sampling of each of the caves will be presented in subsequent
chapters dealing with each of the caves.

After cleaning the profiles exposed by the systematic excavations, one or more
profiles were chosen for close examination and sampling.

Since most of the cave sediments were sampled after the end of the excavations, a
good collaboration with field directors and the team of archaeologists excavating the sites,
proved to be crucial for understanding the geometry of the units, and allowed a more reliable
interpretation of the sequences.

Prior to sampling, the lithostratigraphic units were identified; several sketches and
photographs were made, followed by a detailed description that allowed a preliminary
interpretation in the field. The descriptions followed the standards established by Catt (1991);
the architecture of the stratigraphic units and sediment texture (by field grading, colour
(according to Munsell Soil Color Chart), the organization and orientation of skeleton elements
and their shape, degree of sorting, and the thickness of the units were documented. The shape
of the boundaries, and the postdepositional modifications, such as the degree of cementation,
erosional features, bio- or cryoturbations, were also recorded.

Systematic sampling of the exposed profiles was carried out as follows: bulk samples
for grain size analysis were collected for each of the units or sets of units, and intact,
undisturbed oriented sediment or soil monoliths were collected for micromorphology. Intact
blocks of sediment were cut when possible, wrapped in toilet paper and secured for
transportation by adhesive tape; in some cases, when the sediments were too friable, the
samples were collected by a metal Kubiena box. The position of all samples was indicated on

profile sketches and photographs.

14



The coarse (>2 mm) component was measured on the whole sample at 1¢ precision by
dry sieving and direct weighing in the field only for Mujina Pecina due to the nature of its
sediments, which are very stony. Two-dimensional estimates of clast shapes were carried out

by image analysis techniques on photographs.

3.2 Laboratory methods

Sedimentological and micromorphological analyses were carried out at the “Laboratorio

di Geoarcheologia” of the University of Pisa.

3.2.1 Sedimentological analyses

Detailed sedimentological analyses were conducted on the < 2 mm fraction, the size
of the bulk samples depending on the grading of the unit, from about 50 g to 12-15 kg (for the
stony sediments of Mujina Pec¢ina).

Grain size analysis of fine fractions (<2000 um) can be performed using a number of
different and complementary methods. This section will describe the methods used to analyse
the sediment samples from the five studied caves.

The sand fraction was measured by wet sieving and observed under a stereo
microscope, while silt and clay fractions were measured using the Bouyoucos hydrometer
method.

Particle size analysis provides information about the energy of sediment transport. The
deposition of fine-grained sediments indicates lower energy of transport while coarse-grained
sediments correspond to higher energy of transport. It is also used to determine the
environment and source of deposition. The dimensions of the particles are determined by
measuring three axes: a (corresponding to the maximum length), b (intermediate, measured
perpendicular to the axis a) and ¢ (minimum, perpendicular to axes a and b). In grain-size
analysis, the dimension of the particles is commonly measured using the axis b, which
controls its passage through the sieve. The sieves are used for the analysis of grains larger
than 0.0625 mm. The grain size was measured using the Udden-Wentworth classification
scheme (particle size: >2 mm gravel and debris; 2 mm - 0, 063 mm sand; 0, 063 mm - 0, 004

mm silt / powder; <0.004 mm clay). The weight of the analysed sample must be proportional
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to the overall granulometry of the sediment, in order to be statistically significant (Cremaschi,
2000; Angelucci, 2010; Goldberg and Macphail, 2006).

All the samples were divided into three subsamples; one was stored as reference
material, the second one was pre-treated with H,O, (130 vol., diluted with H,O) to remove
organic matter, and the third one was pretreated with 10% HCI to remove the carbonates; to
remove the HCI, the samples were “washed” with H,O. Both analysed subsamples underwent
the same procedure. During the first phase of the analysis the samples are divided by wet
sieving into two main fractions, sand, and silt and clay, employing a 2000 um, 1400 pm, 1000
um, 710 um, 500 um, 355 pum, 250 pm, 180 pum, 125 pm, 90 um, 63 pm sieves (phi/2 mesh
interval). The < 63um fraction of the sediment, i.e. silt and clay, is collected in a separate
bucket, together with the water by which the > 63 um sediment was washed. The silt and clay
fraction is left in the bucket to sediment for 24h while the sand fraction has to be dried in an
oven prior to weighing at 0.01 g precision. The < 63um sediment fraction needs to be further
chemically treated with a 5 g/l solution of sodium hexametaphosphate (NaPOs)s , in order to
induce the dispersion of the clay particles. This fraction was further determined by the
Bouyoucos hydrometer method using Stokes’ law. The method is based on the different rate
of sedimentation of the particles in the aqueous sediment suspension; the larger are the
particles (their diameter), the higher is their sedimentation (falling) velocity. It is also based
on the fact that the density of the suspension is higher than the density of pure water, and
density decreases proportionally with the deposition of the sediment. The density is measured
at specific time intervals (1', 2', 5', 15', 45', 2h, 8h, 16h, and 24h). Since the viscosity of water
is affected by temperature, a measurement correction is necessary for temperatures deviating
from a standard temperature of 20°C. The samples are eventually dried out in an oven at

105°C and weighed. The weights of the silt and clay fractions are thus obtained.
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3.2.2 Soil micromorphology

Samples for micromorphological analysis were collected mainly from the profiles of
the trenches as undisturbed and oriented blocks, so that all the elements of the sediment retain
their original positions. The samples were collected from the profiles, approximately one per
unit, or at the boundary between units in order to observe the boundary morphology. The
monoliths were air-dried at 30°C in a ventilated oven for 7 days, and then impregnated by
low-viscosity acetone-diluted polyester resin under moderate suction; polymerisation was
carried out under atmospheric pressure for about 90 days.

The thin sections were cut by a diamond disk and ground to 30 um by corundum
abrasive powders, using petroleum for cooling, and covered by a standard optic glass slide.
The size of the slides is 90x55 mm, or 60x45 mm. With loose and unconsolidated sediment
this kind of sampling was not possible; Kubiena metal boxes of approximately 60 mm
diameter were thus used. All thin sections were made by the laboratory “Servizi per la
geologia” (Piombino, Italy). These were observed under a standard polarising microscope at
magnifications ranging from 2.5x to 100x. The thin sections were viewed under plane-
polarised light (PPL), cross-polarised light (XPL) and oblique incident light (OIL) with
supplemental use of the fluorescence illumination (blue light and ultraviolet-UV light).The
descriptions follow the guidelines proposed by Stoops (2003), Bullock et al. (1985), Brewer
(1964), and Stoops, Marcelino and Mees (2010). In this chapter, the most used descriptive
terms of the study will be explained.

Regarding heterogeneity, the fabric of a soil or sediment can be described. Fabric
deals with the disposition, shape, size, and frequency of all soil constituents (Stoops, 2003;
Bullock et al., 1985). The most important characteristics of a soil fabric - elements of fabric —
are spatial distribution and orientation, size, sorting, and shape. Although the colour is not a
part of the fabric, it is also a descriptive criterion (Stoops, 2003). The birefringence fabric (b-
fabric) describes the characteristics of clay in the micromass (fine material).

The c/f-related distribution (coarse vs. fine) of most of the samples analysed in this
work is porphyric, i.e. “the larger fabric units occur in a dense groundmass of smaller units”
(Stoops, 2003, 44). The part of the soil fabric that deals with the relation between the solid
and the pores — voids (i.e. spaces not occupied by solid soil material) — is called
microstructure (Bullock et al., 1985; Stoops, 2003; Stoops, Marcelino and Mees, 2010). The

most common identified types are blocky, lenticular, granular, and complex microstructure.
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The sediment constituents are divided into coarse and fine mineral and organic
components. Coarse mineral components include single and compound mineral grains (or
rock fragments), inorganic residues of biological origin, and anthropogenic elements (Stoops,
2003). The most abundant identified inorganic residues of biological origin are phytoliths,
shells of mollusks and gastropods, bones, and mineral products of animal metabolism
(coprolites and fecal spherulites). It must be pointed out that most of the identified inorganic
residues of biological origin, although following Stoops (2003) are not included in
anthropogenic elements in the description of the thin sections, have to be considered products
of human use of the caves studied. This aspect will be considered in the following chapters.

Phytoliths are <1 mm bodies normally found in the groundmass or as infillings. Here,
the term phytolith refers to the opal/silica (one of the minerals produced by plants) phytolith.
Although not all plants produce phytoliths, they are the most durable biogenic plant material
in archaeological sites. Some of the plants that produce phytoliths, and that are important in
archaeology are cereals, grasses, and wood. Cereals from different taxa (wheat, barley, rye,
oats, rice, etc.) can be differentiated upon the shape of their phytoliths. It is also possible to
identify some plant parts (leaves, stems, and inflorescence). Interconnected phytoliths occur
in soils with in situ decomposed or burned organic matter. All this characteristics can be used
to reconstruct different uses of space (Gutiérrez-Castorena and Effland, 2010; Stoops,
Marcelino and Mees, 2010; Weiner, 2010).

Another frequent inorganic residue, which remains after the combustion of organic
material, and its partial conversion into carbon dioxide, is ash. The composition of ash
depends on the plants, and other materials (bones, dung, etc.) used for combustion. Ash from
wood and bark is dominated by calcite. At lower temperatures (500° to 600°C) the wood or
bark ash crystals still retain the shape of the calcium oxalate monohydrate crystals originally
present in the wood. Bone ash is composed of calcined carbonate hydroxyapatite, while the
ash derived from animal dung is dominated by silica phytoliths characteristic for grasses and
leaves (Weiner, 2010).

Fecal/dung spherulites are 5-15 um calcium carbonate crystalline features that form in
the intestine of some animals. Spherulites are mostly produced by ruminant herbivores
(mostly sheep and goats, less cows), they are absent in caecal digesting herbivores, their
number is low in omnivores and low-to-absent in carnivores. These spherulites can easily be
recognised from other types of spherulites by their optical characteristics (Canti, 1999).

In addition to the terminology proposed by Stoops (2003), the term pedorelict,

borrowed by Brewer (1964), will be used to indicate “features formed by erosion, transport,
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and deposition of nodules of an older soil material, or by preservation of some part of a
previously existing soil horizon within a newly formed horizon” (Stoops, 2003, 104). Since
pedorelicts belong to the groundmass (groundmass comprises coarse and fine material-
micromass, and packing voids), they will be described as part of the coarse material. At
interpretation level, as fragments of a transported soil/sediment, pedorelicts can have relevant
palaeoenvironmental significance. They indicate the previous existence of a soil/sediment, i.e.
earlier climatic and environmental conditions; they indicate also erosional processes that
dismantled the previous soil/sediment, and suggest that there was transport of particles ending
with a mixed soil horizon.

Pedofeatures are units of fabric that differ from the surrounding soil material “in
concentration in one or more components or by a difference in internal fabric” (Stoops, 2003,
101).

The interpretation of all the individuated components and features as anthropogenic or
natural, and the processes they imply, will be presented in the following chapters, dealing

with each of the cave sites.
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4. MUJINA PECINA
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Figure 4.1 Location map of Mujina Pe¢ina (Boschian et al., in prep.).

4.1 Introduction

Mujina pecina (Fig. 4.1) is known since the 1970s. In 1977, during a survey, M. Malez

collected many lithic artefacts that can be attributed to the Middle Paleolithic. In 1979, N.
Petri¢ published a report on test trenches conducted in 1978, but the first systematic
excavations, directed by I. Karavani¢, were carried out from 1995 to 2003 (Karavani¢ and
Bilich-Kamenjarin, 1997).
Mujina Pecina is the only site of this area with a clear and relatively long stratigraphic
sequence, and where the Mousterian was systematically excavated and chronometrically
dated. The new excavations identified a sequence of at least eight levels (A, B, C, D1, D2, E1,
E2, and E3) including a rich Mousterian industry. The total depth of the deposit is about 2 m.
The upper part of this sequence was **C dated to an average age of 39'222+2956 uncal years
BP; however, these figures are somewhat uncertain because dates on bone do not fit perfectly
the charcoal one, even if almost all these fall largely within the 39+5-49+9 (LU) or 46+8-
3214 (EU) ka span of the ESR age determination (Rink et al., 2002).
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4.2 Site presentation
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Figure 4.2 Plan of Mujina Peéina. Stars Figure 4.3 View of the SW side of the karstic gorge crossing
mark the main sampling locations for LabinStica hills. The cave is situated at the foot of a limestone
sedimentology and soil micromorphology. cliff, close to the toe of a small scree. Continuous line: fault

line (Boschian et al. in prep.).

Mujina pecina is situated in Dalmatia, north of Kastela, near the road leading to
Labinstina. It is located about 260 m above sea level, and the cave mouth faces the Kastela
Bay. The cave is ca. 10 m long and 8 m wide, it has a sheltered northern niche and a small
entrance chamber (Karavanic¢ et al., 2008) (Fig. 4.2).

Mujina Pecina is located about 60 m above the present-day bottom of a deep karstic
gorge, a few tens of metres below the overlying plateau. The area is tectonically complex,
with stratified limestone and massive and stratified limestone overthrusted on foraminiferal
limestone (Marin¢i¢, Maga$ and Borovi¢, 1971). The close surroundings of the cave are
characterised by outcrops of deeply karstified limestone and moderately high cliffs deeply
fractured by a minor fault that can be followed for several tens of metres on the gorge side;
coarse screes and rockfall / debris fall deposits (sensu Blikra and Nemec, 1998) are active
within the steep and often narrow spaces among the rocky outcrops, and are also widely
developed all over the gorge side. The cave opens at the base of a 10-12 m-high, vertical and
smooth cliff that is, in fact, the hanging wall of the above-mentioned fault, and a small
debrisfall cone flowing out from a narrow couloir partly enters the cave from the southern
side of its entrance (Fig. 4.3).
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The cave consists of an inner, elliptically shaped chamber 6x8 m wide, connected with
the exterior by a short and wide corridor. Walls and ceiling are rather smooth, but strong
fracturing is evident within the overlying rock mass.

Chert deposits were identified in the immediate vicinity of Mujina Pecina: ,,The
western slope of a long gorge in the Plano area, in which Mujina Pecina is located, is
composed of Upper Cretaceous deposits. The opposite side of the slope, i.e. the eastern side,
is composed of thickly layered Eocene limestone with the frequent appearance of chert veins
and nodules. Chert freed of limestone by corrosion juts out in spurs. It can also be found
scattered along the slope and the bottom of the gorge. ... It is possible to find larger nodules
of approximately two kilogrammes which are homogenous in composition...“ (Karavani¢ et al.
2008, 49-51).

4.3 Archaeological background

All levels in the cave belong to the Late Middle Paleolithic (45000 - 39000 BP), to the
Oxygen Isotope Stage 3, and are associated with a Late Mousterian archaeological context
(Karavani¢ et al., 2008). Since all lithic production phases were established at the site, it
seems that Neandertals used the cave as a workshop (Karavani¢ et al., 2008).

Faunal and lithic remains were determined and studied only for the uppermost (Levels B-D)
part of the sequence (Miracle 2005; Karavani¢ et al. 2008), whereas the study of the lower
part of the sequence is still in progress. The analysis of the vertical distribution of finds
indicates that the archaeological material is most frequent in E levels, and it is least frequent
in Levels D (Nizek and Karavanic¢, 2012).

Because of similar characteristics, lithic artefacts from Levels B and C, as those from Levels
D1 and D2 were studied by Karavani¢ et al. (2008) as single units. A total of 404 artefacts
(32.67 % of which are tools), were collected from Levels B and C. Different categories of
flakes (flakes, small flakes, flakes with cortex, and Levallois flakes) are the most abundant
artefacts in these levels (58.42%), followed by chunks with and without cortex (18.81%).
Levallois débitage is rare, representing only 6.94% of all artefacts. The most common tool
types are denticulates and notched pieces (39.69%), but retouched flakes (27.48%), Upper
Paleolithic types (15.27%), and side-scrapers (12.21%) also occur. The main characteristic of
these tools is their small size, and they resemble the Micromousterian (Karavani¢ et al., 2008;
Karavanic¢ et al., 2008a). Levels D1 and D2 contain 222 lithic artefacts, 47% of which are

tools. Although Levels B-C contain much more tools, Levallois débitage is more frequent in
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Levels D1-D2 (18.46%), and it includes flakes, points, blades, and one Microlevallois core.
The most common artefacts in Levels D1 and D2 are flakes (25.68%), followed by small
flakes (19.82%), flakes with cortex (11.26%), and chunks (8.1%). Retouched pieces dominate
among tools (40.43%), followed by denticulates and notched pieces (29.79%), sidescrapers
and Upper Palaeolithic types (10.64%) (Karavani¢ et al., 2008). Karavani¢ et al. (2008)
analysed the raw material of 30 specimens, all of which are chert classified into five groups
based on the structure, colour, and composition. In Levels B, C, D1, and D2 the most
common type is a milky-light grey and dark grey chert (71.78% in Levels B-C, 78,83% in
Levels D) that probably originated from calcareous deposits near Trogir (approximately 4 km
from Mujina Pecina), followed by a light grey, dark grey, and light brown group of cherts
(18.81% in Levels B-C, 13.06% in Levels D). This group, together with the third (brownish-
grey with a sandy appearance) and fourth group (light brown and light grey chert with
molluscan fragments, foraminifers, and radiolarians), less than 10% of specimens, can be
found within a 15 km radius of the site. The nearest outcrop of the last, fifth group of dark,
radiolarian cherts is situated on the SE slopes of the mountain Svilaja, ca. 40 km from Mujina
Pecina (Karavanic¢ et al., 2008; Karavanic et al., 2008a, 262-263).

Two localized areas of burning, probably representing open, unstructured and unpaved
Mousterian hearths, were found in occupation level D2; anthracotomical analyses show that
Juniperus sp. was used for fuel in both hearths (Karavani¢ et al., 2008).

The faunal composition shifts from a codominance of red deer and chamois-ibex in Levels
D1-D2 that formed during relatively cold conditions to a clear dominance of wild caprids
followed by large bovids and equids in Levels B-C that formed during relatively warm
conditions (Miracle, 2005, 84). Faunal remains from Mujina peéina also show clear

differences in species frequency between the two stratigraphic complexes (Miracle, 2005).
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4.4 Results

The geoarchaeological study of the sequence of Mujina Peéina was carried out on the
sequence put into light by the 1. Karavani¢ excavations of years 1995-2003. The study of the
sequence and the sampling of the lithologic units were carried out a posteriori on the
excavation profiles, well after the end of the excavation. The deposit was divided into
lithologic units - some more than the excavation units - that were observed at eye-scale and
described in the field; the description is based on Catt (1991). The architecture of the units
and their stratigraphic relationships were interpreted in relation to the geomorphologic
characteristics of the cave and its outside catchment.

Samples were taken from two sections (southern and western) of the archaeological
trench inside the cave; a sample of red soil (terra rossa) was taken as a control sample in the
vicinity of the cave. A total of 12 samples were collected for grain size analyses and seven

samples for micromorphological analysis.

Each lithologic unit was sampled for grain-size analyses, the size of the bulk samples
depending on the grading of the unit, 15 to 20 kg because of the large number of stones. The
coarse (>2 mm) component was measured on the whole sample at 1¢ precision by dry sieving
and direct weighing in the field. It must be pointed out that the clasts were sieved considering
their minimum diameter, consequently, elements significantly longer than the lower mesh size
may fall within each class.

Two-dimensional estimates of clast shapes were carried out by image analysis
techniques on photographs of the whole 16-32 mm grain-size class, which is the most

abundant in almost all units.

4.4.1 Field observations

The following descriptions are based on the southern and eastern profiles. These
profiles do not contain Level C, visible in the published northern Profile A, excavated in
1995. The description of the Profile A will, therefore, is reported according to Rink et al.,
2002, Karavani¢ and Bilich-Kamenjarin, 1997, Karavani¢ et al. 2008, and Karavanic¢ et al.,

2008a. The relative depth of each lithologic unit is indicated in the description.
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Southern stratigraphic profile (Fig. 4.4):

1. 0 — 5 cm. Poorly sorted debris, composed of angular to subangular limestone
fragments chaotically deposited on the surface of the cave; matrix is absent.

2. 5-—10 cm. Angular, poorly sorted rubble up to 62 mm (average 15 — 32 mm), slightly
platy and deposited chaotically. Brown silt loam matrix with strongly developed fine
granular aggregates.

3. 10 - 15 cm. Concave lens comprising only the coarser fraction of the overlying level.
Some clasts are arranged parallel to the depositional surface.

4. 15 — 33 cm. Angular poorly sorted rubble (rarely subangular) up to 32 mm; larger
clasts are rare. The moderately platy clasts are chaotically arranged and are slightly
parallel to the depositional surface. Abundant silt loam light brown matrix; strongly
developed fine granular aggregates; partially cemented (CaCO3).

5. 33 —105 cm. Very angular poorly sorted rubble; 128 mm clasts are common, but the
size is mostly 32 — 64 mm. Platy clasts and splinters are common. Although the clasts
tend to be parallel to the depositional surface, some sloping clasts are present too, but
almost no one is vertical (there are some verticalized clasts in the lower part of the
bed, and a layer of platy clasts arranged parallel to the depositional surface at about -
45 cm). Skeleton supported, with relatively abundant matrix; strongly developed fine
granular aggregates, moderately cemented.

6. 105-—117 cm. Angular poorly sorted rubble; very rare clasts of 128 mm, clasts smaller
than 32 mm prevail, other sizes are rare. Abundant silt loam matrix with moderately
developed fine to medium granular aggregates. The skeleton is more or less parallel to
the depositional surface; verticalised clasts are very rare (mostly the larger ones).

7. 117 — 131 cm. Angular poorly sorted rubble. Few clasts are larger than 128 mm; the
most common are 32 to 64 mm; there are frequent platy clasts, rarely inclined, and
mostly parallel to the depositional surface. Very rare matrix: very dark reddish-brown
silt loam with fine, strongly developed aggregates.

8. 131 — 139 cm. Reddish silt loam matrix with angular and subangular clasts; poorly
sorted; the maximum size of clasts is 32 — 64 mm (rare), mostly 16 — 32 mm.
Moderately developed granular aggregates; the colour tends to lighten downwards.
The lower boundary is slightly undulating. Matrix supported.

9. 139 - 151 cm. Poorly sorted rubble; angular to subangular clasts - their maximum size

is 64 — 128 mm, more common 32 — 64 mm, some are platy. Very rare matrix, more
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10.

11.

12.

Eastern

1.
2.

abundant on the top of the level, where it is lighter, and this upper limit is diffuse.
Moderately developed crumb aggregates, skeleton supported. Rare platy clasts,
concentrated at the bottom in some areas; the lower boundary is clear.

155 — 168 cm. Poorly sorted rubble with frequent angular and common platy clasts
parallel to the depositional surface. The maximum dimension of the clasts is 128 mm,
more common 32 — 64 mm. Silt loam, greyish-black to black matrix; moderately
developed coarse crumb aggregates; the boundary is clear.

168 — 188 cm. Poorly sorted angular to subangular rubble with rare platy clasts;
chaotical. Large clasts have more than 128 mm, but the 64 — 128 mm are more
common. Rare reddish-brown to brown fine granular matrix with white speckles
(CaCo3); moderately cemented.

188 — 215 cm. Silt loam dark brown to black matrix with angular to subangular clasts

(64 mm very rare, 32 mm rare).

stratigraphic profile:
0 cm. Poorly sorted rubble on the surface; no matrix.
0 — 5 cm. Brown silt loam matrix with strongly developed fine granular aggregates.
Skeleton supported, poorly sorted angular clasts chaotically arranged.
Subhorizontal, very clear boundary.
5 — 35 cm. Poorly sorted, angular rubble with common or frequent platy clasts (the
size is 128 mm, but more frequent ones are 16 to 32 mm, and some 64 mm).
Abundant yellowish-brown silt loam matrix with strongly developed crumb
aggregates. Clasts are chaotically arranged, but rarely verticalized. Undulating limit;
on the left the layer thins down progressively and becomes stonier.
35 — 110 cm. Poorly sorted, more or less loose angular rubble, with abundant platy
elements (size > 256 mm rare, 128 — 256 mm common, very small clasts are rare);
the arrangement of the clasts is moderately organised, with elements that tend to
horizontality, rare are vertical. There is a layer of large platy, horizontal stones at -
90 cm. Rare silt loam matrix, crumb. Openwork or skeleton supported.

Lithostratigraphic unit 5 is equivalent to the Level E1 of the southern profile.
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Figure 4.4 Reference stratigraphic sequence along the longitudinal
profile, in excavation square D6 (Boschian et al., in prep.).

Northern Profile A (Fig. 4.5), according to Rink et al., 2002, Karavani¢ and Bilich-

Kamenjarin, 1997, Karavani¢ et al., 2008, and Karavani¢ et al., 2008a:

1. Level A —dark brown (7.5YR3/3) humus with Mousterian lithics and bones, mixed with
recent bones and artefacts, 2 to 4 cm thick.

2. Level B —brown (7.5YR5/6) sandy loam, 12 to 31 cm thick, with stone debris.

3. Level C — brown (7.5YRA4/6) sandy sediment, 1 to 26 cm thick, with stone debris. The
layer has a wedge-like shape and is only present in square metres E9, E10, F9, F10, G9
and G10.
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Figure 4.5 Stratigraphic Profile A from Mujina Peéina
(Karavani¢ and Bilich-Kamenjarin, 1997).

(5YRA4/6) sandy sediment, 25 to 28 cm thick.

4. Level D1A — cryoclastic stone
debris with some gravel (somewhere
calcified) with a small quantity of
yellowish red (5YR5/6) sandy sediment
1 to 38 cm thick.

5. Level D1B — cryoclastic stone
debris sporadically calcified with a very
small quantity of fine sediment or
without it, 1 to 71 cm thick.

6. Level D2 — cryoclastic stone

debris with gravel and yellowish red

7. Level E1 — reddish brown (5YRA4/3) sandy sediment, 8 to 12 cm thick, with much stone

debris and abundant organic material.

8. Level E2 — dark reddish brown (5YR3/3) sandy clay sediment, 12 to 18 cm thick, with

stone debris and organic remains.

9. Level E3 appears above the floor of the cave at the entrance and is not visible in the

northern profile. Very dark brown sandy clay sediment with some stone debris and

considerable organic material.

4.4.2 Architecture of the stratigraphic units and sediment texture

The stratigraphic units of the Mujina Pecina infill are shaped as almost continuous

layers or as lenses, all of which dip gently towards the outside of the cave. Along the

transversal profiles the inclination of the units reflects the slope of the bedrock, but it

decreases from the bottom upwards so that the uppermost units are roughly horizontal. Along

the transversal profile of the cave infill, which is situated along the northern wall of the

entrance, the units are approximately horizontal or dip gently towards the North or rise

slightly towards the northern wall. The real shape of the boundaries is not always clear due to

the coarse texture of the units. They are marked by undulations and erosional features

(Boschian et al., in prep.).
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Units comprised in level E3 occur above the bedrock in the entrance area of the cave
and dip towards it. Unit E3A is moderately eroded and occurs only in the outermost part of
the cave. Accordingly, the bottom limit of unit E2B is an erosional feature. Along the
longitudinal profile of the cave, unit E2B is characterised by major undulations, but it is
concave-upwards along the transversal direction in the entrance area where it dips towards the
centre of the cave. The top of unit E1 is concave-upwards and dips gently outwards in the
entrance area (Boschian et al., in prep.). The vertical distribution of flint artefacts and bones
follows its shape (Nizek and Karavani¢, 2012). The discontinuity marked by the top boundary
of unit E1 divides the entire sequence into two parts: the upper part is characterised by thick,
well-developed tabular layers with linear limits; the lower part of the sequence is made up of
lenses tiled one upon the others towards the inside of the cave (Boschian et al., in prep.).

In the inner part of the cave, the top of unit D is marked by an erosional feature which is filled
up by unit C (only present in squares E/F/G 9-10).

The texture of the entire sequence of sediments is very stony; it is characterised by
mostly fine to medium gravel classes without major differences between units. The matrix
quantity is always less than 20%, and varies significantly throughout the sequence, in some
cases also within the same unit. The lower part of the sequence, below the erosional surface at
the top of unit E1, is much richer in matrix, ranging between 7% and 17%, with two peaks in
units E3C and E3A; there is another peak in the reddish horizon that marks the top of E1.
There is very few matrix in levels D and B: a minimum of 3% in D and 6-7% in B. Level D
has much more matrix in the inner part of the cave, up to almost 20% (Boschian et al., in
prep.). Fig. 5.7 represents the grain-size results from the profile close to the entrance, and Fig.
5.8 from the profile deep inside the cave.

The fine fraction (<2 mm) is poorly sorted, with a maximum in the <2 um class and in
the 31-23 um class. The sand fraction is much more abundant in the undecalcified samples
(Fig. 4.7), including limestone fragments and CaCO3-cemented aggregates. The clay fraction
iIs more abundant in the decalcified samples (Fig. 4.6) with a component of fine carbonates,
apart from units E3C-12 and E3A-10. (Boschian et al., in prep.). The clay component is
usually around 20% of the fine-grained component. Clay is minimum in unit E2B where the
graphic mean is 14.6 um, which is higher than in other units, where it is between 9 and 12
um. In units D (in the part of the profile in the cave interior) and E1-6, where clay is >50%,
there is a secondary maximum in the 11-7 pum class. The lowermost levels, up to E1-7 are

silty, with clay between 20 and 40%, while the overlaying levels E1-6 and D are dominated
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by clay (50-70%). The uppermost levels (D-4 and B) are again siltier, with clay around 25-
30%.

The coarse elements tend to be organised in secondary horizons which differ regarding
the size of the elements or by better sorting. This is evident mostly in levels D and B where
the orientation of the platy and elongated clasts is parallel or subparallel to the unit
boundaries. The size of the skeleton elements is largely included within the grain-size classes
of the 16-32 and 32-50 mm, except from units E3B, E1, and D in square 10. The elongated
elements are more common in the lower part of the sequence; a better orientation of the
elements -somewhat parallel to the unit boundaries- is also a characteristic of these units.
Some convoluted features can be observed between units E2A-E2B-E3B. Large pebbles and
cobbles occur sparsely within units E1-7 and E3A-10, and sometimes also in other units
(Boschian et al., in prep.).

The skeleton elements are angular or sometimes subangular because of surface
dissolution. In most of the layers examined, limestone splinters and plagquettes dominate
within the fine, 2000 — 63 um fractions. Numerous bone fragments (micro fauna), limestone
fragments coated by manganese, few goethite/limonite aggregates, chert, manganese and iron
nodules, feldspar, calcite, quartz grains (some of which very rounded) were observed under
the stereomicroscope; mica is common in the 125 pm and finer fractions, and in some of the

samples CaCOj3 concretions were also present.
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Figure 4.6 Grain-size (Wentworth, 1922) of the <2 mm fraction of decalcified samples.
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Figure 4.7 Grain-size (Wentworth, 1922) of the <2 mm fraction of undecalcified samples.

4.4.3 Micromorphology

Six samples for micromorphological analysis (Levels B, D-4, D-5, two samples from
E2A, and E3C) were collected from the southern profile, located between squares D 7-8 and
E 7-8. The main micromorphological characteristics of Mujina Peéina sediments are

summarised here:

MP/9/B

Microstructure and porosity: poorly sorted to unsorted complex microstructure with
compound packing voids, planes, chambers and channels: subangular blocky microstructure
with moderately to highly separated peds, highly separated and well-developed granular

microstructure with unaccommodated peds.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: frequent limestone fragments (mainly biomicritic, containing
bryozoans, foraminifera etc.), common subrounded to angular chert fragments.
Minerals: frequent subangular to rounded phosphates, frequent subangular to
subrounded sparitic calcite, common subangular quartz grains and muscovite flakes,

few feldspars, very few biotite and rounded glauconite grains.
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Inorganic residues of biological origin: common angular to subrounded bone
fragments.
Organic: very few amorphous organic matter.

Micromass: yellowish brown dusty micromass (PPL) with amorphous, crystallitic, and

granostriated b-fabric.
Pedofeatures: few Fe coatings, frequent Fe/Mn nodules, few cappings.

Organic material not included in the groundmass or in pedofeatures: infillings of loose

discontinuous excrements.

MP/6/D4

Microstructure and porosity: granular microstructure with chambers and channels.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: frequent angular to rounded limestone fragments, few very angular
chert fragments.
Minerals: frequent angular to subrounded calcite grains, common angular to
subangular quartz, few angular feldspar, common muscovite flakes, frequent
phosphates (greyish speckled in PPL), very few garnets?
Inorganic residues of biological origin: very few bone and shell fragments.

Micromass: greyish brown micromass (in PPL) with cristallitic b-fabric.

Pedofeatures: frequent Fe nodules, few Fe hypocoatings and coatings on phosphates, very few
dusty clay and silt coatings, very few compound layered clay and silt hypocoatings, and clay
coating fragments (called papules by Brewer 1964), silt cappings, including a link capping on

limestone fragments, very few calcite infillings.
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MP/8/D5

Microstructure and porosity: poorly sorted granular microstructure with moderately to highly

separated peds and strongly developed peds and pellicular grain microstructure with

chambers.

Groundmass: c/f-related distribution pattern: chitonic and gefuric.

Coarse material:
Rock fragments: frequent angular to rounded limestone fragments, very few
subangular chert fragments.
Minerals: few subangular quartz grains, muscovite flakes, subrounded to rounded
phosphates, angular calcite grains.
Inorganic residues of biological origin: very few bone fragments.

Micromass: greyish brown dusty (in PPL) clay with calcitic crystallitic b-fabric.

Pedofeatures: coarse clay and silt cappings, Fe hypocoatings, Fe nodules.

MP/1/E2A(1)

Microstructure and porosity: poorly to medium developed fine granular microstructure with

chambers and channels.

Groundmass: c/f-related distribution pattern: porphyric.
Rock fragments: frequent angular to subrounded limestone fragments, common
angular to subrounded chert fragments.
Minerals: common subangular quartz grains, few muscovite flakes, common angular
to subrounded phosphates, frequent angular to subangular calcite grains, few
feldspars, very few chalcedony.
Inorganic residues of biological origin: frequent bone fragments, very few shell
fragments.

Micromass: yellowish brown speckled clay with granostriated b-fabric.

Pedofeatures: Fe/Mn nodules (matrix nodules), common calcite coatings and hypocoatings.
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MP/3/E2A(2)

Microstructure and porosity: poorly to medium developed fine granular microstructure.

Groundmass: c/f-related distribution pattern: porphyric.

Coarse material:
Rock fragments: frequent angular to subrounded limestone fragments, common
angular to rounded chert fragments.
Minerals: common angular to subrounded quarz grains, common muscovite flakes,
frequent angular to subrounded phosphates, common subangular calcite grains.
Inorganic residues of biological origin: frequent bone fragments.

Micromass: yellowish brown (in PPL) speckled clay with granostriated and strial b-fabric.

Pedofeatures: frequent Fe/Mn nodules (matrix nodules), very few clay coatings, and few Fe

hypocoatings.

MP/2/E3C

Microstructure and porosity: massive or well developed granular microstructure with planes

and cracks.

Groundmass: c/f-related distribution pattern: porphyric.
Coarse material:
Rock fragments: frequent angular to rounded chert fragments.
Minerals: subangular mono- and polycrystalline quartz grains, common muscovite
flakes, frequent angular to rounded phosphates, few opaques, very few glauconite
grains.
Inorganic residues of biological origin: frequent bone fragments.
Organic: common charcoal fragments, common fine amorphous organic matter,
common dark brown tissue residues, frequent punctuations.
Micromass: yellowish brown (in PPL) speckled clay with granostriated, porostriated and
stipple-speckled b-fabric, and parallel striated b-fabric.

Pedofeatures: dense complete and incomplete infillings, frequent calcite hypocoatings and
coatings, very few clay coatings (mostly fragmented), few intrusive and matrix typic Fe

nodules, very few rolling pedofeatures.
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Organic matter not included in groundmass: infillings of loose discontinuous excrements, and

fungi.

Microstructure is always granular, weakly to well developed, more or less disturbed by
channels and chambers. It is sometimes subangular blocky with moderately to highly
separated peds (Level B) or pellicular grain microstructure (Level D.5). The related
distribution pattern is porphyric (Level E2A, E3C) or open porphyric (Level B and D.4) with
the exception of Level D.5 in which it is chitonic and gefuric. In upper levels — B, D.4 and
D.5 the b-fabric is always crystallitic (mostly due to widespread microsparite), while in the
lower, E complex speckled clay is characteristic, with strial (E2A) or parallel striated (E3C)
b-fabric. The granostriated b-fabric is present in Levels B, E2A, and E3C. In E3C, it is more
evident and in this layer porostriated b-fabric also occurs.

The assemblage of minerals identified in the thin sections of Mujina Peéina sediments is
relatively uniform; the same minerals and rocks were found in almost all layers. The coarse
skeleton consists mainly of limestone with visible skeletal particles/grains, foraminifera,
bryozoans etc., micritic or biomicritic and sparitic limestone (Fig. 4.8 a-b; 4.9. e-f). Calcite
occurs everywhere in the sediment, and quartz is the most important mineral among the
silicates. There is a significant amount of chert fragments in Level B and the complex of
Levels E, in particular in the lowermost Level E3C (Fig. 4.8 c-d). Muscovite is very common
and occurs in silt-size laminae; small amounts of biotite were also observed. Among the
organic components, fragmented bones are present, sometimes burnt, as well as sand and silt
sized amorphous organic matter (Fig. 4.10 a-c), which occasionally gives a darker colour to
the matrix and charcoal fragments. These organic fragments are frequent in E3C and E2A
samples, and occasional in Level B. Nodules of Fe or Mn oxides, clay pedorelicts with a
skeleton made of angular quartz particles (Fig. 4.8 e-f), reddish clay aggregates (papules)
(Fig. 4.9 e-f) often occur in sediments and occasionally also “rolling pedofeatures” (Fig. 4.10
d). Together with a poor sorting of particles, these are all indicators of colluvial deposits
(Coutry et al., 1989, 93). Secondary carbonates were also observed in E3C and E2A samples.
A large presence of phosphates should be pointed out, the most important ones being those
which can be identified as carnivore coprolites (Levels B, D, and E2A).

The main characteristic of Mujina Pecina sediments is that natural processes largely formed
the sediments. This, along with field observations, is supported by micromorphological

analyses. First of all, a coarse calcareous skeleton, mainly composed of angular limestone
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fragments of climatic origin can be recognized (cyclic freezing and thawing of the vault and
cave walls resulted in the fragmentation of the limestone that consequently fell off the roof
and walls of the cave). The freezing and thawing cycle is recognisable also upon pedofeatures
in Levels D.4 and D.5, where silt cappings occur. Climatic conditions associated with
postdepositional processes are also documented by secondary carbonates that must have
formed in a wet period, and probably represent partially "melted” (i.e. dissolved and
recrystallised) limestone. Another characteristic of Mujina Peéina sediments are pedorelicts
indicating input of allochthonous sediments or soils, which were previously deposited outside
the cave and penetrated inside the cave area probably because of colluvium. In some samples
(especially in Levels E2A and E3C) small bone fragments are very frequent, some burnt or
partially burnt at a relatively low temperature, which could indicate the characteristics of the
Neanderthal diet. A possible explanation for bone splinters is that they were deliberately
smashed, kneaded and heated to extract the bone marrow, activities that were performed in
situ (Rabinovich and Hovers, 2004; Roebeoeks and Villa, 2011). However, it is possible that
the bones were gnawed by carnivores, although no carnivore coprolites were observed in
Level E3C. Perhaps the most interesting information shown by the micromorphological
analysis of Mujina Pe¢ina sediments is the presence of detrital phosphate grains which can be
identified as fragments of carnivore coprolites, possibly hyenas (Miller and Macphail, pers.
comm.; Goldberg, 1980). It is noteworthy that in Level E3C, the one with the highest
frequency of faunal remains and lithic artefacts, no carnivore coprolites were observed in thin

section, although some other phosphate grains do occur.
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Figure 4.8 Microphotographs of sediment thin sections from Mujina Peéina. a: silt
cappings on limestone fragments, PPL. b: as in a, XPL. c: chert, PPL. d: asinc, XPL. e:
pedorelic with quartz skeleton, PPL. f: as in e, XPL (Boschian et al., in prep.).
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Figure 4.9 Microphotographs of sediment thin sections from Mujina
Pecina. a: phosphate-probable carnivore coprolite and a bone fragment,
PPL. b: asina, XPL. c: asin a, infrared FLUO. d: as in a, blue FLUO. e:
silt capping on limestone fragment with red clay pedorelic and muscovite
flake inside, PPL. f: as in e, XPL (Boschian et al., in prep.).

Figure 4.10 Microphotographs of sediment thin sections from Mujina
Pecina. a: burnt bone, “bone sand”, amorphous organic matter,
nodules, granostriated b-fabric, PPL. b: asin a, XPL. c¢: as in a, infrared
fluorescence. d: “rolling” pedofeature, XPL (Boschian et al., in prep).
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4.5 Discussion

The main site formation processes that controlled the deposition of Mujina Pecina
sediments are:

1. The accumulation of rubble inside the cave, deriving from roof spall.

2. External processes connected to the activity of the outside scree, or to the in-wash

of fine material.

The origin of the coarse sedimentary component can be estimated by the shape of the
elements of the skeleton. Elongated clasts derive from the breaking up of the ceiling and
walls of the cave due to tectonic fracturing, while relatively equant clasts originate from the
scree rubble accumulated outside the cave. The upper part of the sequence (levels D-4 to B)
can be differentiated from the lower part (levels E3B-11 to D-5) according to this parameter.
The mixture of both, internal and external components is visible in all the levels. However,
since equant or moderately elongated elements are more frequent than the prolate ones, it can
be concluded that external inputs were always more relevant than roof spall.

The differences in the sequences of samples B-2, B-2.1, B, and D-4 show that the
composition of the sediments also depends on its position within the cave. The samples were
collected in different parts of the profile, each one more to the inside of the cave. The
elements are progressively more prolate, showing an increasing relevance of roof spall to the
inside of the cave (Boschian et al., in prep.).

The upper part of the sequence (levels D to B) indicates that the outer scree activity
increased and became more relevant during the last phases of deposition. These units tend to
be subhorizontal or slightly dip towards the inside and North of the cave, and are also much
thicker than the lower ones, indicating higher deposition rates. Some of the units (E2B-9 to
E1-6) belonging to the lower part of the sequence are organised in relatively small lenses,
which is an indication for distal debris flow deposition. These units are subhorizontal along a
transversal profile of the cave located at the entrance, and tend to climb against the northern
wall, which indicates that they are also connected with the outer scree. The lowermost units
E3C-12 to E3A-10 are organised in thicker lenses that dip more steeply towards the outside
of the cave, and are the richest in internal components. The top of this part of the sequence is
marked by a clear erosional surface which indicates that part of the sediments accumulated

because of roof spall, have been removed (Boschian et al, in prep.).
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The grains size analysis of the fine fraction shows that the matrix is always less than
20%, and that it is more abundant in the lowermost levels. The grain-size distribution
indicates different processes in the deposition of the fine fraction through time. The
lowermost and uppermost parts of the sequence are characterised by silty clay loam matrix,
with the exceptions of E2B-9 (silty loam) and E2A-8 (clay). The unit E2B-9 is the only one in
the limits of the primary loess field. The texture fits the palaeosols in the loess sequences of
Susak Island (Cremaschi, 1990b; Mikul¢i¢ Pavlakovi¢ et al., 2011; Wacha et al., 2011) with
significantly lower sand component, which may indicate distal loess deposition and/or a loss
of wind flow energy due to the relatively high location of the cave within the hills. The levels
D-5, D, and E1-6 are dominated by clay. Its reddish hue derives from Fe-oxides, indicating
colluvium of Alfisols developed outside the cave. This process is also confirmed by soil
micromorphology: the pedorelicts and/or papules indicate inputs of allochthonous sediment or
soil, previously deposited outside the cave and transported into it by inwash. The pedorelicts
are common also in unit E2A, indicating the inwash of aggregated clay. Two layer couples
E2A-8/E1-7 and E1-6/D-5 consisting of a thin matrix-rich layer and a thicker accumulation of
rubble with few matrix probably represent phases of soil erosion and runoff followed by the
reactivation of the scree. This indicates morphological instability under fresh and strongly
variable wet/dry conditions (Di Maggio et al., 1999; Cottignoli et al., 2002). The uppermost
level of the sequence, B-1.2, and B are again characterised by a loess-like percentage of silt.
(Boschian et al., in prep.).

At microscopic level, silt cappings (Fig. 10 a-b) on coarse skeleton elements in layers
D-4 and D-5 testify to freezing and thawing cycles, phases of deep seasonal frost subsequent
to the deposition of the sediments (during the deposition of D4 or later).
All these characteristics indicate a strong variability of the environmental conditions, which
were cold or fresh, and with oscillations between more or less arid régime. The lowermost
units were deposited under steadier conditions, generally cold/arid favouring the
sedimentation of aeolian dust, but with warmer episodes indicated by less coarse fraction in
the lowermost E3C-12 and E3B-11 levels. The aeolian dust found in the cave is not primary,
it is altered, and it entered the cave because of runoff a short time after its deposition outside
the cave. Despite the previous preliminary interpretation of the sedimentological
characteristics (Karavani¢ and Bilich-Kamenjarin, 1997; Rink et al., 2002) that contrasted
with the faunal data, the hypotheses about paleoenvironmental change visible from the
obtained data in fact match the change in faunal composition: chamois/ibex and equids fit

well in an open and somewhat arid environment dominated by aeolian processes, whereas
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discontinuous shrub cover is more likely than forest in phases of instability, as during the
deposition od D. It is also possible that some part of the sequence, representing a colder
maximum preceding the loess deposition of E2B-9 may have been removed by erosion, as
indicated by the erosive boundary between E3A-10 and E2B-9 (Boschian et al., in prep.).

The human presence in the cave was more frequent during the earlier warmer phases and the
rather arid event corresponding to loess deposition. Phosphate aggregates that can be
identified at microscopic level as fragments of carnivore coprolites, possibly hyenas (Miller,
Macphail, pers. comm.; Kolska Horwitz and Goldberg, 1979; Goldberg, 1980) are a relevant
component of the sediments of almost all units, and can be considered as indicators of
alternating frequentation of the cave by humans and carnivores. It is noteworthy that
coprolites were not observed in unit E3C, which includes the highest density of faunal
remains and lithic artefacts and may represent a phase of more intense and continuous use of

the cave by humans.

4.6 Concluding remarks

The Mujina cave sequence was formed by two main natural processes, roof spall and
scree input/inwash of fine material. These processes formed a homogeneous deposit
comprised of limestone rubble and few matrix. Sedimentological and micromorphological
analyses show that the fine component of the sediment is mainly made up of more or less
moderately altered loess in the lower part of the sequence (levels E3C-12 to E2B-9), with a
peak of poorly altered loess in level E2B-9, which may represent the cold and strongly arid
Heinrich event H5, with age as in GICCO05 coupled with GRIP, GISP2 and NGRIP records
(Seierstad et al., 2014). The *C datings of these levels, though below the **C measure
background, are consistent with this hypothesis, with a minimum age of about 47.8 ka BP
(median deriving from bayesian modelling) (Boschian et al., in prep.). Hyena coprolites are a
relevant component of the sediments, indicating alternating use of the cave by humans and
carnivores. Frequent very small bone fragments, sometimes burnt or partially burnt, could
indicate the characteristics of the Neanderthal diet, i.e. the extraction of the bone marrow.

Another possible explanation for the burnt small bone fragments is the use of bones as fuel.
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5. ZALA

Figure 5.2 Lacation of Zala Cave (Google
Earth).

5.1 Introduction

Zala Cave is situated in western Croatia; about 2 km to the E-NE of the town of
Ogulin (Fig. 5.1). It is the only Upper Paleolithic and Mesolithic site discovered in Karlovac
County.

Although many animal bones and a pottery shard were collected by S. BozZi¢evi¢ in
1966 during speleological explorations of the cave (Jalzi¢ and Bozicevi¢, 1971), the first
archaeological trial excavations were carried out only in 2000 by D. Perki¢, and yielded Iron
Age, Bronze Age and Upper Paleolithic remains. The new systematic excavations, resumed in
2005 by I. Karavani¢ (Karavani¢ et al, 2007; Karavani¢ et al., 2008a), have brought to light a
sedimentary sequence including numerous layers containing cultural remains whose age spans
from the Late Upper Paleolithic to the Middle Ages, indicating a long and recurring use of the
cave. The excavation lasted until 2011, and the study of the archaeological material is still in

progress.

5.2 Site presentation

Zala is situated at the foot of the northern slopes of Krpelj hill, in the Tuk area
(Karavani¢ et al., 2007). It lies on the left side of the canyon of the Bistrac stream, 1.5 km

downstream of the source and about 100 m from the left bank of the stream (Fig. 5.2). The
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Figure 5.3 Cave system Pula - Medvedica with surface and underground hydrology
(http://speleologija.eu/DjulaMedvedica/geologija.html)

cave is probably connected to a large cave system called Pulin Ponor - Medvedica Cave -

Izvor-Spilja Gojak spring (Fig. 5.3).

The cave is shaped within foraminiferous and algal-foraminiferous limestones of
Aptian (Lower Cretaceous) age, and also Albian foraminiferous limestones are strictly
associated with the cave systems connected to Zala. Neogene marls and sands can be found
some hundred metres to the East of the cave. Mainly dolomitic rocks of Triassic to Jurassic
age crop out to the West of Ogulin; to the South of the town, a limited outcrop of micaceous
siltstones and sandstones can be observed (Vrsaljko et al., 2015).

The cave Zala opens at the bottom of the eastern side of a cliff surrounding a semi-
cylindrical and flat-bottomed karstic depression; a secondary subvertical fault oriented NE-
SW shapes the southern side of the depression, partly corresponding to the inner part of the
cave. The depression is limited on its “open” side by a dam-like accumulation of large

boulders organised in some irregular and coarse scree deposits that lean against the cliff.
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Figure 5.5 Plan and profiles of the entrance
chamber. 1: old excavation area; 2: present-day
excavation area; 3: main profile view. Modified
and redrawn after Sosi¢ KlindZi¢.

Figure 5.4 Cave plan, modified and redrawn from JalZi¢ &
Bozicevi¢ (1966).

The entrance is oriented toward the East; it is 5 m wide and about 2.4 m high.
Morphologically the cave can be divided into three parts: the entrance, a water channel and a
large channel with siphon-lakes. In the outer part of the cave there is a small dry chamber (the
entrance hall) which is connected to the inner system by a short and low passage (Fig. 5.4,
profile A-B, 5.5). The entrance is approximately 12 m long and 10 m wide, and the height
decreases from 2.4 m at the entrance to only 40 cm at the end of the entrance hall (Jalzi¢ and
Bozicevi¢, 1971; Karavanic et al., 2007). To the east, the underground lake extends for 75 m
through a water channel which ends to the East with a narrow and submerged vertical crack in
the direction of the exit siphon at the foot of the vertical rocks along the Bistrac stream.
Though precise measurements are not yet available at present, the average level of the water
in front of this exit siphon (which is normally flooded by the Bistrac waters) is probably
almost the same or just a bit lower than inside Zala.

In the southern part of the cave, the siphon-lakes collect the water of the Zagorska
Mreznica River (Jalzi¢ and Boziéevi¢, 1971); nevertheless, the communication with the
Spiljski Sustav Pulin Ponor - Medvedica Cave - lzvor-Spilja Gojak must be active at vadose
or phreatic level, because the water table inside the cave has systematically decreased after the
construction of the Gojak hydropower plant.

About 2.5 km North-west of Zala, the Bistrica flows into the Gojacka Dobra River,
which springs out from the Izvor-Spilja Gojak spring cave about 1 km to the South-east of the

confluence.

44



At present, the domed ceilings of the entrance hall and of the inner side merge into a
ridge, which is interrupted only above the passage. To the inside, this ridge is welded to the
floor by a flowstone, while on the other side (entrance hall) the sediments fill up the space to

a level about 1.5-2 m higher than the inside floor.

5.3 Archaeological background

The sedimentary sequence of Zala Cave spans from the Late Upper Pleistocene to the
Late Holocene, and it includes Late Upper Paleolithic, Mesolithic, Bronze Age, Iron age,
Roman and Medieval cultural remains. The Late Upper Palaeolithic dating was carried out on
an animal bone sample by *C AMS, and gave an age of 13,840+50 BP (Beta-228734);
16,986-16,509 cal BP (at 95.4% probability) (Karavani¢ et al., 2008b). The lithic assemblage,
including backed bladelets and thumbnail endscrapers, suggests a Late Epigravettian cultural
attribution; amongst animal bones, terrestrial fauna dominates, but perforated marine snail
shells of Cyclope neritea, and a fragment of Pecten jacobaeus were also found. In Mesolithic
layers large amounts of fish remains, pierced marine Columbella rustica shells, and pierced
freshwater Lithoglyphus naticoides snail shells were found together with chipped stone
artefacts. A large concentration of ash and charcoal also suggests the presence of hearths. A
single available *C AMS date on bone 9430+60 BP (Beta-235936; 11,066-10,504 cal BP at
95.4% probability) originates from a unit containing no typically Mesolithic artefacts, but
indicates human presence in the cave during the early Mesolithic (Karavani¢ et al., 2008b).
Numerous fragments of pottery, animal bones, bone needles, small bronze fragments, and two
hearths indicate a more intense occupation of the cave during the Bronze Age. The pottery is
characteristic for the Late Bronze Age, and a date obtained from a charcoal from one of the
hearths (unit 69) gave 2,940+60 BP (Beta-235935), 3,324-2,895 cal BP (at 95.4% probability)
confirming this attribution. Late Iron Age/Roman layers are dated to 1,980+60 BP (Beta-
235934); 2115 — 1816 cal BP (at 95.4% probability). The surface layers yielded Medieval
remains, mixed with recent ones (Karavani¢ et al., 2007; Karavani¢ et al., 2008b; Karavani¢ et

al., 2008a; Komso and Vukosavljevi¢, 2011).
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5.4 Results®
5.4.1 Field observations

The archaeological excavations are situated in the entrance chamber of the cave,

where a 5 m wide and about 2.5 m thick main profile was brought to light (Fig. 5.5, 5.6).
The main lithological units (roughly corresponding from the theoretical point of view to the
stratigraphic units used in the archaeological documentation) that were recognised at eye-
scale observation during the excavation were described following the standard guidelines
recommended by Catt (Ed.) (1991).

The thickness of the lithological units usually spans from 30-35 to 2-3 cm, apart the
blocky unit (SU 101) that is about 1 m thick. The units are mostly layer-shaped, with common
minor lenses interfingered within the main units; in general, all these slope gently towards the
South (to the left of the profile in Fig. 5.6) and decrease their thickness upslope, sometimes
thinning out at the top of the slope.

Some hiatuses can be identified within this sequence; these are usually evident at eye-
scale examination of the stratigraphic sequence, and are often associated with gaps in the

cultural sequence.

Figure 5.6 Main transversal profile across the entrance hall with the location of samples. In black — granulometry; in
red — micromorphology. The details for the yellow square are given in Figure 5.9.

! Before the discussion of the thesis, the results were translated into Croatian and published in Arheologija Spilje
Zale. Od paleolitickih lovaca skupljaca do rimskih osvajaca (eds. N. Vukosavljevi¢, I. Karavani¢, 2015 (2016)).
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Though the sequence comprises a large number of lithological units, these can be grouped in
eight basic groups, which correspond also roughly to cultural horizons.

From the bottom upwards, the main groups are the following.

8 - Massive sandy silt loam, with few angular limestone skeleton, made up of large blocks
that are sometimes in a vertical position. Darker or lighter chroma mark minor cm-thick
layers and laminae; these levels are also strongly convoluted and wavy, with evident injection
features. Few Epigravettian (Late Upper Palaeolithic) cultural remains (unit SU 102).

7 - Limestone rubble, large blocks and boulders up to 1 m large, angular and often platy, with
sandy loam matrix; skeleton-supported structure. The thickness decreases towards the North
and -more steeply- also toward the East (outside of the cave); here, a thick lens of sandy loam
very similar to 8 and with strong convolutions and injection features (Figure 5.7.) is
interfingered within the rubble. Thickness about 1-1.2 m, sharp subhorizontal boundary.

Epigravetian (Late Upper Paleolithic) cultural remains (SU 101).

Figure 5.7 Strongly convoluted and disrupted laminae and Figure 5.8 Stratigraphic unit 5385,
possible ice wedge. sand grains from the grain-size
class 100-710 um.

6 - This group includes some lithological units overlying a major unconformity that shapes
the top of the underlying blocky level. The first two of these (SU 100 and SU 97-98) are
relatively thin lenses lying inside shallow depressions of underlying layer; these are made up
of fine to very fine sand or sandy loam, with poorly evident lamination. The third (SU 85) is
an approximately 40 cm thick sigmoidal body with internal cross-bedding and subplanar
lamination made up of medium-coarse sand to very fine gravel, which thins out upslope to the
North of the profile and builds up a toplap. This unit was found on a large part of the
excavation surface, evidently climbing and thinning out towards the entrance of the chamber.
The grains of these units are mainly silicatic, including well-rounded to angular quartz

(hyaline to pinkish-milky), drusae of authigenic minerals, and Fe-oxide pisolites (Fig. 5.8).
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Thickness 0-50 cm, sharp limit, gently sloping towards SW. SU 100 Late Upper Paleolithic.
SU 97-98 no cultural remains.

5 - Homogeneous sand or sandy loam, sometimes with fine granular aggregation. Several
levels and small lenses are included within this group, separated by disconformities. A
sequence of small sandy to loamy concave-upwards units (SU 94-92, 84, 82) lies in a shallow
depression on the top of SU 89, while SU 75 is a more or less tabular layer, sandy and with
laminar sedimentary structures, that is somewhat thicker towards the south-western corner of
the excavation area.

Units 82, 84, 92, 93 and 94 include abundant fishbone remains and/or Mesolithic industry,
and can be roughly correlated with an in situ hearth (SU 90-92) that was found in squares 8-
9/H. This hearth leans against the tips of blocks belonging to SU 101 and overlies SU 85,
which in this area reaches its uppermost height and partly fills the gaps between the above-
mentioned blocks. Some tens of centimetres towards the inside, SU 75 lies directly above SU
89 and/or SU 85 -the other intermediate ones or even SU 89 being absent here- and comes
into lateral contact with the hearth by an erosion surface.

The whole thickness of this group is between 20 and 30 cm; the limit is abrupt, somewhat
undulating, and gently dipping towards the South-western corner of the excavation area.
Mesolithic cultural remains (SU 82, 84, 92-94). No cultural remains (SU 75).

4 - This group includes several layers 2-4 cm-thick, characterised by alternating yellowish and
brownish colour, the former being thicker. Charcoal fragments are frequent within the brown
layers, where also some very thin whitish laminae (probably ash) can be observed (SU 65).
Along the Eastern (main) profile, the bottom of this group is marked by two well-preserved
unstructured hearths (SU 83 and 78), including a blackish charcoal-rich layer at their bottom,
and a thicker ash layer.

SU 75 lies above SU 83, and separates it from an overlying third Bronze Age hearth (SU 74).
It must also be pointed out that the uniform interfingering of brown and yellowish layers is
not present here, as well as to the outside of the cave, where it is substituted by an up to 50
cm-thick brownish layer divided into a lower coarser horizon overlain by a lighter and finer
one.

Horizontally laminated aggregates can be observed throughout the group. Thickness about 30-
35 cm average; sharp plane limit, gently sloping toward South-east. Units SU 65-SU 49.
Bronze Age cultural remains.

3 - Brownish to yellowish stoneless silty loam, with several lighter 3-5 cm-thick horizons

concentrated mostly in the upper part. One greyish horizon is also present. Very well
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developed laminar aggregation, with subhorizontal aggregates, is common throughout the
group, particularly well developed in the SW corner.

Thickness 5-40 cm; the limit is abrupt, plane and gently sloping towards South-east. Unit SU
56 includes Bronze Age remains, SU 49 Bronze or Iron Age, SU 40?, SU 3 no cultural
remains.

2 - Greyish silty clay loam, with common unsorted angular limestone gravel and some blocks;
well-developed coarse granular aggregation. Charcoal fragments are common throughout the
unit. The level is relatively thin on the Northern side of the profile, and becomes thicker and
thicker downslope; a very wide and shallow channel-like erosion feature can be observed in
squares E-F-(G)/11 along the main profile. SU 32. Roman cultural remains?

Thickness 20-35 cm; sharp limit, moderately undulating and very gently sloping towards SW.
1 - Sequence of several loamy tabular layers, brownish to yellowish to greyish; few limestone
skeleton, angular and unsorted. The limits between horizons are abrupt or slightly diffuse,
with some undulations that occur mostly in the NW corner of the excavation area. Thickness
35-40 cm; sharp lower limit, plane or slightly undulating, subhorizontal to gently sloping.

Units 16-1. Medieval and recent cultural remains.

Figure 5.9 Bronze Age anthropogenic and geogenic units; detail of Figure 9 with the
locations of the samples.
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Table 5.1 Grouping and colour of the analysed lithologic units.

Lithologic . . Munsell Soil Color Charts (under
Unit Cultural horizon . .
group moist conditions)
8 102 Late Upper Paleolithic - 10YR 5/4 yellowish brown
Epigravettian
7 101 Late Upper Paleolithic - 10YR 5/4 yellowish brown
Epigravettian
6 100 Late Upper Paleolithic - 10YR 5/4 yellowish brown
Epigravettian
6 85 No cultural remains 10YR 3/4 dark yellowish brown
82, 10 YR 5/6 yellowish brown
5 80, Mesolithic 10 YR 5/3 brown
90 10YR 5/2 grayish brown
4-5 75 No cultural remains. 10YR 4/6 dark yellowish brown
4 77 Bronze Age 10 YR 4/2 dark grayish brown
4 71 No cultural remains. 10 YR 5/6 yellowish brown
4 65 Bronze Age 10 YR 4/3 brown
4 3c Bronze Age 10YR 4/6 dark yellowish brown
4 49 Bronze Age/Iron Age? 5YR 4/2 dark reddish gray
3 40 Iron Age/Roman 10YR 4/2 dark grayish brown
3 3b Iron Age/Roman 10YR 4/6 dark yellowish brown
2 32 Roman 7.5 YR 3/2 dark brown
1 16 Medieval 10YR 3/3 dark brown
1 2 Medieval and recent 7.5YR 2.5/2 very dark brown
1 1 Recent 10YR 4/4 dark yellowish brown
0% 20% 40% 80% 100% 0% 20% 40% 60% 80% 100%
1 I I 1 : : : | I
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Figure 5.10 Granulometric analyses of Zala Cave sediments. 1. decalcified, 2. undecalcified.
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5.4.2. Sediment texture of the stratigraphic units

Each unit, or in some cases the most representative element of a set of similar units,
was sampled for laboratory analyses; one or two samples per unit were collected in different
locations in the sequence and within the excavation area. In each sampling location, a bag of
bulk sediment ranging from 150 g to 500 g depending on the average texture was collected for
particle-size determination and routine chemical analyses. For each of these samples, the
particle-size analysis of the fine fraction (< 2 mm) was carried out at 1/2 ¢ precision on 100 g
of sediment (50 g for the finer units).

The texture of the sediments is sandy to loamy, usually with minor clay percentage;
the skeleton is usually rather rare, comprising sparse, medium gravel- to block-size elements.
Fine to medium gravel-size elements are common in SU 32; conversely, SU 101 is made up
of coarse angular limestone rubble and blocks, including metre-size boulders, and
representing, therefore, a peculiarity in the sequence.

The coarse component of the sediments is usually calcareous, while the finer one -
from sand downwards in the grain-size scale- is dominated by silicate minerals, mostly
quartz, feldspar, plagioclase and very abundant mica; the last one is most common in the very
fine sand- to silt-size textural fractions.

All the sediments can be roughly divided into three groups according to their fine
fraction (< 2 mm) granulometry (Fig. 5.10). SU 85 is excluded from these grouping since it is
composed entirely of sand.

1) The first group includes SU 1, 3-D11, 3c, 49-D11. The sand amount in the
undecalcified samples ranges between 47% and 50%; the silt fraction is 39-42%.

2) The second group comprises SU 16, 3-H11, 75, and 101. SU 2 and 32 can also be
included in this group despite some inconsistencies. The sand amount in the undecalcified
samples is 63-81%, silt amount is 10-24%.

In the decalcified samples, the sand fraction is generally much more abundant (75-90% in the
first group; 78-86% in the second group, except from SU 2 where it is somewhat lower,
around 56%).

3) The third one includes granulometrically the most similar group of sediments. It has
the most abundant silt amount (ranging between 48% and 56%), and the lowest percentage of
sand (32-40%) of the whole sequence in both undecalcified and decalcified samples.

In the decalcified samples, all the units have a minor clay percentage, ranging from 0-15%.
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5.4.3 Micromorphology

Micromorphological analyses were carried out on seven thin sections, prepared from
the undisturbed monoliths of sediment collected during the 2009 and 2010 field seasons. The
main micromorphological characteristics of Zala sediments are summarised in this chapter.
One Paleolithic, three Mesolithic and three samples collected from the Bronze Age levels
were studied. The location of the samples collected from the profile is given in Figure 5.6 and
Figure 5.9.

Z 2010/6/T1

This thin section includes sediments from alternating levels SU 3, SU 49, and SU 65 (for the
description of SU 65 see Z 2010/T/T2).

1a) SU 3 — microfacies 2
Microstructure and porosity: platy and channel microstructure.

Groundmass: c/f-related distribution pattern is close to double spaced porphyric.
Coarse material:
Rock fragments: few subrounded flint fragments.
Minerals: frequent angular to subangular spathic calcite, common subagular to
subrounded quartz grains, common muscovite flakes.
Inorganic residues of biological origin: very few shell fragments.
Organic: very few tissue fragments, very few charcoal fragments.

Micromass: yellowish brown dusty clay (in PPL) with stipple speckled b-fabric.
Pedofeatures: few Fe/Mn nodules and punctuations.

1b) SU 3 — microfacies 1

Microstructure and porosity: intergrain microaggregate microstructure is rare.
Groundmass: c/f-related distribution pattern is close to single spaced fine or coarse enaulic.

Coarse material:

Rock fragments: very few subrounded flint fragments.
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Minerals: dominant angular to subangular sparitic calcite, common subangular quartz
grains, few muscovite flakes, few biotite

Inorganic residues of biological origin: very few shell fragments.

Organic: very few amorphous organic matter.

Micromass: very few clay with speckled b-fabric.
Pedofeatures: few clay papulae, common Fe/Mn nodules.
2) SU 49

The SU 49 is formed of two thin brownish levels separated by a thin discontinuous yellowish

level (microfacies 1, but with ice lensing). The brownish levels will be described here.
Microstructure and porosity: crumb and granular microstructure with few channels.
Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: very few rounded flint fragments.
Minerals: frequent angular to subangular spathic calcite grains, common subangular to
subrounded quartz grains, common muscovite flakes, very few biotite, few phosphatic
fragments.
Inorganic residues of biological origin: common phytoliths (few interconnected),
dominant faecal spherulites, very few shell fragments.
Anthropogenic elements: charcoal fragments, frequent micrite (ash).
Organic: frequent tissue, cells, amorphous organic matter, and punctuations, very few
pollen (?).

Micromass: dusty clay and ash with calcitic crystallithic and speckled b-fabric.

Pedofeatures: few Fe/Mn nodules.

Z 2010/7/T2

This thin section comprises several SU: 3 (described above), 65, 75 (same as SU 3), and 77
(which will be described in the following thin section Z 2010/8/T3).
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SU 65

The SU 65 is made of compact levels of spherulites, phytoliths and ash included between

thicker levels consisting of small rounded aggregates of spherulites.

Microstructure and porosity: complex microstructure (fluid, crumb, granular, spheroidal) with

channels, vesicles and simple packing voids.

Groundmass: c/f-related distribution pattern is close to double spaced enaulic.

Coarse material:
Rock fragments: very few subrounded sandstone fragments, very few subangular to
rounded flint fragments.
Minerals: very frequent sparitic calcite, frequent angular to subrounded quartz grains,
few muscovite flakes.
Inorganic residues of biological origin: burnt micritic organ and tissue residues,
dominant faecal spherulites, frequent phytoliths, micritic drusae, very few bone
fragments.
Anthropogenic elements: few charcoal fragments.
Organic: amorphous organic matter, punctuations.

Micromass: grayish brown micromass with calcitic crystallithic b-fabric.

Pedofeatures: common clay papulae, very few Fe/Mn nodules.

Z 2010/8/T3

This thin section includes sediments from SU 77 embedded in SU 75. For the description of
SU 75 see SU 3.

SU 77
Microstructure and porosity: granular microstructure.

Groundmass: c/f-related distribution pattern is enaulic.
Coarse material:
Rock fragments: common rounded sandstone fragments, very few limestone frgs.

Minerals: frequent quartz, calcite, common muscovite.
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Inorganic residues of biological origin: few phytoliths, spherulites.
Anthropogenic elements: frequent charcoal frgs, few pottery frgs, few slag, dominant
ash.

Micromass:dusty fine ash and dusty clay with calcitic crystallitic b-fabric.
Pedofeatures:Fe/Mn nodules.

Z 2010/12/82-80

This thin section includes sediments from SU 82, and SU 80.

1) SU 82:
Microstructure and porosity: intergrain microaggregate microstructure (microfacies 1);

massive and channel microstructure (microfacies 2).

Groundmass: c/f-related distribution pattern is close to single spaced fine or coarse enaulic
(microfacies 1); close to single spaced porphyric (microfacies 2).
Coarse material:
Rock fragments: few rounded quartzitic fragments, few rounded flint fragments.
Minerals: common muscovite flakes, frequent angular to subangular sparitic calcite,
frequent subangular to subrounded quartz grains, very few biotite, common angular to
subangular opaques.
Inorganic residues of biological origin: very few shell fragments.

Micromass: yellowish dusty clay (PPL) with parallel striated and granostriated b-fabric.
Pedofeatures: common clay papulae, few Fe nodules, Fe coatings and hypocoatings.

2) SU 80

Microstructure and porosity: crumb and spongy microstructure with vughs.

Groundmass: c/f-related distribution pattern is single spaced to close enaulic.

Coarse material:
Rock fragments: few rounded sandstone fragments, few rounded flint fragments, few
subrounded to rounded limestone fragments, common rounded quartzitic fragments

(quartz aggregates).
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Minerals: frequent angular to subangular sparitic calcite, common subangular to
subrounded quartz grains, common muscovite flakes, few biotite.
Inorganic residues of biological origin: common angular to rounded bone fragments
(burnt and unburnt).
Organic: few amorphous organic matter.
Anthropogenic elements: frequent charcoal fragments, very frequent angular to
subangular micritic aggregates (ashes).
Pedorelicts: common pedorelicts (fragments of microfacies 2 fabric, and reddish
pedorelicts with skeleton).

Micromass: stipple speckled b-fabric.

Pedofeatures: few concentric Fe/Mn nodules, common typic Fe/Mn nodules, few rolling

pedofeatures, common clay papulae.

Includes also a thin layer of microfacies 2 fabric.

Z 2010/9/90
Microstructure and porosity: lenticular platy microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: common angular to subangular limestone fragments, frequent
subrounded to rounded quartz aggregates, few subrounded to rounded flint fragments,
few rounded sandstone fragments
Minerals: common angular to subangular sparitic calcite, common subangular to
subrounded quartz grains, common muscovite flakes
Inorganic residues of biological origin: frequent subangular to rounded bone
fragments (mostly burnt), few shell fragments.
Anthropogenic elements: common charcoal fragments, micritic aggregates (ashes),
very few pottery fragments.
Pedorelicts: loess like pedorelicts (few).

Micromass: ash with banded fabric, calcitic crystallitic b-fabric.
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Pedofeatures: common silt cappings, common Fe/Mn nodules (mostly typic, very few

concentric, few Fe hypocoatings, few clay papulae.

Z 2010/13/80-89

Microstructure and porosity: moderately to highly separated lenticular microstructure with

channels; granular microstructure.

Groundmass: c/f-related distribution pattern is

Coarse material:
Rock fragments: rare angular limestone fragments, common subangular to rounded
quartzitic fragments, few rounded sandstone, and common angular to subangular flint
fragments.
Minerals: frequent angular (sparitic) to rounded (micritic) calcite grains, quartz,
common muscovite flakes, and few angular opaques.
Inorganic residues of biological origin: very few shells, few bone fragments
Organic: very few charred fragments.
Common pedorelicts.

Micromass: granostriated b-fabric and banded fabric.

Pedofeatures: concentric Fe/Mn nodules, common compound stratified cappings, rare link

cappings, and few clay papulae, fecal spherulites (only in SU 80).
Z 2009/1/100

Microstructure and porosity: moderately to weakly separated lenticular microstructure, and

granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is close to double-spaced porphyric.

Coarse material:
Rock fragments: very few rounded sandstone fragments, common angular to
subrounded limestone fragmetns, common metamorphic? fragments,
Minerals: frequent quartz and feldspar, frequent muscovite flakes, frequent angular
(sparitic) to rounded (micritic) calcite grains, very few clorite flakes.
Inorganic residues of biological origin: none.
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Organic: none.
Rare pedorelicts.

Micromass: greyish brown (PPL) dusty micromass with banded fabric.

Pedofeatures: frequent Fe/Mn nodules (frequent typic, common concentric; few nucleic and
disothic nodules), common stratified silt cappings, common clay papulae, few dusty clay
coatings.

The lowermost sample of the sequence, derived from the Late Upper Paleolithic layer
SU 100, presents a moderately to weakly separated lenticular microstructure, occasionally
granular, with rare channels and vesicles, and the micromass is dusty grayish brown in PPL,
and with banded fabric (Fig. 5.12, a — b, e€). The most abundant coarse components are
angular to subrounded foraminiferal and/or sparite to micritic limestone fragments, quartz and
calcite grains, although feldspar and muscovite are quite frequent. Other coarse material
incudes sandstone and metamorphic rock fragments, mostly rounded, and rare aggregates
(pedorelicts). The most important pedofeatures are stratified silt cappings that occur on coarse
fragments and are occasionally downturned or associated with banded fabric (accumulations
of silt and coarse clay on the top of the lenses). Iron oxide/manganese nodules (typic,
concentric, nucleic) are common, and disorthic nodules also occur.

Three thin sections were ground from samples collected in Mesolithic layers (SU 90,
SU 89-80, SU 82-80). Rock fragments are the most abundant coarse material, ranging from
angular to subangular limestone fragments (with foraminiferans, sparite or micritic) to well-
rounded sandstone (often quartzitic sandstone) and metamorphic rock fragments. Bone
fragments, angular to subrounded and frequently burned, are one of the most abundant types
of coarse material. Ice lensing and silt cappings are the most evident pedofeatures in SU 90
(hearth), which is characterised by a lenticular platy microstructure (Fig. 5.12 ¢ —d, f). The
two thin sections comprising sediments from SU 89-90 and 82-80 have crumb and spongy
microstructures, or an intergrain microaggregate microstructure. Fe/Mn nodules are common
in all the studied units.

The Bronze Age sequence is characterized by alternating, few centimetres thick
brownish (Bronze Age SU 77, SU 65, and Bronze/lron Age SU 49) and fine yellowish layers
(SU 3c, 71, 75). The yellowish sediments are geogenic and include two microfacies; the
coarser, well sorted sediment (mostly composed of calcite, quartz and muscovite) always

overlies the finer one (where calcite, quartz and muscovite are embedded in a clay
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micromass). The brownish layers are anthropogenic, and their characteristics are the
following:

1) SU 77 is a dark brown, 1.5-2 cm thick layer including frequent charcoal fragments, organic
matter, pottery fragments, very few possible slag fragments, randomly dispersed wood ash
and phytoliths, and very few fragments of sheep/goat droppings (faecal spherulites and
phytoliths).

2) SU 65 comprises exclusively burnt sheep/goat dung (faecal spherulites and phytoliths). At
least three ash (burnt plants and faecal pellets) microlayers can be recognised inside this 2.5
cm thick dung layer (Fig. 5.13).

3) SU 49 is made up of two discontinuous microlayers of sheep/goat dung (faecal spherulites
and organic matter) divided by a thin (0.5-1 cm) discontinuous yellowish layer identical to the
SU 3c, 71 and 75 fine-grained microfacies. The upper of the two brownish dung layers also
contains droppings that differ from the ones ascribed to sheep/goats, very phosphatic with
abundant phytoliths and very few spherulites, that can probably be ascribed to omnivors (Fig.
5.14).

b. g aks . -t ﬂ e :\:?‘ = “ -"') = .‘, ¢ T
Figure 5.12 Photomicrographs: a) SU 100, lenticular microstructure, PPL; b) SU
100, lenticular microstructure, XPL; c) SU 90, banded fabric and silt cappings,
PPL; d) SU 90, banded fabric and silt cappings, XPL; €) SU 100, stratified silt
capping on limestone fragment; f) SU 90, lenticular microstructure, PPL. 60



Figure 5.13 Photomicrographs, SU 65: a) spherulites, phytoliths and ash in PPL;
b) spherulites, phytoliths and ash in XPL; c) same as a, detail; d) same as b, detail;
e) recrystallized ashes, spherulites, phytoliths, PPL; f) recrystallized ashes,
spherulites, phytoliths, XPL.

069 min

Figure 5.14 Photomicrographs, SU 49, phosphatic dropping.
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5.5 Discussion

The most important issue about the formation processes of the Zala Cave infilling is
the origin and the process of emplacement of the clastic sediments. A relevant topic is also to
ascertain whether the cultural remains are in situ or reworked.

At Zala Cave, the mineral component of the sediment has three possible origins:

1. Strictly local, i.e. originated from the bedrock in which the cave is shaped;
limestone blocks and rubble can be ascribed to this class. Part of these clasts may have rolled
into the cave through the entrance, after having dropped from the cliff overhanging the cave
entrance; this hypothesis may be supported by the roughly conical shape of the group of units
8 and by the partly imbricated arrangement of blocks inside it, which resemble a scree
deposit. Nevertheless, it is also very likely that a large part of the blocks derive from ceiling
breakdowns triggered by deep frost, as indicated by the occurrence of common frost slabs in
the medium gravel-size fraction of the rubble.

Conversely, it is unlikely that large part of the fine fraction of the sediment may derive
from the alteration of the bedrock because the local Cretaceous limestone is rather pure and
does not include a remarkable quantity of silicate minerals.

2. Endokarstic, i.e. transported and deposited in the cave by underground river flow. A
large part of the very fine gravel and sand components of the sediment probably have this
origin. The most evident river deposit within the sequence of the Zala Cave is SU 85: its
sigmoidal shape and internal cross-bedding are typical of side accretion bodies in fluvial
environment, and similar deposits -even if finer- are being formed at present along the lake
situated in the internal part of the cave. The relatively large grain-size of the particles in SU
85 suggests strong flow energy, which may have reworked and also removed the finer part of
the underlying unit.

Unit 75 shares some characteristics with SU 85, i.e. some lamination, general shape
and texture; consequently, it may be inferred that part of the Mesolithic cultural remains are
embedded in a unit that was reworked ab antiquo. The corresponding unreworked deposits
(including a hearth) are limited to the area where the unit lies higher on the underlying
topographic surface, i.e. in the North-eastern portion of the excavation area.
Micromorphology confirmed this hypothesis, showing that the Mesolithic hearth SU 90 in
square H8 is in situ, while samples taken from the main transversal profile show mixing and

reworking of sediments. It is noteworthy that no faecal spherulites were observed in
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sediments with Mesolithic cultural remains, indicating that the reworking happened before the
sedimentation of the Bronze Age layers.

A large part of the sequence, at least the portion overlying the blocky unit up to the
bottom of SU 32, was affected by river processes. Laminated sands and erosion surfaces
occur often among these levels, which are also sloping towards the southern side of the
entrance hall, and indicate frequent river floods (erosion) followed by decreasing energy
phases (sand deposition). Some evidence of ponding can probably be indicated by the small
lenses SU 94 - SU 82 that are embedded within this part of the sequence.

The reasons why the internal river may have reached the entrance hall can be
explained if the geometrical relationships between the hall and the internal cave, and also the
shape of the ceiling, are observed. As described above, the ceiling in the inner cave is just a
bit lower than in the entrance hall; both are slightly domed, and are probably divided by a sort
of inverse ridge that results from the juxtaposition of the two domed shapes (Fig. 5.4, Fig.
5.5). On the side of the hall, the sediment fills up large part of the chamber and covers the
shape of the ridge (which is indeed the southern wall of the hall), while to the inside the floor
is 1-1.5 m lower, so that the shape of the ridge can be easily observed, even if it is partly
covered by a flowstone connected to the floor. In the latest phases of Late Pleistocene or
Early Holocene (when SU 85 was probably deposited), the sediment level was about 1.2-1.5
m lower in the entrance hall, and the flowstone had not yet (completely?) grown, so that there
was direct communication between the two chambers and the water could easily flood the
entrance hall.

Regarding the provenance of the silicate sediments, a large part of which comprises
rounded grains, the problem is somewhat more complex. It is not unlikely that these may
derive from the dismantling of sandstone formations, like the Triassic ones cropping out a
couple of kilometres South of Ogulin in the Mreznica basin, to which the Zala underground
river is also supposed to be connected. Nevertheless, it may also occur that the Zala
underground river itself eroded directly these formations in areas where they do not crop out
on the surface.

3. Allochthonous, i.e. material coming from more or less distant areas outside the
cave. Such sort of material is usually rather fine and includes colluvia deriving from the
dismantling of soils and/or sediments deposited outside the cave, or -more rarely- windblown

dust (loess).
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Some evidence of slope processes may also be inferred from the undulating limits
between units in groups 2 and 1, which may indicate sediment creep in a cold environment
(Van Vliet-Lanog, 1985; 1987).

The input of aeolian dust is questionable at Zala Cave; it would be normally indicated
by the occurrence of remarkable quantities of windblown micas deriving from the
metamorphic parageneses of the Alpine fringe (Cremaschi, 1990a; 1990b), but it must also be
observed that the abundant micas (mostly muscovite) found in the Zala sediments may also
derive from the Triassic pelitic formations situated South of Ogulin. Moreover, the grain-size
curves of these sediments do not resemble the classical loess because of the too high sand
percentage.

Eventually, referring to processes triggered by periglacial conditions, it must be
pointed out that ice lensing (Coutard and Micher, 1983; Van Vliet-Lanog, 1976), attested by
the well developed laminar aggregation occurring in group 3, is good evidence of deep
seasonal frost. Even sounder evidence of frost is provided by the strongly convoluted
laminations occurring in the basal levels underlying the blocky layer (SU 101), in the fine
level interfingered in it, and to some extent also in the directly overlying unit 89 (on the
Northern profile). This evidence is in accordance with very cold environmental conditions
that also triggered the frost shattering and breakdown of the ceiling, originating the blocky
unit SU 101. Deep seasonal frost is further confirmed at microscopic scale for SU 100 and 90
by the occurrence of pedofeatures such as silt cappings, ice lensing, banded fabric, as well as
by frost shattered coarse limestone clasts.

It may be argued that deep seasonal frost may not fit the age and supposed warm
climate corresponding to the deposition of groups 3-1, which took place during the Medium-
Late Holocene (Bronze Age remains). Nonetheless, it can be observed that the depression
where the Zala is situated is a peculiar ecotope, where the characteristics of the present-day
floral biocenosis indicate average temperatures lower than in the surroundings. Such
peculiarity may have also enhanced the effects of low temperatures during the Late Glacial
and the Early Holocene, causing strong cryoturbation in the cave sediments.

Soil micromorphology revealed some anthropogenic component in the infilling
processes, but this was limited to the upper Middle/Late Holocene part of the sequence which
includes Bronze and/or Iron Age cultural remains. The anthropogenic units 77, 65, 49, and
possibly 40, situated between the Bronze Age hearths (SU 83, 78, 74) and SU 32, alternate

with yellowish fine river sediments. During the deposition of the lowermost of these three
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layers (SU 77), the cave was used primarily as a domestic space. SU 65, which lies in the
middle of this group of units, marks a shift in the use of the entrance chamber of Zala Cave;
repeated cycles of burnt dung (confirmed by the abundance of faecal spherulites and
phytoliths) together with the very small amount of pottery shards (pers. comment B. Oluji¢;
Olyji¢ and Perkovi¢, 2015) indicate that the cave was used almost exclusively seasonally as
stock pen for ovicaprids. In the uppermost unit (SU 49) the dung was only partially burnt, at
the top of the unit; conversely, the rest of it underwent natural mineralisation processes. As
proven by Brochier et al. (1992), these processes can considerably reduce the volume of the
layers and thus have to be taken into consideration Geo-ethnoarchaeological studies
conducted by Brochier et al. (1992) showed that burning reduces the dung volume by
approximately 13-19%, while mineralisation causes loss of volume by up to 80%. This must
be taken into consideration in archaeological interpretations, because these processes
concentrate cultural remains originally distributed through a much thicker layer which
represents a much longer span of time than a layer of burnt dung (Brochier et al., 1992). In
SU 49 a total of 553 fragments of pottery was collected, which is much more if compared to
SU 65, where only 32 fragments were found (Oluji¢, pers. comm.). It is notworthy that grain
size analyses showed that the thin brownish SU 40 is very similar to SU 65, 49 and 77, with
smaller amount of sand (39.94%), and a greater percetage of silt (48.05%) if compared to the
other two groups of sediements. This results could indicate another episode of stabling inside
the cave, although we do not have micromorphological analysis that could confirm this

hypothesis.

5.6 Concluding remarks

The geoarchaeological study of the Zala Cave deposits has brought into light some
palaeoenvironmental peculiarities, mostly connected to an extremely cold climatic situation at
the end of the Pleistocene and beginning of the Holocene. Despite the unfavourable
conditions, the cave was visited by groups of hunters-gatherers, and this sort of use continued
throughout the Holocene even if the environmental conditions of the site were not particularly
favourable.

The entrance hall of the Zala Cave was in direct communication with the inside at
least until the Early Holocene, when the underground flow partially reworked the Mesolithic

levels; by the Bronze Age the communication was closed, and the cave was occationally
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flooded through the narrow eastern passage which still connects the entrance chamber to the
inner part of the cave.

At present, there is no evidence of cave use by humans between the Mesolithic and the
Bronze Age because the corresponding levels (except from maybe few Copper Age pottery
fragments; Oluji¢ and Perkovié, 2015) -if any- were removed by the erosional processes of
the river. Nonetheless, it cannot be excluded that levels corresponding to this period may be
found in the northernmost part of the entrance hall, upslope the dipping levels and at a higher
level above the old river.

Finally, it must be pointed out that the underground river flow must have been much
stronger than the present-day one (in fact, before the construction of the Gojak hydropower
plant) during the late Late Pleistocene-Early Holocene, as demonstrated by the coarser grain-
size of the sediments and by the well-developed lateral accretion deposits. The underground
cave system Dulin Ponor - Medvedica Cave - Izvor-Spilja Gojak may have been affected by
by periodical strong rainfall in the basin of the Gornja Dobra and Zagorska Mreznica.

It must be first observed that the anthropogenic component was apparently minor at
Zala during the Late Pleistocene and at the beginning of the Holocene, and it can be well
identified at present only as hearths and cultural remains included in the sediments deposited
by river flow. The sedimentological study indicates that several postdepositional processes
affected the archaeological record of Zala Cave. The lower part of the sequence comprising
Paleolithic and Mesolithic cultural remains was partially eroded and reworked by ab antiquo
river flow. Convolutions, injection features and ice wedges indicate strong cryoturbations that
most certainly moved the Paleolithic, and Mesolithic finds vertically and horizontally through
the sequence during the Late Pleistocene and Early Holocene.

Soil micromorphology provided valuable information about the infilling processes and
on-site Bronze Age human activities. This group of units is characterised by three brown
anthropogenic layers, alternating with yellow geogenic sediments (fine river sand). During the
Bronze Age, the cave was first used for short-terme domestic activities, with a shift to

seasonal pastoral activities in later stages of the Bronze Age.
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6. ZEMUNICA
6.1 Introduction

Figure 6.1 Location map of Zemunica (Soi¢ KlindZi¢ et al. , 2015).

Zemunica Cave is situated in a karstic area, near the village of Bisko, 17 km east of Split (Fig.
6.1). The rescue excavations of the cave (on the route Dugopolje-Bisko of the Adriatic
motorway) directed by I. Karavanié, were carried out in 2005 (Soi¢ and Karavani¢, 2006).
The sedimentary sequence of Zemunica Cave includes numerous layers containing cultural
remains whose age spans from the Late Upper Paleolithic to the Early Bronze Age. Zemunica
is one of a few middle dalmatian sites excavated on the Northern side of the Dinaric Alps, and

therefore gives valuable information about prehistory in this area (Soi¢ Klindzié et al., 2015).

6.2 Site presentation

Zemunica Cave is situated at the foot of the Mali Mosor Hills, in Turonian limestones with
dolomite lenses, looking onto the Dicmo (Kru$varsko or Bisko) karstic polje - a fertile area
with dominant terra rossa soils. The cave is 16 x 18 m wide (Fig. 6.2), with a maximum
height of about 4 m, and there is a natural opening in the middle of its ceiling. The entrance of
the cave is situated at the base of a cliff facing northwards. In their report, the excavators
mention rocks scattered all over the surface of the cave, therefore they opened a trench
(Trench 1) at the very entrance of the cave in order to deepen it for the removal of rocks and
sediment (So8i¢ and Karavani¢, 2006). Two more trenches were opened inside the cave, each

3 x 3 m at the top; Trench 2 in squares E-G 18-20, and Trench 3 in squares S-U 17-20. The
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thickness of the stratigraphic sequence in Trench 2 is 4.6 m, while in Trench 3 it is about 3 m,

but the bedrock was not reached in either of the two trenches (So$i¢ Klindzié et al., 2015).
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Figure 6.2 Cave plan (Sogi¢ Klindzi¢ et al., 2015).

6.3 Archaeological background

The sedimentary sequence of Zemunica Cave spans from the Late Upper Pleistocene to the
early Late Holocene, and includes Late Upper Paleolithic, Mesolithic, Neolithic, Copper Age,
and Bronze Age cultural remains. Preliminary results are available only for the Upper
Paleolithic, Mesolithic, and Early Neolithic finds, while the study of the Late Neolithic,
Copper, and Bronze Age archaeological material is still in progress.

The Late Upper Paleolithic was dated on charcoal to 11,740+90 *C BP (12,110 — 11,490 cal.
BC at 20; Beta-218732); the faunal remains (mostly red deer, but also bovids, equids, wild
boar, roe deer etc.) fit the Upper Pleistocene period, but the lithic assemblage lacks diagnostic
elements. It includes long and wide blades that are not present in later periods in Zemunica
(Sosi¢ Klindzié et al., 2015). The Mesolithic levels were dated from 10,000+70 **C BP
(9,990-9,270 cal. BC at 20; Beta-218733; charcoal) to 9,310+60 BP (8,730 — 8,340 cal. BC at
206, Beta-236133; bone). They include abundant snail shells, red deer, roe deer and wild boar,

which are typical for the Adriatic Early Mesolithic. The Mesolithic lithic assemblage lacks
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diagnostic types; however, it can be placed in the group without trapezes. The lithic industry
differs from the Neolithic one, and comprises some Epigravettian elements like backed
bladelets and circular endscrapers (Sogi¢ Klindzi¢ et al., 2015). Late Mesolithic levels were
not present in the cave. The Early Neolithic (Impressa culture) spans from 7,120+40 BP
(6,060 — 5,920 cal. BC, 2c; Beta-225630; bone) to 6,550+40 BP (5600 — 5470 cal. BC, 2¢;
Beta-236134; bone) indicating that more than one phase of the Impressa culture may be
present at the site (Sosi¢ Klindzi¢ et al., 2015). The lithic assemblage comprises 143 artefacts,
but only eight are tools, mainly retouched pieces, and one backed bladelet. The majority of
the Impressa culture pottery shards (74%) is decorated by impression, incision, and
application; one pintadera made of clay was also found. Dispersed human remains were also
recorded at the site, in Paleolithic, Mesolithic and Neolithic levels. All of the dated human
remains are dated around 7,000 14C BP indicating significant level mixing and/or wrong
attribution for some of the levels. This problems will be discussed in this section (Sogi¢

Klindzi¢ et al., 2015).

Figure 6.3 Profile V 17-18-19, trench 3a.
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Figure 6.4 Profile S 19-20, trench 3b.

Figure 6.5 Profile G 18-19,
trench 2.
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6.4 Results
Samples were taken from two trenches (Trench 2 and Trench 3) inside the cave. A
total of 24 samples were collected for grain size analyses and 31 samples for

micromorphological analysis.

6.4.1 Field observations

The following descriptions of the lithostratigraphic groups are based on the profiles V
17-18-19 (Fig. 6.3) in trench 3a, S 19-20 in trench 3b (Fig. 6.4), and G 18-19 in trench 2 (Fig.
6.5) which were the only profiles available for sampling and studying. The sequences are
described from the bottom upwards. The stratigraphic units are classified in archaeological
cultures/periods according to the documentation of the excavations; however subsequent
geoarchaeological analyses showed that some of the units labelled as Mesolithic based on the
lack of pottery, must be attributed to the Neolithic.

Trench 3, profile vV 17-18-19:

8. Reddish clay loam, with unsorted subangular to subrounded clasts and blocks (up to
1 m wide) concentrated at the bottom (SU-106/112). Medium developed polyhedric
aggregation with Fe coatings on ped surfaces. Some patches of the unit are occasionally
cemented. Includes units SU 112, 106, 142. Pleistocene cultural remains or sterile.

7. Greyish and reddish ashy sandy loam layers and lenses, complexely interfingered
with the reddish SU 86 in the southern part of the profile. Red pedorelicts and small angular
fine to medium-size gravel clasts (1-3 cm) are common. Sharp and erosive boundary, shaping
the top of 8. SU 86, 91, 92, 98?, 105, 103. Mesolithic cultural remains.

6. Sandy loam with common small angular fine to medium gravel-size clasts and
crushed shells. SU 83, 71?. Mesolithic cultural remains.

5. Light brown silty clay (SU 63), including grey and reddish lenses in the southern
part of the profile (SU 64-Neolithic; SU 81, 82-Mesolithic?). Abrupt boundary.

4. Loose greyish brown silty clay loam with frequent fine gravel-size clasts and
frequent crushed shells. SU 60; no pottery or lithics.

3b. Brown silty clay with rare medium to fine gravel-size angular clasts. Abrupt

boundary, sub-horizontal and slightly undulating. SU 53; Neolithic cultural remains.
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3a. Grayish brown silty clay with occasional angular clasts, arranged mostly parallel to
the surface (SU 40). Includes an ashy lens (SU 52) and a yellowish wavy clay lens with
reddish pedorelicts (SU N/D). Bronze Age cultural remains.

2. Thin layer of yellow clay loam, massive or poorly aggregated. Sharp, undulating
boundary. SU 36; Bronze Age cultural remains.

1. Brown silt loam with occasional subangular stones; includes a thin layer of charcoal
at the bottom. Fine granular aggregation. Clear boundary, undulating and subhorizontal. SU

35; Bronze Age.

Trench 3, profile S 19-20:

8. Reddish clay loam (SU 106); at the bottom (SU 112), it includes unsorted
subangular to subrounded clasts and blocks (up to 1 m). Clear boundary. Pleistocene.

7b. SU 139 can be divided into two parts from a lithological point of view. Dark
grayish brown loose silt loam, with angular to subangular medium to coarse-gravel size (5-20
cm), with frequent snail shells, bone fragments and charcoal. Clear to abrupt boundary (lower
part of SU 139). Very dark grey silt loam, relatively compact, with very rare, angular fine to
medium gravel-size clasts (2-3 cm), reddish pedorelicts and very frequent charcoal fragments
(upper part of SU 139). Upper Paleolithic cultural remains.

7. Layers of reddish brown loose sandy silt loam, with abundant crushed land snail
shells, alternating with layers of intact snail shells with abundant ash and charcoal. The layers
are slightly inclined towards the south. Reddish pedorelicts are common. Clear boundary. SU
135, 134, 115 lower. Mesolithic cultural remains.

5. Grayish brown silty loam layers and ashy lenses. Clear to diffuse boundary. SU 115
upper, 116, 114. Neolithic cultural remains.

3b. Brown compact silty clay with rare angular fine gravel (1-5 cm); includes ash and
charcoal lenses. Abrupt boundary, sub-horizontal and slightly undulating. SU 45. Bronze Age
cultural remains.

3a. Dark brown silty loam with frequent angular to subangular calcareous rubble (7-30
cm) with a thin yellowish lens at the bottom. Lower part of SU 43. Bronze Age cultural
remains.

1. Dark greyish brown silty loam with occasional subangular unsorted stones. Upper

part of SU 43. Bronze Age cultural remains.
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0. Reworked surface layer. Calcareous rubble (angular to subangular), skeleton-
supported structure, with few dark brown silty matrix; poor sorting; abrupt limit. SU 7 upper;

Bronze Age/Recent.

Trench 2, profile G 18-19:

12. Large blocks, terminating upwards with unsorted angular to subangular gravel,
skeleton-supported; abundant light brown matrix with poorly developed medium granular
aggregation. Boundary unobserved. SU 146. Pleistocene.

11. Dark reddish silty loam, with medium developed medium-coarse granular
aggregation; very few unsorted angular to subangular skeleton (up to 35 cm), concentrated in
clusters; clear evidence of decalcification. Abrupt limit, subhorizontal. SU 143, 136.
Pleistocene.

10. Thin level of unsorted stones, fine gravel to blocks; matrix as in 9) (probably a
facies of 9). SU 138. Pleistocene.

9. Dark brown silty clay loam, with very few skeleton mostly located at the bottom of
the unit, subangular to subrounded, with clear evidence of decalcification. Some very dark
brown to blackish subunits are also present, bounded by diffuse limits; the top limit one is
particularly evident, with slightly variable thickness. Sharp limit, subhorizontal and smooth.
SU 118 (archaeologically sterile layer), SU 122, SU 130. Mesolithic cultural remains.

8. Large-size land snails in dark reddish matrix, darkening downwards. The snails are
more commonly broken on the southern side, where the layer is remarkably thinner
(trampling?). Sharp sigmoidal limit, subhorizontal. SU 113. Neolithic.

7. Brown silty loam, with well-developed coarse granular aggregation; dominant,
skeleton, angular to subangular, made up of unsorted fine to medium gravel (rubble);
skeleton-supported structure, sometimes openwork. Common bone and charcoal, occurring
throughout the unit. Abrupt limit, gently dipping southwards. At the bottom, there is a loamy
lens-like feature, with a dark reddish level underlying a blackish one. Combustion feature?).
SU 111, 110; Neolithic.

6. Brown clay or silty clay, massive and sticky; few angular skeleton, unsorted fine to
medium gravel, chaotically dispersed; common to very common charcoal. Abrupt limit. This

level corresponds to SU 109; Neolithic cultural remains.
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5. Silty loam with common very fine angular gravel chaotically dispersed. Concave-
upwards sigmoidal level, thickening eastwards; abrupt limit, gently dipping southwards. Su
N/D

4. Silty clay loam, not very different from 2); it can be divided into some subunits with
diffuse limits; the central one is light brown clay layer with some charcoal and almost no
aggregation. SU N/D.

3. Greyish clay loam with common very fine gravel and few coarser elements (up to
10-12 cm) subangular to subrounded, chaotically dispersed. Frequent charcoal and amorphous
organic matter. Thin layer (15-20 cm) with clear limit, gently dipping southwards. SU N/D.

2. Brown silty clay loam; it can be divided into several layer-like subunits following
colour (darker brown, sometimes reddish) or texture (more or less clay or skeleton); limits
between subunits are usually clear to diffuse. Common skeleton, unsorted, subangular to
subrounded (due to dissolution). Clear limit, gently dipping southwards. SU N/D.

1. Surface layer. Calcareous rubble, with blocks; skeleton-supported structure, with
few matrix (sometimes openwork); poor sorting, with smaller size elements at the bottom,

usually well oriented along the unit limit. Sharp limit, probably dipping southwards. SU N/D.
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Table 6.1 Sediment colour under wet and dry conditions.

Sample/ Munsell soil color - wet Munsell soil color - dry
Stratigraphic

Unit

1/35 10 YR 3/3 dark brown 10 YR 6/4 light yellowish brown
2140 7.5YR 3/2 dark brown 10 YR 6/3 pale brown

3/53 7.5 YR 3/3 dark brown 10 YR 6/4 light yellowish brown
4/60 10 YR 3/3 dark brown 10 YR 6/3 pale brown

5/63 10 YR 3/4 dark yellowish brown 10 YR 5/4 yellowish brown

6/83 10 YR 3/2 very dark grayish brown 10 YR 6/3 pale brown

7192 2.5 YR 2.5/4 dark reddish brown 2.5 YR 3/4 dark reddish brown
8/106 (Trench 2.5 YR 3/4 dark reddish brown 2.5 YR 3/4 dark reddish brown
3a)

50/106 5 YR 5/6 yellowish red 7.5 YR 6/8 reddish yellow

(Trench 3b)

51/139 lower 7.5 YR 2.5/2 very dark brown
52/139 upper 10 YR 2/2 very dark brown
53/135 7.5 YR 3/3 dark brown

54/134 upper 7.5 YR 2.5/3 very dark brown
55/115 lower 7.5 YR 2.5/2 very dark brown
56/115 upper 10 YR 3/3 dark brown

57/114 10YR 4/2 dark grayish brown
58/45 10YR 4/2 dark grayish brown
100/12/146 10 YR 3/4 dark yellowish brown
101/11/136 7.5 YR 3/4 dark brown
102/10/138 10 YR 3/4 dark yellowish brown

103/9/122 7.5 YR 3/3 dark brown
105/7/110 10 YR 3/3 dark brown
lower
106/7/110 10 YR 3/3 dark brown
upper
107/6/109 10 YR 3/3 dark brown

10 YR 3/4 dark yellowish brown
10 YR 4/3 brown

7.5 5/3 dark brown

7.5 YR 4/2 brown

7.5 YR 5/4 brown

10 YR 6/3 pale brown

10 YR 5/4 yellowish brown

10 YR 6/4 light yellowish brown
10 YR 5/4 yellowish brown

7.5 YR 4/4 brown

10 YR 4/6 dark yellowish brown
10 YR 4/4 dark yellowish brown
10 YR 5/3 brown

10 YR 5/3 brown

10 YR 5/3 brown
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6.4.2 Architecture of the stratigraphic units and sediment texture

The bedrock was not reached during the excavations in either of the trenches. The
lowermost group of excavated units is reddish to yellow-reddish clay loam (SU 106). It can be
divided into two parts, the lower part includes unsorted, medium to large-size limestone
blocks (SU 112), while the upper one, overlying the large blocks, is less stony or stoneless
(SU 142). The top surface of this reddish group of units in trench 3a is an erosional feature
which dips southwards. In trench 3b the reddish units occur approximately 1 m deeper than in
3a. Here, the lower part of the large blocks is included in the red sediment, while the upper
part emerges into the overlying layers; this indicates strong erosional processes that removed
part of the reddish sediment. In trench 3b, SU 139 (Palaeolithic) is overlying the reddish layer
106; SU 139 is a brownish silty loam rich in charcoal and organic matter. The erosional shape
at the top of the reddish layer in trench 3a is filled with a lens comprising crushed snails (SU
86), which laterally merges into a sequence of lenses of reworked ash (SU 103 and 91); all are
ascribed to the Mesolithic. In trench 3b the Mesolithic units are represented by two stacked
land snail shell middens (SU 134 and 135) including aggregates of reddish sediments similar
to the sediment of SU 106; the reddish sediment is more abundant at the bottom of each of the
snail middens. SU 81 and 82 were also ascribed to the Mesolithic by the excavators, but
subsequent micromorphological analysis showed that, from the bottom of this group of units
upwards, the sediments are mostly made up of sheep/goat, and cattle dung (see section 6.4.3.).
Various groups of ashy lenses overlying relatively thin dark brown, and reddish lenses
ascribed to the Neolithic (the overlying lenses SU 64-82-81 from trench 3a may tentatively be
correlated with the lenses labelled as SU 116 in trench 3b), Copper, and Bronze Age occur
between brown to grayish brown mostly homogeneous layers. The top brownish levels
include few cm-thick yellowish lenses which differ from the other sediments of the cave (see
section 6.4.3). Almost all of the post-Mesolithic units in Trench 3 are coprogenic, and are
made of sheep/goat and possibly cattle dung (see section 6.4.3).

In trench 2, the reddish unit 106 is overlain by brownish to yellowish silty clay loam
SU 146, SU 143, SU 136, and SU 138. The bottom of this group of units has few medium- to
small-size stones. The upper limit of this group of units is sharp, probably erosional. In trench
2, the sequence includes only one snail midden SU 113, which includes Neolithic cultural
remains. According to the excavators, this is the first post-Mesolithic unit in this part of the
cave. The boundary between the Mesolithic and Neolithic units is an erosion surface. All of

the post-Mesolithic units studied from Trench 2 are made of sheep/goat dung (from SU
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110_upper upwards in the sequence), with the exception of the lowermost Neolithic unit 113,
and a small lens SU 110_lower, directly overlying SU 113.

Grain size analyses (Fig. 6.6 and 6.7) have been carried out on the fine grained fraction (<2
mm) of the sediments. The sand fraction is more abundant (>28%) in the undecalcified
samples of the SU 83 (28.6%), SU 115 lower (33.41%), SU 134 (34.9%), and SU 135
(35.86%). All the sediments with more than 28% sand fraction in undecalcified samples
embed Mesolithic cultural remains. The silt fraction in the undecalcified samples is always
more than 40% in all of the analysed units, with the exception of SU 106 in trench 3a where it
is just slightly minor (39.43%). The clay percentage (>60%) is highest in the decalcified
samples from SU 35 (61.73%) and SU 43 (63.45%), followed by SU 83 (54.89%), SU 40
(53.93%) and SU 63 (53.84%). It is noteworthy that all of these units come from Trench 3a,
while in units from Trench 3b and Trench 2, the clay percentage is not higher than 29%,
except from SU 139 lower (35.77%), and SU 106 (46.76%). The grain sizes of the reddish
sediment SU 106 from Trench 3b (6.28% sand, 46.96% silt, 46.76% clay) are very similar to
those from SU 106 (2.61% sand, 56.86% silt, 40.54% clay) and SU 92 (1.37% sand, 55.72%
silt, 42.92% clay) in Trench 3a. Those units differ from all the other ones, where the sand
amount is always higher than 11%. The grain size distribution of units 106 and 92 is in good
accordance with the data available for terra rossa soil in Croatia. According to Durn et al.
(1999) and Durn (2003) terra rossa in Istria (Croatia) is composed predominantly of clay and
silt sized particles, with sand particles forming less than 4% (the clay content ranges from
32.1t0 77.2%).
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Figure 6.6 Grain-size (Wentworth, 1922) of the <2 mm fraction of decalcified

samples.
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6.4.3 Micromorphology

Figure 6.8 Location of the samples for micromorphological
analyses: a) SU 106, b) SU 139 lower, ¢) SU 139 upper, d) SU 135
(134 middle), ) SU 134 (134 upper), f) SU 115 lower, g) SU 115
upper, h) SU 114, i) SU 45, j) SU 43-45, k) SU 116lower-115
upper, 1) SU116 upper.

Micromorphological analyses were carried out on 31 thin sections, approximately one
per stratigraphic unit visible in the two sampled profiles; in some cases, the samples were
collected at the boundary between units. The thin sections were prepared from the undisturbed
monoliths of sediment (except from samples ZEM 7/92 and ZEM 8/102 which contain non
oriented sediment fragments) collected in 2012, after the end of the excavations, so the same
problems concerning the 3D geometry of the units arose in Zemunica, as explained in
previous chapters. The main micromorphological characteristics of the sediments are
summarised in this chapter. The location of the samples collected from the profile is given in
Figure 6.8.
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Eleven samples were studied from Trench 3a: Upper Paleolithic SU 112, 142;
Mesolithic SU 92, 83/86, 103, 91; Neolithic Impressa culture 81/82/64, Neolithic Hvar culture
SU 53; Bronze Age SU 40, 40B-yellow lens inside SU 40, and SU 40/36/35.

Twelve thin sections were analysed from Trench 3a: Upper Paleolithic? SU 106,
Upper Paleolithic 139 lower, 139 upper, Mesolithic 135 (sample 134 middle), 134 upper, and
115 lower; Neolithic Impressa SU 115 upper/116, 114, 115, 116 upper; Bronze Age SU 45,
and 45/43 .

Eight samples were studied from Trench 2: Paleolithic SU 136, 146, 136/138;
Mesolithic SU 122; Sterile SU 118/Neolithic Impressa SU 113, Neolithic Impressa SU 110,
and 109/overlying unit.

The most common characteristics of the thin sections are given bellow.

Trench 3a:

ZEM 7/92

This thin section comprises six unoriented sediment fragments from SU 92. They consist of
dusty red clay with common quartz grains and mica flakes. Granostriated b-fabric is
sourrounding the angular to subangular blocky aggregates. They are often seen as pedorelicts

in thin section from many stratigraphic units.
ZEM 8/102

This thin section includes two unoriented sediment fragments from SU 102. Same as ZEM

7/92, but the aggregates are rounded to subrounded and one has a calcitic core.
ZEM 16/142

Red clay aggregates embedded in calcitic groundmas. Red silty clay aggregates are also

present, and red clayey aggregates with quartz and muscovite skeleton.
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ZEM 15/103
Microstructure and porosity: granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few angular limestone fragments.
Minerals: common quartz grains, few muscovite flakes, few feldspars.
Inorganic residues of biological origin: common shell fragments
Anthropogenic elements: very frequent charcoal fragments, dominant calcite
aggregates (wood ash)
Organic: burnt tissue
Pedorelicts: red clay aggregates with quartz and mica skeleton.

Micromass: calcitic (ash) and dusty clay.

Pedofeatures: Fe/Mn nodules.

ZEM 14/91
Microstructure and porosity: granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few angular limestone fragments.
Minerals: common quartz grains, few muscovite flakes, few feldspars.
Inorganic residues of biological origin: common shell fragments
Anthropogenic elements: very frequent charcoal fragments, dominant calcite
aggregates (wood ash)
Organic: burnt tissue
Pedorelicts: red clay aggregates with quartz and mica skeleton.

Micromass: calcitic (ash) and dusty clay.

Pedofeatures: Fe/Mn nodules, ice lenses.
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ZEM 12/83-86

This thin section comprises two stratigraphic units — SU 83 and the overlying SU 86. SU 86
has the same micromorphological characteristics as SU 115 lower, but the snail shells are

more frequent.
SuU 83
Microstructure and porosity: granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: common subangular limestone fragments.
Minerals: aggregated microsparitic and sparitic calcite.
Inorganic residues of biological origin: frequent shells, bone fragments.
Anthropogenic elements: frequent charcoal fragments.
Organic: few amorphous organic matter.
Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay
aggregates.

Micromass: dusty clay and fine ash, calcitic crystallithic b-fabric.

Pedofeatures: Fe/Mn nodules.

ZEM 13/64, 82, 81

This thin section comprises units 64, 82, and 81. Stratigraphic unit 81 is made of mostly very
well-articulated phytoliths in a micromass with undifferentiated or speckled b-fabric. At the
bottom of SU 81, there is a thin dark brown layer mostly made up of herbivore dung; reddish

pedorelicts also occur.
SU 64

Stratigraphic unit 64 is a mixture of burnt herbivore dung and burnt plant remains (wood ash,

plant tissue).

Microstructure and porosity:
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Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: common reddish brown pedorelicts with quartz skeleton, few
subangular limestone fragments, very few rounded flint fragments
Minerals: few quartz grains, few muscovite flakes
Inorganic residues of biological origin: very frequent faecal spherulites and phytoliths
Anthropogenic elements: micritic aggregates (ash)
Organic:

Micromass: calcitic crystallithic or undifferentiated b-fabric

Pedofeatures:

ZEM 3/53

Microstructure and porosity: angular blocky and granular microstructure with channels and

vughs.

Groundmass: c/f-related distribution pattern is close to double spaced porphyric.
Coarse material:
Rock fragments: common subangular to subrounded flint fragments.
Minerals: frequent angular to subrounded quartz, common feldspars, few muscovite
flakes, very few pyroxenes (?), frequent calcite.
Inorganic residues of biological origin: micritic aggregates (burnt plan tissue and
cells), dominant faecal spherulites and phytoliths.
Anthropogenic elements: frequent charcoal fragments.
Organic: common amorphous organic matter, punctuations,

Micromass: dusty clay with speckled b-fabric or undifferentiated b-fabric.

Pedofeatures: common clay papulae, Fe/Mn nodules, very few clay coatings
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ZEM 10/40A (yellow lens)

Microstructure and porosity: subangular blocky to granular microstructure with channels,

chambers and vesicels.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: none.
Minerals: very frequent angular to subrounded quartz grains, few muscovite flakes
Inorganic residues of biological origin: few spherulites at the bottom of the thin
section.
Anthropogenic elements: none.
Organic: none.
Pedorelicts: common almost pure red clay aggregates (very developed), very few
reddish aggregates with quartz skeleton.

Micromass: dusty clay with granostriated, porostriated and circular striated b-fabric.

Pedofeatures: clay coatings and infillings, Fe oxides

ZEM 11/40

Microstructure and porosity: (sub)angular blocky to massive microstructure with vughs.
Groundmass: c/f-related distribution pattern is close porphyric.
Coarse material:
Rock fragments: common subrounded flint fragments, few qurtz aggregates, few
limestone fragments, few pedorelicts.
Minerals: frequent subangular quartz, few feldspars, common calcite, few posphates
Inorganic residues of biological origin: few bone fragments, dominant faecal
spherulites and phytoliths.
Anthropogenic elements: charcoal fragments, micritic aggregates (ash), pottery
fragments.
Organic: punctuations, amorphous organic matter.
Micromass: dusty clay with calcitic crystallithic b-fabric.

Pedofeatures: few Fe/Mn nodules and intercalations, few clay papulae.
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ZEM 9/36
This thin section consists of three stratigraphic units — SU 35, SU 36, and SU 40 (SU 40 was
described in sample ZEM 11/40B).

1) SU 35

Microstructure and porosity: angular blocky to massive microstructure with vughs.
Groundmass: c/f-related distribution pattern is close to single spaced porphyric.
Coarse material:
Rock fragments: very few subangular flint fragments.
Minerals: common angular to subangular quartz grains and quartz aggregates,
common sparitic calcite, very few muscovite flakes.
Inorganic residues of biological origin: dominant faecal spherulites and phytoliths.
Anthropogenic elements: charcoal fragments (discontinuous layer at the bottom of the
unit and common though the unit), micritic aggregates (ash).
Organic: common amorphous organic matter and punctuations.
Micromass: dusty clay.
Pedofeatures: common clay papulae, common matrix intercalations, Fe/Mn nodules.

1) SU 36

Microstructure and porosity: angular blocky to massive microstructure with vughs.
Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few limestone fragments, few pedorelicts.
Minerals: common muscovite flakes, common angular to subangular quartz, common
sparitic calcite, few phosphates.
Inorganic residues of biological origin: few articulated phytoliths.
Anthropogenic elements: -.
Organic: -.
Micromass: dusty clay with speckled b-fabric.

Pedofeatures: common Fe/Mn nodules, hypocoatings and quasicoatings, few clay papulae.
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Trench 3b:
ZEM 50/106
Microstructure and porosity: lenticular and granular microstructure with vesicles and

channels.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: frequent angular to subrounded limestone fragments (often in vertical
position).
Minerals: common angular to subangular quartz grains, common sparitic calcite, few
muscovite flakes.
Inorganic residues of biological origin: few shell fragments.
Anthropogenic elements: none.
Organic: few tissue and amorphous organic matter.
Pedorelicts: aggregates of pure dusty red clay.

Micromass: dusty clay with calcitic crystallitic and granostriated b-fabric.

Pedofeatures: ice lenses, concentric calcitic nodules, clay papules, Fe/Mn nodules, calcite

coatings

ZEM 51/139 lower
Microstructure and porosity: granular microstructure.

Groundmass: c/f-related distribution pattern is close to open porphyric.
Coarse material:
Rock fragments: few angular flint fragments, common subangular limestone
fragments.
Minerals: few phosphates (possible carnivore coprolites), common quartz grains, few
feldspars, few muscovite flakes.
Inorganic residues of biological origin: very frequent bone fragments.
Anthropogenic elements: frequent charcoal fragments.
Organic: amorphous organic matter.

Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay aggregates.
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Micromass: dusty clay with stipple speckled b-fabric.

Pedofeatures: clay papules.

ZEM 54/139 upper
Microstructure and porosity: granular microstructure.

Groundmass: c/f-related distribution pattern is close to open porphyric.
Coarse material:
Rock fragments: few angular flint fragments, very few subangular limestone
fragments.
Minerals: few phosphates (possible carnivore coprolites), common quartz grains, few
feldspars, few muscovite flakes.
Inorganic residues of biological origin: very frequent bone fragments.
Anthropogenic elements: very frequent charcoal fragments.
Organic: very frequent tissue and amorphous organic matter.

Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay aggregates.

Micromass: dusty clay with stipple speckled b-fabric.

Pedofeatures: clay papules, Fe/Mn oxides.

ZEM 52/134 upper
Microstructure and porosity: granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:

Rock fragments:
Minerals: few phosphates, common quartz grains, few muscovite flakes.
Inorganic residues of biological origin: frequent shell fragments

Anthropogenic elements: frequent charcoal fragments
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Organic: amorphous organic matter
Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay
aggregates.

Micromass: ash and dusty clay, calcitic crystallitc b-fabric

Pedofeatures: clay papules, Fe/Mn oxides.

ZEM 53/134 middle
Microstructure and porosity: granular and lenticular microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments:
Minerals: few phosphates, common quartz grains, few muscovite flakes.
Inorganic residues of biological origin: frequent shell fragments.
Anthropogenic elements: frequent charcoal fragments.
Organic: amorphous organic matter.
Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay
aggregates.
Micromass: ash and dusty clay, calcitic crystallitc b-fabric

Pedofeatures: clay papules, Fe/Mn oxides.

ZEM 55/115 lower
Microstructure and porosity: fine granular microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:

Rock fragments:
Minerals: few phosphates, common quartz grains, few muscovite flakes.
Inorganic residues of biological origin: frequent shell fragments

Anthropogenic elements: frequent charcoal fragments
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Organic: amorphous organic matter
Pedorelicts: red clay aggregates with quartz and mica skeleton, red silty clay
aggregates.

Micromass: ash and dusty clay, calcitic crystallitc b-fabric

Pedofeatures: clay papules, Fe/Mn oxides.

ZEM 60/115, 116

SU 115 _upper

Microstructure and porosity: fluid with vesicles.

Groundmass: c/f-related distribution pattern is close porphyric.
Coarse material:
Rock fragments: few rounded flint fragments.
Minerals: few quartz grains.
Inorganic residues of biological origin: dominant spherulites, frequent phytolites, few
shells, few bone fragments.
Anthropogenic elements: frequent charcoal fragments, wood ash.
Organic: very frequent tissue and amorphous organic matter.

Micromass: ash.

Pedofeatures: clay papules.

ZEM 61/116 upper

The thin section comprises two microfacies. Microfacies 1 consists of a completely burnt,

whitish unit, while microfacies 2 is made of partially burnt dark brown material.
Microstructure and porosity: fluid with vesicles.
Groundmass: c/f-related distribution pattern is close porphyric.

Coarse material:
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Rock fragments: few rounded flint fragments, few angular to subangular limestone
fragments.

Minerals: few quartz grains.

Inorganic residues of biological origin: dominant spherulites, frequent phytolites, few
shells, few bone fragments.

Anthropogenic elements: frequent charcoal fragments, wood ash.

Organic: very frequent tissue and amorphous organic matter.

Micromass: ash.

Pedofeatures: clay papules.

ZEM 56/115

Microstructure and porosity: highly to medium separated subangular blocky microstructure,

and granular microstructure with channels and chambers.

Groundmass: c/f-related distribution pattern is porphyric.

Coarse material:
Rock fragments: few subrounded limestone fragments, very few angular to subangular
flint fragments.
Minerals: common subangular to subrounded quartz grains, common subangular
calcite, few feldspars.
Inorganic residues of biological origin: dominant faecal spherulites, very frequent
phytoliths (frequent articulated), common bone fragments (including burnt bone), few
shell fragments.
Anthropogenic elements: very few pottery fragments, common charcoal fragments,
common fine micritic aggregates (ash).
Organic: frequent amorphous organic matter.

Micromass: yellowish dusty clay with calcitic crystallitic b-fabric or undifferentiated b-fabric.

Pedofeatures: common Fe hypocoatings and quasicoatings, common weakly impregnated
orthic Fe nodules and aggregates, few clay papules, few anorthic Fe nodules (few concentric).
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ZEM 57/114
Microstructure and porosity: massive microstructure with planes, vesicles and chambers.

Groundmass: c/f-related distribution pattern is single spaced to close porphyric.

Coarse material:
Rock fragments: common angular to subrounded flint fragments few subangular
limestone fragments.
Minerals: common angular calcite, very few pyroxenes, few rounded quartz
aggregates, common subangular quartz grains, few subangular feldspars, few
muscovite flakes.
Inorganic residues of biological origin: dominant faecal spherulites, very frequent
phytoliths, very few bone fragments, very few shell fragments.
Anthropogenic elements: frequent charcoal fragments, common fine micritic
aggregates (ash).
Organic: frequent amorphous organic matter, punctuations.

Micromass: yellowish dusty clay with calcitic crystallitic b-fabric.

Pedofeatures: common weakly impregnated orthic Fe nodules and aggregates, few clay

papules, few anorthic Fe nodules.

ZEM 58/45

Microstructure and porosity: weakly to highly separated angular to subangular blocky

microstructure.

Groundmass: c/f-related distribution pattern is single spaced to close porphyric.

Coarse material:
Rock fragments: common subangular to subrounded flint fragments, few subangular
limestone fragments.
Minerals: common subangular to subrounded quartz grains, common muscovite
flakes, few angular calcite, few angular feldspars, few pyroxenes.
Inorganic residues of biological origin: very frequent phytoliths, dominant faecal

spherulites, common bone fragments (including few burnt bone fragments).
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Anthropogenic elements: frequent micritic aggregates (ash), common charcoal
fragments, very few pottery fragments.
Organic: common amorphous organic matter.

Micromass: yellowish dusty clay with calcitic crystallitic b-fabric.

Pedofeatures: common clay papules, common orthic Fe/Mn nodules.

ZEM 59/43-45

The thin section ZEM 59 comprises the brownish SU 43 which has at the bottom a thin
discontinuous yellowish lense, and SU 45. SU 45 is described in sample ZEM 58/45.

Microstructure and porosity: weakly developed subangular blocky microstructure with

vesicles; granular at the bottom of SU 43.

Groundmass: c/f-related distribution pattern is double spaced porphyric; double spaced fine
enaulic at the bottom of SU 43.
Coarse material:
Rock fragments: few subrounded limestone fragments, very few subangular to
rounded flint fragments.
Minerals: common subangular to subrounded quartz fragments; common subangular
feldspars; common angular calcite fragments; few muscovite flakes; few pyroxenes.
Inorganic residues of biological origin: very frequent phytoliths, dominant faecal
spherulites.
Anthropogenic elements: common micritic aggregates (ash), common charcoal
fragments.
Organic: common tissue and amorphous organic matter.
Pedorelict: few reddish-brown pedorelicts.
Micromass: grayish brown micromass with with calcitic crystallithic b-fabric; strial and

granostriated b-fabric at the bottom of SU 43.

Pedofeatures: common clay papules, very few clay concentric nodules.
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Trench 2:
ZEM 12/100/12 (SU 146)
Microstructure and porosity: massive to channel microstructure.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric
Coarse material:
Rock fragments: common angular to subangular limestone fragments, common
subangular to rounded flint fragments.
Minerals: common angular sparitic calcite, frequent angular to subrounded quartz
grains, common pyroxenes, frequent muscovite flakes, common phosohates.
Inorganic residues of biological origin: frequent bone fragments
Anthropogenic elements:
Organic:
Pedorelicts: aggregates of pure red clay.
Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: clay papules, Fe /Mn nodules

ZEM 12/101/11 (SU 136)

Microstructure and porosity: lenticular, subangular blocky and granular microstructure with

vesicels, channels and chambers.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few very altered (phosphatized) limestone fragments, few rounded
flint fragments.
Minerals: very frequent quartz grains, very frequent muscovite flakes, few spatic
calcite, few pyroxenes.
Inorganic residues of biological origin: few bone fragments
Anthropogenic elements: few charcoal fragments.
Organic:
Micromass: dusty clay with granostriated and porostriated b-fabric.
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Pedofeatures: ice lenses, cla papules, Fe /Mn nodules, clay coatings.

ZEM 12/102/11-10 (SU 130 and SU 138)
SU 130
Microstructure and porosity: subangular blocky to granular microstructure with channels

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: common subangular to rounded limestone fragments (few altered-
phosphatized), common angular to rounded flint fragments.
Minerals: common sparitic calcite, frequent quartz grains, frequent muscovite flakes
Inorganic residues of biological origin: frequent bone fragments (including burnt
bone).
Anthropogenic elements: very frequent charcoal fragments.
Organic: frequent tissue and amorphous organic matter.
Pedorelicts: red clay aggregates with quartz skeleton, aggregates of yellowish clay
with heterogeneous skeleton.

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: clay papules, fragment of clay coatings, clay infillins.

SU 138

Microstructure and porosity: moderately to weakly developed granular microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: common subangular limestone fragments, common subangular to
subrounded flint fragments.
Minerals: frequent quartz grains, few pyroxenes.
Inorganic residues of biological origin: frequent bone fragments.
Anthropogenic elements: frequent charcoal fragments.

Organic: frequent tissue and amorphous organic matter.
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Micromass: grano and porostriated b-fabric

Pedofeatures: clay coatings, Fe /Mn nodules, clay papules.

ZEM 12/103/9 (SU 122)
Microstructure and porosity: angular to subangular blocky with channels and chambers.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few rounded flints.
Minerals: frequent angular to rounded quartz grains,
Inorganic residues of biological origin: few spherulites aggregates (fragments of
sheep/goat dung).
Anthropogenic elements: very frequent charcoal fragments.
Organic: tissue and amorphous organic matter.
Pedorelicts: reddish pedorelicts with quartz skeleton.

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: few infillings of spherulites, rolling pedofeatures, clay papules

ZEM 12/104/8 (SU 113 and 118)

Su 118 is composed of mainly organic matter (mostly amorphous and tissue) with few quartz

grains and muscovite.
SU 113
Microstructure and porosity: subangular blocky to angular.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: few subangular limestone fragments, few angular flint fragments.
Minerals: common angular tosubrounded quartz grains, few pyroxenes, common

muscovite flakes, phosphates.
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Inorganic residues of biological origin: very frequent shell fragments, few spherulites
Anthropogenic elements: frequent charcoal fragments, micritic aggregates (ash).
Organic: amorphous organic matter.
Pedorelicts: red and reddish brown clay aggregates with quartz skeleton, yellowish
dusty clay aggregates.

Micromass: dusty clay with calcitic crystallithic and granostriated b-fabric.

Pedofeatures: rolling pedofeatures, clay papules, clay coatings, Fe/Mn nodules (including

concentric nodules).

ZEM 12/105/7
Microstructure and porosity: vughy microstructure.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: few angular flint fragments, common rounded flint fragments.
Minerals: frequent angular to subrounded quartz fragments, few muscovite flakes,
micritic aggregates, few angular sparite.
Inorganic residues of biological origin: frequent bone fragments.
Anthropogenic elements: very frequent charcoal fragments, pottery fragments.
Organic: common tissue, frequent amorphous organic matter.
Pedorelicts: red and reddish brown dusty clay aggregates with quartz and muscovite
skeleton.

Micromass: dusty clay with undifferentiated b-fabric.

Pedofeatures: rolling pedofeatures, calcite coatings and infillings, clay papules, Fe/Mn

nodules

ZEM 12/106/7

Microstructure and porosity: (sub)angular blocky to massive microstructure with vughs.

Groundmass: c/f-related distribution pattern is close porphyric.
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Coarse material:
Rock fragments: common subrounded flint fragments, few quartz aggregates, few
angular limestone fragments.
Minerals: frequent subangular quartz, few feldspars, common calcite, few phosphates
Inorganic residues of biological origin: few bone fragments, dominant faecal
spherulites and phytoliths, few eggshells.
Anthropogenic elements: charcoal fragments, micritic aggregates (ash), pottery
fragments.
Organic: punctuations, amorphous organic matter.
Pedorelicts: red dusty clay aggregates with quartz skeleton.

Micromass: dusty clay with calcitic crystallithic b-fabric.

Pedofeatures: few Fe/Mn nodules and intercalations, few clay papulae.

ZEM 12/107/6-5 (SU 109 and overlying unit)

Microstructure and porosity: angular blocky to massive microstructure with vughs.
Groundmass: c/f-related distribution pattern is close porphyric.
Coarse material:
Rock fragments: common subrounded flint fragments, few quartz aggregates, few
limestone fragments, few pedorelicts.
Minerals: frequent subangular quartz, few feldspars, common calcite, few posphates
Inorganic residues of biological origin: few bone fragments, dominant faecal
spherulites and phytoliths.
Anthropogenic elements: charcoal fragments, micritic aggregates (ash).
Organic: punctuations, amorphous organic matter.
Micromass: dusty clay with calcitic crystallithic b-fabric.

Pedofeatures: few Fe/Mn nodules and intercalations, few clay papulae.
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6.5. Discussion

The grain-size distribution and micromorphological analyses indicate different

processes in the deposition of the fine fraction through time.

Paleolithic layers

In trench 3a, the top surface of the lowest group of reddish units (SU 112) is clearly an
erosional feature that dips southwards, putting into contact two different sedimentary
environments. This reddish unit is probably the colluvium deriving from strongly developed
terra rossa soils deposited previously outside the cave. The large limestone blocks most
probably derive from ceiling breakdown caused by strong cryoturbation. The erosional
processes removed the fine component of the sediment, while the large blocks were left in
place, with their bottom still included in the red sediment and the top protruding into the
overlying levels. At microscopic scale, ice lensing was observed in these levels, indicating
deep seasonal frost. In trench 3, mostly in 3b, the sequence directly overlying the gap is made
up of levels that plunge into the erosional shape and tend to fill up its depressions. SU 139 is a
brownish silty loam including common charcoal, organic matter and bone; it is a domestic
waste deposit. Reddish pedorelicts deriving from the underlying levels indicate some
reworking (Fig. 6.10). The yellowish unit 142 resembles very closely a loess at eye- and
microscopic scale, and may have been deposited in an aridic phase preceding the Mesolithic
(Sosi¢ Klindzi¢ et al., 2015).

Mesolithic layers

In trench 3b there is a sequence of two snail middens (SU 134, 135) including reddish
sediments resembling the bottom Pleistocene unit, but with some evidence of fine layering or
lamination; within each of the shell accumulation levels, the quantity of reddish sediment,
which is dominant at the base of the level, decreases upwards. Aggregates of reddish sediment
occur also within the middens, and can be easily identified at microscopic scale as pedorelicts
deriving from the dismantling of the lowermost reddish units (Fig. 6.9). Here, depositional
and erosional processes were continuously alternating, suggesting a phase of relatively strong
runoff connected to increased rainfall. This suggests that the anthropic snail accumulations
were also somewhat reworked, probably seasonally, by natural erosional processes (Sogi¢
Klindzi¢ et al., 2015). Other Mesolithic units include common charcoal, ashes and bones and

are mostly comprised of domestic waste deposits.
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Early Bronze Age to Neolithic layers

Almost all of the post-Mesolithic layers are coprogenic and include herbivore dung
(sheep/goat/ possibly cattle). In trench 3a the first indicator of stabling is an in situ burnt
stable layer (the group of SU 64-82-81); it includes a group of greyish ash accumulations with
burnt dropping and phytoliths, overlying a dark brown layer of burnt droppings rich in fine
organic matter, and a rubefied layer with frequent articulated phytoliths which indicate the
presence of a litter, possibly straw spread as bedding for the animals. Based on the absence of
pottery, SU 82 and 81 were ascribed to the Mesolithic by the excavators. Micromorphological
analysis demonstrates that they should be included in the Neolithic sequence, as integral part
of the group of units 64-82-81. This group of units resembles the Neolithic burnt stable layer
116 in trench 3b. Another possible fumier lies between units 114 and 45. The other Neolithic
(SU 53, 115B, 114, 45) to Bronze Age (SU 40, 43) layers are brown to grayish brown and
homogeneous, with spherulites and phytoliths dispersed in the groundmass. An accumulation
of incompletely burnt or unburnt herbivore dung is a possible explanation for the difference
between the “classical fumier” and these layers. The top of the sequence of trench 3 includes
yellowish silty clay; at microscopic scale it is made up of an almost pure sediment rich in
white mica, very fine quartz, and articulated phytoliths - an intentional accumulation of
selected material, a possible prepared surface/floor (Fig. 6.11).

Burnt plant and snail shell, Ash and charcoal, PPL. Snail shells, PPL.
PPL.

Snail shells, XPL. Pedorelicts, PPL. Pedorelict, XPL.

Figure 6.9 SU 134 microphotographs.
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SU 146: Ice lensing-deep SU 139: Charcoal, burnt SU 139: Pedorelict,,PPL.
seasonal frost, PPL. bone, PPL.

Pyroxenes, PPL. Lava fragment, PPL. Lava fragment, XPL.

Figure 6.10 Palaeolithic levels microphotographs; possible tephra (bottom row).

SU 36: Bronze Age floor SU 36: Bronze Age floor SU 81: Neolithic straw/
preparation surface, PPL preparation surface, PPL litter, PPL.

SU 81: Neoltihic straw/ SU 45: Sheep/goat dung, SU 45: Trampled herbivore
litter, PPL. XPL. dung, XPL.

Figure 6.11 Microphotographs of Neolithic and Bronze Age levels.
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6.6 Concluding remarks

Geoarchaeological studies indicate strong postdepositional processes, particularly in
the lower part of the sequence (Paleolithic-Mesolithic). These processes include reworking
and mixing due to erosional processes, cryoturbation, and some hiatuses. Trampling by
animals, connected to stabling activities inside the cave, was also observed.

Different use of the cave by humans was confirmed. At Zemunica the Late Upper
Palaeolithic levels consist largely of domestic waste residues indicating more intensive
frequentation compared to the other studied Paleolithic caves.

The Mesolithic levels mostly comprise domestic waste deposits, including ash, bone
fragments and more or less crushed land snails. In the area of Trench 3b, the sequence of
thick layers dominated by colluviated land snails and terra rossa pedorelicts probably
indicates cyclical reworking of anthropic snail middens by natural erosional processes. The
upper part of the Mesolithic sequence may have been affected by Neolithic sheep/goat/cattle
trampling.

The Neolithic, Copper, and Bronze Age part of the sequence is characterised by
continuous evidence of sheep/goat and probably cattle dung accumulations: in situ burnt
stable layers — fumiers and homogeneous layers — accumulations of incompletely burnt or
unburnt herbivore dung. Articulated phytoliths also occur within the cave sediments,
indicating the use of straw/litter for these animals.

Micromorphological analyses showed that some of the units labelled as Mesolithic
based on the lack of pottery, due to the presence of sheep and possibly goat and cattle dung
must be attributed to the Neolithic.

The top of the Bronze Age sequence of trench 3 includes almost pure yellowish
sediment with articulated phytoliths - an intentional accumulation of selected material, a

possible prepared surface/floor.
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7. ROMUALDOVA PECINA

7.1 Introduction

azin

¢(Romualdova Pecina

Figure 7.1 Location of Romualdova Peéina
(Google Earth).

Romualdova Peéina is situated in Istria (northern Adriatic), on the southern side of the
10 km long Lim Bay (Fig. 7.1).

Although the cave was known since the 16" century, the first investigations conducted
by Marchesetti, Gnirs, and Malez date to the late 19" and the 20" centuries (Komso, 2011).
M. Malez excavated the cave systematically in the 1960s and 1970s, when he documented
Pleistocene sediments including Upper Paleolithic cultural remains, and Holocene layers with
pottery fragments which he ascribed to the Bronze and Iron Age (Malez, 1968; Malez, 1986;
Koms$o, 2008).

The excavations were resumed in 2006-2008 by D. Koms$o (Komso, 2008; Komso,
2009), and brought into light a sedimentary sequence including layers containing Middle
Paleolithic (Mousterian), Upper Paleolithic, and Bronze Age cultural remains (D. KomsSo,
2008; D. Komso, 2011).2

2 In 2014, 1. Jankovi¢ started new investigations in the cave, starting a new trench closer to the cave
entrance; these excavations are still in progress and will not be discussed in this thesis.
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7.2 Site presentation

\ TLOCRT
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ptetlel L]

Figure 7.2 Plan and profile of Romualdova Peéina (Malez 1968).

Romualdova Pecina is situated on the southern side of the 10 km long Lim Bay, which
is the continuation of the 31 km long Limska Draga karst valley of the river Pazin¢ica, which
springs in a flysch area. The course of the river was stopped in the past by the elevated flysch
hills, and directed to the canyon of the present Pazin ponor at the border between flysch and
limestone.

Romualdova Pecina is located on the easternmost part of the bay; the entrance to the
cave, facing north, is at about. 120 m above sea level. The cave is 105 m long; it consists of a
corridor which extends in some places into small halls (the widest is cca. 8 m.) (Fig. 7.2). The
entrance to the cave is shaped as a rockshelter, with a semi-circular vault, carved in Upper
Jurassic thick-bedded limestone. The thickness of the limestone beds varies from 40 cm to
over 1 m, and the beds are almost horizontal. The genesis of the cave was controlled by the
main direction of the vertical parallel diaclases, which is NW-SE. Speleothems can be seen in
some locations of the cave, the most developed ones are located in the largest hall of the cave.
A thick flowstone developed along a fissure at the end of the cave (Malez, 1968).
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7.3. Archaeological background
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Figure 7.3 Stratigraphic profile of Figure 7.4 Stratigraphic profile of Romualdova
Romualdova pe¢ina (Komso, 2008). peéina (Malez, 1968).

The sedimentary sequence (Fig. 7.3, Fig. 7.4) of Romualdova Pec¢ina includes Middle
Paleolithic, Upper Paleolithic, Bronze and Iron Age cultural remains (Malez, 1968; KomS3o,
2011). Unfortunatelly, absolute dates have not been published yet, and the archaeological
materials from the 2007 — 2008 excavations are still under study. A total of 15 layers and
some evident disturbances were excavated in Trench 1/2007-8 (sampled for
geoarchaeological analysis), which is located in the entrance room of the cave. These layers
were grouped into five horizons A — E upon their lithologic characteristics and cultural remain
content; the grouping generally resembles the division done by Malez during his excavations
in the 1960s and 1970s, however it differs somewhat from it because horizon D includes
Middle Palaeolithic remains that had not been previously found (Koms$o, 2011). Malez
excavated all his trenches only down to the bottom of horizon C, reaching the bedrock only in
one trench in the bottom area of the cave (Trench 1/1960s), and did not record any Middle
Paleolithic finds. M. Malez marked layer 10 as a separate horizon D, while KomSo included it
in his horizon C and ascribed it to the Upper Paleolithic (Komso, 2008; Komso, 2011).

Horizon E overlyes the limestone bedrock and it includes layers 15, 14A and 14B. A

few flint artefacts were collected at the contact with horizon D, from which they probably
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migrated due to postdepositional disturbance processes. This horizon corresponds exactly to
Malez horizons E and F, and must be contemporary with or predate the Middle Paleolithic
(Komso, 2008; Komso, 2011).

Horizon D, consists of layers 11, 12 and 13, and was ascribed to the Middle
Paleolithic by D. Komso. In Trench 1/2007-8, numerous Pleistocene fauna, 32 flint artefacts
(mostly tools) and a pebble used as hammer for flint knapping were recorded in horizon D.
The same horizon in Trench 2/2008 (located opposit to trench 1/2007-8) yelded 36 flint
artefacts, but only few of them were tools; a small fireplace was also recorded (Komso, 2008;
Komso, 2011).

Horizon C comprises layers 9A, 9B, 9C and 10. Relatively numerous remains of
Pleistocene fauna and only three flint artefacts ascribed to the Upper Paleolithic were
collected in Trench 1/2007-8 (Komso, 2008).

Horizon B includes layers 4, 5, 6, 7 and 8. Only two flint artefacts, few pottery
fragments and very few animal bones were collected here. The layers 4 to 8 can be only dated
upon their stratigraphic position between the Bronze Age layers and the Pleistocene horizon
C, and can only tentatively be ascribed to the beginning of the Holocene or to the end of the
Late Pleistocene. This horizon is generally sterile, the rare finds can be explaned by
postdepositional processes (Komso, 2008).

Horizon A comprises layers 1, 2 and 3; it includes Bronze Age and/or recent remains
(Koms$o, 2008). This horizon is evidently very reworked and it was not sampled for
geoarchaeological studies.

The faunal assemblage from the 1960s-70s excavations includes remains from 41 taxa,
more than 95% of the remains being Ursus spelaeus, indicating that Romualdova Pe¢ina was
a cave bear den during the Upper Pleistocene. According to Malez (1968), numerous animal
bones were fragmented and gnawed, in a way that is characteristic of hyenas, which means

that also cave hyenas must have used the cave periodically as a den (Malez, 1968).
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7.4 Results

Samples were taken from one profile of the archaeological Trench 1 (D. Komso
excavations, 2007-08) in the entrance room of the cave. The study of the sequence and the
sampling of the lithologic units were carried out after the end of the excavation. A total of 11
samples were collected for grain size analyses and 13 samples for micromorphological
analysis. Since the upper part of the sequence, containing Bronze Age cultural remains,
showed clear disturbances and reworking already at eye scale observations, no samples were

collected for analysis from these levels.

7.4.1 Field observations

The following descriptions are based on the northern profile of Trench 1 (Fig. 7.3, Fig.
7.5). The sequences are described from the bottom upwards.

15 — limestone bedrock.

14 — this unit represents the first clastic sediment overlying the bedrock; silty sand
with alternating thin fine grained lenses and coarse layers. Cross-bedding can be observed in
some areas at the top of the level. Archaeologically sterile.

14B — laminated at the bottom (dark yellowish brown clayey stratification; level
14B.2. in Figure 7.7.) embedded in coarser whitish sandy sediment with cross-bedding (SU
14B.1). At the top of SU 14B.1 the sediment is a more homogeneous light gray silty sand.

14A — thin yellowish silt loam layer overlaying 14B (probably a remain left in
place under the erosion surface filled up by 13F).

13 — reddish brown silty loam with few 1-10 cm subangular altered limestone clasts.
The boundary is subhorizontal and clear. Middle Paleolithic cultural remains.

13F — infilling of a depression (probably a channel, as suggested by some crude
lamination mostly situated at the bottom of the unit); brown silt loam with very few altered
limestone clasts.

12 — yellowish brown silty clay loam with frequent angular to subangular limestone
clasts, often parallel to the surface. The boundary is abrupt, subhorizontal. Middle Paleoltihic
cultural remains.

11 — reddish brown clayey silt with common angular to subangular limestone clasts
(about 2-6 cm wide); the boundary is clear and subhorizontal. Middle Paleolithic cultural

remains.
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10 — homogeneous dark reddish brown silty loam with few angular to subangular
limestone clasts (mostly > 3 cm); at the bottom there is a very dark brown silty loam horizon
with moderately developed lamellar aggregation; abrupt subhorizontal boundary. Upper
Paleolithic cultural remains.

9 — group of superimposed silt loam horizons characterised by different amounts of
angular to subangular limestone clasts, with the larger ones concentrated in the top horizons.
Upper Paleolithic cultural remains.

9C — frequent medium to fine limestone clasts (frequent 1-3 cm, rare 10 cm) in
grayish brown matrix; granular aggregation.

9B — discontinuous layer with few small angular to subangular limestone clasts in
brown matrix.

9A — frequent coarse, subangular skeleton (up to about 20 cm, some verticalized)
in dark brown matrix; granular aggregation.

5-7 — yellowish brown massive, homogeneous silt loam layer laminated in the middle;
very few limestone clasts; the boundary is abrupt. Archaeologically sterile.

4 — yellowish brown loose silt loam with well developed granular aggregation.

2x — reworked loose sediment with subrounded limestone; infilling of a

1 — reworked Bronze Age to recent surface layer

7.4.2 Architecture of the layers and sediment texture

The main stratigraphic units of the Romualdova Pecina infill are shaped as almost
continuous approximately horizontal layers. The lowermost group of excavated layers is a
grayish to yellowish quartz sand to silty sand, laminated at the bottom (layers 14A, 14B, 14.1)
with evident cross-bedding overlying the laminations and a more homogeneous sediment at
the top. This group of layers is much thicker on the eastern part of the profile due to the
topography of the bedrock. The top of this group of layers is marked by an erosional feature -
the sediment of the feature 13F1 fills up a possible channel which eroded partially the
underlying layers 13, 14A and 14B. Cryogenic deformation features are visible at the top of
layer 14 in the eastern profile of Trench 1/2007-8.

The coarse component of the sediments is calcareous. Grain size analysis (Fig. 7.5 and
7.6) were carried out on the fine grained fraction (<2 mm) of the sediments. The sediments
are always poorly sorted. The sand fraction is more abundant (>28%) in the samples from the

lowermost layers 14A and 14B.1, where it is always more than 50%. The most common fine
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fraction of the overlying layers is always silt, ranging between 36.42% (layer 13) and 71.84%
(layer 4) in the undecalcified samples, and between 65.26% (layer 9C) and 85.97% (layer 10)
in the decalcified ones. The clay fraction is always less than 22% in decalcified samples,
while in undecalcified ones it goes up to 51.29%. Clay is always more abundant in
undecalcified samples compared to the decalcified ones. One of the reasons could be the great
amount of fine clay-sized Fe oxides which couldn’t be disintegrated by the H202 only, but
could be destroyed when attacked by HCI during decalcification. The fine fraction -from sand
downwards in the grain-size scale- is dominated by silicate minerals, mostly quartz, feldspars

and abundant mica.
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Figure 7.5 Grain-size (Wentworth, 1922) of the <2 mm fraction of decalcified samples.
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Figure 7.6 Grain-size (Wentworth, 1922) of the <2 mm fraction of undecalcified samples.
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4.4.3 Micromorphology

Figure 7.7 Straigraphic sequence with the position of the samples
(Trench 1/2008-7, northern profile).

Micromorphological analyses were carried out on 13 thin sections, approximately one
per stratigraphic unit collected from the northern profile of Trench 1/2007-8; in some cases,
the samples were collected at the boundary between units. The main micromorphological
characteristics of the sediments are summarised in this chapter. The location of the samples

collected from the profile is given in Figure 7.7.
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ROM 1/14.2

Microstructure and porosity: banded microstructure with channels and vesicles.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.
Coarse material:
Rock fragments: frequent quartzite, frequent subangular to rounded chert.
Minerals: dominant angular to subrounded quartz grains, few angular to subangular
feldspars, frequent muscovite flakes, few rounded glauconite, few rutile, few zircon,
few opaques.
Inorganic residues of biological origin: none.
Anthropogenic elements: none.
Organic: none.

Micromass: few dusty clay.

Pedofeatures: clay coatings.

ROM 2/14.1

Microstructure and porosity: banded and lenticular microstructure.

Groundmass: c/f-related distribution pattern is
Coarse material:
Rock fragments: frequent subangular chert
Minerals: dominant angular to subrounded quartz grains, very few zircon, common
muscovite flakes, few angular to subangular feldspars.
Inorganic residues of biological origin: none.
Anthropogenic elements: none.
Organic: none.

Micromass: dusty clay.

Pedofeatures: clay coatings, Fe/Mn coating and hypocoatings, ice lenses.

111



ROM 3/14A
Microstructure and porosity:

Groundmass: c/f-related distribution pattern is
Coarse material:
Rock fragments: common rounded to subrounded chert fragments
Minerals: dominant angular to subrounded quartz grains, few subangular feldspars,
common muscovite flakes, few subrounded phosphates.
Inorganic residues of biological origin: none.
Anthropogenic elements: none.
Organic: none.

Micromass: dusty clay, granostriated and porostriated b-fabric.

Pedofeatures: clay coatings, ice lensing, Fe/Mn coatings and hypocoatings.

ROM 4/13
Microstructure and porosity: granular and lenticular microstructure.

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.
Coarse material:
Rock fragments: few quartz aggregates, common rounded chert.
Minerals: common angular to subrounded quartz grains, common rounded to
subrounded phosphates, common muscovite flakes, few angular to subangular calcite,
very few elongated calcite crystals forming aggregates (recrystallized ash?).
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: none.
Organic: few organic matter.

Micromass: dusty clay with stipple speckled and granostriated b-fabric.

Pedofeatures: ice lenses, Fe/Mn hypocoatings, Fe/Mn aggregate nodules.
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ROM 5/13
Microstructure and porosity: subangular bocky to granular microstructure.

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.
Coarse material:
Rock fragments: few quartz aggregates, common rounded chert.
Minerals: common angular to subrounded quartz grains, common rounded to
subrounded phosphates, common muscovite flakes, few angular to subangular calcite,
very few elongated calcite crystals forming aggregates (recrystallized ash?).
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: none.
Organic: few organic matter.

Micromass: dusty clay with stipple speckled and granostriated b-fabric.

Pedofeatures: few ice lenses, Fe/Mn hypocoatings, Fe/Mn aggregate nodules, common

reddish rounded pedorelicts, few loess like pedorelicts.

ROM 6/12-11

This thin section comprises layers 12 and 11.

Layer 11:

Microstructure and porosity: lenticular microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: common subangular to rounded micritic limestone fragments, few
quartz aggregates (sandstone?), common angular tu subangular chert fragments.
Minerals: frequent angular to subrounded quartz grains, common subrounded to
rounded phosphates (carnivore coprolites), common muscovite flakes, few calcite, few
angular feldspars.
Inorganic residues of biological origin: few bone fragments (including digested bone).

Anthropogenic elements: few bone fragments (some digested).
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Organic: very few tissue, few amorphous organic matter.
Pedorelicts: very few reddish with quartz skeleton and vesicles (possibly coprolite?)

Micromass: clay with stipple speckled and granostriated b-fabric.

Pedofeatures: ice lenses, common Fe/Mn aggregate nodules, very few nucleic Fe nodules, few

clay coatings.

Layer 12:

Microstructure and porosity: granular microstructure.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: common subangular to rounded micritic limestone fragments, few
quartz aggregates (sandstone?), common angular tu subangular chert fragments.
Minerals:, frequent angular to subrounded quartz grains, common subrounded to
rounded phosphates (carnivore coprolites), common muscovite flakes, few calcite, few
angular feldspars (very few microcline).
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements:

Organic: very few tissue, few amorphous organic matter.

Micromass: clay with stipple speckled and granostriated b-fabric.

Pedofeatures: ice lenses, common Fe/Mn aggregate nodules, very few nucleic Fe nodules, few

clay coatings.

ROM 7/10-11
This thin section comprises layers 10 and 11. For layer 11 see thin section ROM 6/12-11.

Microstructure and porosity: subangular blocky to granular microstructure with vesicles and

channels, lenticular at the bottom.

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.

Coarse material:
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Rock fragments: very few subrounded flint fragments.

Minerals: very frequent angular to subangular quartz grains, very frequent muscovite
flakes, few subangular feldspars, few pyroxenes.

Inorganic residues of biological origin: none.

Anthropogenic elements: none.

Organic: frequent tissue (very frequent at the bottom of SU 10), very frequent
amorphous organic matter.

Micromass: dusty clay with parallel striated and porostriated b-fabric.

Pedofeatures: few clay coatings, ice lenses.

ROM 8/9C
Microstructure and porosity: granular and in smaller amount lenticular microstructure

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.

Coarse material:
Rock fragments: common subangular to rounded foraminiferal and micritic limestone
fragments.
Minerals: frequent subangular to rounded quartz grains, common subrounded to
runded phosphates (carnivore coprolites), few angular to subangular feldspars, very
few zircons few pyroxenes).
Inorganic residues of biological origin: common bone fragments (also digested), few
microsparite and sparite calcite, common muscovite flakes.
Anthropogenic elements: none.
Organic:
Pedorelicts: few reddish rounded aggregates with quartz skeleton.

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: common aggregate Fe/Mn nodules, Fe staining few clay papules.
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ROM 9/9B

Microstructure and porosity: lenticular and in smaller amount granular microstructure with

vesicles.

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.

Coarse material:
Rock fragments: few rounded chert fragments, very few angular flint fragments.
Minerals: very frequent angular to subrounded quartz grains, frequent phosphates
(carnivore coprolites), very frequent muscovite flakes, few angular to subangular
feldspars, few sparitic calcite.
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: very few charcoal fragments.
Organic: few tissue.

Micromass: dusty clay with granostriated, porostriated and monostriated b-fabric.

Pedofeatures: Fe/Mn nodules, Fe concentric nodules, Fe aggregate nodules, few clay papules.

ROM 10/9A

Microstructure and porosity: granular and crumb microstructure with channels and vesicles

and chambers. Banded fabric in the upper art of the thin section can be observed.

Groundmass: c/f-related distribution pattern is double spaced to open porphyric.
Coarse material:
Rock fragments: none.
Minerals: frequent angular to subrounded quartz grains, frequent muscovite flakes,
few feldspars (very few microclines), very few pyroxenes.
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: few charcoal fragments.
Organic: common tissue and amorphous organic matter.

Micromass: dusty clay with granostriated and porostriated b-fabric.

Pedofeatures: few clay coatings, very few ice lenses, common Fe/Mn nodules and

impregnations, clay hypocoatings and quasicoatings.
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ROM 11/5-7a
Microstructure and porosity: massivoe microstructure with vesicles, chambers and channels.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.
Coarse material:
Rock fragments: none.
Minerals: few pyroxenes, frequent angular to subangular quartz grains, very frequent
muscovite flakes, common biotite, few feldspars.
Inorganic residues of biological origin: none.
Anthropogenic elements: very few charcoal fragments.
Organic: few tissue and amorphous organic matter .

Micromass: clay with stipple-speckled and strial b-fabric; banded fabric.

Pedofeatures: clay papules, Fe hypocoatings and quasicoatings, Fe/Mn nodules.

ROM 11/5-7b

Microstructure and porosity: massive, and weekly to moderately developed granular

microstructure (at the bottom) with vesicles, chambers and channels.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.
Coarse material:
Rock fragments: none.
Minerals: few pyroxenes, frequent angular to subangular quartz grains, very frequent
muscovite flakes, common biotite, few feldspars.
Inorganic residues of biological origin: none.
Anthropogenic elements: very few charcoal fragments.
Organic: few tissue and amorphous organic matter .
Pedorelicts: dark brown rounded aggregates with quartz skeleton (at the bottom of the
thin section).
Micromass: clay with stipple-speckled and porostriated b-fabric; banded fabric.

Pedofeatures: clay papules, Fe hypocoatings and quasicoatings, Fe/Mn nodules, and few clay

coatings at the bottom of the thin section.
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ROM 12/4
Microstructure and porosity: highly developed granular microstructure.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material: none.
Rock fragments: very few angular flint fragments.
Minerals: common pyroxenes, frequent angular to subangular quartz grains, very
frequent muscovite flakes, few biotite, few feldspars, very few rounded phosphates.
Inorganic residues of biological origin: very few bones.
Anthropogenic elements: very few charcoal fragments.
Organic: common tissue and amorphous organic matter.

Micromass: dusty clay with stipple-speckled b-fabric; fan-like fabric.

Pedofeatures: Fe/Mn intercalations, “rolling” pedofeatures, Fe/Mn nodules.

Figure 7.8 Microphotograph of
the organic layer between unit
10 and 11 (leaves, twigs etc.).
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7.5 Discussion

The main characteristic of Romualdova Pec¢ina sediments is that the sediments were
mostly formed by natural processes, as suggested by the scanty cultural remains that were
found in all levels, and also by the micromorphological analyses, which did not put into
evidence clear traces of human activity. The coarse calcareous skeleton, mainly composed of
subangular limestone fragments of climatic origin (frost shattering of the cave walls and
ceiling) is often altered by surface dissolution, probably because of the low pH of the
sediment, which is rich in clay. The most evident microscopic features of the freezing and
thawing cycles are lenticular microstructures (layers14A, 11, bottom of 10, 9B) and ice
lensing pedofeatures.

Another characteristic of some of the layers are phosphate aggregates which could be
interpreted as animal coprolites, at least some of them being most probably hyena coprolites.

Clay coatings, especially in the lower part of the stratigraphic sequence, indicate some
clay illuviation processes, which testify to some phase of strong water input into the cave, as
dripwater or possibly also in-wash. Moderate- or low-energy water flow, also possibly due to
in-wash, is indicated by laminated levels within units 5-7.

The texture and cross-stratification of the lowermost layer 14B indicates relatively
high-energy sediment transport. The mineralogy of these sediments (quartz is dominant, but
quartzite, chert, feldspars, mica, glauconite, rutile, and zircon also occur) indicates a possible
fluvial(?) transport of dismantled flysch deposits observable in the Pazin basin (ToSevski,
Grgec and Padovan, 2012).2 However, the sedimentary structures observed within this level
do not give hints about the direction of flow; consequently, it cannot be determined whether
these sands originated from the flow of an underground vadose karstic system, or if they were
washed into the cave by a former river flowing in the Limski Kanal.

The grain-size of all the studied layers overlying the quartz sands of the horizon E
(layers 14) lies within the limits of the primary loess field. The texture fits both the palaeosols
(the grain-size distribution of palaeosols of Susak is similar to that of loess) and loess in the
Susak Island loess sequences (Cremaschi, 1990b; Mikulc¢i¢ Pavlakovi¢ et al., 2011; Wacha et
al., 2011; Wacha, 2011).

3 “Quartz diagenetic sediments” (known also as “quartz sands” or “quartz sandstones”) occur within
limestones in three separate layers (0.5 - 6 m thick) trending in two directions: NE-SW (Tinjan-Pula region) and
NW-SE (Savudrija-Buje-Oprtalj region). These sediments are composed mostly of idiomorphic authigenic
quartz crystals, microcrystalline quartz aggregates and cryptocrystalline to microcrystalline chert-like clusters
(Durn et al. 2003).
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Sediments belonging to horizon D are associated with the Middle Paleolithic
Mousterian industry. Different microstructures (subangular blocky to granular in layer 13,
granular in layer 12 and lenticular in layer 11) testify to variable climatic conditions; the
lenticular microstructure of layer 11 is characteristic of deep-seasonal frost processes
(freezing-thawing of impregnating water on sediments).

A few cm thick dark brown stratum at the bottom of layer 10 divides horizon D
(Middle Paleolithic) from horizon C (Upper Paleolithic). Micromorphological analyses
showed that it consists of organic matter of vegetal origin (leaves, twigs, etc.) (Fig. 7.8)
embedded in silty matrix, settled parallel or subparallel to the surface of the layers. It is
archaeologically sterile and it probably represents a hiatus in the occupation of the cave. It
was probably accumulated inside the cave by low-energy surface flow due to intense
precipitations, which transported into the cave vegetal debris accumulated in woody areas.

In layer 10, the limestone rubble is almost absent, whereas a moderate increase in the
amount and size of the limestone rubble is observable in layer 9C; the rubble is again rare in
layer 9B, and it increases considerably in size and quantity in layer 9A. These sediments
belonging to horizon C, ascribed to the Upper Paleolithic, indicate cyclical dismantling of the
cave ceiling and/or walls caused by cryoclastic processes (frost shattering) and may reflect
cyclically alternating cool-wet and cool-dry climatic conditions. In fact, further evidence of
different intensity of freeze-thaw effects between those layers were observed at
micromorphological scale, ash alternating lenticular (bottom of layer 10 and layer 9B) and
granular microstructures with some minor ice lensing pedofeatures (top of layer 10, and layers
9C and 9A). According to Van Vliet-Lanoé (2010) lenticular microstructure is typical of
frost-affected soils with low content of coarse material, while granular microstructure occurs
in the upper part of frost-affected soils. The micromass shows often a granostriated or
porostriated b-fabric, corresponding to stress features formed by alignment of clay particles at
the surface of the aggregates under the pressure of the growth of ice crystals (Van Vliet-
Lanoé, 2010).

Layers 5-7 of the B horizon include graded layering resulting from rapid decrease in
flow velocity that caused progressively finer suspended sediment particles to settle on the
bottom of the cave. Micromorphological analyses confirmed that layer 4 of the same horizon
B in fact shows the same graded stratification, but it was reworked ab antiquo and is no
longer visible at eye scale.

Phosphate aggregates that can be identified at microscopic level as fragments of

carnivore coprolites in almost all of the layers from horizons C and D; they probably belong
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to hyenas (Kolska Horwitz and Goldberg, 1979; Goldberg, 1980) and possibly other cave

animals (cave bear?).

7.6 Concluding remarks

Sedimentological and micromorphological analyses showed that the fine component
of the sediments overlying horizon E is mainly made up of poorly altered loess. This may
represent cold and arid climatic conditions alternating with somewhat wetter conditions, as
indicated by limestone rubble deriving from roof spall.

The thin dark brown stratum dividing horizon D (Middle Paleolithic) from horizon C
(Upper Paleolithic) consists of organic matter of vegetal origin (leaves, twigs, etc.). The
vegetal remains were probably transported into the cave by low-energy surface flow due to
intense precipitations.

It is noteworthy that deep seasonal freeze pedofeatures (ice lensing) are common in
the Romualdova Pecina sediments, which is in contrast with what was observed for the
sediments of the caves of the Trieste Karst during the Pleistocene, where no deep seasonal
freeze pedofeatures were present (Boschian and De Santis, 2011). The alternations of layers
with frequent and rare limestone rubble as well as the alternation of granular and lenticular
microstructure indicate climate variability during the whole Late Pleistocene. Unfortunately,
no geochromometric data are available at present for Romualdova Pecina, making it
impossible to correlate the local climate during MIS 3 and MIS 2 with the global climatic
conditions.

The anthropogenic input in the sediments of the cave is rather scanty. In contrast,
paleontological (Malez, 1968) and micromorphological analyses (coprolites) showed that the

cave was used frequently as cave bear and hyena den.
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8. VELIKA PECINA — KLICEVICA

Figure 8.1 Location of Velika Peéina-Kli¢evica (Google Earth).

8.1 Introduction

Velika pecina is located in the area of Ravni Kotari near the town of Benkovac in
Northern Dalmatia (Fig. 8.1). M. Savi¢ reported already in 1984 some stone finds now kept in
the Benkovac Local History Museum (Karavani¢ et al., 2014.). Several artefacts from the
cave are stored at the Institute of Palaeontology and Geology of the Quaternary of the
Croatian Academy of Sciences and Arts, probably collected by M. Malez (Karavani¢ et al.,
2014). During the 2006 excavation several depressions of the cave surface were observed,
pointing to the possibility of prior sondage excavations at the site (Karavani¢ and Condi¢,
2006), which was later confirmed during the 2012-13 excavations of the Trench D-E/15-16.
During a trial excavation in 2006, directed by 1. Karavani¢, a small sondage measuring 2x1 m
was excavated in the main tunnel of the cave down to a depth of about 1.5 m. All of the layers
excavated so far except the topsoil (mixed Holocene and Pleistocene finds) and two sterile
layers directly overlying the bedrock, yielded Middle Paleolithic Mousterian culture remains

(Karavani¢, Condi¢ and Vukosavljevié, 2007; Karavanié et al., 2014).
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8.2 Site presentation

Velika peéina is situated in the canyon of the stream Kli¢evica. The stream is 14.5 km
long; it springs at the foot of Biljanski vrh and flows into Nadinsko blato; one part of its
course runs through the canyon on whose northern side are located two caves, Velika and
Mala Pec¢ina (Velika and Mala Klic¢evica), distant about thirty meters from each other
(Karavani¢ and Condié, 2006). The area of Ravni Kotari is a karstic area characterized by
fertile flysch valleys.

The present-day entrance to the cave faces south-east, and is located at about 125 m
a.s.l. (Karavanic¢ et al., 2014). The first plan and cross-section of the cave were published by
S. Bozicevi¢ (1987). The cave includes 92 m of tunnels (Fig. 8.2); the main one veers left
after about 30 m from the entrance and forks off after another ten metres (Bozicevi¢, 1987;

Jankovi¢, Miheli¢ and Karavani¢, 2011).
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Figure 8.2 Velika Peé¢ina cave map with the location of the trenches (Karavani¢ et al., 2014).

8.3 Archaeological background

Velika Pecina in Klicevica near Benkovac is the first Palaeolithic cave site in northern
Dalmatia with the established stratigraphy (Karavani¢ and Condié, 2006). Since the
excavations are still ongoing, only very preliminary conclusions are available about the lithic
finds. The lithic assemblage, belonging to the late Mousterian, in addition to tools on flakes,
contains various debitage artefacts. The discovered tools are small (the so-called micro-

Mousterian) and made on local cherts (Karavanic et al., 2014).
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Six layers were excavated in Trench H-J/22-24. Except from the surface layers (A and
B), all the others (C, D, E, and F) yielded only Mousterian artefacts together with some
animal remains. The overall stratigraphy is relatively short; in the deepest part of the trench,
the limestone bedrock was reached after 1.5 meters (Karavani¢ et al., 2014). The excavators
documented a dark brown surface organic layer (A) overlaying a clayey brownish sediment
with coarse sand (layer B). Below, there was a reddish sediment C which was divided in two
parts (upper C1 and lower C2) by a flowstone. In most of the trench, layer D — a reddish
brown clayey sediment — overlies the bedrock, but in a small southern part of the trench two
more layers were identified between D and the bedrock — a darker clay loam layer E and a
somewhat lighter layer F (Karavani¢ and Condi¢, 2006; Karavani¢, Condi¢ and
Vukosavljevi¢, 2007). There were numerous badger tunnels cutting through most of the
layers. As a result, large part of the infill was intensively reworked.

A part of what was probably an old sondage became evident during the excavations of
Trench D-E/15-16. Much of the sediments were disturbed and reworked also by animal
activity (badger tunnels). A block of reddish sediment (layer C) with coarse limestone
skeleton is probably the only in situ remnant of what was once the upper part of the sequence.
Four more layers were identified in the lower part of the sequence; layers G and H which
included flint artefacts, and layers | and J which were archaeologically sterile (Karavani¢ et
al., 2014).

Adjacent to the entrance of the cave, along the north-eastern cave wall, a new trench
was opened in 2013, in squares G-H/3-5. The entire area near the entrance to the cave was
covered by medium to large stones and blocks. Immediately below the stones some recent
human remains were found; medieval pottery was also collected in the uppermost sediments.
Excavations of this trench are still in progress and it will not be the subject of this study.

A fragment of a long bone of an ungulate from layer D was dated to 39,240£740 uncal
BP (Beta-228733) by the radiocarbon method (AMS) (Karavanié, Condi¢ and Vukosavljevi¢,
2007). Another animal bone from layer D was sent for an AMS radiocarbon dating. One
sample of a half of this bone was prepared for the AMS in the standard way and yielded the
result of 35,110+310 uncal BP (Beta-372935), while the other sample was prepared by
ultrafiltration and gave a date of 32,520+240 uncal BP (Beta-372934) (Karavani¢ et al.,
2014)*.

* What might have caused different dates derived from the same bone is still unclear, the problem is
adressed in Karavani¢ et al., 2014.

124



8.4 Results

Samples were collected from two trenches inside the cave (Trench H-J/22-24 and
Trench D-E/15-16) (Fig. 8.2); sample X is from a sediment remain attached to the cave wall,
opposite Trench D-E/15-16 (Fig. 8.3). A total of seven samples for grain-size analysis and 17
samples for micromorphology were studied.

8.4.1 Field observations

Evident traces of at least two levels of pre-existing sediments, one dark brown and the
other reddish, can be observed on the walls of the cave (Fig. 8.3; Fig. 8.4.). These layers were
from few decimetres up to more than a metre thick, respectively in the entrance hall and in the

back of the cave.

Figure 8.3 North eastern cave wall Figure 8.4 Interior of the cave with remains of dark brown and
opposite Trench D-E/15-16 with remains reddish sediment on the walls.
of reddish sediment (with bones inside).

The following descriptions are based on the north western profile of Trench H-J/22
excavated in 2006 (Fig. 8.5) and the south eastern profile of Trench D-E/15-16 (Fig. 8.6)
excavated in 2012 — 2013.
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Profile H-1/21-22

The sequence is described from the bottom upwards. The bedrock was covered in part by a

flowstone.

D.3 —few cm thick wavy lens situated in a limited area in the southern part of the
trench, following the topography of the bedrock under layer D.

D — dark brown stoneless silty loam with fine granular aggregation; the sediment is
partly reworked and loose. This layer is discontinuous subhorizontal, slightly dipping towards
southeast, and following the flowstone that covers the bedrock. It is disturbed by a badger

tunnel in several places. The boundary is clear.

C2 — reddish silt loam, compact. The, boundary is abrupt or unclear. The unit is partly
cut and reworked by a badger tunnel. A 10-20 cm thick discontiuous flowstone overlies this

layer.

C1 - reddish silt loam with very few limestone clasts, more compact then C1. This
unit lies upon the flowstone covering C2.,; Sharp boudary, the top of this layer is clearly

eroded.

B —Dark brown silt loam with subrounded and altered gravel and pebble-size (about 3-

15 cm) skeleton; skeleton supported structure, fine granular aggregation. Abrupt boundary.
A — fresh bat guano accumulation.

In the southern part of the trench two more layers (visible in the southeastern profile) were

excavated:

E — reddish brown silt loam, representing the top of layer F. Reworked by bager

tunnels.

F — the lowermost clastic unit is a red silt loam ith fine granular aggregation, with few
limestone gravel to pebble-size (7-15 cm) clasts, mostly arranged vertically; on the southern
part of the profile the boundary is clear, on the nothern part it is diffuse. It is a funnelshaped

infill inbetween the flowstone and a large limestone block.. Thickness about 50 cm; reworked.
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Figure 8.5 North western profile of Trench H-1/22.

Profile D-E/15-16

The infilling of this trench is mostly reworked and cut by several animal dens (Fig.
8.6).

The lowermost clastic sediment (J) is a yellowish brown sandy silt loam, few cm thick
with an abrupt boundary. Above this layer there is a grayish-white silt loam lens (layer H) few
cm thick and with abrupt boundary.

In the upper part of the sequence there is a block of reddish sediment which seems
moderately in situ. This sediment can be divided in two parts: the upper one is a light red silt
loam with few subrounded altered (decalcified and covered by manganese) limestone clasts.
At the top there are two levels of stones gently sloping towards the south east; the lower part
is a somewhat darker reddish brown silt loam with iso-oriented limestone skeleton made up of

medium gravel (the size of the stones is few cm).
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Figure 8.6 South eastern profile of Trench D-E/14-15.

8.4.2 Sediment texture

The coarse component of the sediments is usually calcareous. Grain size analyses (Fig.
8.7; Fig. 8.8) have been carried out on the fine grained fraction (<2 mm) of the sediments.
Since most of the layers are strongly reworked, the granulometric analyses were conducted
only on the sediments that looked in situ in the field. These include layer D, layer C1, C2, and
layer G. A sample X was collected from the remains of the reddish sediment attached to the
cave wall opposite Trench D-E/15-16. The sediments are always very poorly sorted and
coarse skewed.

The sand fraction is always less than 30% (from 20.74% to 29.34% in undecalcified
samples and from 13.7% to 21.93% in decalcified samples). The most common fine fraction
of the layers in undecalcified samples is always clay, ranging between 36.67% (sample X)
and 52.01% (layer G). In decalcified samples, the most common fraction is silt, always about
50%. In decalcified samples, the clay fraction is always less than 34%. As it was observed in
Romualdova Pecina, clay is always more abundant in undecalcified samples compared to the
decalcified ones also in sediments of Velika Pec¢ina-Kli¢evica. One of the reasons could be
the great amount of fine Fe oxides which couldn’t be disintegrated by the H202 only, but
could be destroyed when attacked by HCI.
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Figure 8.7 Grain-size (Wentworth, 1922) of the <2 mm fraction of
decalcified samples.
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Figure 8.8 Grain-size (Wentworth, 1922) of the <2 mm fraction of
undecalcified samples.
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8.4.3 Micromorphology

Micromorphological analyses were carried out on 17 thin sections, approximately one
per layer; in some cases, the samples were collected at the boundary between units. The main

micromorphological characteristics of the sediments are summarised in this chapter.

VPK 12/H 22_23/12-13 (layer A)

Microstructure and porosity: angular and subangular blocky to granular microstructure with

channels and chambers.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: common quartzitic fragments.
Minerals: frequent angular to subrounded quartz grains, common subangular to
rounded phosphates, common muscovite flakes, few pyroxenes, few feldspars.
Inorganic residues of biological origin:
Anthropogenic elements: frequent charcoal fragments.
Organic: common organic matter.
Pedorelicts:
Micromass: dusty clay with some granostriated b-fabric.

Pedofeatures: fragments of clay coatings, clay infillings, Fe/Mn nodules.

VPK 12/H 22_23/10 (layer B)

Microstructure and porosity: angular and subangular blocky to granular microstructure with

channels and chambers.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: phosphatic speleothems, few subangular to subrounded micritic

limestone fragments.
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Minerals: few rounded hematite, frequent angular to subrounded quartz grains,
common subangular to rounded phosphates, common muscovite flakes, few
pyroxenes, few feldspars.

Inorganic residues of biological origin: few bone fragments.

Anthropogenic elements: frequent charcoal fragments.

Organic: amorphous organic matter.

Pedorelicts: aggregates of yellowish dusty clay with few quartz skeleton.

Micromass: dusty clay.

Pedofeatures: red limpid clay infillings, fragments of clay coatings, clay infillings, Fe/Mn

nodules.

VPK 12/H22_23/9 (layer C1)
Microstructure and porosity: subangular blocky to granular microstructure

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: few speleothem fragments, few subangular micritic limestone
fragments, very few rounded flint fragments, few quartzite fragments.
Minerals: few sparitic calcite, very frequent angular to subrounded quartz grains, very
frequent subangular to subrounded phosphates (carnivore coprolites are the most
frequent, but other phosphates-possibly altered bone fragments-are common too), few
angular feldspars.
Inorganic residues of biological origin: few bone fragments
Anthropogenic elements:
Organic:
Pedorelicts: few reddish silty clay pedorelict with very few quartz skeleton, rounded
calcitic aggregates.

Micromass: dusty clay with granostriated b-fabric or calcitic crystallithic b-fabric.

Pedofeatures: Fe/Mn nodules, infillings, coatings, hypocoatings and quasicoatings, rolling

pedofeatures, calcite coatings and hypocoatings on channels, few ice lenses.

131



VPK 12/H22_23/8 (layer C2)

This thin section is the same as VPK 12/H22_23/9 (layer C1) except from 3 cm in the middle

of the thin section (a thin lens in the field) which will be described here.
Microstructure and porosity: pellicular grain microstructure.

Groundmass: c/f-related distribution pattern is chitonic and close to single spaced porphyric.
Coarse material:
Rock fragments: common rounded quartzite fragments.
Minerals: dominant angular to subrounded quartz grains, few muscovite flakes, few
feldspars, few opaques.
Inorganic residues of biological origin: none.
Anthropogenic elements: none.
Organic: none.
Pedorelicts: aggregates of reddish silty clay sediment (they are the same as the
sediment in the upper and lower part of the thin section, same as VPK 12/H22_23/9).

Micromass: dusty clay with undifferented or granostriated b-fabric.

Pedofeatures: Fe/Mn nodules and infillings.

VPK 12/H22_23/6 (layer D)

The upper part of the thin section is the same as VPK 12/H22 21/D. The lower part of the

thin section is described here.

Microstructure and porosity: angular blocky microstructure (often banded fabric), becoming
gradually granular in the lower part of the thin section; vesicles and chambers.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: few quartz aggregates.
Minerals: very frequent angular to subrounded quartz grains, very few phosphates
(carnivore coprolites), common phosphates (probably altered bone fragments, and

other phosphates), few pyroxenes.
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Inorganic residues of biological origin: common bone fragments (often altered).
Anthropogenic elements: few microcharcoal.
Organic: common amorphous organic matter.

Micromass: dusty clay with granostriated and porostriated b-fabric.

Pedofeatures: ice lenses, layered fragments of clay coatings, Fe/Mn nodules, impregnations,

hypocoatings and punctuations.

VPK 12/H 22_23/5 (lens below layer D)

Microstructure and porosity: angular to subangular blocky with chambers and channels, at the

bottom of the thin section it is platy.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: few speleothem fragments, few subangular micritic limestone
fragments, very few rounded flint fragments, few quartzite fragments.
Minerals: few hematite, very frequent angular to subrounded quartz grains, very
frequent subangular to subrounded phosphates, few angular feldspars.
Inorganic residues of biological origin: few bone fragments
Anthropogenic elements:
Organic:
Pedorelicts: rounded calcitic aggregates.

Micromass: dusty clay with granostriated b-fabric or calcitic crystallitic b-fabric.

Pedofeatures: Fe/Mn nodules, infillings, coatings, hypocoatings and quasicoatings, rolling

pedofeatures, calcite coatings and hypocoatings on channels.

VPK 12/H 22_23/4-3 (lenses overlying the bedrock)
Microstructure and porosity: granular microstructure with channels and chambers.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
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Rock fragments: few quartzite fragments, very few flint fragments.

Minerals: very frequent angular to subrounded quartz grains, very frequent subangular
to subrounded phosphates, few angular feldspars

Inorganic residues of biological origin: few bone fragments.

Anthropogenic elements:

Organic:

Pedorelicts: common reddish clay aggregates with quartz skeleton.

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: Fe/Mn nodules, infillings, coatings, hypocoatings and quasicoatings,

VPK 12/H23/C1

Microstructure and porosity: angular to subangular blocky with chambers and channels, at the

bottom of the thin section it is platy.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: few speleothem fragments, few subangular micritic limestone
fragments, very few rounded flint fragments, few quartzite fragments.
Minerals: very frequent angular to subrounded quartz grains, very frequent subangular
to subrounded phosphates (carnivore coprolites are the most frequent, but other
phosphates-possibly altered bone fragments-are common too), few angular feldspars.
Inorganic residues of biological origin: few bone fragments
Anthropogenic elements:
Organic:
Pedorelicts: rounded calcitic aggregates.

Micromass: dusty clay with granostriated b-fabric or calcitic crystallitic b-fabric.

Pedofeatures: Fe/Mn nodules, infillings, coatings, hypocoatings and quasicoatings, rolling

pedofeatures, calcite coatings and hypocoatings on channels.
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VPK 12/H22_21/D
Microstructure and porosity: granular microstructure with vesicles.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: few flowstone fragments, few subangular limestone fragments,
common quartz aggregates.
Minerals: very frequent angular to subrounded quartz grains, frequent phosphates
(including carnivore coprolites, probably alter bone fragments, and other phosphates),
few pyroxenes.
Inorganic residues of biological origin: common bone fragments (often altered).
Anthropogenic elements: few microcharcoal.
Organic: common amorphous organic matter.
Pedorelicts: common silty clay pedorelicts with few quartz skeleton.

Micromass: dusty clay with granostriated and porostriated b-fabric.

Pedofeatures: layered fragments of clay coatings, Fe/Mn nodules, impregnations,

hypocoatings and punctuations.

VPK 12/H22_21/F

Microstructure and porosity: granular microstructure (some granules have banded fabric

composed of clay, silty clay, and sandy clay loam, often are in inclined position); channels.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: none.
Minerals: frequent angular to subangular quartz grains, few biotite, common white
mica, few hematite, few phosphates (frequent at the bottom of the thin section,
probably alterd bone fragments).
Inorganic residues of biological origin: few bone fragments (altered, phosphatized).
Anthropogenic elements: none.
Organic: none.

Pedorelicts: common silty clay pedorelicts with few quartz skeleton.
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Micromass: dusty clay with granostriated, cross striated, circular striated and strial b-fabric

Pedofeatures: fragments of layered clay coatings, clay coatings, Fe/Mn nodules, Fe

impregnations and coatings

VPK 13/H24/D (lens inside layer D)
Microstructure and porosity: intergrain microaggregate microstructure.

Groundmass: c/f-related distribution pattern is close to single spaced enaulic.
Coarse material:
Rock fragments: none.
Minerals: dominant angular to subrounded phosphates, common angular to
subrounded quartz grains.
Inorganic residues of biological origin:
Anthropogenic elements: none.
Organic: none.

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: clay infillings, clay papules and clay coatings.

VPK 13/E16/C_upper

Microstructure and porosity: angular to subangular blocky with vesicles, chambers and

channels.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
Rock fragments: very few subrounded micritic limestone fragments.
Minerals: very frequent angular to subangular quartz fragments, dominant subangular
to rounded phosphates (carnivore coprolites) at the bottom of the thin section and
common through the thin section, common muscovite flakes, few feldspars.
Inorganic residues of biological origin: few bone fragments.

Anthropogenic elements: very few charcoal fragments.
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Organic: few organic matter.
Pedorelicts:

Micromass: dusty clay with granostriated b-fabric.

Pedofeatures: clay papules, phosphatic and iron staining coating and hypocoatings on

limestone fragments, Fe nodules, Mn hypo, rolling pedofeatures, .
VPK 13/E16/C_lower

Microstructure and porosity: angular to subangular blocky and granular microstructures with

vesicles and chambers and channels.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric
Coarse material:
Rock fragments: very frequent phosphatic crusts (often verticalized), subrounded few
quartzite.
Minerals: very frequent subangular to rounded phosphates (carnivore coprolites), very
frequent angular to subrounded quartz grains, few angular feldspars.
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: few charcoal fragments.
Organic: none.
Micromass: granostriated b-fabric

Pedofeatures: Fe staining coatings and hypocoatings, limpid clay papules, Fe/Mn nodules,

few ice lenses.

VPK 13/E16/G-H

This thin section consist of two layers, G and H, for the description of layer H see VPK
13/E16/H.

Microstructure and porosity: granular and angular blocky microstructure with vesicles and

channels.

Groundmass: c/f-related distribution pattern is open porphyric.

Coarse material:
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Rock fragments: common subangular to sub rounded quartzite fragments.

Minerals: very frequent angular to subrounded quartz grains, common muscovite
flakes, very few pyroxene, very few zircon?

Inorganic residues of biological origin: none.

Anthropogenic elements: very frequent charcoal fragments.

Organic: frequent tissue and amorphous organic matter.

Pedorelicts: dusty clay aggregates.

Micromass: dusty clay with undifferentiated or porostriated b-fabric.

Pedofeatures: calcite coatings and hypocoatings on channels, clay papules.

VPK 13/E16/H

Microstructure and porosity: massive or angular to subangular blocky microstructure with

vesicles and channels.

Groundmass: c/f-related distribution pattern is single spaced to open porphyric.

Coarse material:
Rock fragments: few angular to rounded flint fragments, very few sandstone, few
quartz aggregates.
Minerals: frequent angular to subangular quartz grains, common muscovite flakes,
common angular to subangular phosphates (altered bone fragments?), few
feldsparsvery few zircon?
Inorganic residues of biological origin: none.
Anthropogenic elements: frequent charcoal fragments.
Organic: none

Micromass: dusty clay with cross striated, granostriated porostriated b-fabric

Pedofeatures: clay coatings and infillings, depletions, calcite coatings on channels, Mn

impregnations, Fe punctuations.
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VPK 13/E16/J

Microstructure and porosity: subangular blocky and granular microstructures with frequent

channels and vesicles; undulated fabric.

Groundmass: c/f-related distribution pattern is open porphyric.
Coarse material:
Rock fragments: none.
Minerals: common subangular to subrounded quartz grains, very few muscovite
flakes, frequent phosphates (phosphatic crusts).
Inorganic residues of biological origin: none.
Anthropogenic elements: none.
Organic: none.

Micromass: dusty clay with granostriated, porostriated, parallel striated and strial b-fabric.

Pedofeatures: clay coatings and hypocoatings, calcite coatings and infillings, Fe/Mn

impregnations.

VPK 12/X

The thin section was prepared from the sample of the reddish sediment attached to the north
eastern cave wall opposite Trench D-E/15-16 (Figure 8.3.).

Microstructure and porosity: complex microstructure (subangular blocky, platy, granular)

with very frequent channels.

Groundmass: c/f-related distribution pattern is open porphytic.

Coarse material:
Rock fragments: fragments of speleothems, few quartz aggregates (quartzite?).
Minerals: frequent subangular to subrounded phosphates (carnivore coprolites and
other phosphates), frequent angular to subrounded quartz grains, common muscovite
flakes, few feldspars.
Inorganic residues of biological origin: few bone fragments.
Anthropogenic elements: none.

Organic: none.
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Micromass: dusty clay with calcitic crystallitic b-fabric.

Pedofeatures: calcite coatings and hypocoatings on channels, Fe/Mn coatings and

impregnations, calcite infillings, Fe/Mn nodules, excrement infillings

8.5 Discussion

Figure 8.9 Cave plan and sections (Karavani¢ and Condié, 2006).

The traces of sediments on the wall of the cave indicate that sediment was removed
from this cave, probably for fertilising fields, as reported by local people. Pleistocene cave
sediments are enriched in phosphates resulting from the alteration in acidic environment of
the bones of megafauna which used the caves (Hubbard, 2012). Accumulations of bat guano
are another source of phosphates and are also often used as fertilizer for gardens and fields.

In contrast to the other two studied caves with Middle Paleolithic cultural remains
(Mujina Pec¢ina and Romualdova Pecina), not one of the sediments from Velika Pecina-
Klicevica lies within the limits of the primary loess field, although a relatively high percent of
silt in decalcified samples (around 50% in all of the analysed layers) may indicate the input of
reworked loess which was deposited outside the cave, altered by soil-forming processes, and
then colluviated inside .

As it is the case with Mujina Pe¢ina and Romualdova Pecina, phosphate aggregates
that can be identified at microscopic level as fragments of carnivore coprolites, possibly
hyenas (Miller, Macphail, pers. comm.; Kolska Horwitz and Goldberg, 1979; Goldberg,
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1980) are a relevant component of the sediments of almost all layers, except from the
lowermost layers | and J which are sterile and were probably derived from the alteration of
the flowstones and/or bedrock, and the surface bat guano layer.

Even though most of sediments from this cave were strongly reworked and disturbed,
in some of the layers (most evidently in some parts of layer C1) ice lensing testifying deep
seasonal frost has been preserved. In layer D, banded fabric characterized by sorted coarse
grain sands and lenticular aggregates may have the same meaning (Van Vliet-Lanog, 2010).
Another indication of cryogenic processes may be recognized in some verticalized elements
(few clasts at macroscopic and microscopic level). One of the most evident postdepositional
processes is clay illuviation; layered clay coatings testify to different phases of these

processes.

8.6 Concluding remarks

A large amount of the sediment was removed from the cave and problably used as
fertilizer for agricultural activities, thus some archaeological layers may have been destroyed
in the process. Most of the sediments were disturbed by recent faunal activity (badger
channels); some of them were eroded and reworked ab antiquo (layer C1).

Very frequent carnivore (and possibly other) coprolites indicate that the cave was
often used as a den during the Pleistocene.

It is noteworthy that large part of the bone has been very strongly altered by
dephosphatization; this may possibly be one of the causes for “bad” dates, because of the
complex geochemical behaviour of percolating phosphates with the organic matter and iron

included in the sediment.
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9. CONCLUSIONS

Sedimentological and micromorphological analysis of stratigraphic sequences of five
caves — Mujina Pecina, Zala, Zemunica, Romualdova Pecina and Velika Pe¢ina-Kli¢evica —
contributed to the understanding of site formation process (including postdepositional
processes) of archaeological cave sites and the extent and type of human activities in the
caves of the eastern Adriatic coast and its hinterland. By the identification of these processes,
some conclusions can be drawn about the environmental and climatic conditions during the
late Pleistocene and Holocene in the studied area. The analyses confirmed the hypothesis of
different cave use by Middle Paleolithic, Upper Paleolithic, Mesolithic, Neolithic and Bronze
Age humans.

The identified site formation processes are polygenetic in origin and can generally be
divided in geogenic, non-human biogenic processes and processes derived by anthropic
activities (Bar-Yosef, 1993; Farrand, 2000; Goldberg and Macphail, 2006).

As it is usually the case with caves, geological deposits include both sediments from
inside (autochthonous/endogenous) and outside (allochthones/exogenous) the cave (Goldberg
and Macphail, 2006).

Autochthonous deposits include coarse calcareous skeleton mainly composed of
limestone fragments derived from the breakdown of the walls and ceiling of the cave bedrock.
In Europe, the main process of detachment of large blocks and smaller sized rock debris is of
cryogenic origin; it is caused by freezing and thawing of water that has percolated into cracks
and fissures in the bedrock (Barton and Clark, 1993; Goldberg and Macphail, 2006). These
processes usually indicate colder climatic conditions at the time of deposition. Cryoclastic
deposition of large amount of clastic accumulation in caves cannot always be explained by
freeze-thaw effects, as proposed by Farrand for Franchthi Cave in Greece (see also Barton and
Clark, 1993). In our case, the cryogenic origin of this processes was corroborated by
micromorphology; lenticular microstructures (ice lensing), silt cappings, verticalized and/or
frost shattered coarse fragments and banded fabric — which are all clear indicators of frost
affected sediments — were observed at microscopic scale. Cryoturbations have been
recognized in Pleistocene sediments (both with Middle and Upper Paleolithic remains) from
all of the studied caves. One peculiarity has been observed in Zala Cave, where also Holocene
Mesolithic and at least some of the Bronze Age sediments have similar microscopic

characteristic. It may be argued that deep seasonal frost may not fit the age and supposed
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warm climate corresponding to the deposition of the upper part of the sequence in Zala, which
took place during the Medium-Late Holocene (Bronze Age remains). Nonetheless, it can be
observed that the depression where Zala is situated is a peculiar ecotope, where the
characteristics of the present-day floral biocenosis indicate average temperatures lower than in
the surroundings. Such peculiarity may have also enhanced the effects of low temperatures
during the Late Glacial and the Early Holocene, causing strong cryoturbation in the cave
sediments. In Zala, cryoturbations such as convolutions, injection features and ice wedges
most certainly moved the Paleolithic, and Mesolithic finds vertically and horizontally through
the sequence during the Late Pleistocene and Early Holocene.

In general, it can be observed that presently the inner temperature of the caves
corresponds roughly to the yearly average of the exterior. Even if changes in the entrance
breadth -mostly a generalised reduction due to accumulation processes- may have influenced
the inside temperature régime through time, it is noteworthy that frost inside caves must have
resulted from very severe outside temperatures. These climatic conditions also caused a
generalised in-depth decrease of the rock mass, fostering ice formation within the
underground systems. However, the traces of deep seasonal frost also suggest that
temperatures varied dramatically through the year, indicating strong seasonal contrast.

Running water from the cave interior transported fluvial sediments into the entrance
(habitation) hall of Zala Cave. The underground river flow must have been much stronger
than the present-day one during the late Late Pleistocene-Early Holocene, as demonstrated by
the coarser grain-size of the sediments and by the well-developed lateral accretion deposits.
This peculiarity may be in agreement with information from Pupicina Pe¢ and VeSanska Pe¢
(Miracle, 2007) in north-eastern Istria: those data show that Vela Draga gorge (flowing down
from Ucka) was periodically subject to strong water discharge, probably flash-floods
triggered by strong rainfall in the nearby area. The small size of the Vela Draga imbriferous
basin, and the proximity of a high mountain like Ucka (1°234 m), may have enhanced the
effects of rainstorms or snow melting in some cases, but all these data point to some evidence
of periodical strong rainfall in the area (Boschian and Fusco, 2007; Boschian and Gerometta,
2015). The texture and cross-stratification of the lowermost layer 14B in Romualdova Pecina
indicates relatively high-energy sediment transport. The mineralogy of these sediments
indicates a possible fluvial transport of dismantled flysch deposits. However, the sedimentary
structures observed within this level do not give enough information about the direction of

flow; consequently, it cannot be determined whether these sands were transported into the
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entrance hall by running water from the cave system, or if they were washed into the cave
from the outside.

Allochtonous materials, coming from more or less distant areas, were introduced into
the caves by movements of slope debris outside the caves. Evidence of slope processes and
colluvium of soils developed outside the cave are also confirmed by soil micromorphology:
the pedorelicts and/or papules indicate inputs of sediment or soil, previously deposited outside
the cave and transported into it by in-wash. Grain-size and micromorphological analyses
demonstrate that at least some of the sediments are made up of poorly to moderately altered
loess (Mujina Pe¢ina, Romualdova Peé¢ina) and transported into caves by similar processes.

It may be concluded that the cave sediments demonstrate climate variability during the
whole Upper Pleistocene (Middle and Upper Paleolithic); cold and arid climatic conditions
were alternating with somewhat wetter conditions.

Non-human biogenic input in sediments is visible from the remains of denning
activities by carnivores and omnivores (Goldberg and Macphail, 2006). These have been
recognized at microscopic scale as hyena and possibly bear coprolites and digested bones in
Pleistocene sediments (Velika Pecina-Kli¢evica, Mujina Pecina, Romualdova Pecina). Bat
guano was observed on the cave’s surface in Romualdova Pe¢ina, and Velika Pecina-
Klic¢evica where it was most probably removed by recent human activities together with large
quantities of older reddish sediment (traces are still visible on the cave walls).

In some of the caves part of the bone has been very strongly altered by
dephosphatization; this may possibly be one of the causes for “bad” dates, because of the
complex geochemical behaviour of percolating phosphates with the organic matter and iron
included in the sediment.

Anthropogenic activities are also responsible for bringing sedimentary components
into the studied caves.

The main characteristic of sediments containing Middle Paleolithic cultural remains is
that the sediments were mostly formed by natural processes, as suggested by sedimentological
and micromorphological analyses, which did not demonstrate many traces of human activity.
Boschian (2003) argues that the small groups of Neandertals used the caves only occasionally
for temporary shelters and campsites. This behaviour was discussed for the Trieste Karst,
Friuli and northern Slovenia, but may also be true for the wider area of the eastern Adriatic
coast. The environmental data from the sediments do not show particular connection between
climate and human presence in Romualdova and Velika Pe¢ina-Kli¢evica (Boschian, 2003).

The data from Mujina Pecina differ in some extent. The human presence in the cave was more
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frequent during the earlier warmer phases and the rather arid event corresponding to loess
deposition. The phase of more intense and continuous use of the cave by humans was during
the deposition of unit E3C.

Scanty traces of human activities in caves during the Upper Paleolithic are also
observed in Romualdova Pe¢ina and Zala. At Zemunica the Late Upper Palaeolithic levels
consist largely of domestic waste residues.

The Mesolithic levels mostly comprise domestic waste deposits, including ash, bone
fragments and more or less crushed land snails in Zemunica. In Zala the Mesolithic levels are
characterized by ash accumulations and abundant fish bone, and can also be interpreted as
domestic use of space.

Soil micromorphology provided valuable information also about the infilling
processes and on-site Neolithic to Bronze Age human activities. In Zemunica, this part of the
sequence is characterised by continuous evidence of sheep/goat and probably cattle dung
accumulations. One indicator of stabling are in situ burnt stable layers — fumiers. More
homogeneous layers with spherulites and phytoliths dispersed in the groundmass can be
interpreted as accumulations of incompletely burnt or unburnt herbivore dung. Phytoliths also
occur within the cave sediments, indicating the use of straw litter for these animals. The top of
the Bronze Age sequence of trench 3 includes almost pure yellowish sediment with
articulated phytoliths - an intentional accumulation of selected material, a possible prepared
surface/floor. In Zala Cave during the Bronze Age, the cave was first used for short-terme
domestic activities, with a shift to seasonal pastoral activities in later stages of the Bronze
Age. The interpretation of these sediments relies mostly on micromorphological and
microstratigraphic observations, as well as on geo-ethnoarchaeological considerations
(Brochier, J. E., Villa, P. and Giacomarra, M., 1992). The archaeological importance of
animal droppings is much more diagnostic than that of the zooarchaeological data because
animals may not have been butchered on-site. Therefore, “Dung is sounder evidence of the
presence of flocks than sheep bones are” (Boschian and Montagnari-Kokelj, 2000, 347).
Caves and rock-shelters are typical spots of the landscape where flocks can be stabled and
find shelter from rain and predators. They were used for stabling animals from the Neolithic
onwards throughout Mediterranean Europe (Boschian and Montagnari Kokelj, 2000;
Angelucci et al., 2009).
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Appendix 1.1. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Peéina, SU E2A.

MP/1/E2A-8
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 3191 3191  100.00  100.00
2000-1400 05 394 38 579 579 *
1400- 1000 0 3.09 38.95 4.54 10.34] 10 4 20
1000-710 0.5 325 42.20 4.78 1511 o
710-500 1 240 44.60 353 18.64
500-355 15 217 46.78 319 21.83 O’mNmq7@N,7mam«mwmmm«mmmmm»mwm 8 7 6 5 -4 -3 10 1 2 3 4 5 6 7 30
355-250 2 2.00 48.78 294 24.77
250-125 2.5 141 50.19 2.08 26.85( 50 7 100
180-125 3 109 5128 161 2845 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 122 52.50 179 30.24| 40 1
90- 63 4 1.03 53.53 151 3175 “
63-45 45 475 5827 697 3872 | °
45-31 5 4.95 63.22 7.27 45.98 60
31-23 5.5 4.94 68.16 7.26 53.24 o
23-15 6 472 7288 693 6017|207
5-10 65 406 7693 59  66.12 ©
0-7 7 3.72 80.66 5.47 71.59] 10 1 20
7-3 7.5 4.48 85.13 6.57 78.16 %
3-2 8 5.87 91.00 8.62 86.78 0
<2 <8 900 10000 1322 10000] § 58§ & L8 g ¥ Al °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.58 4180 p
Inclusive graphic standard deviation = f #N/A #N/IA
Inclusive graphic skewness = #NIA r #N/A
Graphic kurtosis = f #NIA r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 10410 10030 0.0380 60.27 0.0611415 4.05 6.44 19.9625 60
2 21 10370 10030 0.0340 43.72 0.0547055 452 8.04 21.0125 120
5 21 10320 10030 0.0290 28.50 0.0466606 513 9.65 22.325 300
15' 21 10260 10030 0.0230 17.03 0.0370067 5.88 8.04 239 900
45' 2110210 1003n  0.0180 10.10 0.0289617 6.63 6.44 25.2125 2700
2h 21 1Mmz70 1003n  0.0140 6.31 0.0225258 7.31 14.48 26.2625 7200
8h 21 10NAN 10030 0.0050 329 0.0080449 8.25 322 28.625 28800
16h 21 10NRN 10030 0.0030 2.35 0.0048270 8.73 322 29.15 57600
24h 21 10n4n 10030 0.0010 194 0.0016090 9.01 161 29.675 86400
L+A calcolati = 54.71
D particelle: 2.65 L+A pesati = 62.19
Errore strumentale = -7.48
Perso per strada = 50.47

FRAZIONI %
Totali
Ghiaia 3191
Sabbia: 21.62
Limo: 37.47
Argilla: 9.00
S+L+A 68.09
L+A 46.47
Parziali
Sabbia: 3175
Limo: 55.03
Argilla: 13.22

Grossolano/Fine
>2mm/<2mm  0.468624
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Appendix 1.2. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Mujina Pecina, SU B.

MP/2.1
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 1.27 127 100.00  100.00
2000-1400 -0.5 8.92 10.19 9.04 9.04 *
1400- 1000 0 7.63 17.83 7.73 16.77| 10 4 20
1000-710 0.5 6.37 24.20 6.46 23.22 o
710-500 1 421 28.40 4.26 27.48
500-355 15 377 3218 382 3131 O e e o et m e e e oo | 5 7 o 5 4 s Do o1 2 a4 s .
355-250 2 321 35.39 3.25 34.56
250-125 2.5 2.08 37.47 211 36.67| 50 7 100
180-125 3 1.95 39.43 1.98 38.65 Frazione < 2mm Frazione < 2mm %
125-90 3.5 163 41.06 165 40.30{ 49 4 ©
90- 63 4 158 42.64 160 41.90
63-45 45 569 4832 576 47.66 0 o
45-31 5 5.79 54.11 5.86 53.52 60
31- 23 5.5 5.93 60.04 6.00 59.53 ©
23-15 6 667 6671 675  66.28/ %1
5-10 65 789 7460 799 7427 “©
10-7 7 6.79 81.39 6.88 81.15] 10 1 30
7-3 7.5 422 85.61 4.27 85.43 %
3-2 8 152 87.13 154 86.97 0
<2 <8 1287 10000 1303 10000] § 8§ & L8 g ¥ ¥l °
% =R 1 0 1 3 4 5 6 8 °
Graphic mean = 3.99 62.75 p
Inclusive graphic standard deviation = f #N/A #N/A
Inclusive graphic skewness = f #NIA f #N/IA
Graphic kurtosis = " A f #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10210 10020 0.0190 66.47 0.0305522 391 241 25.2125 60
2 22 1Mas 10020 0.0175 47.37 0.0281402 4.40 4.01 25.60625 120
5 22 1MAN 1003n  0.0150 30.20 0.0241348 5.05 4.84 26 300
15' 22 1Mmd4n 10020 0.0120 17.78 0.0192961 5.81 6.43 27.05 900
45 22 1Mmnn 10020 0.0080 10.46 0.0128641 6.58 4.82 281 2700
2h 22 10070 10020 0.0050 6.50 0.0080400 7.27 161 28.8875 7200
8h 22 10NRN 10020 0.0040 3.26 0.0064320 8.26 322 29.15 28800
16h 22 10n4n 10020 0.0020 233 0.0032160 8.75 0.00 29.675 57600
24h 22 10n4n  1002?n  0.0020 1.90 0.0032160 9.04 322 29.675 86400
L+A calcolati = 28.14
D particelle: 2.65 L+A pesati = 30.72
Errore strumentale = -2.58
Perso per strada = 2.75

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine

Totali

Parziali

>2mm/<2mm

0.01288

%

127
41.36
44.50
12.87

98.73
57.36

41.90
45.07
13.03

161



Appendix 1.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Mujina Pecina, SU B.

MP/2/Balto

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.44 044 100.00  100.00|
2000-1400 -0.5 524 568 527 527 ®
400- 1000 0 4.36 10.05 4.38 9.65/ 10 4 20
1000-710 0.5 4.01 14.05 4.03 13.68 o
710-500 1 355 17.61 357 17.24
500-355 15 293 2054 294 2019 O e o i i i o 0 e 0w o e o o | s g s s 4 Lo s o
355-250 2 3.06 23.60 3.08 23.27
250-125 2.5 2.62 26.22 2.63 25.90( 50 7 100
80-125 3 200 2822 201 2791 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 2.02 30.24 2.03 29.94( 4 | ©
90- 63 4 191 3215 192 31.85
63-45 45 462 36.77 464 3649 0 o
45-31 5 5.44 4221 5.46 41.96 60
31-23 5.5 2.67 44.88 2.68 44.64 %
23-15 6 384 4873 386 4850 %1
5-10 65 695 5567 698 5548 “©
10-7 7 9.75 65.42 9.79 65.27| 10 30
7-3 7.5 7.56 72.98 7.59 72.86 »
3-2 8 3.62 76.60 3.64 76.50 0
<2 <8 2340 10000 2350 10000 § 8§ & L8 g F YAl °
% =R 1 0 1 3 5 8 °
Graphic mean = 5.08 29.48 p
Inclusive graphic standard deviation = f #NIA #N/A
Inclusive graphic skewness = f #NIA f #N/IA
Graphic kurtosis = " A r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 22 10210 10020 0.0190 66.47 0.0305522 391 161 25.2125 60
2 2210200 10020 0.0180 47.25 0.0289442 4.40 3.20 25.475 120
5 22 .1MAan 1n0n3n - 0.0160 30.04 0.0257438 5.06 1.62 25.7375 300
15' 22 1mMz7n 10020 0.0150 17.52 0.0241201 5.84 4.82 26.2625 900
45 22 1Mmd4n 10020 0.0120 10.26 0.0192961 6.61 6.43 27.05 2700
2h 22 .10mnn 10020 0.0080 6.41 0.0128641 7.29 3.22 281 7200
8h 22 10NRN 10020 0.0060 3.23 0.0096481 8.27 6.43 28.625 28800
16h 220 10n4n 10020 0.0020 231 0.0032160 8.76 0.00 29.675 57600
24h 23 1004n  1002?n  0.0020 1.86 0.0032160 9.07 322 29.675 86400
L+A calcolati = 28.94
D particelle: 2.65 L+A pesati = 30.58
Errore strumentale = -1.64
Perso per strada = 10.54

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.004401

>2mm/<2mm

%

044
3171
4445
23.40

99.56
67.85

31.85
44.64
23.50
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Appendix 1.4. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Peéina, SU E3B.

MP/2/E3B-11

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 9.17 9.17  100.00  100.00|
2000-1400 -0.5 159 1077 175 175 ®
1400- 1000 0 133 12.10 147 3.22| 10 1 20
1000-710 0.5 133 13.44 147 4.69 o
710-500 1 136 1479 149 6.19
500-355 15 139 1618 153 172 O R S g e g nm e o n g e s e e | 5 1 5 5 4 3 Lo s o
355-250 2 1.68 17.87 1.85 9.571
250-125 2.5 1.40 19.27 154 11.11) 50 7 100
80-125 3 168 2095 185 1296 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 191 22.86 210 15.06( 49 4 ©
90- 63 4 136 2421 149 16.56
63-45 45 482 2903 530 2186 0 o
45-31 5 7.03 36.06 7.74 29.60 60
31-23 5.5 6.49 4255 7.14 36.74 o
23-15 6 565 4820 622  4297| %1
5-10 65 353 5173 388 4685 “©
0-7 7 3.79 55.52 4.18 51.03( 10 4 20
7-3 7.5 6.20 61.72 6.82 57.85 »
3-2 8 12.98 74.69 14.29 7214 0
<2 <8 2531 10000 2785 10000, § £ § g & gL g anoa v °
§ =R 1 0 1 3 5 8 °
Graphic mean = 6.37 12.07 p
Inclusive graphic standard deviation = 2.398206 Very poorly sorted.
Inclusive graphic skewness = -0.69 Very negative (coarse) skewed.
Graphic kurtosis = 0.99 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 21 1N4R0 10030 0.0420 58.66 0.0675774 4.09 4.83 18.9125 60
2 2110420 10030 0.0390 42.34 0.0627505 4.56 8.04 197 120
5 21 10370 10030 0.0340 27.65 0.0547055 518 8.04 21.0125 300
15' 21 10320 10030 0.0290 16.46 0.0466606 5.93 4.83 22.325 900
45 2110280 10030 0.0260 9.67 0.0418336 6.69 4.83 23.1125 2700
2h 21 10260 10030 0.0230 6.02 0.0370067 7.38 20.92 239 7200
8h 21 1M3n 1003n  0.0100 3.22 0.0160899 8.28 14.48 27.3125 28800
16h 21 10n4n 10030 0.0010 2.37 0.0016090 8.72 322 29.675 57600
24h 21 10n2n  1003n  -0.0010 195 -0.0016090 9.00 -1.61 30.2 86400
L+A calcolati = 62.75
D particelle: 2.65 L+A pesati = 68.51
Errore strumentale = -5.76
Perso per strada = 33.18

FRAZIONI %
Totali
Ghiaia 9.17
Sabbia: 15.04
Limo: 50.48
Argilla: 25.31
S+L+A 90.83
L+A 75.79
Parziali
Sabbia: 16.56
Limo: 55.58
Argilla: 27.86

Grossolano/Fine
>2mm/<2mm  0.101003
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Appendix 1.5. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Peéina, SU E3A.

MP/4/E3A-10
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 3121 3121 100.00  100.00
2000-1400 -0.5 450 3572 654 654 ®
1400- 1000 0 3.39 39.10 4.93 11.47] 10 4 20
1000-710 0.5 3.62 42.73 5.27 16.74 o
710-500 1 3.02 45.75 4.39 21.13
500-355 15 296 4870 430 2543 Ot N i n o i i o < e o o o | 5 7 s 8 4 Do 1 2 3 4 s 6 1 80
355-250 2 297 51.68 4.32 29.75
250-125 2.5 250 54.18 3.64 33.38( 50 7 100
180-125 3 173 5591 252 3590 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 2.03 57.94 2.95 38.86| 49 4
90- 63 4 1.68 59.62 244 41.30 “
63-45 45 407 6369 592 4122 0 o
45-31 5 5.09 68.78 7.40 54.62 6
31-23 5.5 5.08 73.86 7.38 62.00 o
23-15 6 450 7836 654 6854|207
5-10 65 331 8167 481 7335 ©
0-7 7 3.63 85.30 5.28 78.63| 10 1 20
7-3 7.5 2.93 88.23 4.26 82.89 %
3-2 8 193 90.16 281 85.70 0
<2 <8 984 10000 1430 10000] § 58§ & L8 g E Al °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.27 5177 p
Inclusive graphic standard deviation = f #N/A #N/IA
Inclusive graphic skewness = #NIA r #N/A
Graphic kurtosis = f #NIA r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 21 1N3R0 10030 0.0320 62.60 0.0514876 4.00 4.83 21.5375 60
2 21 10320 10030 0.0290 45.07 0.0466606 447 8.04 22.325 120
5 2110270 10030 0.0240 29.33 0.0386157 5.09 9.65 23.6375 300
15 21 10210 1003n  0.0180 17.49 0.0289617 5.84 6.44 25.2125 900
45' 21 1mMz70 1003n  0.0140 10.31 0.0225258 6.60 6.44 26.2625 2700
2h 21 1M3n 1003n - 0.0100 6.44 0.0160899 7.28 4.83 27.3125 7200
8h 21 1000 1003n - 0.0070 3.26 0.0112629 8.26 4.83 281 28800
16h 21 10070 10030 0.0040 2.34 0.0064359 8.74 0.00 28.8875 57600
24h 2110070 10030 0.0040 191 0.0064359 9.03 6.44 28.8875 86400
L+A calcolati = 46.66
D particelle: 2.65 L+A pesati = 55.74
Errore strumentale = -9.08
Perso per strada = 50.84

FRAZIONI %
Totali

Ghiaia 3121

Sabbia: 28.41

Limo: 30.54

Argilla: 9.84

S+L+A 68.79

L+A 40.38
Parziali

Sabbia: 41.30

Limo: 4441

Argilla: 14.30

Grossolano/Fine
>2mm/<2mm  0.453781
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Appendix 1.6. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Pecina, SU E1.

MP/6/E1alto

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.15 0.5 100.00  100.00|
2000-1400 -0.5 0.34 0.49 0.34 0.34 ®
1400- 1000 0 0.29 0.78 0.29 0.64 10 20
1000-710 0.5 0.34 112 0.34 0.98 o
710-500 1 0.39 152 0.39 1.37,
500-355 | 15 039 191 039 176 075 ew N gmenanamnn 0o~ ooe | g 7 5 5 4 3 T 0 1 2 3 4 5 6 7 8
355-250 2 0.59 2.49 0.59 2.35
250-125 2.5 0.44 293 0.44 2.79| 50 7 100
180-125 3 0.88 381 0.88 3.67 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.78 4.60 0.78 446 4 | ©
90- 63 4 103 5.62 103 5.49
63-45 45 2.22 7.85 2.23 (A1 o
45-31 5 5.70 13.55 571 13.42 60
31-23 5.5 249 16.04 250 15.92 ©
23-15 6 246 1850 246 1838 %1
5-10 65 241 2091 241 2079 “©
10-7 7 4.85 25.75 4.85 25.64| 10 1 30
7-3 7.5 417 29.93 4.18 29.82 »
3-2 8 197 31.90 1.98 31.80 0
<2 <8 6810 10000 6820 10000 § F 8§ & L8 g ¥ ¥y °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 7.52 5.46 u
Inclusive graphic standard deviation = 1594484 Poorly sorted.
Inclusive graphic skewness = -0.83 Very negative (coarse) skewed.
Graphic kurtosis = 124 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 20 1014n 10020 0.0120 71.40 0.0192961 381 0.00 27.05 60
2 20 1014n 10020 0.0120 50.49 0.0192961 431 161 27.05 120
5 21 1Mm3an 1nn2n - 0.0110 31.52 0.0176881 4.99 0.80 27.3125 300
15' 21 1M25 10020 0.0105 18.24 0.0168841 5.78 0.80 27.44375 900
45 22 1Mm2n 10020 0.0100 10.36 0.0160801 6.59 161 27.575 2700
2h 23 1Mmi1n 10020 0.0090 6.25 0.0144721 7.32 0.80 27.8375 7200
8h 23 1Mns 10020 0.0085 313 0.0136681 8.32 0.80 27.96875 28800
16h 23 10mnn 10020 0.0080 222 0.0128641 881 -0.80 281 57600
24h 24 1009 1001N 0.0085 178 0.0136598 9.13 13.66 28.23125 86400
L+A calcolati = 19.30
D particelle: 2.65 L+A pesati = 36.33
Errore strumentale = -17.03
Perso per strada = 49.75

FRAZIONI %
Totali
Ghiaia 0.15
Sabbia: 5.48
Limo: 26.27
Argilla: 68.10
S+L+A 99.85
L+A 94.38
Parziali
Sabbia: 5.49
Limo: 26.31
Argilla: 68.20

Grossolano/Fine
>2mm/<2mm  0.001469
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Appendix 1.7. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Pecina, SU E1.

MP/7/E1basso

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.03 0.03  100.00  100.00|
2000-400 -0.5 038 042 038 038 ®
400- 1000 0 0.35 0.76 0.35 0.73 10 4 20
1000-710 0.5 0.45 122 0.45 118 o
710-500 1 0.35 1.56 0.35 153
500-355 15 042 198 0.42 19| O TN T g e s e ok v m e e e m e e | 5 7 5 5 4 3 T o 1 2 s 4 5 6 1 80
355-250 2 0.45 243 0.45 2.40
250-125 2.5 0.42 2.85 0.42 2.81| 50 7 100
180-125 3 0.38 3.23 0.38 3.20 Frazione < 2mm Erazione < 2mm %
125-90 3.5 0.97 4.20 0.97 4.17| 40 | ©
90- 63 4 0.87 5.07 0.87 5.04
63-45 45 326 833 326 830 | 0
45-31 5 10.44 18.77 10.44 18.74 60
31-23 5.5 9.04 27.82 9.05 21.719 %
23-15 6 813 3594 813  3502| %1
5-10 65 693 4288 694 4286 “©
10-7 7 7.59 50.47 7.59 50.45( 10 20
7-3 7.5 6.43 56.90 6.44 56.88 »
3-2 8 423 61.13 423 61.12 o
<2 <8 3387 10000 3888 10000] § E§ §E LK FE YAl °
§ R § 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.81 8.92 p
Inclusive graphic standard deviation = 1671296 Poorly sorted.
Inclusive graphic skewness = -0.55 Very negative (coarse) skewed.
Graphic kurtosis = 0.67 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 20 10man 1nn2n - 0.0170 69.65 0.0273362 3.84 0.00 25.7375 60
2 20 10an 1nn2n - 0.0170 49.25 0.0273362 4.34 4.02 25.7375 120
5 21 1MRR 10020 0.0145 30.98 0.0233161 5.01 4.02 26.39375 300
15' 21 10md4n 10020 0.0120 18.11 0.0192961 579 3.22 27.05 900
45 22 1m2n 10020 0.0100 10.36 0.0160801 6.59 3.22 27.575 2700
2h 23 10mnn 10020 0.0080 6.28 0.0128641 7.31 241 281 7200
8h 23 10NNRR 110020 0.0065 3.16 0.0104521 8.30 241 28.49375 28800
16h 2310070 10020 0.0050 2.25 0.0080400 8.79 -1.60 28.8875 57600
24h 24 10070 10010 0.0060 1.80 0.0096422 9.12 9.64 28.8875 86400
L+A calcolati = 27.34
D particelle: 2.65 L+A pesati = 44.17
Errore strumentale = -16.83
Perso per strada = 42.88

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine

Totali

Parziali

>2mm/<2mm

0.000347

%

0.03
5.04
56.06
38.87

99.97
94.93

5.04
56.08
38.88
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Appendix 1.8. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Mujina Pecina, SU D .4.

MP/6/D-4
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 34.65 34.65 100.00  100.00
2000-400 -0.5 788 4253 1206 1206 *
1400- 1000 0 5.86 48.39 8.97 21.03| 10 4 20
1000-710 0.5 5.83 54.23 8.92 29.95 o
710-500 1 4.08 58.30 6.24 36.19
500-355 15 316 6146 484 403 O S o n e n e e e e 0 o 0 e @ o
355-250 2 2.85 64.31 4.36 45.38
250-125 2.5 192 66.23 294 48.32( 50 7 100
180-125 3 143 67.66 219 5051 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 132 68.98 201 52.53| 4 |
90- 63 4 148 70.45 2.26 54.79 “
63-45 45 279 7324 427 5905| | °
45-31 5 191 75.15 2.92 61.97 60
31-23 5.5 2.34 77.49 3.58 65.55 o
23-15 6 297 8046 454  70.00| %1
5-10 65 407 8453 623 7632 ©
0-7 7 3.70 88.22 5.66 81.98( 10 1 20
7-3 7.5 342 91.64 523 87.21 - - l %
3-2 8 3.18 94.82 4.87 92.08 0
<2 <8 5.18  100.00 7.92  100.00 g é § % E § § i E f i f f i : Toq 10
§ =R 1 0 1 3 4 5 6 8 °
Graphic mean = 3.27  104.00 p
Inclusive graphic standard deviation = f #N/A #N/IA
Inclusive graphic skewness = I #NIA r #N/A
Graphic kurtosis = f #NIA r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 2110270 10030 0.0240 65.58 0.0386157 3.93 322 23.6375 60
2 21 10280 10030 0.0220 46.89 0.0353977 441 322 24.1625 120
5 2110230 10030 0.0200 29.97 0.0321797 5.06 4.83 24.6875 300
15 2110200 10030 0.0170 17.58 0.0273528 5.83 8.04 25.475 900
45' 21 1MARN 10030 0.0120 10.41 0.0193078 6.59 6.44 26.7875 2700
2h 21 1010 10n3n - 0.0080 6.50 0.0128719 7.27 8.04 27.8375 7200
8h 21 10NRN 10030 0.0030 332 0.0048270 8.23 0.00 29.15 28800
16h 21 10NRN 10030 0.0030 2.35 0.0048270 8.73 322 29.15 57600
24h 21 10n4n 10030 0.0010 194 0.0016090 9.01 161 29.675 86400
L+A calcolati = 35.40
D particelle: 2.65 L+A pesati = 39.97
Errore strumentale = -4.57
Perso per strada = 47.84

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.530293

>2mm/<2mm

%

34.65
35.80
24.37

518

65.35
29.55

54.79
37.29
7.92
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Appendix 1.9. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Mujina Pecina, SU D.5.

MP/8/D-5

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 37.33 37.33  100.00  100.00
2000-1400 -0.5 805 4537 1284 1284 ®
1400- 1000 0 7.14 52.51 11.39 24.23| 10 1 20
1000-710 0.5 8.06 60.57 12.86 37.09 o
710-500 1 5.62 66.20 8.97 46.07|
500-355 15 410 7030 655 5262 O e S e n o n mn nn e e o o 0 0 o
355-250 2 3.70 74.01 591 58.53
250-125 2.5 245 76.46 3.92 62.44 50 7 100
80-125 3 162 7808 258 6502 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 153 79.61 244 67.46( 4 | ©
90- 63 4 116 80.77 1.86 69.32
63-45 45 256 8334 409 7341 0 o
45-31 5 0.00 83.34 0.00 7341 60
31- 23 55 162 84.95 2.58 75.99 ©
23-15 6 165 8660 263  78.62| %1
5-10 65 165 8825 263 8125 “©
10-7 7 1.82 90.07 291 84.15 30
7-3 7.5 1.90 91.97 3.04 87.19 »
3-2 8 1.96 93.93 313 90.32
<2 <8 607 10000 968 10000] £ F 8§ & L8 g E YAl °
§ =R 1 0 1 3 4 5 6 8 °
Graphic mean = 2.64 160.71 p
Inclusive graphic standard deviation = f #NIA #N/A
Inclusive graphic skewness = f #NIA f #N/IA
Graphic kurtosis = " A r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 1MAN 1003n  0.0150 68.78 0.0241348 3.86 322 26 60
2 21 1MAEN 10030 0.0130 49.12 0.0209168 4.35 0.00 26.525 120
5 21 1MAEN 10030 0.0130 31.07 0.0209168 5.01 3.22 26.525 300
15' 21 104n 1003n  0.0110 18.11 0.0176988 5.79 3.22 27.05 900
45 21 1Mm2n 1003n  0.0090 10.56 0.0144809 6.57 322 27.575 2700
2h 21 10mnn 1003n - 0.0070 6.53 0.0112629 7.26 4.83 281 7200
8h 2110070 10030 0.0040 331 0.0064359 8.24 161 28.8875 28800
16h 21 100RN 10030 0.0030 2.35 0.0048270 8.73 322 29.15 57600
24h 21 10n4n 1003n  0.0010 194 0.0016090 9.01 1.61 29.675 86400
L+A calcolati = 20.92
D particelle: 2.65 L+A pesati = 25.12
Errore strumentale = -4.20
Perso per strada = 48.55

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.595565

>2mm/<2mm

%

37.33
43.45
13.16

6.07

62.67
19.23

69.32
21.00
9.68
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Appendix 1.10. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Pecina, SU B.

MP/9/B
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 34.97 34.97  100.00  100.00
2000-1400 05 389 388 598 598 *
1400- 1000 0 2.88 41.74 4.43 10.41] 10 4 20
1000-710 0.5 2.96 44.70 4.55 14.96 o
710-500 1 2.50 47.21 3.85 18.81
500-355 15 197 4918 303 2184 O N i n o i i o < e o e e o o | 5 7 s 8 4 Do 1 2 3 4 s 6 1 80
355-250 2 2.38 51.56 3.66 25.50
250-125 2.5 184 53.39 2.83 28.33 50 7 100
180-125 3 1.49 54.89 229 30.62 Frazione < 2mm Frazione < 2mm %
125-90 3.5 170 56.59 2.62 33.24| 4 |
90- 63 4 172 58.31 2.64 35.89 “
63-45 45 259 60.90 399 3987 0 o
45-31 5 2.98 63.88 459 44.46 60
31-23 5.5 324 67.12 4.98 49.44 o
23-15 6 313 7025 481 5425\ %1
5-10 65 246 7272 379 5804 ©
0-7 7 3.34 76.06 5.14 63.18) 10 1 20
7-3 7.5 5.53 81.59 851 71.69 %
3-2 8 9.03 90.62 13.89 85.58 0
<2 <8 938 10000 1442 10000] § F 8§ & L8 g E YAl °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.71 38.16 p
Inclusive graphic standard deviation = f #N/A #N/IA
Inclusive graphic skewness = #NIA r #N/A
Graphic kurtosis = f #NIA r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 21 1N3RN 10030 0.0330 62.22 0.0530965 4.01 322 21.275 60
2 21 10340 1003n  0.0310 44.53 0.0498786 4.49 4.83 218 120
5 21 10310 10030 0.0280 28.67 0.0450516 512 6.44 22.5875 300
15 2110270 10030 0.0240 16.93 0.0386157 5.88 4.83 23.6375 900
45' 21 10240 10030 0.0210 9.94 0.0337887 6.65 6.44 24.425 2700
2h 2110200 10030 0.0170 6.22 0.0273528 7.33 20.92 25.475 7200
8h 2110070 10030 0.0040 331 0.0064359 8.24 4.83 28.8875 28800
16h 21 10n4n 10030 0.0010 2.37 0.0016090 8.72 0.00 29.675 57600
24h 21 10n4n 10030 0.0010 194 0.0016090 9.01 161 29.675 86400
L+A calcolati = 49.88
D particelle: 2.65 L+A pesati = 55.27
Errore strumentale = -5.39
Perso per strada = 50.51

FRAZIONI %
Totali

Ghiaia 34.97

Sabbia: 23.34

Limo: 32.32

Argilla: 9.38

S+L+A 65.03

L+A 41.69
Parziali

Sabbia: 35.89

Limo: 49.70

Argilla: 14.42

Grossolano/Fine
>2mm/<2mm  0.537815
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Appendix 1.11. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Mujina Peéina, SU E2B.

MP/9/E2B-9
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | w0
4-2 -1 181 181  100.00  100.00
2000-1400 -0.5 1104 1285 1124 1124 ®
1400- 1000 0 7.60 20.44 7.74 18.98, 20
1000-710 0.5 6.76 27.21 6.89 25.86 o
710-500 1 4.98 3219 5.07 30.94
500-355 15 454 3673 462 3556 e
355-250 2 4.07 40.80 4.14 39.70
250-125 2.5 2.58 43.38 2.63 42.341 50 7 100
180-125 3 240 45.78 244 44.78 Frazione < 2mm Frazione < 2mm %
125-90 3.5 188 47.66 191 46.69| 49 4 ©
90- 63 4 2.01 49.67 2.05 48.74
63-45 45 355 5321 361 5235 | °
45-31 5 6.56 59.78 6.68 59.03 60
31- 23 55 294 62.72 3.00 62.03 ©
23-15 6 328 6600 334 6537|217
5-10 65 408 7008 416 6953 “©
0-7 7 451 74.60 4.60 74.13| 10 4 20
7-3 7.5 3.35 77.95 341 71754 »
3-2 8 207 80.02 211 79.65 0
<2 <8 1998 10000 2035 10000] § F 8§ & L8 g E AT °
% =R 1 0 1 2 3 4 5 6 7 8 °
Graphic mean = 4.07 59.73 p
Inclusive graphic standard deviation = f #NIA #N/A
Inclusive graphic skewness = #NIA f #N/IA
Graphic kurtosis = " A r #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 20 10260 10020 0.0240 67.11 0.0385922 3.90 161 239 60
2 20 10250 10020 0.0230 41.72 0.0369842 4.39 6.41 24.1625 120
5 20 10220 10030 0.0190 30.68 0.0305707 5.03 3.23 24.95 300
15' 20 10Man 10n2n - 0.0170 17.98 0.0273362 5.80 4.82 25.7375 900
45 20 1MAED 10020 0.0140 10.54 0.0225121 6.57 4.82 26.525 2700
2h 20 1M3an 1002n - 0.0110 6.55 0.0176881 7.25 3.22 27.3125 7200
8h 21 1Mmi1n 10020 0.0090 3.25 0.0144721 8.27 11.26 27.8375 28800
16h 21 10n4n 10020 0.0020 2.37 0.0032160 8.72 0.00 29.675 57600
24h 21 10n4n  1002n  0.0020 194 0.0032160 9.01 322 29.675 86400
L+A calcolati = 36.98
D particelle: 2.65 L+A pesati = 38.91
Errore strumentale = -1.93

Perso per strada = 4.30

FRAZIONI %
Totali
Ghiaia 181
Sabbia: 47.86
Limo: 30.35
Argilla: 19.98
S+L+A 98.19
L+A 50.33
Parziali
Sabbia: 48.74
Limo: 3091
Argilla: 20.35
Grossolano/Fine
>2mm/<2mm  0.018428
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Appendix 1.12. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Mujina Pecina, SU D.

MP/10/D

Campione totale

Totali Parziali

Diametri ¢ % % cum. %  %cum.
>256 -8 0.00 0.00 0.00 0.00
256-128 -7 0.00 0.00 0.00 0.00
128- 64 -6 0.00 0.00 0.00 0.00}
64-32 -5 0.00 0.00 0.00 0.00
32-16 -4 0.00 0.00 0.00 0.00
6-8 -3 0.00 0.00 0.00 0.00
8-4 -2 0.00 0.00 0.00 0.00
4-2 -1 53.56 5356  100.00  100.00
2000-1400 -0.5 7.85 61.41 16.90 16.90
400- 1000 0 551 66.92 11.86 28.77,
1000-710 0.5 5.13 72.05 11.05 39.82
710-500 1 3.49 75.54 751 47.33]
500-355 15 2.66 78.20 573 53.06
355-250 2 2.29 80.49 4.94 58.00
250-125 2.5 158 82.07 340 61.39
180-125 3 102 8309 219 6358
125-90 3.5 1.10 84.19 2.37 65.95
90- 63 4 0.95 85.14 2.05 68.01
63-45 45 155 86.70 3.35 71.35
45-31 5 0.94 87.64 2.03 73.38
31- 23 55 0.79 88.43 170 75.08
23-15 6 115 89.58 248 77.56
15 - 10 6.5 159 91.17 342 80.98
10-7 7 0.96 92.12 2.06 83.04
7-3 7.5 1.07 93.19 2.30 85.34
3-2 8 125 94.45 270 88.04
<2 <8 5.55  100.00 11.96  100.00

. r 4
Graphic mean = #NIA #NIA

Inclusive graphic standard deviation =
Inclusive graphic skewness = f #NIA
Graphic kurtosis = " A
Tempi caduta T°C Dens.  Rif.
1 21 1MmRN10n3n
2 21 104n  1n0n3n
5 21 1Mm3an  1nn3n
15' 21 1m2n  10n3n
45 21 10mnn 1nn3n
2h 21 10nan 1 0n3n
8h 2110070 10030
16h 2110070 10030
24h 21 10nnRN 10n3n
D particelle: 2.65

4
#NIA

Diff.
0.0120
0.0110
0.0100
0.0090
0.0070
0.0060
0.0040
0.0040
0.0030

Campionetto|
40 1 80
70
30 1 60
50
20 1 40
30
10 + 20
10
0+ 0
B e TN TR o Do e e e e g~ ® D s
50 7 100
Frazione < 2mm Frazione < 2mm %0
40 1 ©
70
30 1
60
50
20 1
40
30
20
g 283888888 eE R8TV o
ggggﬁggzasﬁamﬂﬂ .
- 1 0 1 3 4 5 6 8
#N/A
r
#N/IA
v
#N/A
Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
69.82 0.0193078 3.84 161 26.7875 60
49.61 0.0176988 433 161 27.05 120
3153 0.0160899 4.99 161 27.3125 300
18.29 0.0144809 5.77 322 27.575 900
10.66 0.0112629 6.55 161 281 2700
6.56 0.0096539 7.25 322 28.3625 7200
331 0.0064359 8.24 0.00 28.8875 28800
2.34 0.0064359 8.74 161 28.8875 57600
1.92 0.0048270 9.03 4.83 29.15 86400
L+A calcolati = 17.710
L+A pesati = 20.12
Errore strumentale = -2.42

Perso per strada =

71.64

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine

Totali

Parziali

>2mm/<2mm

1.153314

%

53.56
3158
9.30
5.55

46.44
14.86

68.01
20.04
11.96
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Appendix 2.1. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Mujina Pecina, SU E2A.

MP/1/E2A-8

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
1400- 1000 0 0.08 0.08 0.08 0.08] 10 20
1000-710 0.5 0.75 0.83 0.75 0.83 o
710-500 1 0.71 154 071 154
500-355 15 069 223 069 228 O g e g e e e e oo e n e~ | o 9 o 5 4 3 T o 1 2 s 4 5 6 1 80
355-250 2 0.67 2.90 0.67 2.90
250-125 2.5 0.60 350 0.60 3.50{ 50 7 100
180-125 3 0.65 4.15 0.65 4.15 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.83 4.98 0.83 4.98( 4 4 ©
90- 63 4 1.06 6.05 1.06 6.05
63-45 45 785 1390 785 1390 0 o
45-31 5 10.67 2457 10.67 2457 60
31- 23 5.5 13.05 37.62 13.05 37.62 “
23-15 6 1181 4943 1181 4943|207
5-10 65 879 5822 879 5822 “©
10-7 7 758 65.80 7.58 65.80( 10 30
7-3 7.5 4.00 69.80 4.00 69.80 %
3-2 8 0.00 69.80 0.00 69.80 0
<2 <8 3020 10000 3020 10000] § F§HE LKL EZE Al °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.37 2.2
Inclusive graphic standard deviation = 1775009 Poorly sorted.
Inclusive graphic skewness = -0.40 Very negative (coarse) skewed.
Graphic kurtosis = 0.69 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 10310 1003n  0.0280 64.11 0.0450516 3.96 322 22.5875 60
2 2110290 10030 0.0260 45.86 0.0418336 4.45 6.44 23.1125 120
5 21 10250 10030 0.0220 29.65 0.0353977 5.08 9.65 24.1625 300
15' 21 1Mman 1n003n - 0.0160 17.67 0.0257438 5.82 6.44 25.7375 900
45 21 1MmMARN 1003n  0.0120 10.41 0.0193078 6.59 4.83 26.7875 2700
2h 21 1Mm2n 1003n  0.0090 6.47 0.0144809 7.27 0.00 27.575 7200
8h 21 1Mm2n 1003n  0.0090 3.23 0.0144809 8.27 0.00 27.575 28800
16h 21 1Mm2n 1003n  0.0090 2.29 0.0144809 8.77 0.00 271.575 57600
24h 21 1020 1003n  0.0090 1.87 0.0144809 9.07 14.48 27575 86400
L+A calcolati = 41.83
D particelle: 2.65 L+A pesati = 45.44
Errore strumentale = -361
Perso per strada = 61.66

FRAZIONI %
Totali
CGhiaia 0.00
Sabbia: 6.05
Limo: 63.75
Argilla: 30.20
S+L+A 100.00
L+A 93.95
Parziali
Sabbia: 6.05
Limo: 63.75
Argilla: 30.20

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.2. Grain-size MP/2.1 - . FRAZIONI| %
otali arziali 50 - 100
(Wentwortha 1922) Of the <2 mm Diametri ¢ % % cum. %  %cum ‘ Campione totale © Totali
fraction of decalcified samples B6 8 000 000 000 om) | CaTpomione Gniaia 004
.e ye 256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8 | Sabbia: 4.70
from Mujina Pecina, SU B. 2ess - 000 000 000 000 o |Limo: 6616
64-32 -5 0.00 0.00 0.00 0.00 Argilla: 29.11
2.1 -4 000 000 000 000 ®
6-8 -3 0.00 0.00 0.00 0.00 50 |S+L+A 99.96
8-4 -2 0.00 0.00 0.00 0.00 o |LFA 95.26
4-2 -1 0.04 0.04 100.00  100.00|
2000-400 -0.5 020 024 020 020 ® Parziali
1400 - 1000 0 0.20 043 0.20 0.40 20 |Sabbia: 4.70
1000-710 0.5 0.28 071 0.28 0.67 o Limo: 66.18
710-500 1 0.36 1.07 0.36 1.03] Argilla: 29.12
500-355 15 0.36 142 0.36 138 P
355-250 2 0.39 1.82 0.40 178 . Grossolano/Fine
250-125 2.5 0.47 2.29 0.47 2.25| 50 7 100 | >2mm/<2mm  0.000395
180-125 3 051 2.80 051 271 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.75 355 0.75 3.52| 49 4 ©
90- 63 4 118 4.74 119 4.70
63-45 45 32 1% 38 1% | 0
45-31 5 9.44 17.41 9.45 17.38 60
31-23 5.5 12.34 29.74 12.34 29.72 w0
23-5 6 852 3827 852 3824|207
5-10 65 391 4217 391 4215 “©
-7 7 1171 53.88 11.71 53.86( 10 30
7-3 7.5 10.58 64.46 10.58 64.45 »
3-2 8 6.44 70.89 6.44 70.88 0
<2 <8 2911 10000  29.12  100.00 gfggegagegyagnaL ooy °
% =R 1 0 1 2 3 4 5 6 7 8 °
Graphic mean = 6.74 937 n
Inclusive graphic standard deviation = 1605377 Poorly sorted.
Inclusive graphic skewness = -0.50 Very negative (coarse) skewed.
Graphic kurtosis = 0.69 Platykurtic.
Tempi caduta T°C Dens. Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 20 1M70 10020 0.0150 70.35 0.0241201 3.83 0.00 26.2625 60
2 20 1mM370 10020 0.0150 49.75 0.0241201 433 3.22 26.2625 120
5 21 1M&EN 10n20 0.0130 3121 0.0209041 5.00 4.82 26.7875 300
15 21 1Mm2n 10020 0.0100 18.28 0.0160801 5.77 161 27.575 900
45' 22 1010 10n?n - 0.0090 10.41 0.0144721 6.59 4.82 27.8375 2700
2h 23 10N&N 10020 0.0060 6.34 0.0096481 7.30 3.22 28.625 7200
8h 23 100RN 10020 0.0040 3.20 0.0064320 8.29 1.61 29.15 28800
16h 23 10n&N 10020 0.0030 2.27 0.0048240 8.78 -1.60 29.4125 57600
24h 24 100R0 10010 0.0040 1.82 0.0064281 9.10 6.43 29.4125 86400
L+A calcolati = 2412
D particelle: 2.65 L+A pesati = 41.66
Errore strumentale = -17.54
Perso per strada = 40.65

173



Appendix 2.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU E3C

MP/2/E3C-12

Totali Parziali 50 - 100
I 1 0 0 0 0
D::::m ‘Z /00.00 % CL(IJrgo A:loo % Cur(:'oo Campione totale Campionetotale %
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
128 - 64 -6 0.00 0.00 0.00 0.00 0
64-32 -5 0.00 0.00 0.00 0.00
2w -4 000 000 000 000 ®
6-8 -3 0.00 0.00 0.00 0.00, 50
8-4 2 000 000 000 000 w0
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
400- 1000 0 0.04 0.04 0.04 0.04 20
1000-710 0.5 0.68 0.72 0.68 0.72 o
710-500 1 0.66 1.39 0.66 1.39
500-355 15 0.48 187 0.48 1.87 o 7 6 5 4 3 T o 1 2 3 4 s o
355-250 2 0.62 249 0.62 2.49
250-125 2.5 0.42 2.92 0.42 29250 7 100
180-125 3 0.52 344 0.52 344 Frazione < 2mm Erazione < 2mm %
125-90 3.5 113 4.57 113 4.57| 40 | ©
90- 63 4 155 6.12 155 6.12
63-45 45 740 1352 740 1382 | 0
45-31 5 10.30 23.82 10.30 23.82 60
31-23 5.5 10.66 34.48 10.66 34.48 w0
23-5 6 1000 4449 1000 4449|207
B-10 65 849 5297 849 5297 ©
10-7 7 7.36 60.33 7.36 60.33| 10 30
7-3 7.5 6.17 66.50 6.17 66.50 »
3-2 8 4.96 71.46 4.96 71.46 o
<2 <8 2854 10000 2854 10000 § E § § 8 &K g E YA Ea LT °
§ =R % 1 0 1 3 4 5 6 8 °
Graphic mean = 6.46 135 p
Inclusive graphic standard deviation = 1740352 Poorly sorted.
Inclusive graphic skewness = -0.44 Very negative (coarse) skewed.
Graphic kurtosis = 0.69 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 10320 10030 0.0290 63.74 0.0466606 3.97 3.22 22.325 60
2 21 10300 10030 0.0270 4559 0.0434426 4.45 6.44 22.85 120
5 21 102RN 10030 0.0230 29.49 0.0370067 5.08 8.04 239 300
15' 21 10210 1003n  0.0180 17.49 0.0289617 5.84 6.44 25.2125 900
45 21 1Mm70 1003n 0.0140 10.31 0.0225258 6.60 4.83 26.2625 2700
2h 21 1014n 10n03n - 0.0110 6.40 0.0176988 7.29 4.83 27.05 7200
8h 21 10110 10n3n  0.0080 3.25 0.0128719 8.27 161 27.8375 28800
16h 21 101nn 1003n  0.0070 231 0.0112629 8.76 0.00 28.1 57600
24h 21 10mnn 1003n  0.0070 1.88 0.0112629 9.05 11.26 281 86400
L+A calcolati = 43.44
D particelle: 2.65 L+A pesati = 62.19
Errore strumentale = -18.75
Perso per strada = 44.67

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
6.12
65.35
28.54

100.00
93.88

6.12
65.35
28.54

174



Appendix 2.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU E3A.

MP/4/E3A-10

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 o
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 05 000 000 000 000 *
1400- 1000 0 0.06 0.06 0.06 0.06 20
1000-710 0.5 0.65 071 0.65 0.71 o
710-500 1 0.68 1.39 0.68 1.39
500-355 15 0.49 1.89 0.49 1.89) s 7 5 5 4 s T o 1 2 3 4 s 8’
355-250 2 0.53 241 0.53 241
250-125 2.5 0.46 2.88 0.46 2.88| 50 7 100
180-125 3 0.56 343 0.56 343 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.74 4.17 0.74 417 40 |
90- 63 4 1.30 5.47 1.30 5.47 “
63-45 45 586 1133 586 1133 0 o
45-31 5 381 15.14 381 15.14 60
31-23 5.5 12.34 27.48 12.34 27.48 o
23-15 6 1303 4051 1303 4051|207
5-10 65 1302 5352 1302 5352 ©
0-7 7 7.93 61.46 7.93 61.46| 10 1 20
7-3 7.5 6.15 67.60 6.15 67.60 %
3-2 8 5.04 72.64 5.04 72.64 0
<2 <8 2736 10000 2736 10000] § 8§ & L8 g E ¥ EI 0oy °
§ =R 1 0 1 3 4 5 6 8 °
Graphic mean = 6.60 10.27 p
Inclusive graphic standard deviation = 1602515 Poorly sorted.
Inclusive graphic skewness = -0.41 Very negative (coarse) skewed.
Graphic kurtosis = 0.76 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 2110220 10030 0.0190 67.38 0.0305707 3.89 161 24.95 60
2 21 10210 1003n  0.0180 47.89 0.0289617 4.38 161 25.2125 120
5 2110200 10030 0.0170 30.45 0.0273528 5.04 6.44 25.475 300
15 21 1MAEN 10030 0.0130 17.94 0.0209168 5.80 6.44 26.525 900
45' 21 1Mm20 1003n  0.0090 10.56 0.0144809 6.57 322 27.575 2700
2h 21 10nn 1003n  0.0070 6.53 0.0112629 7.26 322 281 7200
8h 21 10NAN 10030 0.0050 329 0.0080449 8.25 161 28.625 28800
16h 21 10070 10030 0.0040 2.34 0.0064359 8.74 0.00 28.8875 57600
24h 2110070 10030 0.0040 191 0.0064359 9.03 6.44 28.8875 86400
L+A calcolati = 28.96
D particelle: 2.65 L+A pesati = 47.08
Errore strumentale = -18.12
Perso per strada = 61.25

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
5.47
67.17
27.36

100.00
94.53

5.47
67.17
27.36
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Appendix 2.5. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Mujina Peéina, SU E3B.

MP/5/E3B-11

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000 w0
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
400- 1000 0 0.06 0.06 0.06 0.06 20
1000-710 0.5 0.53 0.58 0.53 0.58 o
710-500 1 0.53 111 0.53 111
500-355 15 058 1.70 058 1.70 Y 7 6 5 4 3 T o 1 2 3 4 5 6 1 8"
355-250 2 0.67 2.37 0.67 2.37
250-125 2.5 0.56 292 0.56 2.92| 50 7 100
180-125 3 0.70 3.62 0.70 3.62 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.95 4.56 0.95 456 49 | ©
90- 63 4 139 5.96 139 5.96
63-45 45 1.96 7.92 1.96 7.92 0 o
45-31 5 10.53 18.44 10.53 18.44 60
31- 23 55 11.63 30.07 11.63 30.07 “
23-15 6 1058 4065 1058 4065|207
5-10 65 871  49.36 871 4936 “©
10-7 7 6.81 56.17 6.81 56.17| 10 30
7-3 7.5 5.59 61.76 5.59 61.76 »
3-2 8 454 66.30 454 66.30 0
<2 <8 3370 10000 3370 10000] § 8§ & L8 g E AT °
% =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.65 9.94
Inclusive graphic standard deviation = 1697484 Poorly sorted.
Inclusive graphic skewness = 0.48 Very negative (coarse) skewed.
Graphic kurtosis = 0.72 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 10240 10030 0.0210 66.67 0.0337887 391 0.00 24.425 60
2 21 10240 10030 0.0210 47.14 0.0337887 441 4.83 24.425 120
5 2110210 1003n  0.0180 30.29 0.0289617 5.04 6.44 25.2125 300
15' 21 1mMz70 1003n  0.0140 17.85 0.0225258 5.81 4.83 26.2625 900
45 21 104n 1003n - 0.0110 10.46 0.0176988 6.58 322 27.05 2700
2h 21 1Mm2n 1003n  0.0090 6.47 0.0144809 7.27 3.22 27.575 7200
8h 21 10mnn 1003n - 0.0070 3.26 0.0112629 8.26 161 281 28800
16h 21 100an 1003n  0.0060 2.32 0.0096539 8.75 0.00 28.3625 57600
24h 21 10n4an  1003n  0.0060 189 0.0096539 9.05 9.65 28.3625 86400
L+A calcolati = 33.79
D particelle: 2.65 L+A pesati = 42.08
Errore strumentale = -8.29
Perso per strada = 61.28

FRAZIONI %
Totali
CGhiaia 0.00
Sabbia: 5.96
Limo: 60.34
Argilla: 33.70
S+L+A 100.00
L+A 94.04
Parziali
Sabbia: 5.96
Limo: 60.34
Argilla: 33.70

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU D 4.

MP/6/D-4
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campione totale
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 "
128- 64 -6 0.00 0.00 0.00 0.00}
64-32 -5 000 000 000 000 ®
2.5 -4 000 000 000 000 ]
6-8 -3 0.00 0.00 0.00 0.00 40
8-4 -2 0.00 0.00 0.00 0.00 24
4-2 1 0.00 0.00 0.00 0.00 »
2000-1400 -0.5 0.00 0.00 0.00 0.00
1400- 1000 0 0.09 0.09 0.09 0.09] 10 4
1000-710 0.5 0.52 0.61 0.52 0.61 8 7 6 5 4 3 2 4 0 1 2 3 4 5 8 °
710-500 1 0.47 1.09 0.47 1.09
500-355 15 0.47 156 0.47 156) O e e S o e e e e < o o o o 0 o 2
355-250 2 0.52 2.08 0.52 2.08|
250-125 2.5 -2.78 -0.71 -2.78 -0.71| 50 7 100
180-125 3 0.42 -0.28 0.42 -0.28 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.66 0.38 0.66 038 49 |
90- 63 4 0.94 132 0.94 132 “
63-45 45 1909 2041 1909 2041 0 o
45-31 5 11.46 3187 11.46 31.87 60
31-23 5.5 4.83 36.70 4.83 36.70 o
23-15 6 713 4383 713 4383 %7
5-10 65 974 5358 974 5358 ©
0-7 7 5.80 59.38 5.80 59.38| 10 1 20
7-3 7.5 2.66 62.05 2.66 62.05 %
3-2 8 0.00 62.05 0.00 62.05 0
<2 <8 3795 10000 3795 10000] § F 8§ & L8 g E YAl °
§ =R 1 0_/_1—/—2\ 3 4 5 6 8 °
Graphic mean = 6.43 1163 p
Inclusive graphic standard deviation = 1771523 Poorly sorted.
Inclusive graphic skewness = -0.41 Very negative (coarse) skewed.
Graphic kurtosis = 0.54 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 21 1MAEN 10030 0.0130 69.47 0.0209168 3.85 322 26.525 60
2 21 1014n 1003n  0.0110 49.61 0.0176988 4.33 322 27.05 120
5 21 1Mm20 1003n  0.0090 31.68 0.0144809 4.98 161 27.575 300
15 21 1010 1003n  0.0080 18.38 0.0128719 5.77 322 27.8375 900
45' 21 10040 1003n  0.0060 10.71 0.0096539 6.55 161 28.3625 2700
2h 21 10NAN 10030 0.0050 6.59 0.0080449 7.25 0.00 28.625 7200
8h 21 10NAN 10030 0.0050 329 0.0080449 8.25 0.00 28.625 28800
16h 21 10NAN 10030 0.0050 2.33 0.0080449 8.75 0.00 28.625 57600
24h 21 100&N 10030 0.0050 1.90 0.0080449 9.04 8.04 28.625 86400
L+A calcolati = 17.70
D particelle: 2.65 L+A pesati = 22.80
Errore strumentale = -5.10
Perso per strada = 82.42

FRAZIONI %

Totali
Chiaia 0.00
Sabbia: 132
Limo: 60.73
Argilla: 37.95
S+L+A 100.00
L+A 98.68
Parziali
Sabbia: 132
Limo: 60.73
Argilla: 37.95

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU E1.

MP/7/E1-7

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.03 0.03  100.00  100.00|
2000-1400 -0.5 0.38 0.42 0.38 0.38, ®
1400- 1000 0 0.35 0.76 0.35 0.73 10 4 20
1000-710 0.5 0.45 122 0.45 118 o
710-500 1 0.35 1.56 0.35 153
500-355 15 0.42 198 0.42 1'950f?"?‘?‘ﬁ"?ﬁ’wvmom“mwmm:’-ﬂmmwm“mw;’ 8 7 6 5 -4 3 1 0 1 2 3 4 5 30
355-250 2 0.45 243 0.45 2.40
250-125 2.5 0.42 2.85 0.42 2.81 50 7 100
180-125 3 0.38 3.23 0.38 3.20 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.97 4.20 0.97 4.17| 40 | ©
90- 63 4 0.87 5.07 0.87 5.04
63-45 45 3.26 8.33 3.26 8.30 0 o
45-31 5 10.44 18.77 10.44 18.74 60
31-23 5.5 9.04 27.82 9.05 27.79 ©
23-15 6 813 3594 813  3502| %1
5-10 65 693 4288 694 4286 “©
10-7 7 759 50.47 7.59 50.45( 10 20
7-3 7.5 6.43 56.90 6.44 56.88 »
3-2 8 423 61.13 423 61.12 0
<2 <8 38710000 3888 10000, § £ §EELEEEYsnoe v °
§ =R 1 0 1 3 4 5 6 8 °
Graphic mean = 6.81 8.92
Inclusive graphic standard deviation = 1671296 Poorly sorted.
Inclusive graphic skewness = -0.55 Very negative (coarse) skewed.
Graphic kurtosis = 0.67 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 20 10man 1nn2n - 0.0170 69.65 0.0273362 3.84 0.00 25.7375 60
2 20 10Man 1n02n - 0.0170 49.25 0.0273362 4.34 4.02 25.7375 120
5 21 1MRR 10020 0.0145 30.98 0.0233161 5.01 4.02 26.39375 300
15' 21 10m4n 10020 0.0120 18.11 0.0192961 5.79 3.22 27.05 900
45 22 1Mm2n 10020 0.0100 10.36 0.0160801 6.59 322 27.575 2700
2h 23 10mnn 10020 0.0080 6.28 0.0128641 7.31 241 281 7200
8h 23 10NRR 110020 0.0065 3.16 0.0104521 8.30 241 28.49375 28800
16h 2310070 10020 0.0050 2.25 0.0080400 8.79 -1.60 28.8875 57600
24h 24 10070 10010 0.0060 1.80 0.0096422 9.12 9.64 28.8875 86400
L+A calcolati = 27.34
D particelle: 2.65 L+A pesati = 44.17
Errore strumentale = -16.83
Perso per strada = 42.88

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine

Totali

Parziali

>2mm/<2mm

0.000347

%

0.03
5.04
56.06
38.87

99.97
94.93

5.04
56.08
38.88
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Appendix 2.8. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Mujina Peéina, SU D.5.

MP/8/D-5
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
128 - 64 -6 0.00 0.00 0.00 0.00 0
64-32 -5 0.00 0.00 0.00 0.00
T 000 000 000 000 ] ”
6-8 -3 0.00 0.00 0.00 0.00, 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
1400- 1000 0 0.13 0.13 0.13 0.13 10 4 20
1000-710 0.5 0.90 1.02 0.90 1.02 o
710-500 1 0.70 173 0.70 173
500-355 15 058 2.30 058 2300 O T e S e o e o v e 0w e o e o o | 5 g 6 5 4 3 T o s . o
355-250 2 0.70 3.00 0.70 3.00
250-125 2.5 0.83 384 0.83 3.84( 50 7 100
180-125 3 0.64 4.48 0.64 448 Frazione < 2mm Erazione < 2mm %
125-90 3.5 1.02 5.50 1.02 5.50( 49 4 ©
90- 63 4 192 742 192 7.42
63-45 45 284 1026 284 1026 | 0
45-31 5 7.45 17.70 7.45 17.70 60
31-23 5.5 0.00 17.70 0.00 17.70 w0
23-5 6 3086 2077 306 2077|207
B-10 65 655 2731 655 2731 ©
10-7 7 7.26 34.57 7.26 34.57| 10 4 30
7-3 7.5 6.27 40.84 6.27 40.84 »
3-2 8 5.18 46.02 5.18 46.02 o
<2 <8 5398 10000 5398 10000] § 2§ B & § 8§ § ¢ 9 as °
§ =R % 1 0 1 3 5 8 °
Graphic mean = 7.22 6.70 u
Inclusive graphic standard deviation = 1810706 Poorly sorted.
Inclusive graphic skewness = -0.81 Very negative (coarse) skewed.
Graphic kurtosis = 105 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 21 10m2n 10030 0.0090 70.83 0.0144809 3.82 0.00 27.575 60
2 21 1020 10030 0.0090 50.09 0.0144809 432 161 27575 120
5 21 10110 1003n  0.0080 31.83 0.0128719 4.97 0.00 27.8375 300
15' 21 1Mmin 1003n  0.0080 18.38 0.0128719 577 161 27.8375 900
45 2110100 1003n 0.0070 10.66 0.0112629 6.55 161 28.1 2700
2h 21 10nan  1003n  0.0060 6.56 0.0096539 7.25 161 28.3625 7200
8h 21 10NAN 10030 0.0050 329 0.0080449 8.25 0.00 28.625 28800
16h 21 10NAN 10030 0.0050 2.33 0.0080449 8.75 0.00 28.625 57600
24h 21 10NARN 10030 0.0050 1.90 0.0080449 9.04 8.04 28.625 86400
L+A calcolati = 14.48
D particelle: 2.65 L+A pesati = 14.70
Errore strumentale = -0.22
Perso per strada = 89.54

FRAZIONI %
Totali
Ghiaia 0.00
Sabbia: 7.42
Limo: 38.60
Argilla: 53.98
S+L+A 100.00
L+A 92.58
Parziali
Sabbia: 742
Limo: 38.60
Argilla: 53.98

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.9. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Mujina Peéina, SU B.

MP/9/B

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000 w0
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
400- 1000 0 0.00 0.00 0.00 0.00 20
1000-710 0.5 0.26 0.26 0.26 0.26 o
710-500 1 0.38 0.64 0.38 0.64
500-355 15 0.41 1.05 041 1.05 Y 7 6 5 4 3 T o 1 2 s 4 5 6 1 8"
355-250 2 0.59 164 0.59 1.64
250-125 2.5 0.51 216 0.51 2.16| 50 7 100
180-125 3 0.64 2.80 0.64 2.80 Frazione < 2mm Frazione < 2mm %
125-90 3.5 1.00 3.80 1.00 3.80( 49 4 ©
90- 63 4 126 5.05 126 5.05
63-45 45 945 1450 945 1450| | °
45-31 5 6.39 20.89 6.39 20.89 60
31-23 5.5 12.90 33.79 12.90 33.79 ©
23-15 6 1256 4636 1256 4636|207
5-10 65 1080 5716 1080  57.16 “©
10-7 7 6.65 63.81 6.65 63.81| 10 30
7-3 7.5 5.12 68.93 5.12 68.93 »
3-2 8 418 73.12 4.18 7312 0
<2 <8 %688 10000 2688 10000] § F 8§ E L8 g E AT °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.40 187 p
Inclusive graphic standard deviation = 1679562 Poorly sorted.
Inclusive graphic skewness = -0.36 Very negative (coarse) skewed.
Graphic kurtosis = 0.68 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 10260 10030 0.0230 65.95 0.0370067 3.92 3.22 239 60
2 21 10240 10030 0.0210 47.14 0.0337887 441 3.22 24.425 120
5 2110220 10030 0.0190 30.13 0.0305707 5.05 8.04 24.95 300
15' 21 1mMz70 1003n  0.0140 17.85 0.0225258 5.81 6.44 26.2625 900
45 21 1M3n 1003n - 0.0100 10.51 0.0160899 6.57 322 27.3125 2700
2h 21 1Mm1n 1003n  0.0080 6.50 0.0128719 7.27 3.22 27.8375 7200
8h 21 100an 1003n  0.0060 3.28 0.0096539 8.25 322 28.3625 28800
16h 2110070 10030 0.0040 2.34 0.0064359 8.74 0.00 28.8875 57600
24h 21 10070 1003n  0.0040 1.91 0.0064359 9.03 6.44 28.8875 86400
L+A calcolati = 33.79
D particelle: 2.65 L+A pesati = 36.02
Errore strumentale = -2.23
Perso per strada = 74.21

FRAZIONI %
Totali

CGhiaia 0.00

Sabbia: 5.05

Limo: 68.06

Argilla: 26.88

S+L+A 100.00

L+A 94.95
Parziali

Sabbia: 5.05

Limo: 68.06

Argilla: 26.88

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.10. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Mujina Peéina, SU E2B.

MP/9/E2B-9

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256 - 128 7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 o
4-2 -1 0.04 0.04  100.00  100.00|
2000-400 -05 031 035 031 031 ®
1400- 1000 0 0.47 0.82 0.47 0.78 20
1000-710 0.5 0.43 1.25 043 121 o
710-500 1 0.39 1.65 0.39 161
500-355 15 0.47 212 047 2.08| s 7 5 5 4 s T o 1 2 3 45 6 1 8
355-250 2 0.59 2.70 0.59 2.66|
250-125 2.5 0.51 321 0.51 3.17(50 7 100
180-125 3 0.55 3.76 0.55 3.72 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.78 454 0.78 451 49 |
90- 63 4 0.98 5.52 0.98 5.49 “
63-45 45 1695 2247 1696 2244 0 o
45-31 5 1171 34.19 11.72 34.16 60
31-23 5.5 10.15 44.34 10.16 44.32 o
23-15 6 1095 5529 1096 5528|207
5-10 65 11.82 6711 1183  67.10 ©
0-7 7 5.21 72.32 521 72.31| 10 1 20
7-3 7.5 3.83 76.15 3.83 76.14 %
3-2 8 3.17 79.32 317 79.31 0
<2 <8 2068 10000 2069 10000] § F 8§ & L8 g E AT *
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.10 14.59 p
Inclusive graphic standard deviation = 1737653 Poorly sorted.
Inclusive graphic skewness = 0.18 Negative (coarse) skewed.
Graphic kurtosis = 0.75 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 19 1M70 10020 0.0150 71.58 0.0241201 3.80 322 26.2625 60
2 20 1MARN 10020 0.0130 50.24 0.0209041 431 4.02 26.7875 120
5 21 1M25 10020 0.0105 31.59 0.0168841 4.98 4.02 27.44375 300
15 21 10mnn 10020 0.0080 18.46 0.0128641 5.76 4.82 281 900
45' 22 10070 10020 0.0050 10.61 0.0080400 6.56 161 28.8875 2700
2h 23 100RN 10020 0.0040 6.40 0.0064320 7.29 161 29.15 7200
8h 23 100R0 10020 0.0030 321 0.0048240 8.28 322 29.4125 28800
16h 23 1003n  10n?n - 0.0010 2.29 0.0016080 8.77 -1.61 29.9375 57600
24h 24 1003n 10010 0.0020 183 0.0032141 9.09 321 29.9375 86400
L+A calcolati = 20.90
D particelle: 2.65 L+A pesati = 41.78
Errore strumentale = -20.88
Perso per strada = 47.52

FRAZIONI %
Totali

Ghiaia 0.04

Sabbia: 5.48

Limo: 73.80

Argilla: 20.68

S+L+A 99.96

L+A 94.48
Parziali

Sabbia: 5.49

Limo: 73.83

Argilla: 20.69

Grossolano/Fine
>2mm/<2mm  0.000392
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Appendix 2.11. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU D.

MP/10/D

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | w0
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 -0.5 0.00 0.00 0.00 0.00 *
1400- 1000 0 0.07 0.07 0.07 0.07 10 4 20
1000-710 0.5 0.39 0.46 0.39 0.46 o
710-500 1 0.33 0.79 0.33 0.79
500-355 15 0.39 118 0.39 118 °© @ ey oy g o g N o nTmwm oL ~n®® 8 7 6 5 -4 3 1 0 1 2 3 4 5 8 °
355-250 2 0.46 164 0.46 1.64
250-125 2.5 0.53 217 0.53 2.17| 50 7 100
180-125 3 0.53 270 0.53 2.70 Frazione < 2mm Frazione < 2mm %
125-90 3.5 0.86 355 0.86 3.55( 49 4 ©
90- 63 4 118 4.74 118 4.74
63-45 45 1088 1532 1058 153 | °
45-31 5 0.36 15.68 0.36 15.68 60
31-23 5.5 6.74 2241 6.74 2241 o
23-15 6 349 2591 349  2501| %1
5-10 65 000 2591 000 2591 “©
10-7 7 0.00 2591 0.00 2591 10 4 30
7-3 7.5 2.57 28.47 257 28.47 »
3-2 8 533 33.80 533 33.80 0
<2 <8 6620 10000 6620 10000, § £ § E & 5 € g ¥ sowoaa v °
% =R 1 0 1 3 4 5 6 8 °
Graphic mean = 7.34 6.16 p
Inclusive graphic standard deviation = 1677848 Poorly sorted.
Inclusive graphic skewness = -0.83 Very negative (coarse) skewed.
Graphic kurtosis = 0.73 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 1Mm2n 1003n  0.0090 70.83 0.0144809 3.82 161 27.575 60
2 21 1m0 1003n  0.0080 50.33 0.0128719 431 0.00 27.8375 120
5 21 1m0 1003n - 0.0080 31.83 0.0128719 4.97 161 27.8375 300
15' 21 10mnn 1003n - 0.0070 18.46 0.0112629 5.76 0.00 281 900
45 21 10mnn 1003n  0.0070 10.66 0.0112629 6.55 0.00 281 2700
2h 21 10mnn 1003n - 0.0070 6.53 0.0112629 7.26 161 281 7200
8h 21 100an 1003n  0.0060 3.28 0.0096539 8.25 0.00 28.3625 28800
16h 21 100an 1003n  0.0060 2.32 0.0096539 8.75 0.00 28.3625 57600
24h 21 10n4an  1003n  0.0060 189 0.0096539 9.05 9.65 28.3625 86400
L+A calcolati = 12.87
D particelle: 2.65 L+A pesati = 14.05
Errore strumentale = -1.18
Perso per strada = 87.63

FRAZIONI %
Totali
CGhiaia 0.00
Sabbia: 4.74
Limo: 29.06
Argilla: 66.20
S+L+A 100.00
L+A 95.26
Parziali
Sabbia: 474
Limo: 29.06
Argilla: 66.20

Grossolano/Fine
>2mm/<2mm 0
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Appendix 2.12. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Mujina Peéina, SU E1.

MP/6/E1alto
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
128 - 64 -6 0.00 0.00 0.00 0.00 0
64-32 -5 0.00 0.00 0.00 0.00
T 000 000 000 000 ] ”
6-8 -3 0.00 0.00 0.00 0.00, 50
8-4 -2 000 000 000 000, | o
4-2 -1 0.15 0.5 100.00  100.00|
2000-1400 -0.5 0.34 0.49 0.34 0.34 *
1400- 1000 0 0.29 0.78 0.29 0.64 10 20
1000-710 0.5 0.34 112 0.34 0.98 o
710-500 1 0.39 152 0.39 1.37,
500-355 15 0.39 191 0.39 176 O YR e T g e g g o e en e e | 5 1 5 5 4 3 T o 1 2 3 4 s o
355-250 2 0.59 249 0.59 2.35
250-125 2.5 0.44 2.93 0.44 2.79 50 7 100
180-125 3 0.88 381 0.88 3.67 Frazione < 2mm Erazione < 2mm %
125-90 3.5 0.78 4.60 0.78 446 4 | ©
90- 63 4 103 5.62 103 5.49
63-45 45 22 785 228 1m| | 0
45-31 5 5.70 13.55 571 13.42 60
31-23 5.5 2.49 16.04 2.50 15.92 w0
23-5 6 246 1850 246 1838|207
B-10 65 241 2091 241 2079 ©
10-7 7 4.85 25.75 4.85 25.64| 10 30
7-3 7.5 4.17 29.93 4.18 29.82 »
3-2 8 1.97 31.90 1.98 31.80 o
<2 <8 6810 10000 6820 10000, § £ § § & &€ g Yosowoad v °
§ =R § 1 0 1 3 4 5 6 8 °
Graphic mean = 7.52 5.46 p
Inclusive graphic standard deviation = 1594484 Poorly sorted.
Inclusive graphic skewness = -0.83 Very negative (coarse) skewed.
Graphic kurtosis = 124 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 20 1014n  10n2n 0.0120 71.40 0.0192961 381 0.00 27.05 60
2 20 1014n 10n2n 0.0120 50.49 0.0192961 431 161 27.05 120
5 21 10Mm3n 10n2n 0.0110 3152 0.0176881 4.99 0.80 27.3125 300
15' 21 1mM?25 10020 0.0105 18.24 0.0168841 5.78 0.80 27.44375 900
45 2?2 1Mm2n 10020 0.0100 10.36 0.0160801 6.59 161 27.575 2700
2h 23 1010 10n?n - 0.0090 6.25 0.0144721 7.32 0.80 27.8375 7200
8h 23 1005 10020 0.0085 313 0.0136681 8.32 0.80 27.96875 28800
16h 23 100N 10020 0.0080 222 0.0128641 8.81 -0.80 28.1 57600
24h 24 10095 10010 0.0085 178 0.0136598 9.13 13.66 28.23125 86400
L+A calcolati = 19.30
D particelle: 2.65 L+A pesati = 36.33
Errore strumentale = -17.03
Perso per strada = 49.75

FRAZIONI

Ghiaia

Sabbia:

Limo:

Argilla:

S+L+A
L+A

Sabbia:

Limo:

Argilla:

Grossolano/Fine

Totali

Parziali

>2mm/<2mm

0.001469

%

0.15
5.48
26.27
68.10

99.85
94.38

5.49
26.31
68.20
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Appendix 3.1. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 1.

Z/1/1
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.52 0.52  100.00  100.00
2000-1400 0.5 010 062 010 010 *
1400- 1000 0 0.16 0.78 0.16 0.26| 10 + 20
1000-710 0.5 0.31 1.09 0.31 0.58] 0
710-500 1 0.26 135 0.26 0.84
500-355 15 0.42 177 0.42 126 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf s 7 6 5 4 3 oo P s’
355-250 2 2.76 453 271 4.03 ‘
250-125 2.5 8.48 13.01 853 12.55( %0 1 100
180-125 3 1858 3159 1867 3123 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 17.95 49.54 18.05 49.28 49 | ©
90- 63 4 25.34 74.88 2547 74.75
63-45 45 578 8066 581  8056| | *
45-31 5 2.89 83.55 2.90 83.46 60
31-23 5.5 159 85.14 160 85.06 o
23-15 6 127 8640 128 8633 2T
5-10 65 107 8748 108  87.41 “
0-7 7 178 89.26 179 89.20| 10 1 30
7-3 7.5 -1.34 87.91 -1.35 87.85 »
3-2 8 -3.35 84.57 -3.36 84.49 o
<2 <8 1543 10000 1551 10000] § £ § § 8 § 848 ¥ § 388200y °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 3.76 73.89 p
Inclusive graphic standard deviation = 1647298 Poorly sorted.
Inclusive graphic skewness = 0.23 Positive (fine) skewed.
Graphic kurtosis = 2.28 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 20 10NNRN 10030 0.0030 74.14 0.0048270 3.75 0.80 29.15 60
2 20 10NNRAR 10030 0.0025 52.54 0.0040225 4.25 0.80 29.28125 120
5 20 10NRN 10030 0.0020 3331 0.0032180 4.91 0.48 29.4125 300
15' 20 10N47 10030 0.0017 19.25 0.0027353 5.70 0.32 29.49125 900
45' 20 10N45 10030 0.0015 11.13 0.0024135 6.49 0.48 29.54375 2700
2h 20 10N4? 10030 0.0012 6.82 0.0019308 7.20 -1.29 29.6225 7200
8h 20 10n4n 10020 0.0020 341 0.0032160 8.19 0.00 29.675 28800
16h 20 10n4n 10020 0.0020 241 0.0032160 8.69 3.22 29.675 57600
24h 200 1nn4n  10n4n  0.0000 197 0.0000000 8.99 0.00 29.675 86400
L+A calcolati = 483
D particelle: 2.65 L+A pesati = 28,57
Errore strumentale = -23.74
Perso per strada = 7.44

FRAZIONI %
Totali
Ghiaia 0.52
Sabbia: 74.36
Limo: 9.69
Argilla: 1543
S+L+A 99.48
L+A 25.12
Parziali
Sabbia: 74.75
Limo: 9.74
Argilla: 15.51

Grossolano/Fine

>2mm/<2mm  0.005231

184



Appendix 3.2. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 2.

21212

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.022582

>2mn/<2mm

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 221 221 100.00  100.00
2000-1400 0.5 082 303 08 084 *
1400-1000 0 0.74 3.77 0.75 1.60 2
1000-710 0.5 0.80 4.56 0.81 241 o
710-500 1 0.47 5.04 0.48 2.89
500-355 15 115 6.18 117 4.06 s 7 5 5 4 S
355-250 2 4.03 10.22 413 8.19
250-125 2.5 8.39 18.61 858 16.77( %0 1 100
180-125 3 1331 3192 1361 3038 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 12,63 44.55 12.92 43.30 49 | ©
90- 63 4 12.84 57.39 13.13 56.43
63-45 45 273 6012 280 5022 | *
45-31 5 7.34 67.46 7.50 66.72 60
31-23 5.5 7.63 75.09 7.80 74.52 o
23-15 6 440 7948 450 7902/ ® T
5-10 65 150 8098 153 8055 “
0-7 7 161 82.60 1.65 82.20 30
7-3 7.5 143 84.02 1.46 83.66 »
3-2 8 122 85.24 125 84.91
<2 <8 147610000 1500 10000 § £ § 5§ &8 F 3§ gowoes v 0
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 4.62 40.80 p
Inclusive graphic standard deviation = 2.364132 Very poorly sorted.
Inclusive graphic skewness = 0.10 Positive (fine) skewed.
Graphic kurtosis = 105 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 1Mm1n 10020 0.0090 7115 0.0144721 3.81 0.00 27.8375 60
2 21 1010 10020 0.0090 50.31 0.0144721 431 3.22 27.8375 120
5 21 10n4n 10020 0.0070 32.12 0.0112561 4.96 4.02 28.3625 300
15' 21 10NNRR 10020 0.0045 18.76 0.0072360 5.74 0.80 29.01875 900
45' 21 100RN 10020 0.0040 10.85 0.0064320 6.53 0.80 29.15 2700
2h 22 10NNRR 10020 0.0035 6.54 0.0056280 7.26 0.80 29.28125 7200
8h 21 100RN 10020 0.0030 3.34 0.0048240 8.23 0.80 29.4125 28800
16h 21 10n45 10020 0.0025 237 0.0040200 8.72 0.80 29.54375 57600
24h 21 10n4n 10020 0.0020 1.94 0.0032160 9.01 3.22 29.675 86400
L+A calcolati = 14.47
D particelle: 2.65 L+A pesati = 19.74
Errore strumentale = -5.27
Perso per strada = 12.32

%

221
55.18
27.85
14.76

97.79
42.61

56.43
28.48
15.09
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Appendix 3.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zala Cave, SU 16.

Z/3/16

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; ©
4-2 -1 3.05 3.05 100.00  100.00
2000-1400 0.5 070 375 072 O *
1400-1000 0 0.58 4.33 0.60 1.32 2
1000-710 0.5 0.95 5.28 0.98 2.30 0
710-500 1 0.82 6.10 0.85 3.15
500-355 15 137 7.48 142 456 s’
355-250 2 7.60 15.08 7.84 12.40
250-125 2.5 20.39 35.46 21.03 33.43[ %0 1 100
180-125 3 1920 5466 1980 5323 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 16.30 70.95 16.81 70.04 4 | ©
90- 63 4 11.87 82.82 12.25 82.28
63-45 4.5 245 8528 253 e4sll | 7°
45-31 5 0.20 85.48 0.21 85.03 60
31-23 5.5 155 87.04 160 86.63 o
23-15 6 155 8859 160 8823|207
5-10 65 155 9015 160  89.84 “
0-7 7 0.04 90.19 0.04 89.88| 10 30
7-3 7.5 128 91.47 132 91.20 »
3-2 8 254 94.01 2.62 93.82 o
<2 <8 599 10000 618 100000 § 2§ § & § 8% %93 8aa .
§ RS e A 1 0 1 2 3 4 5 6 8 °
Graphic mean = 311 1548 p
Inclusive graphic standard deviation = 1572974 Poorly sorted.
Inclusive graphic skewness = 0.07 Nearly symmetrical.
Graphic kurtosis = 195 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 21 10NRR 10020 0.0035 72.97 0.0056280 3.78 0.80 29.28125 60
2 21 100RN 10020 0.0030 5171 0.0048240 4.27 0.00 29.4125 120
5 21 100R0 10020 0.0030 3271 0.0048240 4.93 0.80 29.4125 300
15' 21 10N45 10020 0.0025 18.93 0.0040200 5.72 0.80 29.54375 900
45' 21 10n4n 10020 0.0020 10.95 0.0032160 6.51 0.00 29.675 2700
2h 22 10n4n 10020 0.0020 6.58 0.0032160 7.25 161 29.675 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 0.00 29.9375 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 0.00 29.9375 57600
24h 21 1003an 102N 0.0010 1.94 0.0016080 9.01 161 29.9375 86400
L+A calcolati = 5.63
D particelle: 2.65 L+A pesati = 12.84
Errore strumentale = -1.21
Perso per strada = 12.02

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.031478

Totali

Parziali

>2mn/<2mm

%

3.05
79.77
1118

5.99

96.95
17.18

82.28
1153
6.18

186



Appendix 3.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zala Cave, SU 32.

Z/4/32

Totali Parziali 50 100
Diametri ¢ % % cum. % % cum. ) Campione totale ©
256 iy 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00 40 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 2 w©
4-2 -1 3.52 352 100.00  100.00
2000-1400 0.5 122 474 126 126 *
1400- 1000 0 1.64 6.37 1.70 2.96| 10 20
1000-710 0.5 1.88 8.25 195 4.91 o
710-500 1 185 10.10 191 6.82
500-355 15 1.95 12.05 2.02 8.84 0'_;.Tu?@?@wvgcgﬂguzwzq:mﬁmgNﬁmv B“
355-250 2 832 2037 863 1747 ‘
250-125 2.5 15.08 35.45 15.63 33.10 50 100
180-25 3 1664 5209 1725 5035 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 16.85 68.95 17.47 67.81( 49 ©
90- 63 4 11.46 80.40 11.87 79.69
63-45 45 280 8320 290  8259| 7“
45-31 5 0.29 83.49 0.30 82.89 60
31-23 5.5 3.69 87.18 3.82 86.71 ©
23-15 6 1.62 88.80 1.68 88.39
5-10 65 000 8880 000 8839 “
0-7 7 3.89 92.69 4.03 92.43 30
7-3 7.5 3.32 96.01 3.44 95.87 »
3-2 8 2.82 98.83 2.92 98.79
<2 <8 117 10000 121 10000, § £ § § 8 § 84§ ¥ 938800y ©
§ A 1 0 1 2 3 4 5 6 8 °
Graphic mean = 3.35 98.06 p
Inclusive graphic standard deviation = 1845538 Poorly sorted.
Inclusive graphic skewness = 0.06 Nearly symmetrical.
Graphic kurtosis = 180 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 22 10NNRR 10020 0.0035 71.63 0.0056280 3.80 0.80 29.28125 60
2 22 100R0 10020 0.0030 50.77 0.0048240 4.30 0.00 29.4125 120
5 22 100R0 10020 0.0030 3211 0.0048240 4.96 161 29.4125 300
15' 21 10n4n 10020 0.0020 18.97 0.0032160 5.72 0.00 29.675 900
45 21 10n4n 10020 0.0020 10.95 0.0032160 6.51 161 29.675 2700
2h 21 1003n 10020 0.0010 6.74 0.0016080 7.21 161 29.9375 7200
8h 2110020 10020 0.0000 3.38 0.0000000 8.21 0.00 30.2 28800
16h 2110020 10020 0.0000 2.39 0.0000000 8.71 0.00 30.2 57600
24h 20 1nn2n 10020 0.0000 1.99 0.0000000 8.97 0.00 30.2 86400
L+A calcolati = 5.63
D particelle: 2.65 L+A pesati = 15.43
Errore strumentale = -9.80
Perso per strada = 13.39

FRAZIONI

CGhiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.036452

Totali

Parziali

>2mn/<2mm

%

3.52
76.89
18.43

117

96.48
19.60

79.69
19.10
121
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Appendix 3.5. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of undecalcified
samples from Zala Cave, SU 3.

Z/5/3/D11

Campione totale

B D TP N Hn O N ey ND®En T Dn© N~ o

<

Campione totale

Totali Parziali
Diametri ¢ % % cum. % % cum.
>256 -8 0.00 0.00 0.00 0.00;
256-128 -7 0.00 0.00 0.00 0.00
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00
32-16 -4 0.00 0.00 0.00 0.00
6-8 -3 0.00 0.00 0.00 0.00
8-4 -2 0.00 0.00 0.00 0.00;
4-2 -1 0.25 0.25  100.00 100.00
2000-1400 -0.5 0.04 0.29 0.04 0.04
1400- 1000 0 0.21 0.50 0.21 0.25
1000-710 0.5 0.42 0.92 0.42 0.67
710-500 1 0.25 117 0.25 0.92
500-355 15 0.62 179 0.63 154
355-250 2 3.83 5.62 384 5.38
250-125 2.5 10.70 16.32 10.73 16.11
180 - 125 3 26.10 42.42 26.17 42.28
125-90 35 23.60 66.02 23.66 65.94
90- 63 4 2394 89.96 24.00 89.93
63-45 4.5 457 9452 458 9451
45-31 5 247 97.00 248 96.99
31-23 55 212 99.12 213 99.12
23-15 6 0.88  100.00 0.88 100.00
15- 10 6.5 0.00  100.00 0.00 100.00
10-7 7 0.00  100.00 0.00 100.00
7-3 75 0.00  100.00 0.00 100.00
3-2 8 0.00  100.00 0.00 100.00
<2 <8 0.00  100.00 0.00 100.00
Graphic mean = 3.18 10.48 p
Inclusive graphic standard deviation = 0.7466519
Inclusive graphic skewness = -0.32
Graphic kurtosis = 107
Tempi caduta T°C Dens.  Rif. Diff.
1 21 10035 1002n 0.0015
2 21 10n3n  1nn2n 0.0010
5' 2110025 1002n 0.0005
15' 2110020 1nn2n 0.0000
45 2110020 1nn2n 0.0000
2h 2210020 1n0n2n 0.0000
8h 21 10n2n  1nn2n 0.0000
16h 21 10n2n 1 nn2n 0.0000
24h 21 1nn2n 1nntn 0.0010
D particelle: 2.65

Frazione < 2mm

1000710
500355
355 - 250
250125
180 - 125
12590
90-63
63-45
45-31
31-23
23-15
15-10

1400 - 1000

Frazione <2mm

Moderately well sorted.
Very negative (coarse) skewed.

Mesokurtic.
Diam. P. particolato/cc
73.62 0.0024120
52.17 0.0016080
33.07 0.0008040
19.13 0.0000000
11.05 0.0000000
6.64 0.0000000
3.38 0.0000000
2.39 0.0000000
1.95 0.0016070

¢ P.fraz.
3.76 0.80
4.26 0.80
4.92 0.80
571 0.00
6.50 0.00
7.23 0.00
821 0.00
8.71 -1.61
9.00 1.61
L+A calcolati = 241
L+A pesati = 6.25
Errore strumentale = -3.84
Perso per strada = 23.00

Prof. misura

29.80625
29.9375
30.06875
30.2
30.2
30.2
30.2

30.2
30.2

120
300
900
2700
7200
28800

57600
86400

FRAZIONI %
Totali
Ghiaia 0.25
Sabbia: 89.71
Limo: 10.04
Argilla: 0.00
S+L+A 99.75
L+A 10.04
Parziali
Sabbia: 89.93
Limo: 10.07
Argilla: 0.00

Grossolano/Fine

>2mm/<2mm  0.002504
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Appendix 3.6. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 49 _D11.

Z/6/49
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.97 0.97 100.00  100.00
2000-1400 0.5 011 107 01l o1l *
1400- 1000 0 0.29 1.36 0.29 0.40| 10 + 20
1000-710 0.5 0.43 179 043 0.83] 0
710-500 1 0.39 218 0.40 123
500-355 15 118 3.37 119 242 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf . 80
355-250 2 4.19 7.56 4.23 6.65 ‘
250-125 2.5 8.84 16.40 8.93 15.58( %0 1 100
180-125 3 1833 3473 1851  34.09 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 24.89 59.62 2513 59.22 4o | ©
90- 63 4 20.23 79.85 20.43 79.65
63-45 45 340 8325 34 8309 | *
45-31 5 1.26 84.52 128 84.36 60
31-23 5.5 0.75 85.27 0.76 85.13 o
23-15 6 135 8661 136 8648|2°T
5-10 65 182 8844 184 832 “
0-7 7 4.05 92.49 4.09 92.41| 10 30
7-3 7.5 1.76 94.24 177 94.19 »
3-2 8 0.00 94.24 0.00 94.19 0
<2 <8 57610000 581 10000, § £ § § ¥ g4 FEF S8R0y °
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 3.56 84.69 p
Inclusive graphic standard deviation = 1546384 Poorly sorted.
Inclusive graphic skewness = 0.18 Positive (fine) skewed.
Graphic kurtosis = 2.29 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 22 10NRR 10020 0.0035 71.63 0.0056280 3.80 0.80 29.28125 60
2 22 100R0 10020 0.0030 50.77 0.0048240 4.30 0.48 29.4125 120
5 22 10n47 10020 0.0027 32.15 0.0043416 4.96 0.32 29.49125 300
15' 21 10N45 10020 0.0025 18.93 0.0040200 5.72 0.80 29.54375 900
45' 21 10n4n 10020 0.0020 10.95 0.0032160 6.51 161 29.675 2700
2h 21 1003n 10020 0.0010 6.74 0.0016080 721 0.00 29.9375 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 0.00 29.9375 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 0.00 29.9375 57600
24h 200 10n3an  10n2n 0.0010 1.98 0.0016080 8.98 161 29.9375 86400
L+A calcolati = 5.63
D particelle: 2.65 L+A pesati = 15.90
Errore strumentale = -10.27
Perso per strada = 12.27

FRAZIONI %
Totali
Ghiaia 0.97
Sabbia: 78.88
Limo: 14.39
Argilla: 5.76
S+L+A 99.03
L+A 20.15
Parziali
Sabbia: 79.65
Limo: 14.53
Argilla: 5.81

Grossolano/Fine

>2mm/<2mm  0.009762
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Appendix 3.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zala Cave, SU 3b.

Z/7/3

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.14 0.14  100.00  100.00
2000-1400 0.5 011 025 011 011 *
1400- 1000 0 0.18 0.43 0.18 0.29| 10 + 20
1000-710 0.5 0.40 0.83 0.40 0.69 0
710-500 1 0.22 1.05 0.22 0.90
500-355 15 033 137 0.33 123 O T e g g s e g e g ey g s’
355-250 2 116 2.53 116 2.39
250-125 2.5 6.21 874 6.22 861[%0 T 100
180-125 3 2034 2908 2037 2898 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 28.90 57.98 28.94 57.92| 40 4 ©
90- 63 4 27.49 85.48 27.53 85.46
63-45 4.5 497 9045 498 044 | 7°
45-31 5 3.86 94.31 3.86 94.30 60
31-23 5.5 0.73 95.04 0.74 95.03 o
23-15 6 095 9599 095 9598/ 2T
5-10 65 110 97.09 110  97.08 “
0-7 7 0.01 97.10 0.01 97.09| 10 30
7-3 7.5 0.00 97.10 0.00 97.09 »
3-2 8 0.00 97.10 0.00 97.09 0
<2 <8 290 10000 291 10000, § £ §§ ¥ §HFEIIQL DL 00T °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 3.34 98.80 p
Inclusive graphic standard deviation = 0.818144 Moderately well sorted.
Inclusive graphic skewness = -0.23 Negative (coarse) skewed.
Graphic kurtosis = 148 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 21 10N45 10020 0.0025 73.30 0.0040200 3.77 0.80 29.54375 60
2 21 10n4n 10020 0.0020 51.94 0.0032160 4.27 161 29.675 120
5 21 1003n 10020 0.0010 33.00 0.0016080 4.92 0.32 29.9375 300
15' 21 10028 10020 0.0008 19.07 0.0012864 571 0.48 29.99 900
45' 21 10025 10020 0.0005 11.02 0.0008040 6.50 0.00 30.06875 2700
2h 21 10025 10020 0.0005 6.75 0.0008040 721 0.00 30.06875 7200
8h 21 10025 10020 0.0005 3.38 0.0008040 8.21 0.80 30.06875 28800
16h 2110020 10020 0.0000 2.39 0.0000000 871 0.00 30.2 57600
24h 21 10n2n 10020 0.0000 1.95 0.0000000 9.00 0.00 30.2 86400
L+A calcolati = 4.02
D particelle: 2.65 L+A pesati = 18.25
Errore strumentale = -14.23
Perso per strada = 8.73

FRAZIONI

Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.001447

Totali

Parziali

>2mn/<2mm

%

0.14
85.33
11.62

2.90

99.86
14.52

85.46
1164
291
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Appendix 3.8. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 40.

Z/8/40
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.92 0.92 100.00  100.00
2000-1400 0.5 014 105 014 014 *
1400- 1000 0 0.14 119 0.14 0.27| 10 + 20
1000-710 0.5 0.24 142 0.24 0.51 0
710-500 1 0.17 159 0.17 0.68
500-355 15 054 214 0.55 1.23 0',;w,‘,wwgcgﬂgwwwﬁmww:mf s’
355-250 2 227 441 229 352 i
250-125 2.5 4.41 8.82 4.45 7.97(%0 1 100
180-125 3 1638 2519 1653 2450 Frazione < 2mm Frazione < 2mm ®
125-90 35 17.33 4252 17.49 41.99 490 | o
90- 63 4 16.58 59.10 16.74 58.73
63-45 4.5 440 6350 444 6316 | 7°
45-31 5 4.76 68.26 4.80 67.97 60
31-23 5.5 10.58 78.84 10.68 78.65 o
23-15 6 669 8554 676 8540/ 2° T
5-10 65 347 8901 350 8890 “
0-7 7 3.88 92.88 391 92.82| 10 T 30
7-3 7.5 1.66 94.55 1.68 94.50 »
3-2 8 0.00 94.55 0.00 94.50 o
<2 <8 545 10000 550 10000, § F§F ¥ §HFEISLEL DL 00y °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 4.13 57.27 p
Inclusive graphic standard deviation = 1686163 Poorly sorted.
Inclusive graphic skewness = -0.09 Nearly symmetrical.
Graphic kurtosis = 105 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 21 10095 10020 0.0075 71.65 0.0120601 3.80 0.80 2823125 60
2 21 10n4n 10020 0.0070 50.78 0.0112561 4.30 161 28.3625 120
5 21 10NRN 10020 0.0060 32.27 0.0096481 4.95 4.82 28.625 300
15' 21 100RN 10020 0.0030 18.88 0.0048240 5.73 161 29.4125 900
45' 21 10n4n 10020 0.0020 10.95 0.0032160 6.51 161 29.675 2700
2h 21 1003n 10020 0.0010 6.74 0.0016080 721 0.00 29.9375 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 0.00 29.9375 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 0.00 29.9375 57600
24h 21 1003an 102N 0.0010 1.94 0.0016080 9.01 161 29.9375 86400
L+A calcolati = 12.06
D particelle: 2.65 L+A pesati = 17.48
Errore strumentale = -5.42
Perso per strada = 15.46

FRAZIONI %
Totali
Ghiaia 0.92
Sabbia: 58.19
Limo: 35.44
Argilla: 5.45
S+L+A 99.08
L+A 40.90
Parziali
Sabbia: 58.73
Limo: 35.77
Argilla: 5.50

Grossolano/Fine

>2mn/<2mm 0.00924
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Appendix 3.9. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 101.

Z/9/101
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 17.14 17.14  100.00  100.00
2000-1400 0.5 084 1798 101 101 *
1400- 1000 0 0.95 18.93 1.15 2.16| 10 + 20
1000-710 0.5 173 20.66 2.09 4.25 0
710-500 1 214 22.80 258 6.83
500-355 15 3.75 26.55 453 11.35 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf 80
355-250 2 837 3492 1010 2146 ‘
250-125 2.5 1033 45.25 1247 33.93[ %0 1 100
180-125 3 1394 5919 1682  50.75 Frazione < 2mm Frazione < 2mm ®
125-90 35 18.27 77.46 22.05 72.80| 40 4 o
90- 63 4 10.94 88.40 13.20 86.00
63-45 45 314 o154 379 8o79| | *
45-31 5 1.63 93.17 197 91.76 60
31-23 5.5 0.88 94.05 1.06 92.82 o
23-15 6 071 9477 086 9368 %
5-10 65 059 9535 071 9439 “
0-7 7 163 96.99 197 96.36| 10 30
7-3 7.5 137 98.35 1.65 98.01 »
3-2 8 1.16 99.52 1.40 99.42 o
<2 <8 048 10000 058 10000, § % §§E §HEFEIILEL AL 00T °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 2.88  136.09 p
Inclusive graphic standard deviation = 1459071 Poorly sorted.
Inclusive graphic skewness = -0.23 Negative (coarse) skewed.
Graphic kurtosis = 171 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 21 10N45 10020 0.0025 73.30 0.0040200 3.77 0.80 29.54375 60
2 21 10n4n 10020 0.0020 51.94 0.0032160 4.27 0.80 29.675 120
5 21 10035 10020 0.0015 32.92 0.0024120 4.92 0.48 29.80625 300
15' 2110032 10020 0.0012 19.03 0.0019296 5.72 0.32 29.885 900
45' 21 1003n 10020 0.0010 11.00 0.0016080 6.51 0.80 29.9375 2700
2h 21 10025 10020 0.0005 6.75 0.0008040 721 0.80 30.06875 7200
8h 2110020 10020 0.0000 3.38 0.0000000 8.21 0.00 30.2 28800
16h 2110020 10020 0.0000 2.39 0.0000000 871 -16.08 30.2 57600
24h 21 10120 1002n  0.0100 187 0.0160801 9.07 16.08 27575 86400
L+A calcolati = 4.02
D particelle: 2.65 L+A pesati = 11.10
Errore strumentale = -7.08
Perso per strada = 14.51

FRAZIONI %
Totali
Ghiaia 17.14
Sabbia: 71.26
Limo: 1112
Argilla: 0.48
S+L+A 82.86
L+A 11.60
Parziali
Sabbia: 86.00
Limo: 1342
Argilla: 0.58

Grossolano/Fine

>2mm/<2mm  0.206896
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Appendix 3.10. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 101.

Z/10/101

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 5.81 581 100.00  100.00
2000-1400 0.5 048 629 051 051 *
1400- 1000 0 0.34 6.63 0.36 0.88| 10 + 20
1000-710 0.5 0.52 7.14 0.55 142 o
710-500 1 0.65 7.80 0.69 212
500-355 15 1.58 9.38 1.68 3.79 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf . 80
355-250 2 4.95 14.32 5.25 9.04 ‘
250-125 2.5 9.89 24.22 10.50 19.55( 50 1 100
180-125 3 1401 3823 148 3442 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 19.61 57.85 20.82 55.25 40 | ©
90- 63 4 20.06 7791 21.30 76.54
63-45 4.5 370 8161 393 8047/ | 7°
45-31 5 2.10 8371 2.23 82.70 60
31-23 5.5 2.10 85.81 223 84.93 o
23-15 6 171 87.52 1.82 86.75
5-10 65 140 8892 148 8323 “
0-7 7 1.88 90.79 1.99 90.23 30
7-3 7.5 0.92 91.71 0.98 91.20 »
3-2 8 0.00 91.71 0.00 91.20
<2 <8 820 10000 880 10000 § £ ¥ EEFEEI IRy °
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 3.67 78.81
Inclusive graphic standard deviation = 177279 Poorly sorted.
Inclusive graphic skewness = 0.19 Positive (fine) skewed.
Graphic kurtosis = 2.18 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 21 10NRN 10020 0.0040 72.81 0.0064320 3.78 0.80 29.15 60
2 21 10NRR 10020 0.0035 51.60 0.0056280 4.28 0.80 29.28125 120
5 21 100R0 10020 0.0030 3271 0.0048240 4.93 0.96 29.4125 300
15' 21 10n44 10020 0.0024 18.93 0.0038592 5.72 0.64 29.57 900
45' 21 10n4n 10020 0.0020 10.95 0.0032160 6.51 0.80 29.675 2700
2h 22 10037 10020 0.0015 6.60 0.0024120 7.24 0.00 29.80625 7200
8h 21 10035 10020 0.0015 3.36 0.0024120 8.22 0.80 29.80625 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 0.00 29.9375 57600
24h 21 1003an 102N 0.0010 1.94 0.0016080 9.01 161 29.9375 86400
L+A calcolati = 6.43
D particelle: 2.65 L+A pesati = 17.40
Errore strumentale = -10.97
Perso per strada = 11.61

FRAZIONI %
Totali
Ghiaia 5.81
Sabbia: 72.10
Limo: 1381
Argilla: 8.29
S+L+A 94.19
L+A 22.09
Parziali
Sabbia: 76.54
Limo: 14.66
Argilla: 8.80

Grossolano/Fine

>2mm/<2mm  0.061629
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Appendix 3.11. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 49.

Z/11/T1

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 2.10 210 100.00  100.00
2000-1400 0.5 024 235 025 025 *
1400- 1000 0 0.20 2.55 0.21 0.45| 10 + 20
1000-710 0.5 0.44 2,99 0.45 0.91] o
710-500 1 0.16 315 0.17 1.07
500-355 15 0.81 3.96 0.83 1.90 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf 80
355-250 2 4.09 8.05 4.17 6.07 ‘
250-125 2.5 11.89 19.94 12.15 18.22( %0 1 100
180-125 3 1274 3268 1301 3123 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 18.00 50.68 18.39 49.62| 49 | ©
90- 63 4 13.55 64.23 13.84 63.46
63-45 4.5 431 6854 44 6786 | 7°
45-31 5 2.66 71.20 2.72 70.58 60
31-23 5.5 4.14 75.33 4.23 74.80 o
23-15 6 414 7947 423 7903|271
5-10 65 414 8361 423 8326 “
0-7 7 4.62 88.23 4.72 87.98| 10 T 30
7-3 7.5 294 91.17 3.00 90.98 »
3-2 8 1.63 92.80 167 92.64 0
<2 <8 720 10000 736 10000, § 2§ § ¥ §HFEIILEL DL 00T °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 4.17 55.67 p
Inclusive graphic standard deviation = 2.019666 Very poorly sorted.
Inclusive graphic skewness = 0.00 Nearly symmetrical.
Graphic kurtosis = 0.96 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 21 10075 10020 0.0055 72.31 0.0088441 3.79 0.80 28.75625 60
2 2110070 10020 0.0050 51.25 0.0080400 429 0.80 28.8875 120
5 21 10NNRR 10020 0.0045 32.49 0.0072360 4.94 161 29.01875 300
15' 21 10NRR 10020 0.0035 18.84 0.0056280 5.73 161 29.28125 900
45' 21 10N45 10020 0.0025 10.93 0.0040200 6.52 161 29.54375 2700
2h 21 10035 10020 0.0015 6.72 0.0024120 7.22 0.80 29.80625 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 0.00 29.9375 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 0.00 29.9375 57600
24h 21 1003an 102N 0.0010 1.94 0.0016080 9.01 161 29.9375 86400
L+A calcolati = 8.84
D particelle: 2.65 L+A pesati = 20.01
Errore strumentale = -11.17
Perso per strada = 14.73

FRAZIONI %
Totali
Ghiaia 2.10
Sabbia: 62.13
Limo: 28.57
Argilla: 7.20
S+L+A 97.90
L+A 35.77
Parziali
Sabbia: 63.46
Limo: 29.18
Argilla: 7.36

Grossolano/Fine

>2mm/<2mm  0.021484

194



Appendix 3.12. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 3c.

Z/12/T2

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.23 0.23  100.00  100.00
2000-1400 0.5 008 031 008 008 *
1400- 1000 0 0.08 0.38 0.08 0.15| 10 + 20
1000-710 0.5 0.46 0.84 0.46 0.62] o
710-500 1 0.15 1.00 0.15 0.77
500-355 15 0.23 123 0.23 1.00 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf 80
355-250 2 169 292 169 269 ‘
250-125 2.5 7.18 10.09 7.19 9.88[ %0 1 100
180-125 3 2218 327 2223 3R Frazione < 2mm Frazione < 2mm ®
125-90 3.5 27.28 59.55 27.34 59.46| 40 | ©
90- 63 4 25.02 84.57 25.07 84.53
63-45 45 421 8884 428 8esll | *
45-31 5 227 9111 2.28 91.09 60
31-23 5.5 1.96 93.07 196 93.05 o
23-15 6 028 9335 028 933327
5-10 65 072 9263 -072 9261 “
0-7 7 0.84 93.47 0.84 93.45| 10 30
7-3 7.5 0.71 94.18 0.72 94.17 »
3-2 8 0.62 94.80 0.62 94.79 o
<2 <8 52 10000 521 10000, § F§§ ¥ §HFEIILL DL 00y °
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 332 10027 p
Inclusive graphic standard deviation = 1228866 Poorly sorted.
Inclusive graphic skewness = -0.07 Nearly symmetrical.
Graphic kurtosis = 2.48 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 20 10NNRAR 10030 0.0025 74.31 0.0040225 3.75 0.80 29.28125 60
2 20 10NRN 10030 0.0020 52.66 0.0032180 4.25 0.80 29.4125 120
5 20 10N45 10030 0.0015 33.38 0.0024135 4.90 0.80 29.54375 300
15' 20 10n4n 10030 0.0010 19.31 0.0016090 5.69 -0.32 29.675 900
45' 20 10032 10020 0.0012 11.19 0.0019296 6.48 0.32 29.885 2700
2h 21 1003n 10020 0.0010 6.74 0.0016080 721 0.32 29.9375 7200
8h 21 10N28 10020 0.0008 3.37 0.0012864 8.21 0.48 29.99 28800
16h 20 10025 10020 0.0005 243 0.0008040 8.69 241 30.06875 57600
24h 18 10n2n 10030 -0.0010 2.02 -0.0016090 8.95 -1.61 30.2 86400
L+A calcolati = 4.02
D particelle: 2.65 L+A pesati = 9.59
Errore strumentale = -5.57
Perso per strada = 19.33

FRAZIONI %
Totali
Ghiaia 0.23
Sabbia: 84.34
Limo: 10.24
Argilla: 5.20
S+L+A 99.77
L+A 15.43
Parziali
Sabbia: 8453
Limo: 10.26
Argilla: 521

Grossolano/Fine

>2mm/<2mm  0.002307
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Appendix 3.13. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 65.

Z/13/T3

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 4.40 4.40 100.00  100.00
2000-1400 0.5 198 633 207 207 *
1400- 1000 0 1.64 8.03 1.72 3.80| 10 + 20
1000-710 0.5 2.76 10.79 2.88 6.68 0
710-500 1 281 13.59 293 9.61
500-355 15 2.27 15.87 2.38 11.99 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf 80
355-250 2 6.14 2201 6.43 18.42 i
250-125 2.5 8.42 3043 8.80 27.22| %0 1 100
180-125 3 1906 4949 1994  47.16 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 10.74 60.23 11.23 58.39| 40 4 ©
90- 63 4 8.66 68.89 9.06 67.45
63-45 45 565 7454 501 7337 | *
45-31 5 2.80 71.34 2.93 76.29 60
31-23 5.5 2.39 79.73 250 78.79 o
23-15 6 2.39 82.12 2.50 81.29
5-10 65 240 8451 251 8380 “
0-7 7 2.66 87.18 2.79 86.58 30
7-3 7.5 2.26 89.44 2.36 88.95 »
3-2 8 1.95 91.39 2.04 90.99
<2 <8 861 10000 901 10000, § 2§ §E §HEFEIILL DL 00T °
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 3.82 70.57 p
Inclusive graphic standard deviation = 2.429013 Very poorly sorted.
Inclusive graphic skewness = 0.02 Nearly symmetrical.
Graphic kurtosis = 140 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 10NRND 10020 0.0040 76.67 0.0064320 371 0.80 29.15 60
2 18 10NRR 10020 0.0035 54.34 0.0056280 420 0.80 29.28125 120
5 18 100RN 10020 0.0030 34.44 0.0048240 4.86 0.80 29.4125 300
15' 19 10045 10020 0.0025 19.60 0.0040200 5.67 0.80 29.54375 900
45' 20 10n4n 10020 0.0020 11.15 0.0032160 6.49 0.80 29.675 2700
2h 21 10035 10020 0.0015 6.72 0.0024120 7.22 0.80 29.80625 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 0.00 29.9375 28800
16h 21 1003n 10020 0.0010 2.38 0.0016080 871 -1.61 29.9375 57600
24h 21 10n3an  10ntn - 0.0020 1.94 0.0032141 9.01 321 29.9375 86400
L+A calcolati = 6.43
D particelle: 2.65 L+A pesati = 16.61
Errore strumentale = -10.18
Perso per strada = 20.06

FRAZIONI %
Totali
Ghiaia 4.40
Sabbia: 64.48
Limo: 22.50
Argilla: 8.61
S+L+A 95.60
L+A 3111
Parziali
Sabbia: 67.45
Limo: 2354
Argilla: 9.01

Grossolano/Fine

>2mm/<2mm  0.046048
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Appendix 3.14. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples

from Zala Cave, SU 71.

Z/14]/T4
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.94 0.94 100.00  100.00
2000-1400 0.5 027 12 028 028 *
1400- 1000 0 0.16 137 0.16 0.44| 10 + 20
1000-710 0.5 0.35 172 0.36 0.79 0
710-500 1 031 2.04 0.32 11
500-355 15 0.71 274 0.71 1.82] 0'_;.Tu;p?@wﬁgcgﬂngwzq:mﬁ“,ﬁ“:mf 6 7 80
355-250 2 220 494 222 404 ‘
250-125 2.5 6.70 11.64 6.77 10.80( %0 1 100
180-125 3 1548 2713 1563 2643 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 25.32 52.45 25.56 52.00( 40 4 ©
90- 63 4 25.48 7793 25.72 71.72
63-45 4.5 433 8226 438 8200 | 7°
45-31 5 2.68 84.94 271 84.80 60
31-23 5.5 4.01 88.96 4.05 88.85 o
23-15 6 279 9175 28 9167|207
5-10 65 206 9381 208 9375 “
0-7 7 450 98.31 454 98.29| 10 1 30
7-3 7.5 169  100.00 171 100.00 »
3-2 8 0.00  100.00 0.00  100.00 0
<2 <8 000 10000 000 10000 § £ ¥ EHEEI IRy °
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 3.66 79.2 p
Inclusive graphic standard deviation = 1238268 Poorly sorted.
Inclusive graphic skewness = 0.11 Positive (fine) skewed.
Graphic kurtosis = 188 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 20 10NNRR 10030 0.0035 7397 0.0056315 3.76 0.80 29.01875 60
2 20 10NRN 10030 0.0030 52.43 0.0048270 4.25 0.80 29.15 120
5 20 10NNRAR 10030 0.0025 3323 0.0040225 4.91 161 29.28125 300
15' 20 10N45 10030 0.0015 19.27 0.0024135 5.70 0.80 29.54375 900
45' 20 10n4n 10030 0.0010 11.15 0.0016090 6.49 161 29.675 2700
2h 20 10030 10030 0.0000 6.86 0.0000000 7.19 0.00 29.9375 7200
8h 2110020 10020 0.0000 3.38 0.0000000 8.21 0.00 30.2 28800
16h 2110020 10020 0.0000 2.39 0.0000000 871 161 30.2 57600
24h 18 10n2n 10030 -0.0010 2.02 -0.0016090 8.95 -1.61 30.2 86400
L+A calcolati = 5.63
D particelle: 2.65 L+A pesati = 20.30
Errore strumentale = -14.67
Perso per strada = 10.36

FRAZIONI %
Totali
Ghiaia 0.94
Sabbia: 76.99
Limo: 22.07
Argilla: 0.00
S+L+A 99.06
L+A 22.07
Parziali
Sabbia: 77.72
Limo: 22.28
Argilla: 0.00

Grossolano/Fine

>2mm/<2mm  0.009497
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Appendix 3.15. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zala Cave, SU 85.

Z/15/85

Totali Parziali 50 100
Diametri ¢ % % cum. % % cum. ) Campione totale ©
256 iy 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00 40 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 2 w©
4-2 -1 37.07 37.07 100.00  100.00!
2000-1400 0.5 586 4293 932 932 *
1400- 1000 0 6.17 49.10 9.80 19.12 10 20
1000-710 0.5 7.09 56.19 11.27 30.39 0
710-500 1 5.04 61.23 8.00 38.39
500-355 15 577 67.00 017 4756 TSR N a o g g e e e g m e e | 5 7 s s 4 s 2 4 0 1 2 a3 4 s e’
355-250 2 844 7544 1341 6097 ‘
250-125 2.5 825 83.69 1311 74.08| 50 100
180-25 3 865 9234 1375  87.83 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 4.56 96.90 7.25 95.08( 49 ©
90- 63 4 3.10 100.00 4.92  100.00
63-45 45 000  100.00 000 10000| 7“
45-31 5 0.00  100.00 0.00  100.00 60
31-23 5.5 0.00  100.00 0.00  100.00 ©
23-15 6 000  100.00 000  100.00( 2
5-10 65 000 100.00 000  100.00 “
0-7 7 0.00  100.00 0.00  100.00 30
7-3 7.5 0.00  100.00 0.00  100.00 »
3-2 8 0.00  100.00 0.00  100.00
< <s 000 100 000 1000| § £ § 5 E 85 EFeAaaiTyy .
§ A 1 0 1 3 4 5 6 8 °
Graphic mean = 143 370.90 p
Inclusive graphic standard deviation = " ania #N/A
Inclusive graphic skewness = I #NIA f #N/A
Graphic kurtosis = f #NIA f #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 2110020 10020 0.0000 7411 0.0000000 3.75 0.00 30.2 60
2 2110020 10020 0.0000 52.40 0.0000000 425 0.00 30.2 120
5 2110020 10020 0.0000 33.14 0.0000000 4.92 0.00 30.2 300
15' 2110020 10020 0.0000 19.13 0.0000000 571 0.00 30.2 900
45 2110020 10020 0.0000 11.05 0.0000000 6.50 0.00 30.2 2700
2h 2110020 10020 0.0000 6.77 0.0000000 7.21 0.00 30.2 7200
8h 2110020 10020 0.0000 3.38 0.0000000 8.21 0.00 30.2 28800
16h 2110020 10020 0.0000 2.39 0.0000000 8.71 0.00 30.2 57600
24h 21 10n2n 10020 0.0000 1.95 0.0000000 9.00 0.00 30.2 86400
L+A calcolati = 0.00
D particelle: 2.65 L+A pesati = 6.09
Errore strumentale = -6.09
Perso per strada = 17.30

FRAZIONI %
Totali
Ghiaia 37.07
Sabbia: 62.93
Limo: 0.00
Argilla: 0.00
S+L+A 62.93
L+A 0.00
Parziali
Sabbia: 100.00
Limo: 0.00
Argilla: 0.00

Grossolano/Fine
>2mm/<2mm  0.589031
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Appendix 4.1. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU

Z/11
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 o
4-2 -1 0.17 0.17  100.00  100.00|
2000-1400 05 006 022 006 006 *
1400- 1000 0 0.06 0.28 0.06 0.11 20
1000-710 0.5 0.20 0.48 0.20 0.31 o
710-500 1 0.17 0.65 0.17 0.48
500-355 15 022 0.87 0.23 0.70) —
355-250 2 0.81 1.69 0.82 1.52
250-125 2.5 3.68 537 3.69 5.21(50 7 100
180-125 3 1017 1554 1019 1540 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 12.70 2824 12.72 2812 49 |
90- 63 4 22.03 50.27 22.07 50.18 “
63-45 45 1092 6118 1093 6112 0 o
45-31 5 13.70 74.88 13.72 74.84 60
31-23 5.5 7.28 82.16 7.30 82.13 o
23-15 6 405 8622 406  86.19|%7
5-10 65 267 8889 267 8387 ©
0-7 7 155 90.44 155 90.42 10 1 20
7-3 7.5 1.26 91.69 1.26 91.68 %
3-2 8 111 92.80 111 92.79 0+
<2 <8 720 10000 721 10000] § F 8§ ELEEEFEAAI L0 °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.25 52.56 p
Inclusive graphic standard deviation = 1560591 Poorly sorted.
Inclusive graphic skewness = 0.00 Nearly symmetrical.
Graphic kurtosis = 146 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 17 1014n 1003n  0.0110 75.08 0.0176988 3.74 0.80 27.05 60
2 17 1M3R 10030 0.0105 53.22 0.0168944 4.23 7.24 27.18125 120
5 17 10090 10030 0.0060 34.38 0.0096539 4.86 4.02 28.3625 300
15 17 10NRR 10030 0.0035 20.08 0.0056315 5.64 161 29.01875 900
45' 18 10045 10020 0.0025 1151 0.0040200 6.44 0.80 29.54375 2700
2h 19 10040 10020 0.0020 6.95 0.0032160 717 0.80 29.675 7200
8h 20 10NN3R 10020 0.0015 342 0.0024120 819 0.00 29.80625 28800
16h 20 10NN3R 10020 0.0015 242 0.0024120 8.69 0.00 29.80625 57600
24h 21 1003k 1002N 0.0015 194 0.0024120 9.01 241 29.80625 86400
L+A calcolati = 17.70
D particelle: 2.65 L+A pesati = 29.21
Errore strumentale = -1151
Perso per strada = 40.96

FRAZIONI %
Totali
Ghiaia 0.17
Sabbia: 50.10
Limo: 42.53
Argilla: 7.20
S+L+A 99.83
L+A 49.73
Parziali
Sabbia: 50.18
Limo: 42.60
Argilla: 721

Grossolano/Fine
>2mm/<2mm  0.001689
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Appendix 4.2. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 2.

21212

Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 o
4-2 -1 0.40 040  100.00  100.00|
2000-1400 -0.5 0.34 0.74 0.34 0.34 *
1400- 1000 0 0.50 124 0.50 0.84 20
1000-710 0.5 0.67 191 0.67 151 o
710-500 1 0.57 248 0.57 2.09
500-355 15 097 3.45 0.98 3.06] o 7 s 5 4 3 o 1 2 3 4 5 6 1 8"
355-250 2 3.42 6.87 343 6.50
250-125 2.5 7.44 14.32 747 13.97| 50 7 100
180-125 3 1106 2538 1111 2508 Frazione < 2mm Frazione < 2mm ®
25.90 35 3162 57.00 3175  56.83| 4 |
90- 63 4 13.34 70.35 13.40 70.23 “
63-45 45 357 7392 359 7381 0 o
45-31 5 201 75.93 2.02 75.83 60
31-23 5.5 17 77.64 171 77.55 o
23-15 6 177 7941 178 79.32| 21
5-10 65 183 8124 184 8116 ©
0-7 7 191 83.15 1.92 83.08( 10 1 20
7-3 7.5 243 85.58 244 85.52 %
3-2 8 271 88.30 272 88.25 0+
<2 <8 1170 10000 1175 10000] § 8§ & L8 g ¥ ¥ a0y °
§ =R 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.39 47.68 p
Inclusive graphic standard deviation = 2.178308 Very poorly sorted.
Inclusive graphic skewness = 0.28 Positive (fine) skewed.
Graphic kurtosis = 155 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 21 10075 10020 0.0055 72.31 0.0088441 3.79 0.80 28.75625 60
2 2110070 10020 0.0050 51.25 0.0080400 4.29 0.80 28.8875 120
5 21 10NNRR 10020 0.0045 3249 0.0072360 4.94 0.80 29.01875 300
15 21 100RN 10020 0.0040 18.80 0.0064320 5.73 0.80 29.15 900
45' 19 10NRR 10020 0.0035 11.27 0.0056280 6.47 0.80 29.28125 2700
2h 19 10n&n 10020 0.0030 6.91 0.0048240 7.18 161 29.4125 7200
8h 19 10040 10020 0.0020 347 0.0032160 817 0.80 29.675 28800
16h 20 10NN3R 10020 0.0015 242 0.0024120 8.69 0.80 29.80625 57600
24h 21 10n3n 1002n 0.0010 194 0.0016080 9.01 161 29.9375 86400
L+A calcolati = 8.04
D particelle: 2.65 L+A pesati = 21.32
Errore strumentale = -13.28
Perso per strada = 42.32

FRAZIONI %
Totali
Ghiaia 0.40
Sabbia: 69.94
Limo: 17.95
Argilla: 11.70
S+L+A 99.60
L+A 29.65
Parziali
Sabbia: 70.23
Limo: 18.02
Argilla: 11.75

Grossolano/Fine
>2mm/<2mm 0.00404
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Appendix 4.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zala Cave, SU 16.

Z/3/16

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 °T ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 0.34 0.34  100.00  100.00|
2000-400 -0.5 021 055 021 021 *
1400- 1000 0 0.25 0.80 0.25 0.46 20
1000-710 0.5 0.42 122 0.42 0.88 0
710-500 1 0.46 168 0.46 1.35
500-355 15 122 2.90 122 257 . 7 5 s 4 s o 0 s 4 o0
355-250 2 6.26 9.15 6.28 8.85
250-125 2.5 1167 20.82 1171 20.56| 50 1 100
180-125 3 1612 3694 1618 3673 Frazione < 2mm Frazione < 2mm %
125-90 3.5 13.39 50.34 13.44 50.17{ 40 4 ©
90- 63 4 12.51 62.85 12.55 62.72
63-45 4.5 495  67.79 49% 6769 | o
45-31 5 4.37 72.16 4.39 72.07 60
31-23 5.5 8.67 80.83 8.70 80.77 w0
23-5 6 229 8312 229 8306|207
5-10 65 028 8339 028 8334 “©
0-7 7 2.32 85.71 232 85.66( 10 T 30
7-3 7.5 0.79 86.50 0.79 86.45 »
3-2 8 0.00 86.50 0.00 86.45 o
<2 <8 1350 10000 1355 20000| § £ § 5 & £8 %% %9 ou3 v ©
§ =ETE A 1 0 1 3 5 8 ’
Graphic mean = 4.15 56.44 p
Inclusive graphic standard deviation = 2.135298 Very poorly sorted.
Inclusive graphic skewness = 0.08 Nearly symmetrical.
Graphic kurtosis = 112 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 17 10NNRR 1 1AN3N  0.0055 71.06 0.0088494 3.70 0.80 28.49375 60
2 17 100AN 10030 0.0050 54.62 0.0080449 4.19 0.80 28.625 120
5 17 10075 10030 0.0045 34.62 0.0072404 4.85 3.22 28.75625 300
15' 17 100RR 1 0AN3N  0.0025 20.17 0.0040225 5.63 0.00 29.28125 900
45' 18 10045 10020 0.0025 1151 0.0040200 6.44 0.80 29.54375 2700
2h 19 10040 10020 0.0020 6.95 0.0032160 7.17 0.00 29.675 7200
8h 20 10n4n 10020 0.0020 341 0.0032160 8.19 0.00 29.675 28800
16h 20 10n4n 10020 0.0020 241 0.0032160 8.69 161 29.675 57600
24h 21 10n3n  100?n  0.0010 1.94 0.0016080 9.01 1.61 29.9375 86400
L+A calcolati = 8.04
D particelle: 2.65 L+A pesati = 10.24
Errore strumentale = -2.20
Perso per strada = 55.87

FRAZIONI %
Totali
Ghiaia 0.34
Sabbia: 62.51
Limo: 23.65
Argilla: 13.50
S+L+A 99.66
L+A 37.15
Parziali
Sabbia: 62.72
Limo: 2373
Argilla: 13.55

Grossolano/Fine
>2mm/<2mm 0.00337
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Appendix 4.4. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 32.

/4132

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00{ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ©
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 0.00 0.00 0.00 0.00; ©
4-2 -1 114 114  100.00  100.00
2000-1400 -0.5 034 148 034 034 *
1400-1000 0 0.34 1.82 0.34 0.68 2
1000-710 0.5 0.80 2.62 0.81 1.49 o
710-500 1 0.72 3.34 0.73 222
500-355 15 127 4,60 128 350 s 7 6 5 4 s o 1 s s 4 s 6 1 8
355-250 2 5.24 9.84 5.30 8.80
250-125 2.5 7.39 17.23 7.47 16.27| 50 100
180-125 3 2800 4523 2832 4459 Frazions < 2mm Frazione < 2mm ®
125-90 35 21.49 66.72 21.74 66.34| 49 o
90- 63 4 9.50 76.22 9.61 75.95
63-45 45 340 7962 344 7938 7°
45-31 5 0.68 80.30 0.69 80.07 60
31-23 5.5 215 82.45 218 82.25 ©
23-5 6 057 8302 058  8282|%
5-10 65 028 8330 028 8311 “
10-7 7 2.33 85.63 2.36 85.46( 10 30
7-3 7.5 0.79 86.42 0.80 86.26 »
3-2 8 0.00 86.42 0.00 86.26 o
<2 <8 1358 10000 1374 10000 £ £ § § & &8 88 %5 0
§ =ETE A 1 0 1 3 4 5 6 7 8 °
Graphic mean = 4.10 58.37 u
Inclusive graphic standard deviation = 2.111819 Very poorly sorted.
Inclusive graphic skewness = 0.44 Very positive (fine) skewed.
Graphic kurtosis = 221 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 17 10N0RR 1 1AN3N  0.0035 71.77 0.0056315 3.68 0.80 29.01875 60
2 17 100RN 1 AN3N 0.0030 5511 0.0048270 4.18 0.00 29.15 120
5 17 100RN 1 AN3N 0.0030 34.86 0.0048270 4.84 0.80 29.15 300
15' 17 100RR 1 0AN3N  0.0025 20.17 0.0040225 5.63 0.00 29.28125 900
45 18 10045 10020 0.0025 1151 0.0040200 6.44 0.80 29.54375 2700
2h 19 10040 10020 0.0020 6.95 0.0032160 717 0.00 29.675 7200
8h 19 10040 10020 0.0020 347 0.0032160 8.17 0.80 29.675 28800
16h 20 10035 10020 0.0015 242 0.0024120 8.69 0.80 29.80625 57600
24h 21 10n3n  10n?n - 0.0010 1.94 0.0016080 9.01 1.61 29.9375 86400
L+A calcolati = 4.83
D particelle: 2.65 L+A pesati = 7.80
Errore strumentale = -2.97
Perso per strada = 63.62

FRAZIONI

Totali
CGhiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.011533

>2mm/<2mm

%

114
75.08
10.20
1358

98.86
23.78

75.95
10.32
1374
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Appendix 4.5. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 3.

Z/5/3/D11

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 °T ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400- 1000 0 0.04 0.04 0.04 0.04| 10 + 20
1000-710 0.5 0.13 0.18 0.13 0.18 o
710-500 1 0.09 0.26 0.09 0.26
500-355 15 0.26 0.53 0.26 0853 O T T e S T e e e e ow e aen 0o | g 7 3 T o 1 2 3 4 s o0
355-250 2 114 167 114 1.67
250-125 2.5 245 4.12 245 412|%0 1 100
180-125 3 609 1021 609 1021 Frazione < 2mm Frazione < 2mm %
125-90 35 12.23 22.44 12.23 22441 40 | ©
90- 63 4 24.72 4715 24.72 47.15
63-45 4.5 649 5364 649 5364 | o
45-31 5 5.72 59.35 572 59.35 60
31-23 5.5 6.75 66.11 6.75 66.11 w0
23-5 6 513 7123 513 7123|207
5-10 65 439 7562 439 7562 “©
10-7 7 5.03 80.65 5.03 80.65( 10 30
7-3 7.5 2.89 83.54 2.89 8354 »
3-2 8 177 85.31 177 85.31 o
<2 <8 1469 10000 1469 10000 § EFE R L Q8B LuIoy ©
§ =ETE A -1 0 3 4 5 6 8 ’
Graphic mean = 5.03 30.63 p
Inclusive graphic standard deviation = 2.020681 Very poorly sorted.
Inclusive graphic skewness = 0.00 Nearly symmetrical.
Graphic kurtosis = 0.87 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 10085 10020 0.0075 75.46 0.0120601 3.73 0.80 28.23125 60
2 18 10080 10020 0.0070 53.48 0.0112561 4.22 161 28.3625 120
5 18 100RN 10020 0.0060 33.98 0.0096481 4.88 241 28.625 300
15' 18 10N0RR 10NN 0.0045 19.75 0.0072360 5.66 161 29.01875 900
45' 19 100RR 10NN 0.0035 11.27 0.0056280 6.47 161 29.28125 2700
2h 19 10045 10020 0.0025 6.93 0.0040200 7.17 0.80 29.54375 7200
8h 19 10040 10020 0.0020 347 0.0032160 8.17 0.00 29.675 28800
16h 19 1004n 10020 0.0020 246 0.0032160 8.67 -1.61 29.675 57600
24h 19 10n4n 10010 0.0030 2.00 0.0048211 8.96 4.82 29.675 86400
L+A calcolati = 12.06
D particelle: 2.65 L+A pesati = 15.23
Errore strumentale = -3.17
Perso per strada = 59.21

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

SHL+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mn/<2mm

%

0.00
47.15
38.16
14.69

100.00
52.85

47.15
38.16
14.69
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Appendix 4.6. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 49 _D11..

Z/6/49

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.37 0.37  100.00  100.00
2000-1400 0.5 005 042 005 005 .
1400- 1000 0 0.14 0.56 0.14 0.19| 10 1 20
1000-710 0.5 0.32 0.88 0.33 0.51 o
710-500 1 0.37 125 0.37 0.88
500-355 | 15 0.70 195 0.70 158 Oiﬂsw“?@ﬁ”vvaOgHgNQMQVQwE‘eg'*:m:’ s 7 5 5 4 9 2 10 12 3 405 6 7 8
355-250 2 176 371 177 335 ‘
250-125 2.5 320 6.91 321 6.56 50 T 100
180-125 3 626 1316 628 1284 Frazione < 2mm Erazione< 2mm %
125-90 3.5 1391 27.07 13.96 26.80 49 4 ©
90- 63 4 20.72 47.79 20.80 47.60
63-45 4.5 540 5320 542 5302 | "
45-31 5 3.32 56.52 3.34 56.36 60
31-23 5.5 4.61 61.13 4.63 60.99 w0
23-15 6 470 6583 472 6570 2 1
5-10 65 479 7062 481 7051 ©
0-7 7 5.32 75.94 5.34 75.85| 10 1 30
7-3 7.5 117 7712 118 77.03 »
3-2 8 -0.74 76.38 -0.74 76.29 oA
<2 <8 2862 10000 2371 10000, § £ § B E L EEEEEmaAIn oy 0
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 5.22 26.83 p
Inclusive graphic standard deviation = 2.292747 Very poorly sorted.
Inclusive graphic skewness = -0.03 Nearly symmetrical.
Graphic kurtosis = 0.77 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 17 1000 10030 0.0070 76.53 0.0112629 371 0.80 28.1 60
2 17 10095 10030 0.0065 54.24 0.0104584 4.20 0.80 28.23125 120
5 17 10090 10030 0.0060 34.38 0.0096539 4.86 161 28.3625 300
15' 18 10NARN 10030 0.0050 19.62 0.0080449 5.67 161 28.625 900
45' 18 10070 10030 0.0040 11.38 0.0064359 6.46 161 28.8875 2700
2h 18 10NRND 10030 0.0030 7.00 0.0048270 7.16 -0.32 29.15 7200
8h 18 10052 10020 0.0032 351 0.0051456 815 0.32 29.36 28800
16h 17 100R0 10020 0.0030 253 0.0048240 8.63 161 29.4125 57600
24h 17 10n&N 10030 0.0020 2.06 0.0032180 8.92 322 29.4125 86400
L+A calcolati = 10.46
D particelle: 2.65 L+A pesati = 17.54
Errore strumentale = -7.08
Perso per strada = 53.43

FRAZIONI %
Totali
Ghiaia 0.37
Sabbia: 47.42
Limo: 28.58
Argilla: 23.62
S+L+A 99.63
L+A 52.21
Parziali
Sabbia: 47.60
Limo: 28.69
Argilla: 2371

Grossolano/Fine

>2mm/<2mm  0.003722
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Appendix 4.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zala Cave, SU 3b.

21713
Totali Parziali 50 - 100
Diametri ¢ % % cum. %  %cum. _ Campionetotale ©
256 iy 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00}
2.5 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 0.59 059  100.00  100.00|
2000-1400 -0.5 0.05 0.65 0.05 0.05 *
1400- 1000 0 0.05 0.70 0.05 0.11] 10 4 2
1000-710 0.5 0.22 0.92 0.22 0.33] "
710-500 1 0.11 1.02 0.11 0.43
500-355 | 15 011 113 011 0-540‘”w‘?'{’?WN“ngﬂgNmmegmg“’:":w‘j 8 7 -6 5 -4 -3 10 1 2 3 4 5 & 7 ao
355-250 2 0.49 162 0.49 1.03
250-125 25 2.26 3.88 2.28 331[50 7 100
BO-125 3 992 1380 998 1329 Frazione < 2mm Frazione < 2mm ©
125-90 3.5 19.03 32.84 19.15 32441 40 |
90- 63 4 32.46 65.30 32.65 65.09 °
63-45 45 642 7171 646 7155 0 o
45-31 5 3.10 74.81 312 74.66 60
31-23 5.5 2.67 77.48 2.69 71.35 ©
23-15 6 272 8021 274  80.09| %1
5-10 65 279 8299 280 8289 ©
0-7 7 3.08 86.07 3.10 85.99( 10 30
7-3 7.5 0.92 86.99 0.92 86.91 »
3-2 8 0.00 86.99 0.00 86.92 o
<2 <8 1301 10000 13.08  100.00 gfggagRgegsswn gLy *
§ =R A 1 0 1 3 4 5 6 7 8 °
Graphic mean = 451 44.00 p
Inclusive graphic standard deviation = 1816154 Poorly sorted.
Inclusive graphic skewness = 0.25 Positive (fine) skewed.
Graphic kurtosis = 141 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 18 10070 10030 0.0040 76.35 0.0064359 371 0.80 28.8875 60
2 17 100RR 10030 0.0035 54.99 0.0056315 418 0.80 29.01875 120
5 17 100RN 10030 0.0030 34.86 0.0048270 484 0.80 29.15 300
15' 18 10NRR 10030 0.0025 19.85 0.0040225 5.65 0.80 29.28125 900
45' 18 100RN 10030 0.0020 11.48 0.0032180 6.44 0.80 29.4125 2700
2h 18 10045 10030 0.0015 7.05 0.0024135 7.15 0.00 29.54375 7200
8h 19 10035 10020 0.0015 3.48 0.0024120 817 -0.80 29.80625 28800
16h 18 1004n 10020 0.0020 250 0.0032160 8.65 161 29.675 57600
24h 17 10n4n  1003n  0.0010 2.07 0.0016090 8.91 161 29.675 86400
L+A calcolati = 6.44
D particelle: 2.65 L+A pesati = 26.50
Errore strumentale = -20.06
Perso per strada = 43.50

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.005967

>2mm/<2mm

%

0.59
64.70
21.70
13.01

99.41
34.70

65.09
21.83
13.08
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Appendix 4.8. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 101.

Z/9/101

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.93 0.93  100.00  100.00
2000-1400 0.5 077 170 078 078 .
1400-1000 0 154 3.24 1.55 2.33 20
1000-710 0.5 2.66 5.90 2.68 5.01] o
710-500 1 2.85 8.75 2.88 7.89
500-355 15 471 13.46 4.76 12.65 e
355-250 2 7.15 20.61 7.21 19.86!
250-125 2.5 721 27.88 734 27.20( %0 7 100
180-125 3 1282 4070 1294 4014 Frazione < 2mm Erazione< 2mm %
125-90 3.5 14.74 55.44 14.88 55.02| 49 | “
90- 63 4 16.22 71.66 16.37 71.39
63-45 45 370 753 374 7513 | °
45-31 5 2.28 7164 230 7743 60
31-23 5.5 318 80.82 321 80.64 w0
23-15 6 431 8513 435 8499|201
5-10 65 483 89.96 488  89.87 ©
0-7 7 3.55 9351 3.58 93.45 30
7-3 7.5 134 94.85 135 94.80 »
3-2 8 0.00 94.85 0.00 94.80
<2 <8 515 10000 520 10000] § 8§ & & 8§ ¥ ¥ guan ooy °
§ R 1 0 1 3 4 5 6 7 8 ¢
Graphic mean = 3.65 79.67 p
Inclusive graphic standard deviation = 2.180997 Very poorly sorted.
Inclusive graphic skewness = -0.04 Nearly symmetrical.
Graphic kurtosis = 145 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 10075 10020 0.0055 76.15 0.0088441 371 0.80 28.75625 60
2 18 10070 10020 0.0050 53.97 0.0080400 421 0.80 28.8875 120
5 18 10NRR 10020 0.0045 34.21 0.0072360 4.87 161 29.01875 300
15' 19 10NRR 10020 0.0035 19.51 0.0056280 5.68 241 29.28125 900
45' 19 10040 10020 0.0020 11.34 0.0032160 6.46 161 29.675 2700
2h 20 10030 10020 0.0010 6.86 0.0016080 719 0.00 29.9375 7200
8h 2110020 10010 0.0010 3.38 0.0016070 821 0.00 30.2 28800
16h 2110020 10010 0.0010 2.39 0.0016070 8.71 -16.07 30.2 57600
24h 20 1012n 10ntn 00110 1.90 0.0176774 9.04 17.68 27575 86400
L+A calcolati = 8.04
D particelle: 2.65 L+A pesati = 10.58
Errore strumentale = -2.54
Perso per strada = 56.95

FRAZIONI %
Totali
Chiaia 0.93
Sabbia: 70.73
Limo: 2319
Argilla: 5.15
S+L+A 99.07
L+A 28.34
Parziali
Sabbia: 71.39
Limo: 2341
Argilla: 5.20

Grossolano/Fine
>2mm/<2mm  0.009381
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Appendix 4.9. Grain-size Z/8/40 FRAZIONI %

Totali Parziali 50 + 100
(Wer!tworth, 1922)_0f the<2mm | oimedi o %  %am % %am _ Compiontote i Total
fraction of decalcified samples I e 0 00 0m  om) | et _ [cne 00

256-128 -7 0.00 0.00 0.00 0.00 T Sabbia: 39.94
from Zala Cave, SU 40. vo-os 5 000 000 000 0o | 805
64-32 -5 0.00 0.00 0.00 0.00; Argilla: 12.01
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50 |S+L+A 100.00
8-4 -2 0.00 0.00 0.00 0.00; o |[L¥A 60.06
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 0.5 007 007 007 007 * Parziali
1400- 1000 0 0.07 0.15 0.07 0.15 20 |Sabbia: 39.94
1000-710 0.5 0.22 0.37 0.22 0.37 o Limo: 48.05
710-500 1 0.15 0.52 0.15 0.52] Argilla: 12.01
500-355 15 02 075 02 075 5 7 % 5 4 3 2 10 12 s 45 6 1 8
355-250 2 0.67 142 0.67 1.42 i Grossolano/Fine
250-125 2.5 164 3.06 164 3.06[ %0 T 100 >2mm/<2mm 0
180-125 3 5.30 8.36 5.30 836 Frazione < 2mm Frazione < 2mm ®
125-90 35 1389 2225 13.89 22.25( 49 | ©
90- 63 4 17.69 39.94 17.69 39.94
63-45 4.5 873 4867 873 4867 | 7°
45-31 5 7.22 55.89 7.22 55.89 60
31-23 5.5 1541 71.30 1541 71.30 o
23-15 6 1000 8.30 1000  81.30|2° T
5-10 65 669  87.99 669  87.99 “
0-7 7 0.00 87.99 0.00 87.99| 10 30
7-3 7.5 0.00 87.99 0.00 87.99 »
3-2 8 0.00 87.99 0.00 87.99 0
<2 <8 1201 10000 1200 10000] § £ § § % § 84 E¥F I8 00y °
§ RS e A 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 4.69 38.75 p
Inclusive graphic standard deviation = 1625741 Poorly sorted.
Inclusive graphic skewness = -0.15 Negative (coarse) skewed.
Graphic kurtosis = 115 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 17 10NRN 10030 0.0050 71.24 0.0080449 3.69 0.80 28.625 60
2 17 10075 10030 0.0045 54.74 0.0072404 4.19 0.80 28.75625 120
5 18 10070 10030 0.0040 34.15 0.0064359 4.87 3.22 28.8875 300
15' 18 10050 10030 0.0020 19.89 0.0032180 5.65 161 29.4125 900
45' 18 10040 10030 0.0010 11.54 0.0016090 6.44 0.00 29.675 2700
2h 18 10n4n 10030 0.0010 7.06 0.0016090 7.15 0.00 29.675 7200
8h 19 10030 10020 0.0010 349 0.0016080 8.16 0.00 29.9375 28800
16h 18 10030 10020 0.0010 251 0.0016080 8.64 161 29.9375 57600
24h 17 1003n 10030 0.0000 2.08 0.0000000 8.91 0.00 29.9375 86400
L+A calcolati = 7.24
D particelle: 2.65 L+A pesati = 1154
Errore strumentale = -4.30
Perso per strada = 3171
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Appendix 4.10. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 101.

Z/10/101

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.22 0.22  100.00  100.00
2000-1400 0.5 02 044 02 02 *
1400- 1000 0 0.35 0.79 0.35 0.57| 10 + 20
1000-710 0.5 0.70 1.50 0.71 1.28 0
710-500 1 1.06 2.55 1.06 2.34
500-355 | 15 260 515 260 4.94 Orﬂs'r“?veﬁ'".ﬂvﬂgcg«gwgwgqgmgmg":mf 8 7 6 5 -4 3 T o 12 3 4 5 6 7 8
355-250 2 572 1087 574 1068 ‘
250-125 2.5 7.88 18.75 7.90 1857( %0 1 100
180-125 3 1431 3306 1434 3291 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 15.32 48.38 1535 48.27 490 | ©
90- 63 4 19.77 68.15 19.81 68.08
63-45 4.5 48 7301 487 7295 | 7°
45-31 5 261 75.62 2.62 75.57 60
31-23 5.5 224 77.86 225 77.81 o
23-15 6 2.24 80.10 2.25 80.06
5-10 65 225 8235 225 8231 “
0-7 7 242 84.77 243 84.74 30
7-3 7.5 2.06 86.84 2.07 86.81 »
3-2 8 178 88.61 178 88.59
<2 <8 1139 10000 1141 10000] § 2§ § 8 § 848 ¥ F 388200y ‘
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 4.24 52.82 p
Inclusive graphic standard deviation = 2.196846 Very poorly sorted.
Inclusive graphic skewness = 0.14 Positive (fine) skewed.
Graphic kurtosis = 133 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 20 1NNRR 10020 0.0045 73.95 0.0072360 3.76 0.80 29.01875 60
2 20 10NRN 10020 0.0040 52.41 0.0064320 4.25 0.80 29.15 120
5 20 10NNRAR 10020 0.0035 3322 0.0056280 4.91 0.80 29.28125 300
15' 20 10NRN 10020 0.0030 19.22 0.0048240 5.70 0.80 29.4125 900
45' 20 10N45 10020 0.0025 11.12 0.0040200 6.49 0.80 29.54375 2700
2h 21 10n4n 10020 0.0020 6.71 0.0032160 7.22 0.80 29.675 7200
8h 21 10035 10020 0.0015 3.36 0.0024120 8.22 161 29.80625 28800
16h 2110025 10020 0.0005 2.39 0.0008040 871 0.00 30.06875 57600
24h 20 1NN2R 10020 0.0005 1.98 0.0008040 8.98 0.80 30.06875 86400
L+A calcolati = 6.43
D particelle: 2.65 L+A pesati = 30.18
Errore strumentale = -23.75
Perso per strada = 43.09

FRAZIONI %
Totali
Ghiaia 0.22
Sabbia: 67.93
Limo: 20.47
Argilla: 11.39
S+L+A 99.78
L+A 31.85
Parziali
Sabbia: 68.08
Limo: 20.51
Argilla: 1141

Grossolano/Fine

>2mm/<2mm  0.002206

208



Appendix 4.11. Grain-size Z/11/T1 FRAZIONI %

Totali Parziali 50 + 100
(Wer!tworth, 1922)_0f the<2mm | oimedi o %  %am % %am _ Compiontote i Total
fraction of decalcified samples I e 0 00 0m  om) | et _ [cne 0

256-128 -7 0.00 0.00 0.00 0.00 T Sabbia: 3247
from Zala Cave, SU 49. vo-os 5 000 000 000 0o |
64-32 -5 0.00 0.00 0.00 0.00; Argilla: 19.12
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50 |S+L+A 99.41
8-4 -2 0.00 0.00 0.00 0.00; o |[L¥A 66.94
4-2 -1 0.59 0.59 100.00  100.00
2000-1400 0.5 000 059 000 000 * Parziali
1400- 1000 0 0.24 0.83 0.24 0.24 20 |Sabbia: 32.66
1000-710 0.5 0.59 143 0.60 0.84 o Limo: 48.10
710-500 1 0.36 178 0.36 1.20 Argilla: 19.24
500-355 15 0.48 2.26 0.48 1.68 S
355-250 2 119 345 120 2.87 ‘ Grossolano/Fine
250-125 2.5 3.69 714 371 6.58( %0 T 100 | >2mnv<2mm - 0.005982
180-125 3 559 1273 562 1220 Frazione < 2mm Frazione < 2mm ®
125-90 35 7.37 20.10 742 19.62| 40 | o
90- 63 4 12.96 33.06 13.04 32.66
63-45 4.5 1323 4630 1331 4597 | 7°
45-31 5 7.04 53.34 7.08 53.06 60
31-23 5.5 6.06 59.39 6.09 59.15 o
23-15 6 606 6545 609 6524|207
5-10 65 608 7153 612 7136 “
0-7 7 6.79 78.32 6.83 78.19| 10 30
7-3 7.5 2.56 80.88 257 80.76 »
3-2 8 0.00 80.88 0.00 80.76 0
<2 <8 1912 10000 1924 10000] § £ § § 8 § 848 ¥F I 8800y °
§ RS e A 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 5.40 23.64 p
Inclusive graphic standard deviation = 2.205875 Very poorly sorted.
Inclusive graphic skewness = -0.10 Nearly symmetrical.
Graphic kurtosis = 0.86 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 20 10NNRAR 10020 0.0035 74.29 0.0056280 3.75 0.80 29.28125 60
2 20 10NRN 10020 0.0030 52.65 0.0048240 4.25 0.80 29.4125 120
5 20 10045 10020 0.0025 33.37 0.0040200 4.91 0.80 29.54375 300
15' 20 10n4n 10020 0.0020 19.31 0.0032160 5.69 0.80 29.675 900
45' 20 10NN3R 10020 0.0015 1117 0.0024120 6.48 0.80 29.80625 2700
2h 20 10030 10020 0.0010 6.86 0.0016080 7.19 0.00 29.9375 7200
8h 20 10N3n 10020 0.0010 343 0.0016080 8.19 0.80 29.9375 28800
16h 20 10025 10020 0.0005 243 0.0008040 8.69 0.80 30.06875 57600
24h 21 10n2n 10020 0.0000 1.95 0.0000000 9.00 0.00 30.2 86400
L+A calcolati = 4.82
D particelle: 2.65 L+A pesati = 9.07
Errore strumentale = -4.25
Perso per strada = 13.70
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Appendix 4.12. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 3c.

Z/12/T2

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 0.5 011 01 o1l o1l *
1400- 1000 0 0.11 0.22 0.11 0.22| 10 + 20
1000-710 0.5 0.33 0.54 0.33 0.54 0
710-500 1 0.11 0.65 0.11 0.65
500-355 15 022 0.87 0.22 087| O T e T e A e e e i o o e oo oo o | 5 7 6 5 4 3 T o 1 s s 4 5 6 1 8°
355-250 2 0.98 185 0.98 1.85
250-125 2.5 3.04 4.89 3.04 4.89| 50 100
180-125 3 858 1347 858 1347 Frazione < 2mm Frazione < 2mm ®
125-90 35 1391 2738 1391 27.38) 40 | ©
90- 63 4 20.21 4759 20.21 4759
63-45 45 994 5753 94 5783 | *
45-31 5 7.85 65.38 7.85 65.38 60
31-23 5.5 110 66.49 110 66.49 o
23-15 6 109 6758 109 67582 T
5-10 65 121 6879 121 68.79 “
0-7 7 2.39 7117 2.39 7117 10 1 30
7-3 7.5 254 7371 254 73.71 »
3-2 8 2.62 76.33 2.62 76.33 0
<2 <8 2367 10000 2367 10000, § ¥ § B B L HEFEYsoL o2 .
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 5.18 27.61p
Inclusive graphic standard deviation = 2.260114 Very poorly sorted.
Inclusive graphic skewness = -0.15 Negative (coarse) skewed.
Graphic kurtosis = 0.59 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 1.005 100201 0.0030 71.02 0.0048240 3.70 0.32 29.4125 60
2 18 1.0048 100201 0.0028 54.51 0.0045024 420 129 29.465 120
5 18 1.004 10020 0.0020 34.60 0.0032160 4.85 0.16 29.675 300
15' 18 1.0039 10020 0.0019 19.98 0.0030552 5.65 0.16 29.70125 900
45' 19 1.0028 100101 00018 11.40 0.0028927 6.46 0.32 29.99 2700
2h 20 1.0026 10010 00016 6.87 0.0025713 7.19 0.48 30.0425 7200
8h 20 1.0023 10010 00013 3.44 0.0020891 8.18 0.48 30.12125 28800
16h 21 1.002 10010 0.0010 2.39 0.0016070 871 112 30.2 57600
24h 71 1.0013 1001n  0.0003 1.96 0.0004821 9.00 0.48 30.38375 86400
L+A calcolati = 4.82
D particelle: 2.65 L+A pesati = 6.36
Errore strumentale = -1.54
Perso per strada = 23.16

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mn/<2mm

%

0.00
47.59
28.75
23.67

100.00
52.41

47.59
28.75
23.67
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Appendix 4.13. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 65.

Z/13/T3

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.63 0.63  100.00  100.00
2000-1400 0.5 021 08 021 02 *
1400-1000 0 0.28 111 0.28 0.49 2
1000-710 0.5 0.63 174 0.63 112 o
710-500 1 0.56 2.30 0.56 168
500-355 15 104 334 1.05 273 s 7 5 5 4 T o s s s s’
355-250 2 195 5.29 196 4.70
250-125 2.5 313 843 3.15 7.85[ %0 1 100
180-125 3 404 1247 407 1191 Frazione < 2mm Frazione < 2mm ®
125-90 35 6.27 18.74 6.31 18.22| 4o | o
90- 63 4 14.07 32.80 14.16 32.38
63-45 4.5 974 4255 980 4218 | 7°
45-31 5 16.50 59.05 16.61 58.79 60
31-23 5.5 14.37 7342 14.46 73.25 o
23-15 6 670 8011 674  7999|2 T
5-10 65 359 8370 361 8360 “
0-7 7 3.84 87.54 3.87 87.47 30
7-3 7.5 1.26 88.80 1.26 88.73 »
3-2 8 0.00 88.80 0.00 88.73
<2 <8 1120 10000 1127 10000, § £ § § ¥ § 84§ % 9388 .
§ RS e A 1 0 1 3 5 8 ’
Graphic mean = 4.87 34.19 p
Inclusive graphic standard deviation = 1793112 Poorly sorted.
Inclusive graphic skewness = 0.13 Negative (coarse) skewed.
Graphic kurtosis = 141 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 18 10NRN 10020 0.0060 75.98 0.0096481 3.72 0.00 28.625 60
2 18 10NRN 10020 0.0060 53.73 0.0096481 422 3.22 28.625 120
5 18 10NRND 10020 0.0040 34.29 0.0064320 4.87 3.22 29.15 300
15' 18 1004n 10020 0.0020 19.97 0.0032160 5.65 0.80 29.675 900
45' 18 10N3R 10020 0.0015 11.56 0.0024120 6.43 0.80 29.80625 2700
2h 19 10030 10020 0.0010 6.98 0.0016080 7.16 0.00 29.9375 7200
8h 19 10030 10020 0.0010 349 0.0016080 8.16 0.80 29.9375 28800
16h 19 10025 10020 0.0005 247 0.0008040 8.66 0.80 30.06875 57600
24h 18 10n2n 10020 0.0000 2.02 0.0000000 8.95 0.00 30.2 86400
L+A calcolati = 9.65
D particelle: 2.65 L+A pesati = 9.19
Errore strumentale = 0.46
Perso per strada = 67.49

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.006308

>2mn/<2mm

%

0.63
3218
56.00
11.20

99.37
67.20

32.38
56.35
1127
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Appendix 4.14. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 71.

Z/14/T4

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.38 0.38  100.00  100.00
2000-1400 0.5 000 038 000 000 *
1400- 1000 0 0.05 0.43 0.05 0.05| 10 + 20
1000-710 0.5 0.14 0.57 0.14 0.19 0
710-500 1 0.14 071 0.14 0.33
500-355 15 0.14 0.85 0.14 048 O ST N T e g n e g e e e j—
355-250 2 0.52 138 0.52 1.00
250-125 2.5 152 2.90 153 253[%0 1 100
180-125 3 741 1030 7.44 9.96 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 49.72 60.02 49.90 59.87
%0-63 4 2089 8091 2097 8084 “
63-45 45 532 86.23 534 8618 7°
45-31 5 2.80 89.04 281 88.99 60
31-23 5.5 242 91.45 243 91.42 o
23-15 6 0.91 92.36 0.91 92.34
5-10 65 000 9236 000 9234 “
0-7 7 0.00 92.36 0.00 92.34 30
7-3 7.5 0.00 92.36 0.00 92.34 »
3-2 8 0.00 92.36 0.00 92.34
<2 <8 764 10000 766 100000 E £ § 5 & £ 8% 2§88 v 0
§ RS e A 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 3.59 83.28 p
Inclusive graphic standard deviation = 1169671 Poorly sorted.
Inclusive graphic skewness = 0.22 Positive (fine) skewed.
Graphic kurtosis = 3.28 Extremely leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 20 10N45 10020 0.0025 74.62 0.0040200 3.74 0.80 29.54375 60
2 20 10n4n 10020 0.0020 52.88 0.0032160 424 0.80 29.675 120
5 20 10N3R 10020 0.0015 3352 0.0024120 4.90 0.80 29.80625 300
15' 20 10030 10020 0.0010 19.39 0.0016080 5.69 0.00 29.9375 900
45' 21 1003n 10020 0.0010 11.00 0.0016080 6.51 0.00 29.9375 2700
2h 21 1003n 10020 0.0010 6.74 0.0016080 721 0.00 29.9375 7200
8h 21 1003n 10020 0.0010 3.37 0.0016080 8.21 161 29.9375 28800
16h 2110020 10020 0.0000 2.39 0.0000000 871 0.00 30.2 57600
24h 20 1nntn 1 nntn 0.0000 2.00 0.0000000 8.97 0.00 30.4625 86400
L+A calcolati = 3.22
D particelle: 2.65 L+A pesati = 12.63
Errore strumentale = -9.41
Perso per strada = 54.01

FRAZIONI %
Totali
Ghiaia 0.38
Sabbia: 80.53
Limo: 11.45
Argilla: 7.64
S+L+A 99.62
L+A 19.09
Parziali
Sabbia: 80.84
Limo: 11.50
Argilla: 7.66

Grossolano/Fine
>2mnv/<2mm  0.003813
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Appendix 4.15. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples
from Zala Cave, SU 85.

Z/15/85

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 37.07 37.07 100.00  100.00!
2000-1400 0.5 586 4293 932 93 *
1400- 1000 0 6.17 49.10 9.80 19.12f 10 + 20
1000-710 0.5 7.09 56.19 11.27 30.39 0
710-500 1 5.04 61.23 8.00 38.39
500-355 15 577 67.00 017 4756 TSR d s o g g s e g e e | 5 7 6 s 4 4 2 4 0 1 2 3 4 s 8’
355-250 2 844 7544 1341 6097 ‘
250-125 2.5 825 83.69 1311 74.08( %0 T 100
180-125 3 865 9234 1375  87.83 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 4.56 96.90 7.25 95.08( 40 | ©
90- 63 4 3.10 100.00 4.92  100.00
63-45 45 000 10000 000 10000/ | *
45-31 5 0.00  100.00 0.00  100.00 60
31-23 5.5 0.00  100.00 0.00  100.00 o
23-15 6 000  100.00 000 10000 % T
5-10 65 000 100.00 000  100.00 “
0-7 7 0.00  100.00 0.00  100.00 30
7-3 7.5 0.00  100.00 0.00  100.00 »
3-2 8 0.00  100.00 0.00  100.00
< <s 000 100 000 1000| § £ § 5885 EFeEaarIyy o
§ RS e A 1 0 1 3 4 5 6 8 °
Graphic mean = 143 370.90 p
Inclusive graphic standard deviation = " A #N/A
Inclusive graphic skewness = I #NIA f #N/A
Graphic kurtosis = f #NIA f #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 2110020 10020 0.0000 7411 0.0000000 3.75 0.00 30.2 60
2 2110020 10020 0.0000 52.40 0.0000000 4.25 0.00 30.2 120
5 2110020 10020 0.0000 33.14 0.0000000 4.92 0.00 30.2 300
15' 2110020 10020 0.0000 19.13 0.0000000 571 0.00 30.2 900
45' 2110020 10020 0.0000 11.05 0.0000000 6.50 0.00 30.2 2700
2h 2110020 10020 0.0000 6.77 0.0000000 721 0.00 30.2 7200
8h 2110020 10020 0.0000 3.38 0.0000000 8.21 0.00 30.2 28800
16h 2110020 10020 0.0000 2.39 0.0000000 871 0.00 30.2 57600
24h 21 10n2n 10020 0.0000 1.95 0.0000000 9.00 0.00 30.2 86400
L+A calcolati = 0.00
D particelle: 2.65 L+A pesati = 6.09
Errore strumentale = -6.09
Perso per strada = 17.30

FRAZIONI %
Totali
Ghiaia 37.07
Sabbia: 62.93
Limo: 0.00
Argilla: 0.00
S+L+A 62.93
L+A 0.00
Parziali
Sabbia: 100.00
Limo: 0.00
Argilla: 0.00

Grossolano/Fine
>2mn/<2mm  0.589031
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Appendix 5.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 35 (Trench
3a).

ZEMUNICA 2012 1/35
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w
4-2 -1 8.05 8.05 100.00  100.00
2000-400 -0.5 053 859 058 058 ®
1400- 1000 0 0.44 9.03 0.48 1.06| 10 4 20
1000-710 0.5 0.38 9.41 041 1.47] "
710-500 1 0.28 9.69 0.31 178
500-355 15 0.41 10.10 0.44 22| O T o a T i o % o g o o o s 7 6 5 4 =3 P > 3 4 s °
355-250 2 0.98 11.07 1.06 3.281
250-125 2.5 126 12.33 137 4.65( 50 1 100
180-125 3 173 1406 1.88 653 Frazione < 2mm Frazione < 2mm %
125-90 35 2.08 16.14 2.26 8.79] 40 | ©
90- 63 4 293 19.06 318 11.97
63-45 45 275 2181 299 149 | o
45-31 5 3.87 25.68 421 19.17 60
31-23 55 6.84 32.52 7.44 26.61 w0
23-5 6 811 4064 883 3544|201
15 - 10 6.5 9.83 50.47 10.69 46.13 o
10-7 7 8.32 58.79 9.05 55.18] 10 1 30
7-3 7.5 6.32 65.12 6.88 62.06 »
3-2 8 257 67.69 2.80 64.86 oA
<2 <8 23110000 3514 10000] § F 58 E LKL gEYAas ©
§ =ETETE 1 0 1 3 5 8 ¢
Graphic mean = 6.63 10.12
Inclusive graphic standard deviation = 1929647 Poorly sorted.
Inclusive graphic skewness = -0.59 Very negative (coarse) skewed.
Graphic kurtosis = 0.89 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 25 1MAN 10020 0.0160 63.57 0.0257282 3.98 0.80 26 60
2 25 1M75 10020 0.0155 45.06 0.0249242 447 161 26.13125 120
5 25 1MARR 10020 0.0145 28.64 0.0233161 5.13 4.02 26.39375 300
15' 2R 104n 10020 0.0120 16.38 0.0192961 5.93 4.82 27.05 900
45' 2R 1m0 10020 0.0090 9.59 0.0144721 6.70 3.22 27.8375 2700
2h 2R 10040 10020 0.0070 5.93 0.0112561 7.40 161 28.3625 7200
8h 2R 10070 10010 0.0060 2.99 0.0096422 8.38 0.00 28.8875 28800
16h 2R 10070 10010 0.0060 212 0.0096422 8.88 161 28.8875 57600
24h 26 10N0RN 100N 0.0050 1.74 0.0080352 9.17 8.04 29.15 86400
L+A calcolati = 24.92
D particelle: 2.65 L+A pesati = 27.49
Errore strumentale = -2.57
Perso per strada = 27.21

FRAZIONI %
Totali
Ghiaia 8.05
Sabbia: 11.01
Limo: 48.62
Argilla: 3231
S+L+A 91.95
L+A 80.94
Parziali
Sabbia: 11.97
Limo: 52.88
Argilla: 35.14

Grossolano/Fine

>2mm/<2mm  0.087587
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Appendix 5.2. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 40 (Trench
3a).

ZEMUNICA 2012 2/40

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 °T ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 6.90 6.90 100.00  100.00|
2000-400 -0.5 063 753 067 067 *
1400- 1000 0 0.76 8.29 0.82 1.49| 10 + 20
1000-710 0.5 0.59 8.88 0.64 213 o
710-500 1 0.59 9.48 0.64 277
500-355 15 0.76 10.23 0.82 358| O T e T e e o g e i o 0 % o o i o s 7 6 5 4 3 T 0 1 2 3 4 s o0
355-250 2 139 11.62 1.49 5.07
250-125 2.5 158 1321 1.70 6.77| %0 1 100
180-125 3 205 1525 2.20 8.97 Frazione < 2mm Frazione < 2mm %
125-90 35 244 17.70 2.62 11.60( 40 + w
90- 63 4 2.67 20.37 2.87 14.47
63-45 45 562 2599 604  2051| | 7“
45-31 5 4.06 30.05 4.36 24.87 60
31-23 5.5 5.98 36.03 6.42 31.29 w0
23-5 6 659 4263 708 3838207
5-10 65 682 4945 732 4570 “©
10-7 7 9.64 59.09 10.36 56.06( 10 T 30
7-3 7.5 9.65 68.74 10.36 66.42 »
3-2 8 2.70 71.43 2.90 69.31 o
<2 <8 285710000 3069 10000 § £ 5B E § 8§ gE Y w2 ©
§ =ETE A 1 0 1 3 4 5 6 8 ’
Graphic mean = 6.44 1154 p
Inclusive graphic standard deviation = 2.127465 Very poorly sorted.
Inclusive graphic skewness = -0.62 Very negative (coarse) skewed.
Graphic kurtosis = 0.89 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 25 1M70 10020 0.0150 63.89 0.0241201 3.97 161 26.2625 60
2 25 1MAEN 10020 0.0140 45.40 0.0225121 4.46 161 26.525 120
5 75 1MRN 10020 0.0130 28.85 0.0209041 5.12 3.22 26.7875 300
15' 2R 1030 10n?n 0.0110 16.46 0.0176881 5.92 3.22 27.3125 900
45' 2R 1010 10020 0.0090 9.59 0.0144721 6.70 4.82 27.8375 2700
2h 2R 10NNARN 10020 0.0060 5.96 0.0096481 7.39 161 28.625 7200
8h 2R 100RND 10010 0.0050 3.01 0.0080352 8.38 0.80 29.15 28800
16h 2R 1NNRR 10010 0.0045 213 0.0072317 8.88 0.00 29.28125 57600
24h 2R 1NNRR 10010 0.0045 174 0.0072317 9.17 7.23 29.28125 86400
L+A calcolati = 2251
D particelle: 2.65 L+A pesati = 26.32
Errore strumentale = -3.81
Perso per strada = 23.70

FRAZIONI %
Totali
Ghiaia 6.90
Sabbia: 1347
Limo: 51.06
Argilla: 28.57
S+L+A 93.10
L+A 79.63
Parziali
Sabbia: 14.47
Limo: 54.85
Argilla: 30.69

Grossolano/Fine

>2mm/<2mm  0.074113
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Appendix 5.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 53 (Trench
3a).

ZEMUNICA 2012 3/53

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 °T ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 14.17 1417 100.00  100.00|
2000-400 -0.5 032 1448 037 037 ®
1400- 1000 0 0.52 15.00 0.60 0.97| 10 + 20
1000-710 0.5 0.49 15.49 0.57 1.54] "
710-500 1 0.40 15.89 0.47 201
500-355 15 0.78 16.67 0.90 291 Orww“‘“c’ﬁ'".ﬂ‘aﬂwcmﬂmNmmmvmmmwm~gm°‘j 8 7 6 5 4 3 Lo 12 s 4 s s 1 8"
355-250 2 118 17.85 137 4.29
250-125 2.5 155 19.40 181 6.09] %0 T 100
180-125 3 190 2129 221 8.30 Frazione < 2mm Frazione < 2mm %
125-90 3.5 2.50 23.79 291 11.22
%0-63 4 227 2606 264 1386 °
63-45 45 484 3091 564 1951 o
45-31 5 3.53 34.44 412 23.62 60
31-23 5.5 5.18 39.62 6.03 29.65 w0
23-15 6 5.74 45.36 6.69 36.34
5-10 65 593 5129 691 4325 “©
10-7 7 6.35 57.65 7.40 50.66 30
7-3 7.5 5.61 63.26 6.54 57.19 »
3-2 8 118 64.43 137 58.56
<2 <8 35710000 4144 10000 § EEEELHEE YLy *
§ =ETE A 1 0 1 3 4 5 6 7 8 ¢
Graphic mean = 6.59 1041
Inclusive graphic standard deviation = 2.118477 Very poorly sorted.
Inclusive graphic skewness = -0.66 Very negative (coarse) skewed.
Graphic kurtosis = 0.83 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 75 1MAN 10020 0.0160 63.57 0.0257282 3.98 161 26 60
2 25 1M70 10020 0.0150 4517 0.0241201 447 161 26.2625 120
5 25 1MAEND 10020 0.0140 2871 0.0225121 5.12 3.22 26.525 300
15' 2R 1014n 10020 0.0120 16.38 0.0192961 5.93 3.22 27.05 900
45' 2R 1M20 10020 0.0100 9.55 0.0160801 6.71 3.22 27.575 2700
2h 2R 10100 100?n 0.0080 5.90 0.0128641 7.40 0.81 281 7200
8h 2R 10NNRR 10010 0.0075 297 0.0120528 8.39 0.80 28.49375 28800
16h 7R 100AN 10010 0.0070 211 0.0112492 8.89 161 28.625 57600
24h 2R 10070 10010 0.0060 173 0.0096422 9.18 9.64 28.8875 86400
L+A calcolati = 24.12
D particelle: 2.65 L+A pesati = 27.62
Errore strumentale = -3.50
Perso per strada = 35.94

FRAZIONI %
Totali
Ghiaia 1417
Sabbia: 11.90
Limo: 38.37
Argilla: 35.57
S+L+A 85.83
L+A 73.94
Parziali
Sabbia: 13.86
Limo: 44.70
Argilla: 41.44

Grossolano/Fine
>2mm/<2mm  0.165059
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Appendix 5.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 60 (Trench
3a).

ZEMUNICA 2012 4/60
Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campione totale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 °T ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 26.56 2656  100.00  100.00|
2000-400 -0.5 289 2944 393 393 ®
1400- 1000 0 211 3155 2.87 6.80| 10 + 20
1000-710 0.5 215 3371 293 9.74 "
710-500 1 149 35.20 2.03 11.76
500-355 15 142 36.62 1.94 13.70 O'Wqu?qﬁwﬁmcmHmNmmm,m.ﬂm@m,‘mmt S
355-250 2 167 38.28 227 15.96
250-125 2.5 171 39.99 233 18.29(50 T 100
180-125 3 167 4166 221 2056 Frazione < 2mm Frazione < 2mm %
125-90 35 215 4381 293 2349|490 | o
90- 63 4 0.84 44.66 115 24.64
63-45 45 196 4661 267 2731 | o
45-31 5 2.73 49.34 3.72 31.03 60
31-23 5.5 571 55.05 777 38.80 w0
23-5 6 636 6141 866  47.46|20T
5-10 65 459 66.00 624 5370 “©
10-7 7 4.92 70.91 6.69 60.40( 10 30
7-3 7.5 4.84 75.75 6.59 66.98 »
3-2 8 3.65 79.40 4.97 71.95 o
<2 <8 2060 10000 2805 10000] § £ ¥ B E L EEFEEEmma 0y 0
§ =ETE A 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 5.55 2139 p
Inclusive graphic standard deviation = 2.98966 Very poorly sorted.
Inclusive graphic skewness = -0.66 Very negative (coarse) skewed.
Graphic kurtosis = 0.93 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 25 1M75 10020 0.0155 63.73 0.0249242 3.97 0.80 26.13125 60
2 25 1M70 10020 0.0150 4517 0.0241201 447 161 26.2625 120
5 25 1MAEND 10020 0.0140 2871 0.0225121 5.12 4.82 26.525 300
15' 2R 1030 100?n 0.0110 16.46 0.0176881 5.92 3.22 27.3125 900
45' 2R 1010 10020 0.0090 9.59 0.0144721 6.70 3.22 27.8375 2700
2h 2R 10080 1002n  0.0070 5.93 0.0112561 7.40 3.22 28.3625 7200
8h 2R 100RN 10010 0.0050 3.01 0.0080352 8.38 0.00 29.15 28800
16h 2R 100RN 10010 0.0050 212 0.0080352 8.88 0.00 29.15 57600
24h 2R 10N0RN 10010 0.0050 174 0.0080352 9.17 8.04 29.15 86400
L+A calcolati = 24.12
D particelle: 2.65 L+A pesati = 27.26
Errore strumentale = -3.14
Perso per strada = 33.69

FRAZIONI %
Totali
CGhiaia 26.56
Sabbia: 18.10
Limo: 34.74
Argilla: 20.60
S+L+A 73.44
L+A 55.34
Parziali
Sabbia: 24.64
Limo: 4731
Argilla: 28.05

Grossolano/Fine
>2mm/<2mm  0.361612
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Appendix 5.5. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 63 (Trench
3a).

ZEMUNICA 2012 5/63
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000  000], | ©
4-2 -1 8.65 8.65 100.00  100.00|
2000-400 -0.5 082 947 090 090 *
1400- 1000 0 0.57 10.04 0.62 1.52 10 ¢ 20
1000-710 0.5 0.61 10.64 0.66 218, o
710-500 1 0.57 1121 0.62 281
500-355 | 15 0.68 11.89 074 3.55] Oieﬂh"?v"ﬁ'wwﬁQOgHgN:ﬂg<3m3mg"gm§j 8 7 6 5 4 -3 Lo 1 2 3 4 5 6 7 8
355-250 2 100 1289 109 464 i
250-125 2.5 132 14.20 144 6.08| 50 1 100
180-125 3 142 1563 156 7.64 Frazione < 2mm Frazione < 2mm ©
125-90 35 153 17.16 168 931 40 | ©
90- 63 4 271 19.86 2.96 12.27
63-45 45 613 2599 671 1898 | *
45-31 5 4.38 30.37 4.79 23.77 60
31-23 5.5 6.49 36.85 7.10 30.87 ©
23-5 6 711 4397 779 3866|201
5-10 65 735 5131 805  46.70 “©
10-7 7 7.89 59.21 8.64 55.34( 10 1 30
7-3 7.5 6.77 65.97 741 62.75 »
3-2 8 145 67.43 1.59 64.34 o
<2 <8 3257 10000 3566 10000] § FE 8 E LK gE YAy ©
§ =ETE TS 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.51 1100 p
Inclusive graphic standard deviation = 2.088684 Very poorly sorted.
Inclusive graphic skewness = -0.62 Very negative (coarse) skewed.
Graphic kurtosis = 0.86 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 25 1MAEN 10020 0.0140 64.20 0.0225121 3.96 161 26.525 60
2 25 1MRN 10020 0.0130 45.62 0.0209041 4.45 161 26.7875 120
5 25 104n 10020 0.0120 29.00 0.0192961 511 3.22 27.05 300
15' 2R 1M20 10020 0.0100 16.54 0.0160801 592 3.22 27.575 900
45 2R 10NN 10020 0.0080 9.64 0.0128641 6.70 3.22 281 2700
2h 2R 10NNARN 10020 0.0060 5.96 0.0096481 7.39 0.81 28.625 7200
8h 2R 10NNRR 10010 0.0055 3.00 0.0088387 8.38 0.80 29.01875 28800
16h 2R 10NRN 10010 0.0050 212 0.0080352 8.88 161 29.15 57600
24h 2R 10N&RN 10010 0.0040 1.74 0.0064281 9.16 6.43 29.4125 86400
L+A calcolati = 20.90
D particelle: 2.65 L+A pesati = 23.76
Errore strumentale = -2.86
Perso per strada = 29.59

FRAZIONI

Totali
CGhiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.094692

>2mm/<2mm

%

8.65
1121
47.56
3257

91.35
80.14

12.27
52.07
35.66
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Appendix 5.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 83 (Trench
3a).

ZEMUNICA 2012 6/83
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ) Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | o
4-2 -1 39.45 3945 100.00  100.00|
2000-400 -0.5 258 4203 426 426 *
1400- 1000 0 1.72 43.75 2.84 7.10| 10 4 20
1000-710 0.5 183 45.58 3.02 10.12 o
710-500 1 134 46.93 222 12.34
500-355 15 147 48.40 243 1477 °’mMowq.,N.ﬂ‘mOmﬁmNmmﬁ,mmmmmNmmf 5 7 5 5 4 3 T o0 1 2 3 4 s 8’
355-250 2 179 50.19 2.96 17.73
250-125 2.5 179 51.98 2.96 20.69| 50 7 100
180-125 3 161 5359 266 2336 Frazione < 2mm Erazione< 2mm %
125-90 3.5 158 55.17 261 25.96( 49 | ©
90- 63 4 1.60 56.77 2.63 28.60
63-45 45 323 5099 533 3393 | 7“
45-31 5 4.46 64.45 7.36 41.29 60
31-23 5.5 5.18 69.63 8.56 49.85 w0
23-5 6 508 7472 840 5824|201
5-10 65 370 7842 611 6435 “©
10-7 7 3.98 82.40 6.57 70.93| 10 1 30
7-3 7.5 3.36 85.76 5.55 76.48 »
3-2 8 0.73 86.49 121 77.69 o
<2 <8 1351 10000 2231 10000| £ £ B § & £ 8% 3% 88w v ©
§ =ETETE 1 0 1 3 4 5 6 8 ’
Graphic mean = 5.17 27.84 p
Inclusive graphic standard deviation = 3.029681 Very poorly sorted.
Inclusive graphic skewness = -0.50 Very negative (coarse) skewed.
Graphic kurtosis = 0.93 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 25 1M70 10020 0.0150 63.89 0.0241201 3.97 161 26.2625 60
2 25 1MAEN 10020 0.0140 45.40 0.0225121 4.46 3.22 26.525 120
5 25 104n 10020 0.0120 29.00 0.0192961 511 4.82 27.05 300
15' 2R 1010 10020 0.0090 16.62 0.0144721 5.91 322 27.8375 900
45' 2R 10040 10020 0.0070 9.68 0.0112561 6.69 322 28.3625 2700
2h 2R 10070 10020 0.0050 5.99 0.0080400 7.38 0.81 28.8875 7200
8h 2R 10NNRR 10010 0.0045 3.01 0.0072317 8.38 0.80 29.28125 28800
16h 2R 10NRND 10010 0.0040 213 0.0064281 8.87 0.00 29.4125 57600
24h 2R 10NN&RN 10010 0.0040 1.74 0.0064281 9.16 6.43 29.4125 86400
L+A calcolati = 2251
D particelle: 2.65 L+A pesati = 25.38
Errore strumentale = -2.87
Perso per strada = 35.46

FRAZIONI

Ghiaia

Sabbia:

Limo:

Argilla:

S+L+A
L+A

Sabbia:

Limo:

Argilla:

Grossolano/Fine

Totali

Parziali

>2mny<2mm

0.651566

%

39.45
1731
29.72
1351

60.55
43.23

28.60
49.09
2231
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Appendix 5.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 92 (Trench
3a).

ZEMUNICA 2012 7/92
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000  000], | ©
4-2 -1 2.99 299 100.00  100.00
2000-400 -0.5 025 324 025 025 *
1400- 1000 0 0.12 3.36 0.13 0.38| 10 1 20
1000-710 0.5 0.16 3.52 0.16 0.54 o
710-500 1 0.16 3.68 0.16 0.71 .
500-355 15 0.09 376 0.09 080| TS T e e oolg g N m o e g ey e g e © 2l s 7 5 5 4 s P P s’
355-250 2 0.12 3.89 0.13 0.92 .
250-125 2.5 0.11 3.99 0.11 1.03 50 7 100
180-125 3 0.14 413 0.15 118 Frazione < 2mm Frazione < 2mm ©
125-90 3.5 0.33 4.47 0.34 152] 49 4 w
90- 63 4 0.77 524 0.80 2.32
63-45 45 272 7% 280 512 | *
45-31 5 541 13.37 5.58 10.70 60
31-23 5.5 6.84 20.21 7.05 17.75 ©
23-5 6 714 2135 736 2511|201
15 - 10 6.5 5.52 32.87 5.69 30.80 “
10-7 7 477 37.64 4.92 35.72| 10 1 30
7-3 7.5 4.29 41.94 443 40.15 »
3-2 8 4.22 46.16 4.35 44.50 o
<2 <8 5384 10000 5550  100.00 gfggegggesgwwa oy °
§ =ETE TS 1 0 1 3 5 8 °
Graphic mean = 7.40 5.94
Inclusive graphic standard deviation = 1505463 Poorly sorted.
Inclusive graphic skewness = -0.77 Very negative (coarse) skewed.
Graphic kurtosis = 0.71 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 22 1N3RR 10020 0.0335 61.25 0.0538683 4.03 161 21.40625 60
2 22 10345 10020 0.0325 4357 0.0522603 4.52 4.02 21.66875 120
5 22 10320 10020 0.0300 27.97 0.0482403 5.16 6.43 22.325 300
15' 22 10280 10020 0.0260 16.53 0.0418083 592 4.82 23.375 900
45 22 10280 10020 0.0230 9.70 0.0369842 6.69 3.24 24.1625 2700
2h 2110220 10010 0.0210 6.15 0.0337477 7.35 4.82 24.95 7200
8h 22 1Mman 1nnin - 0.0180 3.06 0.0289266 8.35 321 257375 28800
16h 21 1mz?7n 100N 0.0160 223 0.0257126 881 0.00 26.2625 57600
24h 21 1mz7n 1nnin - 0.0160 1.82 0.0257126 9.10 25.71 26.2625 86400
L+A calcolati = 52.26
D particelle: 2.65 L+A pesati = 60.54
Errore strumentale = -8.27
Perso per strada = 11.69

FRAZIONI %
Totali
Ghiaia 2.99
Sabbia: 225
Limo: 40.92
Argilla: 53.84
S+L+A 97.01
L+A 94.76
Parziali
Sabbia: 2.32
Limo: 42.18
Argilla: 55.50

Grossolano/Fine

>2mmy/<2mm  0.030826
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Appendix 5.8. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 106 lower
part, between large stones SU
112 (Trench 3a).

ZEMUNICA 2012 8/112

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000  000], | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400- 1000 0 0.02 0.02 0.02 0.02| 10 1 20
1000-710 0.5 0.02 0.04 0.02 0.04 o
710-500 1 0.00 0.04 0.00 0.04
500-355 15 0.02 0.06 0.02 006 O TS T e e a e e e e g e e g e © 2l s 7 5 5 4 s T o 1 2 s e s 6 1 8
355-250 2 0.04 0.09 0.04 0.09
250-125 2.5 0.07 0.17 0.07 0.17{ 50 7 100
180-125 3 0.20 037 0.20 0.37 Frazione < 2mm Frazione < 2mm ©
125-90 3.5 0.61 0.98 0.61 0.98( 49 4 ©
90- 63 4 123 221 123 221
63-45 45 584 805 584 805 | *
45-31 5 4.62 12.67 4.62 12.67 60
31-23 5.5 6.83 19.50 6.83 19.50 ©
23-5 6 721 2677 721 2677|201
15 - 10 6.5 4.79 3156 4.79 31.56 “
10-7 7 3.90 35.47 3.90 35.47| 10 1 30
7-3 7.5 3.24 38.71 3.24 38.71 »
3-2 8 2.93 41.64 293 41.64 04
<2 <8 583 10000 583 10000, § £ § 8§ & §8g¢%sanaa v °
§ =ETE TS 1 0 1 3 4 5 6 7 8 °
Graphic mean = 7.37 6.04
Inclusive graphic standard deviation = 1578974 Poorly sorted.
Inclusive graphic skewness = 0.79 Very negative (coarse) skewed.
Graphic kurtosis = 0.71 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 1N3R0 10020 0.0330 61.43 0.0530643 4.02 3.22 21.5375 60
2 22 10330 10020 0.0310 4397 0.0498483 451 3.22 22.0625 120
5 22 10310 10020 0.0290 28.14 0.0466323 5.15 6.43 22,5875 300
15' 2210270 10020 0.0250 16.62 0.0402002 591 4.02 23.6375 900
45 22 10245 10020 0.0225 9.73 0.0361802 6.68 243 24.29375 2700
2h 2110220 10010 0.0210 6.15 0.0337477 7.35 321 24.95 7200
8h 22 10200 10010 0.0190 3.05 0.0305337 8.36 321 25.475 28800
16h 21 1MmAan 100in - 0.0170 222 0.0273196 8.82 0.00 26 57600
24h 21 1nman  1nntn 0.0170 181 0.0273196 9.11 271.32 26 86400
L+A calcolati = 49.85
D particelle: 2.65 L+A pesati = 56.55
Errore strumentale = -6.71
Perso per strada = 8.85

FRAZIONI %
Totali
Ghiaia 0.00
Sabbia: 221
Limo: 39.43
Argilla: 58.36
S+L+A 100.00
L+A 97.79
Parziali
Sabbia: 221
Limo: 39.43
Argilla: 58.36

Grossolano/Fine
>2mm/<2mm 0

221



Appendix 5.9. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 106 (Trench
3b).

ZEMUNICA 2012 50/106

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 18.97 18.97  100.00  100.00
2000-400 -0.5 187 2083 230 230 ®
1400- 1000 0 1.40 22.23 173 4.03| 10 1 20
1000-710 0.5 138 2361 170 5.73 o
710-500 1 110 2471 136 7.09
500-355 15 0.81 25,52 0.99 808 O o e e T e  m o a0 0 @ o o @ R T
355-250 2 0.83 26.34 1.02 9.10
250-125 2.5 0.74 27.09 0.92 10.02| 50 7 100
180-125 3 074 2783 092 1093 Frazione < 2mm Erazione<2mm %
125-90 35 095 2878 118 12111 4 | o
90- 63 4 1.36 30.14 1.67 13.78
63-45 45 429 3442 520 1907| | o
45-31 5 5.08 39.51 6.27 25.35 60
31-23 55 6.01 45,52 742 3277 w0
23-5 6 671 5223 828  41.05 %1
5-10 65 662 5885 817 4922 ©
10-7 7 6.82 65.67 841 57.64| 10 1 30
7-3 7.5 7.06 72.74 8.72 66.35 »
3-2 8 252 75.25 311 69.46 0
<2 <8 2475 10000 3054 10000] § £ 8 88 L8 gEYAas ©
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 6.41 1175 p
Inclusive graphic standard deviation = 2.362158 Very poorly sorted.
Inclusive graphic skewness = -0.66 Very negative (coarse) skewed.
Graphic kurtosis = 109 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 28 10225 10020 0.0205 58.01 0.0329642 4.11 241 24.81875 60
2 28 10210 10020 0.0190 41.34 0.0305522 4.60 322 25.2125 120
5 28 1MmAan 1n0n2n - 0.0170 26.42 0.0273362 5.24 4.84 25.7375 300
15' 28 1MRN 10010 0.0140 15.56 0.0224985 6.01 4.82 26.7875 900
45' 28 1mM2n 10010 0.0110 9.11 0.0176774 6.78 4.82 27.575 2700
2h 29 100an 10010 0.0080 5.52 0.0128563 7.50 242 28.3625 7200
8h an  10nRR 10000 0.0065 2.72 0.0104394 8.52 2.40 29.01875 28800
16h an  10anRN 1 001N 0.0050 1.93 0.0080352 9.02 0.00 29.15 57600
24h an 1nneRn 1nntn 0.0050 157 0.0080352 9.31 8.04 29.15 86400
L+A calcolati = 30.55
D particelle: 2.65 L+A pesati = 39.15
Errore strumentale = -8.60
Perso per strada = 9.08

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.234084

>2mnm/<2mm

%

18.97
1117
45.12
24.75

81.03
69.86

13.78
55.68
30.54
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Appendix 5.10. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 139 lower
part (Trench 3b).

ZEMUNICA 2012 51/139 LOWER PART

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 1355 1355 100.00  100.00)
2000-400 -0.5 263 1618 304 304 ®
1400- 1000 0 2.39 18.57 2.76 5.81| 10 4 20
1000-710 0.5 227 20.84 2.63 8.43] o
710-500 1 213 22,97 246 10.89
500-355 15 2.87 25.84 3.32 14,21 O o i o oo g o 0 R S
355-250 2 232 28.15 2.68 16.89
250-125 2.5 225 30.40 2.60 19.49| 50 7 100
180-125 3 191 3231 221 2170 Frazione < 2mm Erazione<2mm %
125-90 35 191 34.22 221 2391 49 | w0
90- 63 4 2.37 36.59 274 26.65
63-45 45 717 4376 820 3404 | o
45-31 5 5.94 49.70 6.87 41.82 60
31-23 55 6.18 55.89 7.15 48.97 w0
23-5 6 620 6208 717 5614|201
5-10 65 619 6828 717 6331 ©
10-7 7 341 71.69 3.95 67.25| 10 1 30
7-3 7.5 3.35 75.03 3.87 71.12 »
3-2 8 3.79 78.82 4.38 75.50 0
<2 <8 2118 10000 2450 10000] § £ 8 8 & &8 g% Y Eas ©
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 5.25 26.26 p
Inclusive graphic standard deviation = 2.983047 Very poorly sorted.
Inclusive graphic skewness = -0.58 Very negative (coarse) skewed.
Graphic kurtosis = 0.86 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 1MAR 10020 0.0165 67.33 0.0265322 3.89 241 25.86875 60
2 22 1mMz7n 10020 0.0150 47.97 0.0241201 4.38 322 26.2625 120
5 22 1MR0 10020 0.0130 30.64 0.0209041 5.03 4.02 26.7875 300
15' 22 1M25 10020 0.0105 17.91 0.0168841 5.80 4.02 27.44375 900
45' 22 10mnn 10020 0.0080 10.46 0.0128641 6.58 161 281 2700
2h 21 100AN 1001n  0.0070 6.58 0.0112492 7.25 321 28.625 7200
8h 22 100RN 10010 0.0050 3.26 0.0080352 8.26 0.00 29.15 28800
16h 21 100RN 10010 0.0050 2.35 0.0080352 8.73 0.00 29.15 57600
24h 21 100RN 1 001N 0.0050 1.92 0.0080352 9.03 8.04 29.15 86400
L+A calcolati = 24.12
D particelle: 2.65 L+A pesati = 29.84
Errore strumentale = -5.72
Perso per strada = 21.62

FRAZIONI %
Totali

Ghiaia 1355

Sabbia: 23.04

Limo: 42.23

Argilla: 21.18

S+L+A 86.45

L+A 63.41
Parziali

Sabbia: 26.65

Limo: 48.85

Argilla: 24.50

Grossolano/Fine
>2mmV<2mm 0.15675

223



Appendix 5.11. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 139_upper
part (Trench 3b).

ZEMUNICA 2012 52/139 UPPER PART

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 6.49 6.49  100.00  100.00|
2000-400 -0.5 184 833 197 197 ®
1400- 1000 0 1.47 9.80 157 3.54| 10 1 20
1000-710 0.5 1.68 11.48 1.80 5.34 o
710-500 1 158 13.06 168 7.02
500-355 15 179 14.85 191 894 O T G a o i i i g 0 e o o @ 5 7 6 5 4 3 P > 3 a4 o0
355-250 2 243 17.28 2.60 1154
250-125 2.5 187 19.15 2.00 135450 7 100
180-125 3 18 2096 194 1548 Frazione < 2mm Erazione<2mm %
125-90 35 182 22.78 1.94 17.42| 4o | o
90- 63 4 2.08 24.86 223 19.65
63-45 45 792 377 846 2811 | o
45-31 5 6.64 39.42 7.10 35.21 60
31-23 55 8.23 47.64 8.80 44.01 w0
23-5 6 725 5490 776 5177|201
5-10 65 551 6041 590  57.67 ©
10-7 7 6.34 66.75 6.78 64.44| 10 1 30
7-3 7.5 5.36 7211 573 70.17 »
3-2 8 423 76.34 453 74.70 0
<2 <8 2366 10000 2530 10000 § £ 8 B B E & gL Y awas ©
§ =ETETE 1 0 1 3 5 8 ’
Graphic mean = 5.80 18.00 p
Inclusive graphic standard deviation = 2.580474 Very poorly sorted.
Inclusive graphic skewness = -0.58 Very negative (coarse) skewed.
Graphic kurtosis = 0.93 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 22 1M48s 10020 0.0175 66.99 0.0281402 3.90 241 25.60625 60
2 22 1MAN 10020 0.0160 4173 0.0257282 4.39 322 26 120
5 22 1MAEN 10020 0.0140 30.49 0.0225121 5.04 4.82 26.525 300
15' 22 1M3n 1002n - 0.0110 17.86 0.0176881 5.81 322 27.3125 900
45' 22 1Mm1n 10020 0.0090 10.41 0.0144721 6.59 3.22 27.8375 2700
2h 21 100AN 1001n  0.0070 6.58 0.0112492 7.25 321 28.625 7200
8h 22 100RN 10010 0.0050 3.26 0.0080352 8.26 0.00 29.15 28800
16h 21 100RN 10010 0.0050 2.35 0.0080352 8.73 161 29.15 57600
24h 21 10n&N 100N 0.0040 1.93 0.0064281 9.02 6.43 29.4125 86400
L+A calcolati = 25.73
D particelle: 2.65 L+A pesati = 31.97
Errore strumentale = -6.24
Perso per strada = 21.55

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.069389

>2mnm/<2mm

%

6.49
18.37
51.48
23.66

93.51
75.14

19.65
55.05
25.30

224



Appendix 5.12. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 135 (Trench
3b).

ZEMUNICA 2012 53/135
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 2.93 293 100.00  100.00|
2000-400 -0.5 568 861 58 585 ®
1400- 1000 0 458 13.19 4.72 10.57| 10 ¢ 20
1000-710 0.5 4.15 17.34 428 14.85) o
710-500 1 3.10 20.44 319 18.04
500-355 15 3.01 23.45 3.10 2L14| O S o i s e e g 0 e 5 7 6 5 4 3 Lo 1 s s 4 s 6 a8
355-250 2 2.50 25,94 257 23.71
250-125 2.5 237 2831 244 26.15| 50 7 100
180-125 3 368 3199 379 2994 Frazione < 2mm Erazione<2mm %
125-90 3.5 2.56 34.55 2.64 32.58| 49 4 o
90- 63 4 3.18 37.73 3.28 35.86
63-45 45 457 4230 471 4056| | o
45-31 5 5.35 47.65 551 46.08 60
31-23 55 6.61 54.27 6.81 52.89 w0
23-5 6 673 6099 693  50.82| 201
5-10 65 672 6772 693  66.74 ©
10-7 7 331 71.02 341 70.15] 10 1 30
7-3 7.5 3.00 74.03 3.09 73.24 »
3-2 8 341 77.44 351 76.76 0
<2 <8 225 10000 2324 10000] § £ 8B EEEEEEsas ©
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 4.76 36.90 p
Inclusive graphic standard deviation = #NIA #N/A
Inclusive graphic skewness = #NIA #N/A
Graphic kurtosis = #NIA #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10200 10020 0.0180 66.81 0.0289442 3.90 161 25.475 60
2 22 1Mman 1nn2n - 0.0170 47.49 0.0273362 4.40 322 25.7375 120
5 22 1mMz7n 10020 0.0150 30.34 0.0241201 5.04 4.82 26.2625 300
15' 22 10M4n 10020 0.0120 17.78 0.0192961 5.81 4.82 27.05 900
45' 22 1Mm1n 10020 0.0090 10.41 0.0144721 6.59 1.62 27.8375 2700
2h 21 10nan 1n001n  0.0080 6.55 0.0128563 7.25 321 28.3625 7200
8h 2210070 10010 0.0060 3.25 0.0096422 8.27 161 28.8875 28800
16h 21 100RN 10010 0.0050 2.35 0.0080352 8.73 0.00 29.15 57600
24h 21 100RN 1 001N 0.0050 1.92 0.0080352 9.03 8.04 29.15 86400
L+A calcolati = 271.34
D particelle: 2.65 L+A pesati = 33.76
Errore strumentale = -6.42
Perso per strada = 9.86

FRAZIONI %
Totali
CGhiaia 293
Sabbia: 3481
Limo: 39.70
Argilla: 22.56
S+L+A 97.07
L+A 62.27
Parziali
Sabbia: 35.86
Limo: 40.90
Argilla: 23.24

Grossolano/Fine
>2mm/<2mm  0.030139

225



Appendix 5.13. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 134 (Trench
3b).

ZEMUNICA 54/134

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 25.59 2559  100.00  100.00|
2000-400 -0.5 501 3060 674 674 ®
1400- 1000 0 3.18 33.78 4.28 11.02| 10 4 20
1000-710 0.5 3.53 37.31 4.74 15.76) o
710-500 1 267 39.98 3.59 19.35
500-355 15 2.75 42.74 3.70 2305 O T e i o i s o g 0 e R S
355-250 2 237 45.10 318 26.23
250-125 2.5 168 46.78 2.26 28.48| 50 7 100
180-125 3 157 4835 211 3059 Frazione < 2mm Erazione<2mm %
125-90 3.5 166 50.01 223 32.82| 49 4 o
90- 63 4 155 51.56 2.08 34.90
63-45 45 297 5453 399 3890 | 7°
45-31 5 4.04 58.57 543 44.33 0
31-23 55 9.05 67.62 12.16 56.49 w0
23-5 6 629 7391 846  64.94| 201
5-10 65 332 7723 446 69.40 ©
10-7 7 3.69 80.92 4.95 74.35] 10 1 30
7-3 7.5 3.61 84.52 4.85 79.20 »
3-2 8 351 88.03 4.71 83.91 0
<2 <8 1197 10000 1609 10000] § £ 8 8 & & &g %Y Eoas ©
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 4.59 4150 p
Inclusive graphic standard deviation = #NIA #N/A
Inclusive graphic skewness = #NIA #N/A
Graphic kurtosis = #NIA #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 1MAEN 10020 0.0140 69.45 0.0225121 3.85 0.80 26.525 60
2 21 1MRR 10020 0.0135 49.23 0.0217081 4.34 241 26.65625 120
5 21 10md4n 10020 0.0120 31.37 0.0192961 4.99 6.43 27.05 300
15' 21 10mnn 10020 0.0080 18.46 0.0128641 5.76 241 281 900
45' 21 10NNRR 10020 0.0065 10.73 0.0104521 6.54 241 28.49375 2700
2h 2110070 10020 0.0050 6.62 0.0080400 7.24 322 28.8875 7200
8h 21 10nR0N 10020 0.0030 3.34 0.0048240 8.23 0.00 29.4125 28800
16h 21 10nRN 10020 0.0030 2.36 0.0048240 8.73 161 29.4125 57600
24h 21 10n4n  1002n  0.0020 1.94 0.0032160 9.01 322 29.675 86400
L+A calcolati = 2171
D particelle: 2.65 L+A pesati = 25.16
Errore strumentale = -3.46
Perso per strada = 20.27

FRAZIONI %
Totali
Ghiaia 25.59
Sabbia: 25.97
Limo: 36.47
Argilla: 11.97
S+L+A 7441
L+A 48.44
Parziali
Sabbia: 34.90
Limo: 49.01
Argilla: 16.09

Grossolano/Fine
>2mm/<2mm  0.343819
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Appendix 5.14. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 115 lower
part (Trench 3b).

ZEMUNICA 2012 55/115 LOWER
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 17.96 17.96  100.00  100.00
2000-400 -0.5 383 2179 467 467 ®
1400- 1000 0 3.24 25.03 3.95 8.61| 10 1 20
1000-710 0.5 3.44 2847 4.20 12.81 o
710-500 1 2.70 3117 3.29 16.10
500-355 15 258 3375 315 1924 OIS TN G g e i on s m e o m e @ o | 5 7 5 5 4 5 2 4 0 1 2 3 4 5 6 1 8
355-250 2 267 3642 326 2250 i
250-125 2.5 251 38.94 3.06 255750 7 100
180-125 3 206  41.00 251 2808 Frazione < 2mm Erazione<2mm %
125-90 35 229 43.28 2.79 30.87| 49 4 w0
90- 63 4 2.08 45.37 254 3341
63-45 45 434 4971 520 3870| | o
45-31 5 2.79 52.49 3.39 42.09 60
31-23 55 6.84 59.33 8.33 50.43 w0
23-5 6 612 6545 746 57.88| 21
5-10 65 468 7013 570 6358 ©
10-7 7 3.04 7317 371 67.29] 10 1 30
7-3 7.5 3.17 76.34 3.86 71.16 »
3-2 8 3.59 79.93 4.38 75.54 0
<2 <8 2007 10000 2446 10000| § £ 8 8 & L8 g% Y aas ©
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 4.94 32.68 p
Inclusive graphic standard deviation = 3.242161 Very poorly sorted.
Inclusive graphic skewness = -0.59 Very negative (coarse) skewed.
Graphic kurtosis = 0.69 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 1Mz70 10020 0.0150 67.84 0.0241201 3.88 161 26.2625 60
2 22 1MAEN 10020 0.0140 48.21 0.0225121 4.37 161 26.525 120
5 22 1MR0 10020 0.0130 30.64 0.0209041 5.03 4.82 26.7875 300
15' 22 1Mm2n 10020 0.0100 17.95 0.0160801 5.80 322 27.575 900
45' 22 10mnn 10020 0.0080 10.46 0.0128641 6.58 161 281 2700
2h 21 100AN 1001n  0.0070 6.58 0.0112492 7.25 321 28.625 7200
8h 22 100RN 10010 0.0050 3.26 0.0080352 8.26 0.00 29.15 28800
16h 21 100RN 10010 0.0050 2.35 0.0080352 8.73 161 29.15 57600
24h 21 10n&N 100N 0.0040 1.93 0.0064281 9.02 6.43 29.4125 86400
L+A calcolati = 2251
D particelle: 2.65 L+A pesati = 26.96
Errore strumentale = -4.45
Perso per strada = 16.74

FRAZIONI %
Totali
Ghiaia 17.96
Sabbia: 27.41
Limo: 34.56
Argilla: 20.07
S+L+A 82.04
L+A 54.63
Parziali
Sabbia: 3341
Limo: 42.13
Argilla: 24.46

Grossolano/Fine
>2mm/<2mm  0.218939
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Appendix 5.15. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 115 _upper
part (Trench 3b).

ZEMUNICA 56/115

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 1333 1333 100.00  100.00
2000-400 -0.5 120 1454 139 139 ®
1400- 1000 0 1.15 15.69 133 2.72| 10 4 20
1000-710 0.5 1.04 16.73 1.20 3.92 "
710-500 1 0.94 17.67 108 5.00
500-355 15 110 1877 127 1 o e e P 5 7 6 5 4 3 P 3 4 o0
355-250 2 134 20.10 154 7.81
250-125 2.5 142 2152 164 9.45( 50 1 100
180-125 3 161 2313 185 1130 Frazione < 2mm Erazione<2mm %
125-90 35 185 2498 213 13441 40 | o
90- 63 4 1.85 26.82 213 15.57
63-45 45 521 3203 601 2158 | 7°
45-31 5 3.29 35.33 3.80 25.38 60
31-23 55 821 4354 9.47 34.85 w0
23-5 6 716 50.70 826 4312|201
5-10 65 553  56.23 638 4949 ©
10-7 7 6.11 62.34 7.06 56.55| 10 1 30
7-3 7.5 5.32 67.66 6.14 62.69 »
3-2 8 4.36 72.02 5.03 67.72 0
<2 <8 2198 10000 3228 10000] § £ 8 B B EE LY swas ©
§ =ETETE 1 0 1 3 5 8 ’
Graphic mean = 6.36 12.19 p
Inclusive graphic standard deviation = 2.305993 Very poorly sorted.
Inclusive graphic skewness = -0.64 Very negative (coarse) skewed.
Graphic kurtosis = 0.98 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 21 1Mman 1nn2n - 0.0170 68.41 0.0273362 3.87 161 25.7375 60
2 21 1MAan 10020 0.0160 48.62 0.0257282 4.36 161 26 120
5 21 1mz7n 10020 0.0150 30.91 0.0241201 5.02 4.82 26.2625 300
15' 21 10md4n 10020 0.0120 18.11 0.0192961 5.79 322 27.05 900
45' 21 1m2n 10020 0.0100 10.56 0.0160801 6.57 3.22 27.575 2700
2h 21 10mnn 10020 0.0080 6.53 0.0128641 7.26 322 281 7200
8h 21 10NRN 10020 0.0060 3.29 0.0096481 8.25 3.22 28.625 28800
16h 21 100RN 10020 0.0040 2.35 0.0064320 8.73 322 29.15 57600
24h 21 10n4n  1002n  0.0020 1.94 0.0032160 9.01 322 29.675 86400
L+A calcolati = 25.73
D particelle: 2.65 L+A pesati = 29.57
Errore strumentale = -3.84
Perso per strada = 24.09

FRAZIONI %
Totali
CGhiaia 1333
Sabbia: 13.49
Limo: 45.20
Argilla: 27.98
S+L+A 86.67
L+A 73.18
Parziali
Sabbia: 1557
Limo: 52.15
Argilla: 32.28

Grossolano/Fine
>2mm/<2mm  0.153817
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Appendix 5.16. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 114 (Trench
3b).

ZEMUNICA 2012 57/114

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 13.42 1342  100.00  100.00
2000-400 -0.5 055 1397 063 063 ®
1400- 1000 0 0.37 14.34 0.43 1.06 20
1000-710 0.5 0.40 14.73 0.46 1.52] "
710-500 1 0.32 15.06 0.37 1.89
500-355 15 0.62 15.68 0.72 2.61 o0
355-250 2 107 16.74 123 3.84
250-125 2.5 156 1831 181 5.64/ 50 7 100
180-125 3 169  19.99 195 759 Frazione < 2mm Erazione<2mm %
125-90 3.5 198 21.98 229 9.88( 49 4 o
90- 63 4 223 2421 258 12.46
63-45 45 343 2764 396 1643 | 7°
45-31 5 7.76 35.40 8.96 25.39 60
31-23 55 10.18 45.58 11.75 37.14 w0
23-5 6 1044 5602 1206  49.20| %
5-10 65 1043 6644 1204 6124 ©
10-7 7 12.02 78.46 13.88 75.12| 10 1 30
7-3 7.5 8.83 87.29 10.20 85.32 »
3-2 8 5.93 93.23 6.85 92.18 oA
<2 <8 677 10000 782 10000 E £ § § & 58 FE§gooes v °
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 5.97 15.94 p
Inclusive graphic standard deviation = 1662317 Poorly sorted.
Inclusive graphic skewness = -0.47 Very negative (coarse) skewed.
Graphic kurtosis = 123 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10210 10020 0.0190 66.47 0.0305522 391 0.80 25.2125 60
2 22 10205 10020 0.0185 4712 0.0297482 441 4.02 25.34375 120
5 22 1MAN 10020 0.0160 30.19 0.0257282 5.05 6.43 26 300
15' 22 10M4n 10020 0.0120 17.78 0.0192961 5.81 6.43 27.05 900
45' 22 10mnn 10020 0.0080 10.46 0.0128641 6.58 6.44 281 2700
2h 21 100R0N 10010 0.0040 6.67 0.0064281 7.23 4.82 29.4125 7200
8h 2210020 10010 0.0010 3.32 0.0016070 8.23 0.00 30.2 28800
16h 2110020 10010 0.0010 2.39 0.0016070 8.71 0.00 30.2 57600
24h 21 10n2n 1nntn 0.0010 1.95 0.0016070 9.00 1.61 30.2 86400
L+A calcolati = 29.75
D particelle: 2.65 L+A pesati = 33.70
Errore strumentale = -3.96
Perso per strada = 17.75

FRAZIONI %
Totali
Ghiaia 13.42
Sabbia: 10.79
Limo: 69.02
Argilla: 6.77
S+L+A 86.58
L+A 75.79
Parziali
Sabbia: 12.46
Limo: 79.71
Argilla: 7.82

Grossolano/Fine
>2mm/<2mm  0.155005
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Appendix 5.17. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 45 (Trench
3b).

ZEMUNICA 2012 58/45

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000 o
4-2 -1 10.72 10.72  100.00  100.00)
2000-400 -0.5 071 1143 079 079 ®
1400- 1000 0 0.56 11.99 0.62 1.42 20
1000-710 0.5 0.48 1247 0.54 1.96] o
710-500 1 0.61 13.08 0.68 2.64
500-355 15 0.79 13.86 0.88 3.52 5 7 6 5 4 3 Lo 1 s s 4 s 6 a8
355-250 2 127 15.13 142 4.94
250-125 2.5 155 16.67 173 6.67| 50 7 100
180-125 3 203 1870 221 8.94 Frazione < 2mm Erazione<2mm %
125-90 35 190 2060 213 11.07] 40 | o
90- 63 4 1.98 22.58 221 13.28
63-45 45 529 2787 5% 1021 | 7°
45-31 5 6.31 34.17 7.06 26.27 60
31-23 55 10.23 44.41 11.46 37.73 w0
23-5 6 914 5355 1024  47.97| 2
5-10 65 657  60.12 736 5533 ©
10-7 7 4.96 65.08 5.56 60.89 10 1 30
7-3 7.5 5.33 70.41 5.97 66.86 »
3-2 8 6.07 76.48 6.79 73.66 0
<2 <8 235 10000 2634 10000] § £ 8 B E L EEEYawas ©
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.25 B
Inclusive graphic standard deviation = 2.070012 Very poorly sorted.
Inclusive graphic skewness = -0.52 Very negative (coarse) skewed.
Graphic kurtosis = 0.89 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10210 10020 0.0190 66.47 0.0305522 391 161 25.2125 60
2 22 10200 10020 0.0180 4725 0.0289442 4.40 322 25.475 120
5 22 1MAN 10020 0.0160 30.19 0.0257282 5.05 6.43 26 300
15' 22 10M4n 10020 0.0120 17.78 0.0192961 5.81 4.02 27.05 900
45' 22 1015 10020 0.0095 10.39 0.0152761 6.59 242 27.70625 2700
2h 21 10nan 1n001n  0.0080 6.55 0.0128563 7.25 4.82 28.3625 7200
8h 22 100RN 10010 0.0050 3.26 0.0080352 8.26 161 29.15 28800
16h 21 10nR0N 10010 0.0040 2.36 0.0064281 8.73 161 29.4125 57600
24h 21 10n4n 1nntn - 0.0030 1.94 0.0048211 9.01 4.82 29.675 86400
L+A calcolati = 28.94
D particelle: 2.65 L+A pesati = 33.48
Errore strumentale = -4.54
Perso per strada = 19.64

FRAZIONI %
Totali
Ghiaia 10.72
Sabbia: 11.86
Limo: 53.90
Argilla: 2352
S+L+A 89.28
L+A 77.42
Parziali
Sabbia: 13.28
Limo: 60.37
Argilla: 26.34

Grossolano/Fine
>2mm/<2mm  0.120061
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Appendix 5.18. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 146 (Trench
2).

ZEMUNICA 2012 100/12, US 146
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 16.45 16.45 100.00  100.00)
2000-400 -0.5 065 1710 078 078 ®
1400- 1000 0 0.43 17.53 0.51 1.29| 10 4 20
1000-710 0.5 0.49 18.02 0.59 1.88] o
710-500 1 0.54 18.56 0.64 2.52)
500355 15 054 1910 084 317 OTTITRIS N w g g v g e e e e m e | 5 7 & 5 4 s 2 4 o 1 2 s 4 5 & 7 5
355-250 2 0.83 19.93 0.99 4.16
250-125 2.5 110 21.03 132 5.48| 50 7 100
180-125 3 182 2285 2.18 7.66 Frazione < 2mm Erazione<2mm %
125-90 3.5 2.38 2522 285 10.50( 49 4 o
90- 63 4 2.60 27.83 312 13.62
63-45 45 460 3243 551 1912 | o
45-31 5 5.59 38.01 6.68 25.81 60
31-23 55 6.86 44.87 821 34.02 w0
23-5 6 620 5107 742 4144|201
5-10 65 464 5571 555 4699 ©
10-7 7 3.13 58.84 3.74 50.74| 10 1 30
7-3 7.5 2.29 61.13 274 53.48 »
3-2 8 177 62.90 212 55.59 0
<2 <8 3710 10000 4441 10000] § £ 8 B E LK g E YLy °
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.59 10.41
Inclusive graphic standard deviation = 2.101241 Very poorly sorted.
Inclusive graphic skewness = -0.65 Very negative (coarse) skewed.
Graphic kurtosis = 0.77 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 2210220 10020 0.0200 66.12 0.0321602 3.92 161 24.95 60
2 22 10210 10020 0.0190 47.00 0.0305522 441 322 25.2125 120
5 22 1Mman 1nn2n - 0.0170 30.03 0.0273362 5.06 4.82 25.7375 300
15' 22 1MAEN 10020 0.0140 17.60 0.0225121 5.83 322 26.525 900
45' 22 1Md4n 10020 0.0120 10.26 0.0192961 6.61 1.62 27.05 2700
2h 21 1m2n 100N 0.0110 6.46 0.0176774 7.27 161 27.575 7200
8h 22 1min 1nnin - 0.0100 319 0.0160703 829 161 27.8375 28800
16h 21 10mnn 100in - 0.0090 231 0.0144633 8.76 0.00 281 57600
24h 21 1ninn o 1nntn 0.0090 1.88 0.0144633 9.05 14.46 281 86400
L+A calcolati = 30.55
D particelle: 2.65 L+A pesati = 35.62
Errore strumentale = -5.07
Perso per strada = 17.11

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.196883

>2mnm/<2mm

%

16.45
11.38
35.07
37.10

83.55
7217

13.62
4197
4441
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Appendix 5.19. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 136 (Trench
2).

ZEMUNICA 2012 101/11, US 136
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 1.06 1.06  100.00  100.00|
2000-400 -0.5 02 127 02 02 ®
1400- 1000 0 0.19 147 0.20 0.41| 10 1 20
1000-710 0.5 0.15 1.62 0.15 0.57, "
710-500 1 0.17 179 0.17 0.74
500-355 15 0.22 2.01 0.22 096) O e T e a e e e e o o a0 e e o e o @ 5 7 6 5 4 3 P > 3 a4 o0
355-250 2 0.41 242 0.41 1.38
250-125 2.5 0.60 3.02 0.61 1.99( 50 7 100
180-125 3 171 473 172 371 Frazione < 2mm Erazione<2mm %
125-90 3.5 220 6.93 223 5.94| 4 4 o
90- 63 4 2.74 9.68 277 871
63-45 45 620 1588 627 1498 | 7°
45-31 5 6.77 22.65 6.84 21.82 60
31-23 55 6.77 29.42 6.84 28.66 w0
23-5 6 677 3619 684 3551|201
5-10 65 676 4295 684 4234 ©
10-7 7 5.39 48.35 545 47.79( 10 1 30
7-3 7.5 4.42 52.77 447 52.26 »
3-2 8 3.52 56.29 3.56 55.82 0
<2 <8 437110000 4418 10000| § £ § 8 § £ 8% %888 ©
§ =ETETE 1 0 1 3 5 8 ’
Graphic mean = 6.82 8.85 p
Inclusive graphic standard deviation = 186392 Poorly sorted.
Inclusive graphic skewness = -0.66 Very negative (coarse) skewed.
Graphic kurtosis = 0.72 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 21 10280 10020 0.0260 65.20 0.0418083 3.94 241 23.375 60
2 21 1N2RR 10020 0.0245 46.49 0.0393962 443 4.02 23.76875 120
5 21 10240 10020 0.0220 29.80 0.0353762 5.07 4.82 24.425 300
15' 21 10210 10020 0.0190 17.48 0.0305522 5.84 4.82 25.2125 900
45' 21 1MAn 10020 0.0160 10.25 0.0257282 6.61 3.22 26 2700
2h 21 1MAEN 10020 0.0140 6.34 0.0225121 7.30 322 26.525 7200
8h 21 10m4n 10020 0.0120 3.20 0.0192961 829 161 27.05 28800
16h 21 1Mm3an 10n2n - 0.0110 227 0.0176881 8.78 161 27.3125 57600
24h 21 1m2n 10n?n  0.0100 1.87 0.0160801 9.07 16.08 27575 86400
L+A calcolati = 39.40
D particelle: 2.65 L+A pesati = 44.81
Errore strumentale = -5.42
Perso per strada = 3.50

FRAZIONI %
Totali
Ghiaia 1.06
Sabbia: 8.62
Limo: 46.61
Argilla: 4371
S+L+A 98.94
L+A 90.32
Parziali
Sabbia: 871
Limo: 47.11
Argilla: 44.18

Grossolano/Fine
>2mm/<2mm  0.010699
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Appendix 5.20. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 138 (Trench
2).

ZEMUNICA 2012 102/10, US 138
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 25.41 2541 100.00  100.00|
2000-400 -0.5 097 2638 129 129 ®
1400- 1000 0 1.15 2753 155 2.84| 10 4 20
1000-710 0.5 101 2854 1.36 4.20 o
710-500 1 0.85 29.39 114 5.34
500-355 | 15 118 3057 158 691 ST g pm N e o e s ow e ~ooe | g 7 5 5 4 3 2 4 0 1 2 3 4 5 & 7 8 °
355-250 2 118 3175 158 8.49
250-125 2.5 1.06 3281 142 9.91 50 7 100
180-125 3 125 3405 167 1159 Frazione < 2mm Erazione<2mm %
125-90 3.5 184 35.89 246 14.05( 4 | o
90- 63 4 1.62 37.52 218 16.23
63-45 45 351 4102 470 2093| | o
45-31 5 5.86 46.88 7.85 28.78 60
31-23 55 4.88 51.76 6.55 35.33 w0
23-5 6 434 5610 582 4115201
5-10 65 363 5973 487 4602 ©
10-7 7 4.01 63.75 5.38 51.40| 10 1 30
7-3 7.5 4.88 68.63 6.54 57.94 »
3-2 8 5.80 74.42 .77 65.71 0
<2 <8 2558 10000 3429 10000] § £ 8 8 F LK g F LAy °
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 6.45 144 p
Inclusive graphic standard deviation = 2.358895 Very poorly sorted.
Inclusive graphic skewness = -0.69 Very negative (coarse) skewed.
Graphic kurtosis = 0.93 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 21 1MAR 10020 0.0165 68.59 0.0265322 3.87 0.80 25.86875 60
2 21 1MAan 10020 0.0160 48.62 0.0257282 4.36 322 26 120
5 21 1MAEN 10020 0.0140 31.06 0.0225121 5.01 3.22 26.525 300
15 21 10md4n 10020 0.0120 18.11 0.0192961 5.79 241 27.05 900
45' 21 1M25 10020 0.0105 10.53 0.0168841 6.57 241 27.44375 2700
2h 21 1m0 10020 0.0090 6.50 0.0144721 7.27 4.82 27.8375 7200
8h 21 10NRN 10020 0.0060 3.29 0.0096481 8.25 161 28.625 28800
16h 2110070 10020 0.0050 2.34 0.0080400 8.74 161 28.8875 57600
24h 21 100RN 10020 0.0040 1.92 0.0064320 9.03 6.43 29.15 86400
L+A calcolati = 25.73
D particelle: 2.65 L+A pesati = 30.33
Errore strumentale = -4.60
Perso per strada = 18.33

FRAZIONI %
Totali
Ghiaia 25.41
Sabbia: 12.10
Limo: 36.91
Argilla: 25.58
S+L+A 7459
L+A 62.48
Parziali
Sabbia: 16.23
Limo: 49.48
Argilla: 34.29

Grossolano/Fine
>2mm/<2mm  0.340678
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Appendix 5.21. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 122 (Trench
2).

ZEMUNICA 2012 103/9, US 122
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | o
4-2 -1 0.89 0.89  100.00  100.00|
2000-400 -0.5 039 127 039 039 ®
1400- 1000 0 0.36 163 0.36 0.75| 10 1 20
1000-710 0.5 0.28 191 0.28 1.03] o
710-500 1 0.22 213 0.22 1.26)
500-355 15 0.36 249 0.36 162 O T e e e a o m T o o e o g o o e o o 5 7 6 5 4 3 P > 3 a4 o0
355-250 2 2.66 5.15 2.68 4.31
250-125 2.5 -1.05 4.10 -1.06 3.24| 50 7 100
180-125 3 163 5.74 165 489 Frazione < 2mm Erazione<2mm %
125-90 35 241 815 243 7.32| 49 | .
90- 63 4 2.80 10.94 2.82 10.15
63-45 45 679 1773 685  17.00| | 7°
45-31 5 5.65 2339 5.70 22.70 60
31-23 55 5.93 29.32 5.99 28.69 w0
23-5 6 719 3651 725 3594|201
5-10 65 880 4530 887 4481 ©
10-7 7 8.10 5341 8.18 52.99| 10 1 30
7-3 7.5 6.42 59.82 6.47 59.46 »
3-2 8 6.56 66.38 6.62 66.08 0
<2 <8 BE2__10000 3392 10000] § FEHEEEEEEEawas ©
§ =ETETE 1 0 1 3 5 8 ’
Graphic mean = 6.59 1037 p
Inclusive graphic standard deviation = 190869 Poorly sorted.
Inclusive graphic skewness = -0.59 Very negative (coarse) skewed.
Graphic kurtosis = 0.78 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 an 10210 1n0in e 0.0200 55.53 0.0321407 4.17 321 25.2125 60
2 an o1nan 1nnin e 0.0180 39.67 0.0289266 4.66 241 25.7375 120
5 an 1m7s 10010 0.0165 25.28 0.0265161 531 4.02 26.13125 300
15' an  1men 100N 0.0140 14.78 0.0224985 6.08 4.82 26.7875 900
45' 29 1mM2n 10010 0.0110 8.89 0.0176774 6.81 321 27.575 2700
2h 29 1000 10010 0.0090 5.49 0.0144633 751 4.82 281 7200
8h an 1an7n 1n0in - 0.0060 271 0.0096422 853 161 28.8875 28800
16h an  10anRN 1 001N 0.0050 1.93 0.0080352 9.02 161 29.15 57600
24h an 1nn&n 1 0ntn 0.0040 1.58 0.0064281 9.31 6.43 29.4125 86400
L+A calcolati = 28.93
D particelle: 2.65 L+A pesati = 45.37
Errore strumentale = -16.44
Perso per strada = 4.10

FRAZIONI %
Totali

CGhiaia 0.89

Sabbia: 10.06

Limo: 55.44

Argilla: 33.62

S+L+A 99.11

L+A 89.06
Parziali

Sabbia: 10.15

Limo: 55.93

Argilla: 33.92

Grossolano/Fine
>2mm/<2mm  0.008946
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Appendix 5.22. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 110 _lower
part (Trench 2).

ZEMUNICA 2012 105/7, US 110 LOWER PART
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 30.95 30.95 100.00  100.00|
2000-400 -0.5 270 3365 390 390 ®
1400- 1000 0 1.72 35.37 250 6.40| 10 4 20
1000-710 0.5 117 36.54 170 8.09 o
710-500 1 141 37.95 205 10.14
500-355 15 135 39.30 195 1209) O T S T i o i s o g 0 e R T
355-250 2 144 40.74 2.08 14.17
250-125 2.5 0.99 4173 144 156150 7 100
180-125 3 141 4315 205 1766 Frazione < 2mm Erazione<2mm %
125-90 3.5 159 44.74 2.30 19.96( 49 | o
90- 63 4 201 46.75 291 22.88
63-45 45 283 4958 410 269| | o
45-31 5 4.81 54.39 6.97 33.95 60
31-23 55 5.07 59.46 7.34 41.29 w0
23-5 6 456 64.02 660  47.89| 20 1
5-10 65 697 7098 1009  57.98 ©
10-7 7 6.34 7133 9.18 67.16] 10 1 30
7-3 7.5 5.05 82.38 7.32 74.48 »
3-2 8 3.46 85.84 5.02 79.49 0
<2 <8 1416 10000 2051 10000] § £ 8 8 & L8 g% Eas ©
§ =ETETE 1 0 1 2 3 4 5 6 7 8 ’
Graphic mean = 5.64 20.06 p
Inclusive graphic standard deviation = 2.77549 Very poorly sorted.
Inclusive graphic skewness = -0.59 Very negative (coarse) skewed.
Graphic kurtosis = 112 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 an  1men 1 n0in o 0.0150 56.95 0.0241055 413 161 26.525 60
2 an  1men 100N 0.0140 40.47 0.0224985 4.63 321 26.7875 120
5 an 1man 1nnin o 0.0120 25.85 0.0192844 5.27 321 27.3125 300
15' an o 1nin o 1nnin o 0.0100 15.06 0.0160703 6.05 4.82 27.8375 900
45' 29 100ARN 10010 0.0070 9.05 0.0112492 6.79 321 28.625 2700
2h 29 100RN 10010 0.0050 5.60 0.0080352 7.48 321 29.15 7200
8h an  1nn4n 1n00in - 0.0030 2.75 0.0048211 851 161 29.675 28800
16h an  1nan3n 1 nnin 0.0020 1.95 0.0032141 9.00 161 29.9375 57600
24h an 1nn?n o 1nntn 0.0010 1.60 0.0016070 9.29 1.61 30.2 86400
L+A calcolati = 22.50
D particelle: 2.65 L+A pesati = 26.43
Errore strumentale = -3.93
Perso per strada = 17.32

FRAZIONI %
Totali
Ghiaia 30.95
Sabbia: 15.80
Limo: 39.09
Argilla: 14.16
S+L+A 69.05
L+A 53.25
Parziali
Sabbia: 22.88
Limo: 56.62
Argilla: 20.51

Grossolano/Fine
>2mm/<2mm  0.448241
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Appendix 5.23. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 110_upper
part (Trench 2).

ZEMUNICA 2012 106/7, US 110 UPPER PART

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 w0
4-2 -1 1313 1313  100.00  100.00
2000-400 -0.5 114 1427 131 131 ®
1400- 1000 0 0.91 15.18 1.05 2.36 20
1000-710 0.5 1.09 16.28 1.26 3.62 "
710-500 1 0.75 17.03 0.87 4.49
500-355 15 100 1803 115 5.64 5 7 o 5 4 Lo 1 s s 4 s 6 a8
355-250 2 141 19.45 163 7.27
250-125 2.5 162 21.07 1.86 9.13{ 50 7 100
180-125 3 153 2259 176 1089 Frazione < 2mm Erazione<2mm %
125-90 3.5 214 24.74 247 13.36| 49 4 w0
90- 63 4 1.98 26.72 228 15.64
63-45 45 559 3231 643 2207| | o
45-31 5 9.72 42.03 11.19 33.26 60
31-23 55 9.70 51.73 11.16 44.43 w0
23-5 6 712 5885 820 5263 %1
5-10 65 520  64.05 599 5862 ©
10-7 7 5.08 69.13 5.85 64.46| 10 1 30
7-3 7.5 5.26 74.39 6.06 70.52 »
3-2 8 3.58 7197 412 74.63 0
<2 <8 2203 10000 2537 10000 § £ 8 B EEEEEEswas ©
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.08 1.79 p
Inclusive graphic standard deviation = 2.234034 Very poorly sorted.
Inclusive graphic skewness = -0.53 Very negative (coarse) skewed.
Graphic kurtosis = 0.92 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 an 10210 1n0in e 0.0200 55.53 0.0321407 4.17 321 25.2125 60
2 an o1nan 1nnin e 0.0180 39.67 0.0289266 4.66 6.43 25.7375 120
5 an  1men 100N 0.0140 25.60 0.0224985 5.29 4.82 26.7875 300
15' an o 1ma2n 1nnin - 0.0110 14.99 0.0176774 6.06 321 27575 900
45' 29 1000 1001n - 0.0090 8.97 0.0144633 6.80 321 281 2700
2h 29 100RN 10010 0.0070 5.54 0.0112492 7.49 321 28.625 7200
8h an  10an&N 1 001N 0.0050 2.73 0.0080352 8.52 161 29.15 28800
16h an  1nansn 100N 0.0040 1.94 0.0064281 9.01 161 29.4125 57600
24h an o 1nn4n  1nntn e 0.0030 1.59 0.0048211 9.30 4.82 29.675 86400
L+A calcolati = 28.93
D particelle: 2.65 L+A pesati = 36.14
Errore strumentale = =721
Perso per strada = 10.60

FRAZIONI %
Totali
Ghiaia 1313
Sabbia: 13.59
Limo: 51.25
Argilla: 22.03
S+L+A 86.87
L+A 73.28
Parziali
Sabbia: 15.64
Limo: 58.99
Argilla: 25.37

Grossolano/Fine
>2mm/<2mm  0.151178
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Appendix 5.24. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Zemunica, SU 109 (Trench
2).

ZEMUNICA 2012 107/6, US 109

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 *] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000 o
4-2 -1 4.19 419 100.00  100.00
2000-400 -0.5 055 475 058 058 ®
1400- 1000 0 0.43 5.17 0.45 1.02 20
1000-710 0.5 0.48 5.65 0.50 1.52] "
710-500 1 0.53 6.18 0.55 2.07,
500-355 15 058 6.75 0.60 2.67| 5 7 o 5 4 Lo 1 s s 4 s 6 a8
355-250 2 115 7.91 121 3.88l
250-125 2.5 121 9.11 1.26 514/ 50 7 100
180-125 3 181 1092 1.89 7.02 Frazione < 2mm Erazione<2mm %
125-90 3.5 1.96 12.88 204 9.07( 4 4 o
90- 63 4 234 1522 244 11.50
63-45 45 609 2130 635 1785 | 7°
45-31 5 9.48 30.79 9.90 27.76 60
31-23 55 1051 41.29 10.97 38.72 w0
23-5 6 945 5075 987 4859|201
5-10 65 785 5859 819 5678 ©
0-7 7 8.69 67.28 9.07 65.85| 10 1 30
7-3 7.5 6.48 73.76 6.76 72.61 »
3-2 8 4.09 71.85 4.27 76.88 oA
<2 <8 215 10000 2312 10000] § 888 L8 gEYEas ©
§ =ETETE 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.25 B.15
Inclusive graphic standard deviation = 1948817 Poorly sorted.
Inclusive graphic skewness = -0.44 Very negative (coarse) skewed.
Graphic kurtosis = 0.89 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 2110230 10020 0.0210 67.00 0.0337682 3.90 161 24.6875 60
2 2110220 10020 0.0200 47.63 0.0321602 4.39 4.82 24.95 120
5 21 1Mman 1nn2n - 0.0170 30.60 0.0273362 5.03 6.43 25.7375 300
15' 21 1MmMR0 10020 0.0130 18.02 0.0209041 5.79 4.82 26.7875 900
45' 21 1m2n 10020 0.0100 10.56 0.0160801 6.57 4.82 27.575 2700
2h 21 10nan 10020 0.0070 6.56 0.0112561 7.25 322 28.3625 7200
8h 2110070 10020 0.0050 331 0.0080400 8.24 161 28.8875 28800
16h 21 100RN 10020 0.0040 2.35 0.0064320 8.73 161 29.15 57600
24h 21 10n&n 10020 0.0030 1.93 0.0048240 9.02 4.82 29.4125 86400
L+A calcolati = 32.16
D particelle: 2.65 L+A pesati = 36.74
Errore strumentale = -4.58
Perso per strada = 9.77

FRAZIONI %
Totali
Ghiaia 4.19
Sabbia: 11.02
Limo: 62.64
Argilla: 22.15
S+L+A 95.81
L+A 84.78
Parziali
Sabbia: 11.50
Limo: 65.38
Argilla: 23.12

Grossolano/Fine
>2mm/<2mm  0.043765
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Appendix 6.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 35 (Trench 3a).

ZEMUNICA 2012 1/35

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.38 0.38  100.00  100.00) 40
30
2000-400 -0.5 0.54 0.92 0.54 0.54 10
400-1000 0 0.15 1.07 0.15 0.69) ®
1000-710 0.5 0.38 145 0.38 1.08] 10
710-500 1 0.31 176 0.31 138 4
500-355 15 054 230 054 19 < TTETIINT go8TatATRTIYRCETRCV| oL L 4 s Lo o1 2 s 4 s o’
355-250 2 123 352 123 3.15
250-125 2.5 184 5.36 184 5.00 50 7 100
180-125 3 214 7.50 215 7.15 Erazione < 2mm Frazione < 2mm %
125-90 35 2.76 10.26 277 9.92{ 49 4 ©
90- 63 4 3.60 13.86 361 1353
63-45 4.5 5.72 19.58 5.74 19.27 21 o
45-31 5 4.76 2434 4.77 24.05 60
31-23 55 3.99 28.33 4.00 28.05 ©
23-15 6 355 3187 356 3161[ 2
5-10 65 047 3234 047 3208 *©
10-7 7 0.02 32.36 0.02 3210 10 + 20
7-3 75 0.00 32.36 0.00 32.10 »
3-2 8 2.85 35.21 2.86 34.96 04
<2 <8 64.79 10000 6504  100.00 gfggRgwgs e s oy o
§ L 1 0 1 3 4 5 6 8 °
Graphic mean = 7.07 7.46
Inclusive graphic standard deviation = 2.107777 Very poorly sorted.
Inclusive graphic skewness = -0.86 Very negative (coarse) skewed.
Graphic kurtosis = 0.75 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 100N 1001N 0.0070 60.74 0.0112492 4.04 0.80 28.625 60
2 29 10075 10010 0.0065 43.05 0.0104457 454 0.80 28.75625 120
5 29 10070 10010 0.0060 27.29 0.0096422 5.20 0.80 28.8875 300
15 A1 10NRE 1 AN1N 0.0055 14.96 0.0088387 6.06 0.01 29.01875 900
45' 31 10NRR 1 000N - 0.0055 8.67 0.0088333 6.85 0.00 29.28125 2700
2h 31 10NRR 1 0ANN 0.0055 531 0.0088333 7.56 0.80 29.28125 7200
8h an 1nansn 1 0annn 0.0050 274 0.0080303 8.51 241 29.4125 28800
16h an 1nnds 100N 0.0035 194 0.0056246 9.01 0.80 29.54375 57600
24h 31 1nn4an 1 00in 0.0030 154 0.0048211 9.34 4.82 29.675 86400
L+A calcolati = 10.45
D particelle: 2.65 L+A pesati = 13.94
Errore strumentale = -3.49
Perso per strada = 40.05

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.003843

>2mm/<2mm

%

0.38
13.48
21.35
64.79

99.62
86.14

1353
2143
65.04

238



Appendix 6.2. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples

from Zemunica, SU 40 (Trench 3a).

ZEMUNICA 2012 2/40

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.30 0.30  100.00  100.00 40
30
2000-400 -0.5 0.42 0.73 0.42 0.42 10
400-1000 0 0.18 091 0.18 0.61] ®
1000-710 0.5 0.24 115 0.24 0.85 10
710-500 1 0.36 151 0.36 121
500-355 15 054 206 055 176 TTTINT 9o8TANATRTIYRCETRCV| T L 4 s Lo 1 2 s 4 5 8 7 8"
355-250 2 133 3.39 133 3.09
250-125 2.5 1.87 5.26 1.88 49750 7 100
180-125 3 199 7.25 2.00 6.97 Erazione < 2mm Frazione < 2mm %0
©25-90 35 272 9.97 273 9.70| 4 N
90- 63 4 2.60 12,57 261 1231
63-45 4.5 441 16.98 4.42 16.73 21 "
45-31 5 3.77 20.75 3.78 20.50 60
31-23 55 6.47 27.22 6.49 27.00
23-15 6 847 3568 849 3549|201 ”
5-10 65 386 3955 388 3937 *©
10-7 7 322 4277 323 42.59( 10 1 30
7-3 75 3.45 46.21 3.46 46.05 »
3-2 8 0.39 46.60 0.39 46.44 04
<2 <8 5340 10000 5356  100.00 gfggRgwgs e s oy o
§ L 1 0 1 3 4 5 6 7 8 °
Graphic mean = 7.06 7.48 u
Inclusive graphic standard deviation = 2.040524 Very poorly sorted.
Inclusive graphic skewness = -0.83 Very negative (coarse) skewed.
Graphic kurtosis = 0.82 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10100 1001n - 0.0090 60.18 0.0144633 4.05 0.80 281 60
2 29 10N9% 10010 0.0085 42.65 0.0136598 4.55 0.80 28.23125 120
5 29 10nan 1 001N 0.0080 27.04 0.0128563 5.21 241 28.3625 300
15 3110075 100N 0.0065 14.89 0.0104457 6.07 0.81 28.75625 900
45' 31 100RN 1 000N 0.0060 8.65 0.0096364 6.85 0.80 29.15 2700
2h 31 10NRR 1 0ANN 0.0055 531 0.0088333 7.56 0.00 29.28125 7200
8h an  1nnsR 1 0A00n  0.0055 2.73 0.0088333 8.52 241 29.28125 28800
16h an innsn 1 001N 0.0040 194 0.0064281 9.01 0.00 29.4125 57600
24h 31 10n&n 1 001N 0.0040 154 0.0064281 9.35 6.43 29.4125 86400
L+A calcolati = 13.66
D particelle: 2.65 L+A pesati = 14.86
Errore strumentale = -1.20
Perso per strada = 38.36

FRAZIONI %
Totali
Ghiaia 0.30
Sabbia: 12.27
Limo: 34.03
Avrgilla: 53.40
S+L+A 99.70
L+A 87.43
Parziali
Sabbia: 12.31
Limo: 3413
Argilla: 53.56

Grossolano/Fine

>2mm/<2mm  0.003032
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Appendix 6.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 53 (Trench 3a).

ZEMUNICA 2012 3/53

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.40 040 100.00  100.00) 40
30
2000-400 -0.5 047 0.87 047 047, 10
400-1000 0 0.07 094 0.07 0.54 ®
1000-710 0.5 0.27 121 0.27 0.81 10
710-500 1 0.40 161 0.40 121
500-355 15 081 242 081 202 TTETIINT ogegTatItgvItgeevicv| oL, 5 Lo 1 2 s 4 s o’
355-250 2 2.08 4.50 2.09 412
250-125 2.5 2.96 7.46 297 7.08 50 7 100
180-125 3 410 1156 412 1120 Erazione < 2mm Frazione < 2mm %
125-90 35 3.76 15.32 3.78 14.98| 49 4 ©
90- 63 4 3.70 19.02 371 18.69
63-45 4.5 499 24.00 500 70| | "
45-31 5 4.18 28.18 4.19 27.89 60
31-23 55 351 31.69 3.52 3141 ©
23-15 6 311 3480 313 3454|201
5-10 65 043 3523 043 3497 *©
10-7 7 0.02 35.25 0.02 34.99] 10 4 20
7-3 75 0.00 35.25 0.00 34.99 »
3-2 8 248 37.73 249 37.48 o4
<2 <8 6227 10000 6252  100.00 gfggRgwgs e s oy o
§ L 1 0 1 2 3 4 5 6 8 °
Graphic mean = 6.86 8.60
Inclusive graphic standard deviation = 2.302465 Very poorly sorted.
Inclusive graphic skewness = -0.87 Very negative (coarse) skewed.
Graphic kurtosis = 0.70 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10nNRR 100N 0.0075 60.60 0.0120528 4.04 0.80 28.49375 60
2 29 10nan 1001n 0.0070 42.95 0.0112492 454 0.80 28.625 120
5 29 10075 10010 0.0065 27123 0.0104457 5.20 0.80 28.75625 300
15 310070 100N 0.0060 14.93 0.0096422 6.07 0.01 28.8875 900
45' 31 100RN 1 000N 0.0060 8.65 0.0096364 6.85 0.00 29.15 2700
2h 31 10nRN 1 NANN 0.0060 5.30 0.0096364 7.56 0.80 29.15 7200
8h an  1nnsR 1 0A00n  0.0055 273 0.0088333 8.52 241 29.28125 28800
16h an innsn 1 001N 0.0040 194 0.0064281 9.01 161 29.4125 57600
24h 31 1nn4an 1 00in 0.0030 154 0.0048211 9.34 4.82 29.675 86400
L+A calcolati = 11.25
D particelle: 2.65 L+A pesati = 13.94
Errore strumentale = -2.69
Perso per strada = 41.35

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.004048

>2mm/<2mm

%

0.40
18.61
18.72
62.27

99.60
80.98

18.69
18.79
62.52
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Appendix 6.4. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples

from Zemunica, SU 60 (Trench 3a).

ZEMUNICA 2012 4/60

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 0.00 0.00 0.00 0.00 80
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
32-16 -4 0.00 0.00 0.00 0.00 60
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00}
4-2 -1 4.60 4.60 100.00  100.00 40
30
2000-400 -0.5 5.52 10.12 579 5.79
400-1000 0 144 1156 151 7.30) ®
1000-710 0.5 127 12.83 133 8.62] 1
710-500 1 0.46 13.29 0.48 9.10
500-355 15 1.04 14.32 1.09 10.19| o 1 2 3 4 5 6 71 8 0
355-250 2 178 16.10 187 12.06
250-125 2.5 1.90 18.00 1.99 14.05| 50 7 100
180-25 3 242 2042 253 1658 Erazione < 2mm Frazione < 2mm %
125-90 35 293 23.35 3.07 19.65] 49 4 ©
90- 63 4 2.70 26.06 283 22.49
63-45 45 854 3460 895  3144| | °
45-31 5 7.18 41.78 7.53 38.97 60
31-23 55 6.02 47.80 6.31 45.28 ©
23-15 6 535 5315 561  50.89|2° 1
5-10 65 325 5640 341 5429 *©
10-7 7 8654.17 871056 9071.58 9125.87| 10 + 30
7-3 7.5 -2157.02 655354 -2261.06 6864.81 »
3-2 8 -2157.02 4396.52 -2261.06 4603.76 04
<2 <8 -429652  100.00 -4503.76  100.00 gfggRgwgs e s oy o
§ L 1 0 1 2 3 4 5 6 7 8 °
Graphic mean = 5.10 29.10
Inclusive graphic standard deviation = #NIA #N/IA
Inclusive graphic skewness = #NIA #N/IA
Graphic kurtosis = #NIA #N/IA
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10nan  1001n 0.0080 60.46 0.0128563 4.05 161 28.3625 60
2 29 10nan 1001n 0.0070 42.95 0.0112492 454 161 28.625 120
5 29 10070 10010 0.0060 27.29 0.0096422 5.20 161 28.8875 300
15 A1 100RN 1 AN1N 0.0050 14.99 0.0080352 6.06 0.81 29.15 900
45' 31 10n4R 1 000N 0.0045 871 0.0072273 6.84 0.80 29.54375 2700
2h 31 1nn4n 10000 0.0040 5.35 0.0064242 755 161248 29.675 7200
8h an o nnnnno 1 annn - -1.0000 8.64 -1.6060606 6.85 -1609.27 293.225 28800
16h an inn3n 1 nanin o 0.0020 1.95 0.0032141 9.00 0.00 29.9375 57600
24h 31 10n3n 10ntn - 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 11.25
D particelle: 2.65 L+A pesati = 14.37
Errore strumentale = -312
Perso per strada = 40.60

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali

Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.048233

>2mm/<2mm

%

4.60
21.45
4370.47
-4296.52

95.40
73.94

22.49
4581.27
-4503.76
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Appendix 6.5. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 63 (Trench 3a).

ZEMUNICA 2012 5/63

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 0.00 0.00 0.00 0.00 80
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
32-16 -4 0.00 0.00 0.00 0.00 60
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00}
4-2 -1 0.73 0.73  100.00  100.00, 40
30
2000-400 -0.5 0.93 166 0.94 0.94
400-1000 0 0.13 1.80 0.13 1.07 ®
1000-710 0.5 0.27 2.06 027 134 1
710-500 1 0.33 240 0.34 1.68,
500-355 15 067 306 067 235 5 7 o 5 4 Lo o1 2 3 4 s o’
355-250 2 113 4.19 114 3.49
250-125 2.5 1.66 5.86 1.68 5.16( 50 7 100
180-125 3 2.40 8.25 241 7.58 Erazione < 2mm Frazione < 2mm %0
125-90 35 293 1118 2.95 10.53] 49 4 ©
90- 63 4 3.26 14.44 3.29 1381
63-45 4.5 491 1935 495 1876 | "
45-31 5 4.14 23.49 4.17 22.93 60
31-23 55 5.33 28.82 537 28.30 ©
23-15 6 619 3501 624 3453|201
5-10 65 084 3585 085 3538 *©
10-7 7 2.27 38.12 2.28 37.66| 10 + 20
7-3 75 7.62 45.74 7.68 45.34 »
3-2 8 331 49.05 3.33 48.68 04
<2 <8 5095 10000 513 10000| § £ F § % §8§ 3¢ sana v °
§ =ETE A 1 0 1 3 4 5 8 ’
Graphic mean = 6.98 7.93 u
Inclusive graphic standard deviation = 2.094151 Very poorly sorted.
Inclusive graphic skewness = -0.82 Very negative (coarse) skewed.
Graphic kurtosis = 0.80 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10nan  1001n 0.0080 60.46 0.0128563 4.05 0.80 28.3625 60
2 29 10nNARR 100N 0.0075 42.85 0.0120528 454 0.80 28.49375 120
5 29 10nan 100N 0.0070 27.16 0.0112492 5.20 161 28.625 300
15 310070 100N 0.0060 14.93 0.0096422 6.07 0.01 28.8875 900
45' 31 100RN 1 000N 0.0060 8.65 0.0096364 6.85 161 29.15 2700
2h 31 10nRN 100NN 0.0050 5.32 0.0080303 7.55 0.80 29.4125 7200
8h an 1nnds 1 0a00n  0.0045 2.74 0.0072273 8.51 241 29.54375 28800
16h an inn4an 1 00in - 0.0030 194 0.0048211 9.01 0.00 29.675 57600
24h 31 1nn4an 1 00in 0.0030 154 0.0048211 9.34 4.82 29.675 86400
L+A calcolati = 12.05
D particelle: 2.65 L+A pesati = 14.75
Errore strumentale = -2.69
Perso per strada = 39.80

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.007374

>2mm/<2mm

%

0.73
1371
34.61
50.95

99.27
85.56

1381
34.87
51.32

242



Appendix 6.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 683 (Trench
3a).

ZEMUNICA 2012 6/83

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 0.00 0.00 0.00 0.00 80
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
32-16 -4 0.00 0.00 0.00 0.00 60
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00}
4-2 -1 477 477 100.00  100.00 40
30
2000-400 -0.5 6.51 11.28 6.84 6.84
400-1000 0 163 1291 171 8.54 ®
1000-710 0.5 1.30 1421 137 9.91] 1
710-500 1 119 15.40 125 11.16
500-355 15 152 16.92 159 12.76| 0 1 2 3 4 5 8 0
355-250 2 195 18.88 2.05 14.81
250-125 2.5 217 21.05 2.28 17.09] 50 7 100
180-125 3 2.93 2397 3.08 20.16 Erazione < 2mm Erazione < 2mm %0
125-90 35 293 26.90 3.08 23.24
90-63 4 33 3027 353 2677 ®
63-45 45 841 38.67 8.83 35.60 "
45-31 5 6.69 45.37 7.03 42.63 60
31-23 55 233 47.70 245 45.08 ©
23-15 6 0.00 47.70 0.00 45.08
5-10 65 002 47.72 002 4510 *©
10-7 7 0.01 47.73 0.01 45.11 30
7-3 75 0.00 4773 0.00 45.11 »
3-2 8 0.00 47.73 0.00 4511
<2 <8 5227 10000  54.89  100.00 gfggRgwgs e s oy o
§ L 1 0 1 3 4 5 6 8 °
Graphic mean = 6.35 1223 p
Inclusive graphic standard deviation = #NIA #N/IA
Inclusive graphic skewness = #NIA #N/IA
Graphic kurtosis = #NIA #N/IA
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10050 10010 0.0040 61.57 0.0064281 4.02 0.80 29.4125 60
2 29 10n4R 10010 0.0035 43.63 0.0056246 452 0.80 29.54375 120
5 29 10n4n 10010 0.0030 27.66 0.0048211 5.18 0.00 29.675 300
15 31 10n4an 1anin - 0.0030 1513 0.0048211 6.05 0.00 29.675 900
45' 3110030 10000 0.0030 8.77 0.0048182 6.83 0.00 29.9375 2700
2h 31 10n3n  10Ann 0.0030 5.37 0.0048182 7.54 0.00 29.9375 7200
8h an o 1nan3n 1 nannn o 0.0030 2.76 0.0048182 8.50 241 29.9375 28800
16h an 1nn?s  10nin 0.0015 1.96 0.0024106 9.00 0.80 30.06875 57600
24h 31 1nn2n 1 00tn 0.0010 156 0.0016070 9.33 161 30.2 86400
L+A calcolati = 5.62
D particelle: 2.65 L+A pesati = 8.08
Errore strumentale = -2.46
Perso per strada = 44.41

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.050125

>2mm/<2mm

%

4.77
25.49
17.47
52.27

95.23
69.73

26.77
18.34
54.89
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Appendix 6.8. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 92 (Trench 3a).

ZEMUNICA 2012 7/92

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.00 0.00 0.00 0.00 40
30
2000-400 -0.5 0.00 0.00 0.00 0.00 10
400-1000 0 0.00 0.00 0.00 0.00) ®
1000-710 0.5 0.00 0.00 0.00 0.00 10
710-500 1 0.00 0.00 0.00 0.00[
500-355 15 003 003 003 o003 TTETIIYT ogegTac 5 7 o 5 4 S S o’
355-250 2 0.03 0.06 0.03 0.06!
250-125 2.5 0.08 0.14 0.08 0.14 50 7 100
180-125 3 0.08 0.22 0.08 0.22 Erazione < 2mm Erazione < 2mm %0
©25-90 35 031 053 031 053] 4 N
90- 63 4 0.84 137 0.84 137
63-45 45 7.01 8.37 7.01 837 w0 o
45-31 5 4.43 12.80 4.43 12.80 60
31-23 55 443 17.23 443 17.23
23-15 6 585 2308 585 2308|201 ”
5-10 65 835 3143 835 3143 *©
10-7 7 9.07 40.50 9.07 40.50( 10 1 30
7-3 75 9.79 50.29 9.79 50.29 »
3-2 8 6.79 57.08 6.79 57.08 o
<2 <8 42.92  100.00 42.92  100.00 § é § E 5 § § g E i i f f i 10
§ L 1 0 1 3 4 5 6 8 °
Graphic mean = 7.16 7.00 u
Inclusive graphic standard deviation = 1517252 Poorly sorted.
Inclusive graphic skewness = -0.63 Very negative (coarse) skewed.
Graphic kurtosis = 0.82 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1024n 10020 0.0220 56.13 0.0353762 4.16 322 24.425 60
2 29 10220 10020 0.0200 40.11 0.0321602 4.64 161 24.95 120
5 29 10210 10020 0.0190 25.50 0.0305522 5.29 323 25.2125 300
15 79 1MAan 1nnin - 00170 14.95 0.0273196 6.06 4.82 26 900
45' 29 1Mm&EN 100N 00140 8.76 0.0224985 6.83 4.82 26.7875 2700
2h 29 1Mm2n 100N 0.0110 5.44 0.0176774 7.52 4.83 271.575 7200
8h an o 1nnan 1 nannn 0.0080 270 0.0128485 8.53 321 28.625 28800
16h 29 10070 10010 0.0060 197 0.0096422 8.99 0.00 28.8875 57600
24h an o1nn7n 1 0ntn - 0.0060 157 0.0096422 9.32 9.64 28.8875 86400
L+A calcolati = 32.16
D particelle: 2.65 L+A pesati = 41.65
Errore strumentale = -9.49
Perso per strada = 15.56

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
137
55.72
42.92

100.00
98.63

137
55.72
42.92

244



Appendix 6.9. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 106 lower part,
between large stones SU 112
(Trench 3a).

ZEMUNICA 2012 8/102

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.00 0.00 M 40
30
2000-400 -0.5 0.00 0.00 0.00 0.00 10
400-1000 0 0.00 0.00 0.00 0.00) ®
1000-710 0.5 0.00 0.00 0.00 0.00 10
710-500 1 0.00 0.00 0.00 0.00[
500-355 15 000 000 000 000 TTETITYT o gesoa 5 7 o 5 4 L o T . o’
355-250 2 0.03 0.03 0.03 0.03
250-125 2.5 0.05 0.08 0.05 0.08] 50 7 100
180-125 3 0.24 0.32 0.24 0.32 Erazione < 2mm Frazione < 2mm %0
©25-90 35 0.68 1.00 068 1.00| 49 | N
90-63 4 161 2.61 161 2.61
63-45 45 323 584 33 584 | *
45-31 5 5.53 11.36 5.53 11.36 60
31-23 55 842 19.78 842 19.78
23-15 6 1123 3101 1123 31012 ”
5-10 65 610 3711 610 3711 *©
10-7 7 6.69 4381 6.69 43.81| 10 1 30
7-3 75 9.25 53.05 9.25 53.05 »
3-2 8 6.41 59.46 6.41 59.46 o
<2 <8 4054 10000 4054 10000 § F § § § § K EEF AL w3 *
§ =ETE A 1 0 1 3 5 8 ’
Graphic mean = 7.07 7.43 u
Inclusive graphic standard deviation = 1515292 Poorly sorted.
Inclusive graphic skewness = -0.59 Very negative (coarse) skewed.
Graphic kurtosis = 0.70 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 29 10250 10020 0.0230 55.82 0.0369842 4.16 161 24.1625 60
2 29 1024n 10020 0.0220 39.69 0.0353762 4.66 322 24.425 120
5 29 10220 10020 0.0200 25.37 0.0321602 5.30 6.45 24.95 300
15 78 1Mm7n 1nnin - 0.0160 15.02 0.0257126 6.06 321 26.2625 900
45' 29 1Mm&EN 100N 00140 8.76 0.0224985 6.83 4.82 26.7875 2700
2h 29 1Mm2n 100N 0.0110 5.44 0.0176774 7.52 4.83 271.575 7200
8h an o 1nnan 1 nannn 0.0080 270 0.0128485 8.53 1.60 28.625 28800
16h 29 10nan 100N 0.0070 1.96 0.0112492 8.99 161 28.625 57600
24h an o1nn7n 1 0ntn - 0.0060 157 0.0096422 9.32 9.64 28.8875 86400
L+A calcolati = 35.38
D particelle: 2.65 L+A pesati = 43.95
Errore strumentale = -8.58
Perso per strada = 13.76

FRAZIONI %
Totali
Ghiaia 0.00
Sabbia: 261
Limo: 56.86
Avrgilla: 40.54
S+L+A 100.00
L+A 97.39
Parziali
Sabbia: 2.61
Limo: 56.86
Argilla: 40.54

Grossolano/Fine
>2mm/<2mm 0
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Appendix 6.10. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 106 (Trench
3b).

ZEMUNICA 2012 50/106

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.00 0.00 0.00 0.00 40
30
2000-400 -0.5 0.00 0.00 0.00 0.00 10
400-1000 0 0.00 0.00 0.00 0.00) ®
1000-710 0.5 0.13 0.13 0.13 0.13 10
710-500 1 0.13 0.26 0.13 026
500-355 15 006 032 006 03 TTETIINT go8TANATRTIYRCETRCV| T L 4 s Lo 1 2 s 4 5 85 1 8"
355-250 2 0.13 0.45 0.13 0.45
250-125 2.5 0.39 0.84 0.39 0.84/ 50 7 100
180-125 3 110 194 110 194 Erazione < 2mm Frazione < 2mm %0
©25-90 35 188 3.82 183 3.82| 4 N
90- 63 4 2.46 6.28 246 6.28
63-45 45 940 1568 940 1568 | *
45-31 5 811 23.79 811 23.79 60
31-23 55 7.23 31.02 7.23 31.02
23-15 6 670  37.72 670  37.72| 2 ”
5-10 65 662 4434 662 4434 *©
10-7 7 5.30 49.64 5.30 49.64| 10 1 30
7-3 75 353 53.17 353 53.17 »
3-2 8 0.01 53.18 0.01 53.18 04
<2 <8 4682 10000  46.82  100.00 gfggRgwgs e s oy o
§ L 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.74 9.33
Inclusive graphic standard deviation = 181545 Poorly sorted.
Inclusive graphic skewness = -0.60 Very negative (coarse) skewed.
Graphic kurtosis = 0.62 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1010 1002n  0.0090 59.92 0.0144721 4.06 161 27.8375 60
2 29 10100 1002N  0.0080 42.57 0.0128641 4.55 161 281 120
5 29 10nan 1 002N 0.0070 27.05 0.0112561 5.21 161 28.3625 300
15 ?8 10070 10010 0.0060 15.76 0.0096422 5.99 161 28.8875 900
45' 29 100RN 10010 0.0050 9.14 0.0080352 6.77 0.80 29.15 2700
2h 29 10NRR 10010 0.0045 5.61 0.0072317 7.48 0.00 29.28125 7200
8h an 1nnds 1 0a00n  0.0045 2.74 0.0072273 8.51 241 29.54375 28800
16h 29 10n4n 10010 0.0030 2.00 0.0048211 8.97 0.00 29.675 57600
24h an i1nn4an 1 00in 0.0030 159 0.0048211 9.30 4.82 29.675 86400
L+A calcolati = 12.86
D particelle: 2.65 L+A pesati = 16.64
Errore strumentale = -3.78
Perso per strada = 41.29

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
6.28
46.90
46.82

100.00
93.72

6.28
46.90
46.82
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Appendix 6.11. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples

from Zemunica, SU 139_lower part

(Trench 3b).

ZEMUNICA 2012 51/139 LOWER PART

50

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 8.50 850 100.00  100.00) 40
30
2000-400 -0.5 10.35 18.84 1131 11.31 10
400-1000 0 133 2017 145 1276 ®
1000-710 0.5 116 21.33 126 14.02 10
710-500 1 1.04 22.37 114 15.16| ,
500-355 15 156 2393 171 16g7] T TTIYYT o gTsmatangTevateteoy o 1 2 3 4 5 65 1 8"
355-250 2 168 25,61 183 18.70
250-125 2.5 2.08 27.69 227 20.97] 50 7 100
180-125 3 208 20.77 227 2325 Erazione < 2mm Frazione < 2mm %
125-90 35 2.60 32.37 2.84 26.09] 49 4 ©
90- 63 4 2.60 34.97 284 28.93
63-45 45 432 3929 472 65| | °
45-31 5 3.59 42.88 3.92 37.58 60
31-23 55 3.01 45.89 3.29 40.87 ©
23-15 6 268 4857 293 4379|201
5-10 65 294 5152 322 4701 *©
10-7 7 4.10 55.62 4.49 51.50] 10 + 30
7-3 75 6.62 62.24 7.24 58.73 »
3-2 8 2.82 65.06 3.08 61.82 04
<2 <8 34.94 10000 3818  100.00 gfggRgwgs e s oy o
§ L 1 0 1 3 4 5 6 7 8 °
Graphic mean = 5.55 2130
Inclusive graphic standard deviation = #NIA #N/IA
Inclusive graphic skewness = #NIA #N/IA
Graphic kurtosis = #NIA #N/IA
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 100N 1001N 0.0070 60.74 0.0112492 4.04 0.80 28.625 60
2 29 10075 10010 0.0065 43.05 0.0104457 454 0.80 28.75625 120
5 29 10070 10010 0.0060 27.29 0.0096422 5.20 0.80 28.8875 300
15 A1 10NRE 1 AN1N 0.0055 14.96 0.0088387 6.06 0.81 29.01875 900
45' 31 10n&Rn 1 00nn - 0.0050 8.69 0.0080303 6.85 161 29.4125 2700
2h 31 1nn4n 10000 0.0040 5.35 0.0064242 7.55 0.80 29.675 7200
8h an  1nn3k 10annn  0.0035 275 0.0056212 8.50 241 29.80625 28800
16h an inn3n 1 nanin o 0.0020 1.95 0.0032141 9.00 0.00 29.9375 57600
24h 31 10n3n 10ntn - 0.0020 1.55 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 10.45
D particelle: 2.65 L+A pesati = 18.95
Errore strumentale = -8.51
Perso per strada = 37.34

FRAZIONI %
Totali
Ghiaia 850
Sabbia: 26.48
Limo: 30.09
Avrgilla: 34.94
S+L+A 91.50
L+A 65.03
Parziali
Sabbia: 28.93
Limo: 32.88
Argilla: 38.18

Grossolano/Fine

>2mm/<2mm 0.092866
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Appendix 6.12. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 139_upper
part (Trench 3b).

ZEMUNICA 2012 52/139 UPPER PART

Totali Parziali 50 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 5.38 538 100.00  100.00 40
30
2000-400 -0.5 5.89 11.27 6.22 6.22 10
400-1000 0 051 1178 054 6.76| ®
1000-710 0.5 0.68 12.45 0.72 7.48 10
710-500 1 1.02 13.47 107 855
500-355 15 1.05 14.52 111 9.66] o 1 2 3 4 5 6 71 8 0
355-250 2 166 16.18 175 11.41
250-125 2.5 149 17.67 157 12.98| 50 7 100
180-125 3 213 19.80 225 1524 Erazione < 2mm Frazione < 2mm %0
125-90 35 2.00 2179 211 17.35] 49 4 ©
90- 63 4 2.06 23.86 218 19.53
63-45 4.5 4.67 28.53 4.94 24.47 21 o
45-31 5 7.79 36.32 8.24 32.70 60
31-23 5.5 9.05 45.37 9.56 42.27 ©
23-15 6 960 5497 1014 5241|201
5-10 65 447 5044 472 5713 *©
10-7 7 4.72 64.16 4.99 62.12| 10 + 30
7-3 75 7.83 71.99 8.27 70.39 »
3-2 8 3.38 75.37 357 73.97 o+
<2 <8 24.63 10000  26.03  100.00 gfggRgwgs e s oy o
§ L 1 0 1 2 3 4 5 6 7 8 °
Graphic mean = 5.82 17.75 u
Inclusive graphic standard deviation = #NIA #N/IA
Inclusive graphic skewness = #NIA #N/IA
Graphic kurtosis = #NIA #N/IA
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1010 10010 0.0140 58.76 0.0224985 4.09 161 26.7875 60
2 29 1014n 1001n 0.0130 4175 0.0208914 4.58 321 27.05 120
5 29 1M012n 100in 0.0110 26.66 0.0176774 5.23 4.82 27575 300
15 31 10n4an 1 anin 0.0080 14.79 0.0128563 6.08 161 28.3625 900
45' 3110070 100nn - 0.0070 8.61 0.0112424 6.86 321 28.8875 2700
2h 31 10n&n 1 0AnNNn 0.0050 5.32 0.0080303 7.55 161 29.4125 7200
8h an 1nn4an 10000 0.0040 2.75 0.0064242 8.51 1.60 29.675 28800
16h an inn4an 1 00in - 0.0030 1.94 0.0048211 9.01 161 29.675 57600
24h 31 10n3n 10ntn - 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 20.89
D particelle: 2.65 L+A pesati = 27.32
Errore strumentale = -6.43
Perso per strada = 26.61

FRAZIONI %
Totali
Ghiaia 5.38
Sabbia: 18.48
Limo: 51.51
Avrgilla: 24.63
S+L+A 94.62
L+A 76.14
Parziali
Sabbia: 19.53
Limo: 54.44
Argilla: 26.03

Grossolano/Fine

>2mm/<2mm 0.05687
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Appendix 6.13. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 135 (Trench
3b).

ZEMUNICA 2012 53/135

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
>256 -8 0.00 0.00 0.00 0.00 Campionetotale Campione totale %0
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 7.19 7.9 100.00  100.00 40
30
2000-400 -0.5 9.01 16.19 9.70 9.70 10
1400-1000 0 187 1806 201 1171 »
1000-710 0.5 163 19.69 176 13.47] 1
710-500 1 1.03 20.72 111 1458 4 |
500-355 15 126 2198 136 1594/ T TTTIIVT o gosmatitgTevitgteoy o 1 2 3 & 5 6 7 8"
355-250 2 177 23.75 191 17.85
250-125 2.5 201 25.76 2.16 20.01| 50 7 100
180-125 3 2.19 27.95 2.36 2237 Erazione < 2mm Frazione < 2mm %
125-90 35 229 30.24 2.46 24.83| 49 4 ©
90-63 4 2.24 3247 241 21.25
63-45 4.5 677  39.25 729 s | ™
45-31 5 5.85 45.09 6.30 40.84 60
31-23 55 8.06 53.15 8.68 49.52 ©
23-15 6 954 6269 1027  59.80( %
5-10 65 4TT 6745 514 6494 “
10-7 7 3.79 7124 4.08 69.02| 10 + 30
7-3 75 2,61 73.86 2.82 71.84 »
3-2 8 183 75.69 197 73.81 o
<2 < 2431 10000 2619 10000, § £ § B 8 FE§ Lm0y *
§ =R s 1 0 1 3 4 5 6 7 8 °
Graphic mean = 5.14 28.30 p
Inclusive graphic standard deviation = #NIA #N/A
Inclusive graphic skewness = #NIA #N/A
Graphic kurtosis = #NIA #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1M1n 10020 0.0090 59.92 0.0144721 4.06 161 27.8375 60
2 29 1n0inn 1002n  0.0080 42.57 0.0128641 4.55 161 281 120
5 29 10nan  1002n  0.0070 27.05 0.0112561 5.21 3.22 28.3625 300
15 79 100RN 10010 0.0050 15.83 0.0080352 5.98 161 29.15 900
45' 29 100R0 10010 0.0040 9.18 0.0064281 6.77 0.80 29.4125 2700
2h 29 10045 10010 0.0035 5.63 0.0056246 747 0.81 29.54375 7200
8h an 1nn3n 1 nannn o 0.0030 2.76 0.0048182 8.50 1.60 29.9375 28800
16h 29 1003n 1001n 0.0020 2.00 0.0032141 8.96 161 29.9375 57600
24h an o1nn?n 10nin - 0.0010 1.60 0.0016070 9.29 161 30.2 86400
L+A calcolati = 12.86
D particelle: 2.65 L+A pesati = 18.17
Errore strumentale = -5.31
Perso per strada = 45.45

FRAZIONI %
Totali
Ghiaia 7.19
Sabbia: 25.29
Limo: 4321
Argilla: 24.31
S+L+A 92.81
L+A 67.53
Parziali
Sabbia: 21.25
Limo: 46.56
Argilla: 26.19

Grossolano/Fine

>2mm/<2mm  0.077418
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Appendix 6.14. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 134 (Trench
3b).

ZEMUNICA 2012 54/134

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
>256 -8 0.00 0.00 0.00 0.00 Campionetotale Campione totale %0
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 7.55 7.55 100.00  100.00 40
30
2000-400 -0.5 9.20 16.75 9.95 9.95 10
1400-1000 0 144 1819 155 1150 »
1000-710 0.5 0.99 19.17 1.07 12.57] 1
710-500 1 0.57 19.75 0.62 1319 4
500-355 15 090 2065 098 1417] TTETIINT ogegTmatatgTevgesricy o 1 2 3 & 5 6 7 8"
355-250 2 103 21.68 111 15.28
250-125 2.5 135 23.03 147 16.74{ 50 7 100
180-125 3 1.40 24.43 151 18.25 Erazione < 2mm Frazione < 2mm %
125-90 35 193 26.36 2.09 20.34] 49 1 ©
90-63 4 107 2742 115 21.49
63-45 45 5.88 33.30 6.36 27.85 204 ™
45-31 5 9.66 42.96 10.45 38.30 60
31-23 55 7.94 50.90 8.59 46.89 ©
23-15 6 629  57.19 680 5369|201
5-10 65 420 6139 454 5823 “
10-7 7 5.49 66.87 5.94 64.16) 10 + 30
7-3 75 6.89 73.76 7.45 71.62 »
3-2 8 3.08 76.84 3.33 74.95 o4
<2 <8 2316 10000 2505  100.00 gfggRgwgs s ey o
§ =R s 1 0 1 3 4 5 6 7 8 °
Graphic mean = 5.45 22.95 p
Inclusive graphic standard deviation = #NIA #N/A
Inclusive graphic skewness = #NIA #N/A
Graphic kurtosis = #NIA #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1M2n 100tn 0.0110 59.62 0.0176774 4.07 161 27575 60
2 29 1Mm1n 10nin 0.0100 42.36 0.0160703 4.56 321 27.8375 120
5 29 10nan 1 001n - 0.0080 27.04 0.0128563 5.21 241 28.3625 300
15 ?8 10075 10010 0.0065 15.72 0.0104457 5.99 161 28.75625 900
45' 29 10NRR 10010 0.0055 9.12 0.0088387 6.78 241 29.01875 2700
2h 29 100RN 10010 0.0040 5.62 0.0064281 7.48 161 29.4125 7200
8h 31 1nn4an 100N 0.0030 2.67 0.0048211 8.55 161 29.675 28800
16h 31 10n3n 1 0nin 0.0020 1.90 0.0032141 9.04 0.00 29.9375 57600
24h 31 10n3n 1 0Antn 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 16.07
D particelle: 2.65 L+A pesati = 20.57
Errore strumentale = -4.50
Perso per strada = 44.53

FRAZIONI %
Totali
Ghiaia 755
Sabbia: 19.87
Limo: 49.42
Argilla: 23.16
S+L+A 92.45
L+A 72.58
Parziali
Sabbia: 21.49
Limo: 53.45
Argilla: 25.05

Grossolano/Fine

>2mm/<2mm  0.081715
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Appendix 6.15. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 115 _lower part
(Trench 3b).

ZEMUNICA 2012 55-115 LOWER

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
>256 -8 0.00 0.00 0.00 0.00 Campionetotale Campione totale %0
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 13.38 1338  100.00  100.00 40
30
2000-400 -0.5 13.84 2722 15.97 15.97, 10
1400-1000 0 087 2808 100 1697 »
1000-710 0.5 165 29.74 191 18.88, 10
710-500 1 1.69 3143 195 2084
500-355 15 095 3238 110 2193 T FTIIYT ogegTatatgTevgesricy o 1 2 3 s s o’
355-250 2 112 3349 129 23.22
250-125 2.5 132 34.82 153 24.75| 50 7 100
180-125 3 178 3659 205 2680 Erazione < 2mm Frazione<2mm o
125-90 35 173 38.33 2.00 28.80| 49 4 ©
90-63 4 194 40.27 224 3104
63-45 45 6.06 46.32 6.99 38.03 204 ™
45-31 5 517 51.49 5.96 44.00 60
31-23 55 5.84 57.33 6.74 50.74 ©
23-15 6 636 6369 734 5808|201
5-10 65 636  70.05 734 6542 “
10-7 7 5.60 75.65 6.47 71.89] 10 4 30
7-3 75 4.73 80.38 5.46 71.35 »
3-2 8 4.66 85.04 5.38 82.73 o4
<2 < 1495 10000 1727 10000, & £ § B § 8§ § Lm0y *
§ =R s 1 [ 1 3 4 5 6 8 °
Graphic mean = 4.34 49.24 n
Inclusive graphic standard deviation = #NIA #N/A
Inclusive graphic skewness = #NIA #N/A
Graphic kurtosis = #NIA #N/A
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1Mmnn 100tn 0.0090 60.18 0.0144633 4.05 161 281 60
2 29 10nan  1001tn - 0.0080 42.75 0.0128563 4.55 161 28.3625 120
5 29 10nan 1001n 0.0070 27.16 0.0112492 5.20 241 28.625 300
15 79 10NRE 10010 0.0055 15.79 0.0088387 5.98 241 29.01875 900
45' 29 100R0 10010 0.0040 9.18 0.0064281 6.77 161 29.4125 2700
2h 29 1004n 10010 0.0030 5.65 0.0048211 747 241 29.675 7200
8h 31 10n?s 100in 0.0015 2.69 0.0024106 8.54 0.00 30.06875 28800
16h 31 10n?R 100in 0.0015 1.90 0.0024106 9.04 0.00 30.06875 57600
24h 31 10n?s 10nin 0.0015 155 0.0024106 9.33 241 30.06875 86400
L+A calcolati = 12.86
D particelle: 2.65 L+A pesati = 16.51
Errore strumentale = -3.66
Perso per strada = 3172

FRAZIONI

Ghiaia

Sabbia:

Limo:

Argilla:

S+L+A
L+A

Sabbia:

Limo:

Argilla:

Grossolano/Fine
0.154482

Totali

Parziali

>2mm/<2mm

%

13.38
26.89
44.17
14.96

86.62
59.73

31.04
51.69
17.27
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Appendix 6.16. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 115 _upper
part (Trench 3b).

ZEMUNICA 2012 56/115 UPPER

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.21 021 100.00  100.00 40
30
2000-400 -0.5 043 0.64 043 043 10
1400-1000 0 0.27 091 0.27 0.70) »
1000-710 0.5 043 134 043 1.13] 10
710-500 1 0.32 1.66 0.32 145 4
500-355 15 064 230 064 209 TUETIINT go8TANRTSTLYRCETRYV| T L 4 s Lo 1 o2 03 4 s o’
355-250 2 155 3.85 1.56 65
250-125 2.5 225 6.10 2.25 5.90( 50 7 100
180-125 3 257 8.67 2.58 8.48 Erazione < 2mm Frazione < 2mm %0
125-90 35 3.32 11.99 3.33 11.80] 49 4 ©
90- 63 4 1.93 13.92 1.93 13.73
63- 45 4.5 8.20 2212 8.22 21.95 21 o
45-31 5 13.04 35.16 13.07 35.02 60
31-23 55 821 43.37 8.23 4325 ©
23-15 6 607 4944 608 49332
5-10 65 11.04 6048 1106  60.39 “
10-7 7 8.24 68.72 8.26 68.66| 10 + 30
7-3 75 5.60 74.32 5.61 74.27 »
3-2 8 2.10 76.42 2.10 76.37 o4
<2 <8 2358 10000 2363  100.00 gfggRgwgs s ey o
§ =R s 1 [ 1 3 4 5 6 8 °
Graphic mean = 6.16 13.95 p
Inclusive graphic standard deviation = 2.029358 Very poorly sorted.
Inclusive graphic skewness = -0.42 Very negative (coarse) skewed.
Graphic kurtosis = 0.87 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 28 1Mm2n 1002n  0.0100 61.14 0.0160801 4.03 161 27575 60
2 2R 1Mm1n  100?n  0.0090 43.44 0.0144721 4.52 3.22 27.8375 120
5 2R 10nan  100?n - 0.0070 2173 0.0112561 517 161 28.3625 300
15 PR 10070 10010 0.0060 16.15 0.0096422 5.95 321 28.8875 900
45' 28 10NRN 10010 0.0040 9.41 0.0064281 6.73 161 29.4125 2700
2h 29 1004n 10010 0.0030 5.65 0.0048211 747 0.81 29.675 7200
8h an 1nn?s  10annn 0.0025 277 0.0040152 8.50 241 30.06875 28800
16h an o inn?n 10nin 0.0010 1.96 0.0016070 8.99 0.00 30.2 57600
24h an o1nn?n 10nin - 0.0010 1.60 0.0016070 9.29 161 30.2 86400
L+A calcolati = 14.47
D particelle: 2.65 L+A pesati = 22.69
Errore strumentale = -8.21
Perso per strada = 27.29

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.002146

>2mm/<2mm

%

021
13.70
62.50
2358

99.79
86.08

1373
62.64
23.63
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Appendix 6.17. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 114 (Trench
3b).

ZEMUNICA 2012 57/114

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.34 0.34 w 40
30
2000-400 -0.5 0.40 0.74 041 041 10
1400-1000 0 0.13 0.88 0.14 054 »
1000-710 0.5 0.27 114 0.27 0.81 1
710-500 1 0.47 1.62 0.47 128 4
500-355 15 101 263 101 230 TTTTYTYTO8 s 7 6 s 4 s Do 1 2 a4 s o’
355-250 2 2.69 5.32 270 5.00
250-125 2.5 3.77 9.09 3.78 8.78 50 7 100
180-125 3 5.39 14.47 5.40 14.18 Erazione < 2mm Frazione < 2mm %
125-90 35 4.91 19.39 4.93 19.111 49 4 ©
90- 63 4 4.85 24.23 4.86 23.98
63-45 4.5 1072 349 1076 3474| | ™
45-31 5 8.29 43.25 8.32 43.06 60
31-23 55 5.00 48.25 5.02 48.07 ©
23-15 6 347 5L72 348 5155(20 1
5-10 65 343 5514 344 5499 “
10-7 7 5.53 60.67 5.55 60.54| 10 + 30
7-3 75 721 67.88 7.23 67.77 »
3-2 8 5.28 73.16 5.30 73.07 o4
2 <8 268410000 2693 10000| § £ F 5% §8F 39 sana v °
§ =R s 1 [ 1 3 4 5 6 8 °
Graphic mean = 5.79 18.09
Inclusive graphic standard deviation = 2.337858 Very poorly sorted.
Inclusive graphic skewness = -0.49 Very negative (coarse) skewed.
Graphic kurtosis = 0.69 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 28 10nan  1002n  0.0070 62.01 0.0112561 4,01 161 28.3625 60
2 7R 10nAan 1002N  0.0060 44.05 0.0096481 4.50 161 28.625 120
5 2R 10070 10020 0.0050 27.99 0.0080400 5.16 0.81 28.8875 300
15 PR 10NRE 10010 0.0045 16.26 0.0072317 5.94 0.80 29.28125 900
45' 28 10NRN 10010 0.0040 9.41 0.0064281 6.73 161 29.4125 2700
2h 29 1004n 10010 0.0030 5.65 0.0048211 747 161 29.675 7200
8h an o1nn2n 1 0nnn 0.0020 277 0.0032121 8.49 161 30.2 28800
16h an o inn?n 10nin 0.0010 1.96 0.0016070 8.99 0.00 30.2 57600
24h an o1nn?n 10nin - 0.0010 1.60 0.0016070 9.29 161 30.2 86400
L+A calcolati = 9.65
D particelle: 2.65 L+A pesati = 19.99
Errore strumentale = -10.34
Perso per strada = 29.51

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.003377

>2mm/<2mm

%

0.34
23.90
48.93
26.84

99.66
75.717

23.98
49.09
26.93

253



Appendix 6.18. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 45 (Trench
3b).

ZEMUNICA 2012 58/45

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. )
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ -
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 o000 000 «
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.37 0.37  100.00  100.00 40
30
2000-400 -0.5 0.42 0.79 0.42 0.42 10
400-1000 0 0.16 0.95 0.16 0.58] »
1000-710 0.5 0.26 121 0.26 0.84 0
710-500 1 0.37 158 0.37 121 4
500-355 15 068 226 069 190 T FTIIYT 3 s 7 6 s 4 s Do 1 2 a4 s .
355-250 2 173 4.00 1.74 3.64
250-125 2.5 237 6.36 237 6.02| 50 7 100
180-125 3 3.36 9.73 3.38 9.39 Erazione < 2mm Frazione < 2mm %0
125-90 35 3.00 12.72 3.01 12.40] 49 | ©
90- 63 4 2.79 1551 2.80 15.20
63- 45 4.5 7.62 2313 7.65 22.84 21 o
45-31 5 12.45 35.58 12.50 35.34 60
31-23 55 10.10 45.68 10.14 45.48 ©
23-15 6 818 5386 821 5369|201
5-10 65 1084 6470 1088 6457 “
10-7 7 7.14 71.84 7.17 71.74| 10 4 30
7-3 75 3.06 74.90 3.07 74.81 »
3-2 8 3.94 78.84 3.96 78.76 o4
<2 <8 2116 10000  21.24  100.00 gfggggwgssawn sy o
§ SRR TS 1 0 1 2 3 4 5 6 8 °
Graphic mean = 6.02 15.36
Inclusive graphic standard deviation = 2.030101 Very poorly sorted.
Inclusive graphic skewness = -0.37 Very negative (coarse) skewed.
Graphic kurtosis = 0.90 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1Mm1n 100tn 0.0100 59.90 0.0160703 4.06 161 27.8375 60
2 29 1nminn 100tn 0.0090 42.56 0.0144633 4.55 321 281 120
5 29 10nan  1001n 0.0070 27.16 0.0112492 5.20 241 28.625 300
15 79 10NRE 10010 0.0055 15.79 0.0088387 5.98 321 29.01875 900
45' 29 10045 10010 0.0035 9.20 0.0056246 6.76 0.80 29.54375 2700
2h 29 1004n 10010 0.0030 5.65 0.0048211 7.47 161 29.675 7200
8h 31 10n3n 1 0Anitn 0.0020 2.69 0.0032141 8.54 0.80 29.9375 28800
16h 31 10n?R 10nin 0.0015 1.90 0.0024106 9.04 0.00 30.06875 57600
24h 31 10n?s 100in - 0.0015 155 0.0024106 9.33 241 30.06875 86400
L+A calcolati = 14.46
D particelle: 2.65 L+A pesati = 20.16
Errore strumentale = -5.70
Perso per strada = 29.63

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.003694

>2mm/<2mm

%

0.37
15.14
63.33
21.16

99.63
84.49

15.20
63.57
21.24
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Appendix 6.19. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 146 (Trench 2).

ZEMUNICA 2012 100/12, US 146

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.68 0.68  100.00  100.00 40
30
2000-400 -0.5 0.87 156 0.88 0.88, 10
1400-1000 0 0.11 167 0.11 1.00 »
1000-710 0.5 0.15 182 0.15 115 10
710-500 1 0.15 1.98 0.15 130| 4
500-355 15 030 228 031 16l s 7 5 5 e s Lo 1 2 03 4 s o’
355-250 2 0.68 297 0.69 2.30
250-125 2.5 133 4.30 134 3.64( 50 7 100
180-125 3 2.36 6.65 237 6.01 Erazione < 2mm Frazione < 2mm %0
125-90 35 4.03 10.68 4.06 10.07{ 49 4 ©
90- 63 4 373 1441 3.75 13.82
63- 45 4.5 1121 25.62 11.28 25.10 21 o
45-31 5 14.04 39.66 14.14 39.24 60
31-23 55 1157 51.23 11.65 50.89 ©
23-15 6 958  60.81 965 6054|201
5-10 65 585  66.66 590  66.43 “
10-7 7 717 73.83 722 73.65| 10 + 30
7-3 75 7.93 8176 7.99 81.64 »
3-2 8 149 83.25 150 83.14 o4
<2 <8 1675 10000  16.86  100.00 gfggRgwgs s ey o
§ =R s 1 [ 1 3 4 5 6 8 °
Graphic mean = 5.87 17.10 p
Inclusive graphic standard deviation = 1885046 Poorly sorted.
Inclusive graphic skewness = -0.21 Negative (coarse) skewed.
Graphic kurtosis = 0.94 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 28 1MAEN 10020 0.0140 59.97 0.0225121 4.06 3.22 26.525 60
2 7R 1M4n 10n?n 0.0120 42.82 0.0192961 4.55 4.82 27.05 120
5 2R 1Mm1n 10n?n  0.0090 2747 0.0144721 5.19 4.03 27.8375 300
15 PR 10075 10010 0.0065 16.12 0.0104457 5.96 241 28.75625 900
45' 28 100NRN 10010 0.0050 9.37 0.0080352 6.74 321 29.15 2700
2h 29 1004n 10010 0.0030 5.65 0.0048211 747 0.81 29.675 7200
8h an 1nn?s  10annn 0.0025 277 0.0040152 8.50 241 30.06875 28800
16h an o inn?n 10nin 0.0010 1.96 0.0016070 8.99 0.00 30.2 57600
24h an o1nn?n 10nin - 0.0010 1.60 0.0016070 9.29 161 30.2 86400
L+A calcolati = 19.30
D particelle: 2.65 L+A pesati = 3117
Errore strumentale = -11.88
Perso per strada = 20.20

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.006891

>2mm/<2mm

%

0.68
13.73
68.84
16.75

99.32
85.59

13.82
69.32
16.86

255



Appendix 6.20. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 136 (Trench 2).

ZEMUNICA 2012 101-11, US 136

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.11 011 100.00  100.00 40
30
2000-400 -0.5 0.20 031 0.20 0.20 10
1400-1000 0 0.03 034 0.03 0.23] »
1000-710 0.5 0.06 0.40 0.06 0.29 10
710-500 1 0.03 0.43 0.03 032 ,
500-355 15 006 049 006 037 TTETIIYT o geg” s 7 5 s 4 s Lo 1 2 s 4 s s’
355-250 2 0.20 0.69 0.20 0.57
250-125 2.5 0.60 129 0.60 1.18| 50 7 100
180-125 3 157 2.86 158 275 Erazione < 2mm Frazione < 2mm %
2590 35 252 5.38 252 5.27| 40 4 N
90- 63 4 261 7.99 261 7.88
63-45 4.5 745 1543 745 1534 | ™
45-31 5 14.34 29.77 14.36 29.69 60
31-23 55 1343 4321 13.45 43.14
23-15 6 1048 5368 1049  5363| % ®
5-10 65 750 6119 751 6114 “
10-7 7 7.08 68.27 7.09 68.24| 10 + 30
7-3 75 6.62 74.90 6.63 74.87 »
3-2 8 6.52 8141 6.53 81.39 o4
2 <8 1850 10000 1861 10000| £ £ F § % § 8% 395 8na v °
§ =R s 1 [ 1 3 4 5 6 8 °
Graphic mean = 6.16 13.95 u
Inclusive graphic standard deviation = 1705096 Poorly sorted.
Inclusive graphic skewness = -0.28 Negative (coarse) skewed.
Graphic kurtosis = 0.81 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 10210 1001n 0.0200 57.01 0.0321407 413 321 25.2125 60
2 29 1Mman 10ntn 0.0180 40.73 0.0289266 4.62 7.23 25.7375 120
5 29 10145 100N 0.0135 26.34 0.0216950 5.25 5.62 26.91875 300
15 7?9 1m0 1nnin - 0.0100 15.47 0.0160703 6.01 4.02 27.8375 900
45' 29 10NRR 100N 0.0075 9.03 0.0120528 6.79 321 28.49375 2700
2h 29 10NRR 10010 0.0055 5.58 0.0088387 7.48 4.82 29.01875 7200
8h 31 10n3R 100N 0.0025 2.68 0.0040176 8.54 0.80 29.80625 28800
16h 31 10n3n 1 0nin 0.0020 1.90 0.0032141 9.04 0.00 29.9375 57600
24h 31 10n3n 1 0Antn 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 28.93
D particelle: 2.65 L+A pesati = 36.55
Errore strumentale = -1.62
Perso per strada = 13.44

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.001146

>2mm/<2mm

%

011
7.87
7343
18.59

99.89
92.01

7.88
7351
18.61

256



Appendix 6.21. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples

from Zemunica, SU 138 (Trench 2).

ZEMUNICA 2012 102-10, US 138

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
>256 -8 0.00 0.00 0.00 0.00 Campionetotale Campione totale %0
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 275 275 100.00  100.00 40
30
2000-400 -0.5 297 5.72 3.05 3.05 10
1400-1000 0 0.14 5.86 0.15 3.20| »
1000-710 0.5 0.14 6.01 0.15 3.35 10
710-500 1 0.11 6.11 0.11 346
500-355 15 014 626 015 360 o s s e o’
355-250 2 0.32 6.58 0.33 3.93
250-125 2.5 0.72 7.29 0.74 46750 7 100
180-125 3 157 8.87 162 6.29 Erazione < 2mm Frazione < 2mm %
2590 35 268 1155 276 9.05| 4 N
90- 63 4 2.25 13.80 2.32 11.36
63-45 45 9.87 23.68 10.15 2152 . o
45-31 5 9.04 32.72 9.30 30.81 60
31-23 55 10.12 4284 10.40 4122
23-15 6 1116 5400 1148 5270\ %] ®
5-10 65 738 6138 759  60.29 “
10-7 7 6.85 68.23 7.04 67.33] 10 + 30
7-3 75 6.02 74.26 6.20 73.53 »
3-2 8 2.68 76.94 2.76 76.29 o4
2 <8 230610000 2371 10000| § £ § § % § 8% 398 ana v °
gERPENE 1 : ' : : Al
Graphic mean = 6.15 14.13 u
Inclusive graphic standard deviation = 1961673 Poorly sorted.
Inclusive graphic skewness = -0.39 Very negative (coarse) skewed.
Graphic kurtosis = 0.82 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 29 1MARN 10010 0.0150 58.47 0.0241055 4.10 321 26.525 60
2 79 1M014n 10nin 0.0130 41.75 0.0208914 4.58 321 27.05 120
5 29 1Mm2n 10nin 0.0110 26.66 0.0176774 5.23 4.82 27.575 300
15 78 100490 10010 0.0080 1561 0.0128563 6.00 321 28.3625 900
45' 29 10070 10010 0.0060 9.10 0.0096422 6.78 241 28.8875 2700
2h 29 10NRR 10010 0.0045 5.61 0.0072317 7.48 161 29.28125 7200
8h 31 1nn4s 100N 0.0035 2.67 0.0056246 8.55 0.80 29.54375 28800
16h 31 1nn4an 1 0nin 0.0030 1.89 0.0048211 9.05 161 29.675 57600
24h 31 10n3n 1 0Antn 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 20.89
D particelle: 2.65 L+A pesati = 27.48
Errore strumentale = -6.59
Perso per strada = 23.20

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.028313

>2mm/<2mm

%

275
11.05
63.14
23.06

97.25
86.20

1136
64.92
23.71

257



Appendix 6.22. Grain-size

(Wentworth, 1922) of the <2 mm

fraction of decalcified samples

from Zemunica, SU 122 (Trench 2).

ZEMUNICA 2012 103-9, US 122

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 ¥ ©
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 *
w215 4 000 000 o000 000 ¥ w
6-8 -3 0.00 0.00 0.00 0.00 o
8-4 -2 0.00 0.00 0.00 0.00} »
4-2 -1 0.79 0.79 w 40
30
2000-400 -0.5 105 185 1.06 1.06| 10
1400-1000 0 0.09 1.93 0.09 115 »
1000-710 0.5 0.12 2.05 0.12 1.27, 1
710-500 1 0.12 217 0.12 139 4
500-355 15 015 231 015 154 s 7 5 5 e s A s s e o’
355-250 2 041 2.72 041 1.95]
250-125 2.5 0.79 351 0.80 2.75] 50 7 100
180-125 3 179 5.30 1.80 4.55 Erazione < 2mm Frazione < 2mm %0
2590 35 2.40 7.70 2.42 6.97| 40 4 N
90- 63 4 2.87 1057 2.89 9.86
63-45 45 381 1438 38 1370 | ™
45-31 5 9.34 23.72 9.41 2311 60
31-23 55 10.13 33.85 10.21 3332 ©
23-15 6 915 4300 923 4254|201
5-10 65 768 50.68 774 5028 “
10-7 7 7.95 58.63 8.02 58.30( 10 1 30
7-3 75 8.48 67.11 8.55 66.85 »
3-2 8 5.54 72.65 5.59 72.44 o4
2 <8 2735 10000 275 10000| £ £ F 5% § 8% 39 sana v °
gERPENE 1 4 i : : Al
Graphic mean = 6.51 10.99 u
Inclusive graphic standard deviation = 1816737 Poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.78 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 29 10200 10010 0.0190 57.30 0.0305337 413 161 25475 60
2 29 1Mman 10ntn 0.0180 40.73 0.0289266 4.62 4.82 25.7375 120
5 29 1MRN 10010 0.0150 26.15 0.0241055 5.26 4.82 26.525 300
15 78 1M3n 1nnin - 0.0120 15.32 0.0192844 6.03 4.02 27.3125 900
45' 29 10n&s 100N 0.0095 8.95 0.0152668 6.80 4.02 27.96875 2700
2h 29 100ARN 10010 0.0070 5.54 0.0112492 7.49 4,02 28.625 7200
8h 31 10nRR 100N 0.0045 2.66 0.0072317 8.56 0.80 29.28125 28800
16h 31 1nn&n 100N 0.0040 1.88 0.0064281 9.05 161 29.4125 57600
24h 31 1nn4an 1 nAntn 0.0030 154 0.0048211 9.34 4.82 29.675 86400
L+A calcolati = 28.93
D particelle: 2.65 L+A pesati = 34.99
Errore strumentale = -6.06
Perso per strada = 15.54

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.007971

>2mm/<2mm

%

0.79
9.78
62.08
27.35

99.21
89.43

9.86
62.58
27.56

258



Appendix 6.23. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 110_lower part
(Trench 2).

ZEMUNICA 2012 105-7, US 110 LOWER PART

50

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 151 151 100.00  100.00 40
30
2000-400 -0.5 231 3.82 234 2.34 10
400-1000 0 0.38 4.19 0.38 2.73] ®
1000-710 0.5 0.38 4.57 0.38 3.11] 1
710-500 1 0.38 4.95 0.38 349
500-355 15 038 533 038 38 . TTTTYT 3938 o 1 2 s 4 s 5’
355-250 2 0.90 6.22 0.91 4.79
250-125 2.5 1.46 7.68 148 6.27] 50 7 100
180-125 3 2.69 10.37 273 9.00 Erazione < 2mm Erazione < 2mm %0
125-90 35 297 13.34 3.01 12,011 49 4 ©
90- 63 4 335 16.68 3.40 1541
63-45 4.5 675 2343 685 2226| | "
45-31 5 591 29.34 6.00 28.26 60
31-23 55 8.03 37.36 8.15 36.41 ©
23-15 6 969  47.06 984 462521
5-10 65 726 5432 737 5362 *©
10-7 7 7.65 61.97 777 61.39] 10 + 30
7-3 75 791 69.88 8.03 69.42 »
3-2 8 353 7341 3.59 73.01 04
<2 <8 2659 10000 2699 10000, £ FF § ¥ § 8§ EFoSNa D *
§ L 1 0 1 3 4 5 6 8 °
Graphic mean = 6.23 13.28 u
Inclusive graphic standard deviation = 2.112599 Very poorly sorted.
Inclusive graphic skewness = -0.54 Very negative (coarse) skewed.
Graphic kurtosis = 0.83 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1M2n 100tn 0.0110 59.62 0.0176774 4.07 161 27.575 60
2 29 1M011in 100in 0.0100 42.36 0.0160703 4.56 161 27.8375 120
5 29 10100 1001n 0.0090 26.91 0.0144633 5.22 321 281 300
15 78 100&N 1 001N 0.0070 15.68 0.0112492 5.99 241 28.625 900
45' 29 10NRR 100N 0.0055 9.12 0.0088387 6.78 241 29.01875 2700
2h 29 10050 10010 0.0040 5.62 0.0064281 7.48 161 29.4125 7200
8h 31 1nn4an 1 0An0in - 0.0030 267 0.0048211 8.55 161 29.675 28800
16h 31 10n3n 1 0nin - 0.0020 1.90 0.0032141 9.04 161 29.9375 57600
24h 31 1nn2n 1 00tn 0.0010 156 0.0016070 9.33 161 30.2 86400
L+A calcolati = 16.07
D particelle: 2.65 L+A pesati = 22.33
Errore strumentale = -6.26
Perso per strada = 25.67

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Avrgilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.015313

>2mm/<2mm

%

151
15.18
56.73
26.59

98.49
83.32

1541
57.60
26.99

259



Appendix 6.24. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Zemunica, SU 110_upper
part (Trench 2).

ZEMUNICA 2012 106-7, US 110 UPPER PART

50

Totali Parziali 100
Diametri = ¢ % % cum. % % cum. .
. Campione totale %
>256 -8 0.00 0.00 0.00 0.00] Campione totale
256-128 -7 000 000 000 o000 © w
128 - 64 -6 0.00 0.00 0.00 0.00
64-32 -5 0.00 0.00 0.00 0.00 °
w215 4 000 000 000 000 @
6-8 -3 0.00 0.00 0.00 0.00 ©
8-4 -2 0.00 0.00 0.00 0.00} %
4-2 -1 0.38 0.38  100.00  100.00) 40
30
2000-400 -0.5 0.59 0.96 0.59 0.59 10
400-1000 0 0.21 117 021 0.80| ®
1000-710 0.5 0.34 151 0.34 1.14] 10
710-500 1 0.34 184 0.34 1470 4
500-355 15 063 247 063 210 T TTIINT ge s 7 6 s 4 s Lo 1 2 2 4 s 6 1 8
355-250 2 122 3.69 122 3.32
250-125 2.5 1.76 5.45 177 5.09] 50 7 100
180-25 3 222 7.67 223 7.32 Erazione < 2mm Frazione < 2mm %
125-90 35 3.14 10.81 3.16 10.47] 49 4 ©
90- 63 4 163 12.45 164 1212
63-45 4.5 11.85 24.30 11.90 24.01 21 o
45-31 5 10.60 34.90 10.64 34.66 60
31-23 55 9.40 4431 9.44 44.09 o
23-15 6 862 5293 865 5275201
5-10 65 645  50.38 648  59.23 *©
10-7 7 6.80 66.18 6.83 66.06| 10 + 20
7-3 75 7.03 7322 7.06 7312 »
3-2 8 314 76.36 3.15 76.27 o4
<2 <8 2364 10000 2373 10000, £ F F § 8 § 8§ EFogwa *
§ L 1 0 1 3 4 5 6 7 8 °
Graphic mean = 6.11 14.48 n
Inclusive graphic standard deviation = 1997415 Very poorly sorted.
Inclusive graphic skewness = 0.41 Very negative (coarse) skewed.
Graphic kurtosis = 0.80 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 29 1014n 100N 0.0130 59.05 0.0208914 4.08 321 27.05 60
2 29 1Mm2n 100in 0.0110 42.16 0.0176774 457 321 27575 120
5 29 10100 1001n 0.0090 26.91 0.0144633 5.22 321 281 300
15 78 100&N 1 001N 0.0070 15.68 0.0112492 5.99 241 28.625 900
45' 29 10NRR 100N 0.0055 9.12 0.0088387 6.78 241 29.01875 2700
2h 29 10050 10010 0.0040 5.62 0.0064281 7.48 161 29.4125 7200
8h 31 1nn4an 1 0An0in - 0.0030 267 0.0048211 8.55 161 29.675 28800
16h 31 10n3n 1 0nin - 0.0020 1.90 0.0032141 9.04 0.00 29.9375 57600
24h 31 10n3n 10ntn - 0.0020 155 0.0032141 9.33 321 29.9375 86400
L+A calcolati = 17.68
D particelle: 2.65 L+A pesati = 25.92
Errore strumentale = -8.24
Perso per strada = 23.99

FRAZIONI %
Totali
Ghiaia 0.38
Sabbia: 12.07
Limo: 63.91
Avrgilla: 23.64
S+L+A 99.62
L+A 87.55
Parziali
Sabbia: 12.12
Limo: 64.16
Argilla: 23.73

Grossolano/Fine

>2mm/<2mm  0.003786

260



Appendix 7.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Pecina, SU 4.

ROM 11/12/4

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.23 0.23  100.00  100.00|
2000-400 -0.5 008 030 008 008 *
1400-1000 0 0.08 0.39 0.08 0.16} 20
1000-710 0.5 0.05 0.43 0.05 0.21 o
710-500 1 0.05 0.49 0.06 0.26
500-355 15 0.08 057 0.09 0.35 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.11 0.68 0.11 0.46
250-125 2.5 0.16 0.84 0.16 0.62 50 100
180-125 3 0.23 1.08 0.23 0.85 Erazione <2mm Frazione< 2mm ©
125-90 35 0.37 145 037 123 4o ©
90- 63 4 103 248 103 2.26
63-45 45 941  11.89 943 1189| "’
45-31 5 14.07 25.97 1411 25.80 60
31-23 5.5 12.16 38.13 1219 37.99 5
23-5 6 1027 4840 1029  4828|%°
15 - 10 6.5 8.91 57.31 8.93 57.22 “
10-7 7 6.12 63.44 6.14 63.35 10 30
7-3 7.5 5.10 68.53 511 68.46 0
3-2 8 5.63 74.16 5.64 74.10 o
<2 <8 2584 10000 2590 10000/ 8 2§ 8§ § 8 F Y TE S °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.38 12.03 p
Inclusive graphic standard deviation = 1638679 Poorly sorted.
Inclusive graphic skewness = -0.33 Very negative (coarse) skewed.
Graphic kurtosis = 0.62 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10470 10030 0.0440 56.78 0.0707954 414 8.04 18.3875 60
2 22 10420 10030 0.0390 41.56 0.0627505 459 12.87 19.7 120
5 22 10340 1003n  0.0310 27.65 0.0498786 518 11.26 218 300
15' 2210270 10030 0.0240 16.62 0.0386157 591 9.65 23.6375 900
45' 22 10210 10030 0.0180 9.91 0.0289617 6.66 4.83 25.2125 2700
2h 22 1MAN 1003n  0.0150 6.16 0.0241348 7.34 8.05 26 7200
8h 23 1m2n 10020 0.0100 311 0.0160801 8.33 1.60 27.575 28800
16h 22 1MmM2n 1003n  0.0090 224 0.0144809 8.80 0.00 27.575 57600
24h 22 1Mm2n  1003n  0.0090 1.83 0.0144809 9.09 14.48 27575 86400
L+A calcolati = 62.75
D particelle: 2.65 L+A pesati = 76.87
Errore strumentale = -14.12
Perso per strada = 11.99

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.002256

>2mm/<2mm

%

0.23
2.25
71.68
25.84

99.77
97.52

2.26
7184
25.90

261



Appendix 7.2. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU
9A.

ROM 11/10/9A

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 5.75 575 100.00  100.00|
2000-400 -0.5 013 589 014 014 *
1400-1000 0 0.19 6.08 0.20 0.35] 20
1000-710 0.5 0.18 6.26 0.19 0.54 0
710-500 1 0.19 6.44 0.20 0.73
500-355 15 -1.26 519  -133  -0.60) 5 7 6 5 4 s T s’
355-250 2 174 6.92 184 1.24
250-125 2.5 0.42 734 0.44 1.69(50 T 100
180-125 3 1.09 843 115 2.84 Erazione <2mm Frazione< 2mm ©
125-90 3.5 0.86 9.29 0.91 3.75[ 40 + ©
90- 63 4 108 10.38 115 4.90
63-45 45 544 1581 577 1067 | o
45-31 5 8.11 23.92 8.60 19.28 60
31-23 5.5 9.59 33.50 1017 29.45 5
23-5 6 1000 4350 1061  4005|% T
15 - 10 6.5 8.60 52.10 9.12 49.18 “
10-7 7 7.13 59.23 7.56 56.74( 10 T 30
7-3 7.5 5.42 64.64 575 62.49 0
3-2 8 321 67.86 341 65.90 o -
<2 <8 3214 10000 3410 10000/ 8 2§ § & § 8 F TS E S °
§ =ETE TS 1 041\ 3 4 5 6 8 ¢
Graphic mean = 6.63 10.09 p
Inclusive graphic standard deviation = 1664428 Poorly sorted.
Inclusive graphic skewness = -0.45 Very negative (coarse) skewed.
Graphic kurtosis = 0.67 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10N4R0 10030 0.0420 57.59 0.0675774 412 4.83 18.9125 60
2 22 10420 10030 0.0390 41.56 0.0627505 459 8.04 19.7 120
5 22 10370 10030 0.0340 27.15 0.0547055 5.20 11.26 21.0125 300
15' 22 103NN 1003n - 0.0270 16.34 0.0434426 594 9.65 22.85 900
45' 22 10240 10030 0.0210 9.76 0.0337887 6.68 6.44 24.425 2700
2h 2210200 10030 0.0170 6.10 0.0273528 7.36 4.84 25.475 7200
8h 23 1MAEN 10020 0.0140 3.05 0.0225121 8.36 1.60 26.525 28800
16h 22 1MAEN 10030 0.0130 220 0.0209168 8.83 0.00 26.525 57600
24h 22 10MAN 10030 0.0130 1.80 0.0209168 9.12 20.92 26.525 86400
L+A calcolati = 62.75
D particelle: 2.65 L+A pesati = 76.20
Errore strumentale = -13.45
Perso per strada = 13.91

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.061035

>2mm/<2mm

%

5.75
4.62
57.48
32.14

94.25
89.62

4.90
60.99
34.10

262



Appendix 7.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU 9B.

ROM 11/9/9B

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000, | ©
4-2 -1 5.13 513 100.00  100.00|
2000-400 -0.5 020 53 021 021 *
1400- 1000 0 0.23 5.56 0.24 0.45| 10 + 20
1000-710 0.5 0.22 5.78 0.23 0.68, 0
710-500 1 0.28 6.06 0.29 0.98
500-355 15 0.32 6.38 034 13l O Y e g g o e e g oo | & 7 o 5 4 a P S 8
355-250 2 0.40 6.78 0.43 174
250-125 2.5 0.67 7.45 0.70 2.44| %0 1 100
180-125 3 1.89 9.33 1.99 443 Erazione <2mm Frazione< 2mm ©
125-90 35 122 10.55 1.28 571 40+ o
90- 63 4 1.66 12.21 175 747
63-45 45 1870 3092 1972 27.19| | °
45-31 5 297 33.89 313 30.32 60
31-23 5.5 7.02 40.91 7.40 371.72 5
23-5 6 817  49.08 861  4633|2T
15 - 10 6.5 4.39 53.47 4.63 50.96 “
10-7 7 4.74 58.22 5.00 55.96( 10 T 30
7-3 7.5 4.16 62.38 4.39 60.34 0
3-2 8 2.25 64.63 237 62.71 o
<2 <8 3537 10000  37.29  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.39 189 p
Inclusive graphic standard deviation = 1943815 Poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.60 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 10420 10030 0.0390 58.77 0.0627505 4.09 13.68 197 60
2 22 10337 10030 0.0305 43.85 0.0490741 451 241 21.93125 120
5 22 10320 10030 0.0290 27.98 0.0466606 5.16 9.65 22.325 300
15' 22 10260 10030 0.0230 16.71 0.0370067 5.90 4.83 239 900
45' 22 10230 10030 0.0200 9.81 0.0321797 6.67 4.83 24.6875 2700
2h 2210200 10030 0.0170 6.10 0.0273528 7.36 3.23 25.475 7200
8h 23 1mz?2n 10020 0.0150 3.04 0.0241201 8.36 159 26.2625 28800
16h 22 1M70 1003n  0.0140 219 0.0225258 8.83 0.00 26.2625 57600
24h 22 1Mm7n  10n3n - 0.0140 179 0.0225258 9.13 2253 26.2625 86400
L+A calcolati = 49.07
D particelle: 2.65 L+A pesati = 72.53
Errore strumentale = -23.46
Perso per strada = 15.40

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.054079

>2mm/<2mm

%

513
7.08
52.41
35.37

94.87
87.79

747
55.25
37.29

263



Appendix 7.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU
9C.

ROM 11/8/9C

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 19.11 1911  100.00  100.00)
2000-400 -0.5 080 1991 099 099 *
1400-1000 0 0.61 20.52 0.75 1.74 20
1000-710 0.5 0.64 21.16 0.79 253 0
710-500 1 0.44 21.60 0.54 3.07
500-355 15 064 2223 0.79 3.86 5 7 6 5 4 s T s’
355-250 2 0.70 22,94 0.87 473
250-125 2.5 111 24.05 1.38 6.11| 50 1 100
180-125 3 235 2640 2.90 9.01 Erazione <2mm Frazione< 2mm ©
125-90 35 184 28.24 2.27 1128 40 | o
90- 63 4 2.33 30.57 2.88 14.16
63-45 45 451 3508 558 1974 | o
45-31 5 10.98 46.06 13.58 33.32 60
31-23 5.5 9.44 55.50 11.67 44.99 5
23-5 6 810 6361 1002 55012 T
15 - 10 6.5 5.87 69.47 7.25 62.26 “
10-7 7 2.62 72.10 3.24 6551 10 T 30
7-3 7.5 1.85 73.95 229 67.79 0
3-2 8 2.29 76.24 284 70.63 o
<2 <8 2376 10000 2037 10000/ 8 2§ § & § 8 F TSI °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.12 14.34 p
Inclusive graphic standard deviation = 2.092536 Very poorly sorted.
Inclusive graphic skewness = -0.47 Very negative (coarse) skewed.
Graphic kurtosis = 0.80 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 10340 1003n  0.0310 61.83 0.0498786 4.02 322 218 60
2 22 10320 10030 0.0290 44.24 0.0466606 450 9.65 22.325 120
5 22 10260 10030 0.0230 28.95 0.0370067 511 9.65 239 300
15' 2210200 10030 0.0170 17.26 0.0273528 5.86 6.44 25.475 900
45' 22 1MAEN 10030 0.0130 10.17 0.0209168 6.62 161 26.525 2700
2h 22 1MR0 10030 0.0120 6.26 0.0193078 7.32 3.23 26.7875 7200
8h 22 1Mm2n 10020 0.0100 317 0.0160801 8.30 161 27.575 28800
16h 22 1Mmin 10020 0.0090 225 0.0144721 8.79 1.60 27.8375 57600
24h 22 10m1n  10n3n  0.0080 1.84 0.0128719 9.09 12.87 27.8375 86400
L+A calcolati = 46.66
D particelle: 2.65 L+A pesati = 54.13
Errore strumentale = -1.47
Perso per strada = 29.64

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.236284

>2mm/<2mm

%

19.11
11.46
45.67
23.76

80.89
69.43

14.16
56.46
29.37

264



Appendix 7.5. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU 10.

ROM 11/7/10

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 -8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
©8-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 o000 000 °T °
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 2 000 000 000 000, | ©
4-2 -1 0.04 0.04 100.00  100.00|
2000-400 -0.5 003 007 003 003 *
1400- 1000 0 0.04 0.11 0.04 0.08| 10 + 20
1000-710 0.5 0.04 0.15 0.04 0.11 o
710-500 1 0.03 0.18 0.03 0.15
500-355 15 0.04 0.22 0.04 019 O T e e e e ohge g e e e g e © 2l s 7 5 5 4 s T o0 1 2 3 4 s s’
355-250 2 0.08 0.30 0.08 0.27
250-125 2.5 0.16 0.46 0.16 0.42| %0 1 100
180-125 3 0.43 0.89 043 0.85 Erazione <2mm Frazione< 2mm ©
125-90 3.5 0.67 156 0.67 153] 40 | ©
90- 63 4 136 2.92 1.36 2.89
63-45 45 485 7.78 485 775 1 o
45-31 5 7.45 15.23 7.46 15.20 60
31-23 5.5 8.49 23.72 8.49 23.69 ©
23-5 6 852 3225 853 3222|207
15- 10 6.5 8.35 40.60 8.35 40.58 “
10-7 7 6.21 46.81 6.21 46.79( 10 T 30
7-3 7.5 4.66 51.47 4.67 51.45 0
3-2 8 5.22 56.69 522 56.67 o
<2 <8 4331 10000 4333 10000 § £ § 5 L EEEEmmaAan ooy ©
§ =ETE S 1 0 1 3 4 5 6 8 °
Graphic mean = 7.01 777 0
Inclusive graphic standard deviation = 1603091 Poorly sorted.
Inclusive graphic skewness = -0.61 Very negative (coarse) skewed.
Graphic kurtosis = 0.67 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22 10RNN 1 003N 0.0470 55.55 0.0756223 4.17 4.83 176 60
2 22 10470 10030 0.0440 40.15 0.0707954 4.64 8.04 18.3875 120
5 22 10420 10030 0.0390 26.28 0.0627505 5.25 9.69 19.7 300
15' 22 1N3R0 10020 0.0330 15.86 0.0530643 5.98 9.65 21.5375 900
45 2210280 10020 0.0270 9.49 0.0434163 6.72 4.82 231125 2700
2h 22 10260 10020 0.0240 591 0.0385922 7.40 8.04 239 7200
8h 23 10210 10020 0.0190 298 0.0305522 8.39 1.59 25.2125 28800
16h 23 10210 10030 0.0180 211 0.0289617 8.89 161 25.2125 57600
24h 22 102nn 1003n 0.0170 1.76 0.0273528 9.15 21.35 25.475 86400
L+A calcolati = 70.80
D particelle: 2.65 L+A pesati = 8211
Errore strumentale = -11.32
Perso per strada = 10.83

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.000352

>2mm/<2mm

%

0.04
2.89
53.76
4331

99.96
97.08

2.89
53.78
43.33

265



Appendix 7.6. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Pe¢ina, SU 11.

ROM 11/6/11

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 -2 000 000 000 000, | ©
4-2 -1 6.79 6.79  100.00  100.00|
2000-400 -0.5 079 758 085 085 *
1400- 1000 0 0.60 8.19 0.65 1.50] 10 + 20
1000-710 0.5 0.63 8.82 0.68 217 o
710-500 1 0.56 9.38 0.60 277
500-355 15 056 9.94 0.60 33| O T N e n g e g e g e e es | 5 7 & 5 4 a P S 8
355-250 2 0.68 10.62 0.73 4.11
250-125 2.5 0.76 11.38 0.81 4.92| %0 1 100
180-125 3 190 1328 2,04 6.96 Erazione <2mm Frazione< 2mm ©
125-90 35 2.02 15.30 217 9.12| 4 | ©
90- 63 4 218 17.47 234 11.46
63-45 45 837 2584 898 2044 | o
45-31 5 721 33.05 7.73 28.17 60
31-23 5.5 6.33 39.38 6.79 34.96 5
23-5 6 621 4559 667 4162|207
15 - 10 6.5 7.40 52.98 7.93 49.56 “
10-7 7 6.85 59.83 7.35 56.90( 10 T 30
7-3 7.5 6.27 66.11 6.73 63.63 0
3-2 8 5.62 71.72 6.03 69.66 o
<2 <8 2828 10000 3034 10000 § £ § B E LI EEE N0y ©
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.42 1169 p
Inclusive graphic standard deviation = 2.01768 Very poorly sorted.
Inclusive graphic skewness = -0.56 Very negative (coarse) skewed.
Graphic kurtosis = 0.77 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 104nn 10030 0.0370 59.55 0.0595325 4.07 6.44 20.225 60
2 22 1N3RN 10030 0.0330 4319 0.0530965 453 6.44 21.275 120
5 22 10320 10030 0.0290 27.98 0.0466606 5.16 6.46 22.325 300
15' 2210270 10020 0.0250 16.62 0.0402002 591 8.04 23.6375 900
45' 2210220 10020 0.0200 9.86 0.0321602 6.66 6.43 24.95 2700
2h 22 1MAN 1002n  0.0160 6.16 0.0257282 7.34 8.04 26 7200
8h 23 1Mm3an 1nn2n - 0.0110 310 0.0176881 8.33 1.60 27.3125 28800
16h 23 1M3n 10n03n - 0.0100 219 0.0160899 8.83 161 27.3125 57600
24h 22 1Mm2n  1003n  0.0090 1.83 0.0144809 9.09 14.48 27575 86400
L+A calcolati = 53.10
D particelle: 2.65 L+A pesati = 61.60
Errore strumentale = -8.50
Perso per strada = 15.50

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.072878

>2mm/<2mm

%

6.79
10.68
54.25
28.28

93.21
82.53

11.46
58.20
30.34

266



Appendix 7.7. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU 12.

ROM 11/6/12
Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000, | ©
4-2 -1 2.70 270  100.00  100.00|
2000-400 -0.5 085 354 087 087 *
1400- 1000 0 0.74 4.28 0.76 1.63| 10 + 20
1000-710 0.5 0.80 5.08 0.82 245 0
710-500 1 0.89 5.97 0.92 3.36
500-355 15 0.70 6.67 072 408 OIS TN g e g a e g e g e e es | 5 7 5 5 4 a 2 4 0 1 2 3 4 s 8
355-250 2 0.72 7.38 0.74 4.82
250-125 2.5 114 853 118 5.99( %0 1 100
180-125 3 345 1198 354 954 Erazione <2mm Frazione< 2mm ©
125-90 3.5 3.90 15.88 4.01 1355 40 | ©
90- 63 4 4.32 20.20 444 17.99
63-45 45 1028 3048 1057  2856| | °
45-31 5 10.59 41.07 10.88 39.44 60
31-23 5.5 7.05 48.13 7.25 46.69 5
23-5 6 508 5320 522 519127
15 - 10 6.5 277 55.98 2.85 54.76 “
10-7 7 6.30 62.28 6.48 61.24( 10 T 30
7-3 7.5 7.18 69.46 7.38 68.61 0
3-2 8 5.43 74.89 5.58 74.19 o
<2 <8 2511 10000 2581  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 2 3 4 5 6 8 ¢
Graphic mean = 5.99 15.72 p
Inclusive graphic standard deviation = 2.170549 Very poorly sorted.
Inclusive graphic skewness = -0.48 Very negative (coarse) skewed.
Graphic kurtosis = 0.75 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 104nn 10030 0.0370 59.55 0.0595325 4.07 8.04 20.225 60
2 22 10N3R0 10030 0.0320 43.45 0.0514876 452 9.65 215375 120
5 2210280 10030 0.0260 2847 0.0418336 513 6.46 231125 300
15' 22 10240 10020 0.0220 16.89 0.0353762 5.89 322 24.425 900
45' 2210220 10020 0.0200 9.86 0.0321602 6.66 8.04 24.95 2700
2h 22.1mMz72n 10020 0.0150 6.19 0.0241201 7.34 8.04 26.2625 7200
8h 23 1m2n 10020 0.0100 311 0.0160801 8.33 8.04 27.575 28800
16h 2310070 10020 0.0050 225 0.0080400 8.79 8.04 28.8875 57600
24h 22 1003n  1003n  0.0000 191 0.0000000 9.03 0.00 29.9375 86400
L+A calcolati = 51.49
D particelle: 2.65 L+A pesati = 62.40
Errore strumentale = -10.91
Perso per strada = 15.34

FRAZIONI %
Totali
Chiaia 2.70
Sabbia: 17.50
Limo: 54.69
Argilla: 2511
S+L+A 97.30
L+A 79.80
Parziali
Sabbia: 17.99
Limo: 56.20
Argilla: 25.81

Grossolano/Fine

>2mm/<2mm  0.027707
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Appendix 7.8. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU 13.

ROM 11/5/13
Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 -2 000 000 000 000, | ©
4-2 -1 3.08 3.08 100.00  100.00
2000-400 -0.5 066 374 068 068 *
1400- 1000 0 0.59 433 0.61 1.29| 10 + 20
1000-710 0.5 0.76 5.10 0.79 2.08, 0
710-500 1 0.50 5.60 0.52 2.60
500-355 | 15 059 6.19 0.60 320) O N . geog o N mon e e~ noe | g 7 65 5 4 3 2 4 0 1 2 3 4 5 e’
355-250 2 0.58 6.77 0.60 3.80
250-125 2.5 121 797 124 5.05| %0 1 100
180-125 3 193 9.90 1.99 7.04 Erazione <2mm Frazione< 2mm ©
125-90 35 291 12.82 3.01 10.05{ 40 | ©
90- 63 4 3.59 16.40 3.70 13.75
63-45 45 124 2764 1159 2534 | o
45-31 5 10.22 37.86 10.54 35.88 60
31-23 5.5 7.00 44.86 7.23 4311 5
23-5 6 603  50.89 622 4933|207
5-10 65 493 5582 509 5442 “©
0-7 7 3.95 59.77 4.07 58.49( 10 30
7-3 7.5 2.99 62.76 3.08 61.58 0
3-2 8 1.92 64.68 1.98 63.56 o
<2 <8 B3P 10000  3Ba4 10000 5 FFEELEEEFTEEE NI 00y ©
§ =ETE TS 1 0 1 2 3 4 5 6 8 ¢
Graphic mean = 6.24 13.22
Inclusive graphic standard deviation = 2.082884 Very poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.68 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 20 1N3RN 10030 0.0330 63.34 0.0530965 3.98 6.44 21.275 60
2 20 10320 10030 0.0290 45.88 0.0466606 4.45 8.04 22.325 120
5 20 10270 10030 0.0240 29.86 0.0386157 5.07 6.46 23.6375 300
15' 2110220 10020 0.0200 17.39 0.0321602 5.85 4.82 24.95 900
45' 21 1Mman 1nn2n - 0.0170 10.20 0.0273362 6.62 3.22 25.7375 2700
2h 21 1mz?2n 10020 0.0150 6.31 0.0241201 7.31 241 26.2625 7200
8h 21 1MRR 10020 0.0135 318 0.0217081 8.30 4.01 26.65625 28800
16h 21 1014n 1003n - 0.0110 2.26 0.0176988 8.79 0.81 27.05 57600
24h 21 10Mman 10025  0.0105 1.86 0.0168892 9.07 16.89 27.3125 86400
L+A calcolati = 46.66
D particelle: 2.65 L+A pesati = 56.11
Errore strumentale = -9.45
Perso per strada = 18.53

FRAZIONI %
Totali
Ghiaia 3.08
Sabbia: 13.32
Limo: 48.28
Argilla: 35.32
S+L+A 96.92
L+A 83.60
Parziali
Sabbia: 1375
Limo: 49.81
Argilla: 36.44

Grossolano/Fine

>2mm/<2mm  0.031796
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Appendix 7.9. Grain-size

(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU 13.

ROM 11/4/13

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000, | ©
4-2 -1 1.26 126  100.00  100.00|
2000-400 -0.5 069 195 070 070 *
1400- 1000 0 0.60 2.55 0.61 1.31] 10 + 20
1000-710 0.5 0.70 3.25 0.71 2.02 o
710-500 1 0.54 379 0.54 2.56
500-355 15 0.52 431 0.53 309 O T e e e e e ovawwea~aee | 5 7 5 5 4 3 L0 1 2 3 4 s s’
355-250 2 0.68 5.00 0.69 3.79
250-125 2.5 0.83 5.82 0.84 4.62| 50 1 100
180-125 3 150 7.33 152 6.15 Erazione <2mm Frazione< 2mm ©
125-90 35 228 9.61 231 846| 4 | ©
90- 63 4 3.78 13.39 3.83 12.29
63-45 45 387 1726 391 1620 | °
45-31 5 7.04 24.30 7.13 2333 60
31-23 5.5 4.26 28.56 4.32 27.65 5
23-5 6 432 3288 437 3203|207
15 - 10 6.5 5.82 38.70 5.89 37.92 “
0-7 7 3.15 41.85 319 411110 1 30
7-3 7.5 2.93 4478 2.96 44.07 0
3-2 8 4.58 49.35 4.64 48.71 o
<2 <8 50.65  100.00 5129  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 7.06 7.48
Inclusive graphic standard deviation = 2.004908 Very poorly sorted.
Inclusive graphic skewness = -0.82 Very negative (coarse) skewed.
Graphic kurtosis = 0.78 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 20 10320 10030 0.0290 64.88 0.0466606 3.95 161 22.325 60
2 20 10310 10030 0.0280 46.15 0.0450516 4.44 4.83 22.5875 120
5 20 10280 10030 0.0250 29.69 0.0402247 5.07 324 23.375 300
15' 21 10280 10020 0.0230 17.12 0.0369842 5.87 4.82 24.1625 900
45' 2110220 10020 0.0200 10.04 0.0321602 6.64 161 24.95 2700
2h 21 10210 10020 0.0190 6.18 0.0305522 7.34 4.82 25.2125 7200
8h 21 1MAn 1002n  0.0160 314 0.0257282 8.32 3.20 26 28800
16h 21 1mMz70 1003n  0.0140 223 0.0225258 881 -0.80 26.2625 57600
24h 21 1mz7n 10025 0.0145 1.82 0.0233232 9.10 23.32 26.2625 86400
L+A calcolati = 45.05
D particelle: 2.65 L+A pesati = 51.83
Errore strumentale = -6.78
Perso per strada = 13.93

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.012732

>2mm/<2mm

%

1.26
12.13
35.96
50.65

98.74
86.61

12.29
36.42
51.29
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Appendix 7.10. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU
14A.

ROM 11/3/14A

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 115 115 100.00  100.00|
2000-400 -0.5 064 179 065 065 *
1400-1000 0 0.32 211 0.32 0.97 20
1000-710 0.5 0.28 2.39 0.29 1.26] 0
710-500 1 0.32 271 0.33 158,
500-355 15 0.35 3.06 0.35 1.93] 5 7 6 5 4 s Lo 1 s s 4 s s’
355-250 2 126 4.32 1.28 321
250-125 2.5 437 8.69 4.42 7.63| %0 1 100
180-125 3 1280 2148 1294 2057 Erazione <2mm Frazione< 2mm ©
125-90 3.5 14.64 36.12 1481 35.38 40 | ©
90- 63 4 15.49 51.61 15.67 51.05
63-45 45 1180 6341 1193  6298| | o
45-31 5 6.37 69.77 6.44 69.42 60
31-23 5.5 254 7231 257 71.99 5
23-5 6 256 7487 259 745820 T
15 - 10 6.5 2.59 77.46 2.62 77.20 “
10-7 7 161 79.06 1.62 78.82| 10 + 30
7-3 7.5 0.79 79.85 0.80 79.62 0
3-2 8 0.00 79.85 0.00 79.62 o
<2 <8 2015 10000 2038 10000/ 8 2§ § & § 8 F T TE S °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.00 3121
Inclusive graphic standard deviation = 2.340633 Very poorly sorted.
Inclusive graphic skewness = 0.13 Positive (fine) skewed.
Graphic kurtosis = 0.92 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 20 10270 10030 0.0240 66.76 0.0386157 3.90 8.04 23.6375 60
2 20 10220 10030 0.0190 48.50 0.0305707 437 6.44 24.95 120
5 20 1MAN 1003n  0.0150 3131 0.0241348 5.00 323 26 300
15' 21 1MmMRN 10020 0.0130 18.02 0.0209041 579 3.22 26.7875 900
45' 21 1Mm3an 10n2n  0.0110 10.51 0.0176881 6.57 161 27.3125 2700
2h 21 1m2n 10020 0.0100 6.46 0.0160801 7.27 0.00 27.575 7200
8h 21 1m2n 10020 0.0100 323 0.0160801 8.27 4.82 27.575 28800
16h 21 10nn 1003n - 0.0070 231 0.0112629 8.76 -0.80 281 57600
24h 21 1nmnn 10025  0.0075 1.88 0.0120637 9.05 12.06 28.1 86400
L+A calcolati = 30.57
D particelle: 2.65 L+A pesati = 46.12
Errore strumentale = -15.55
Perso per strada = 9.11

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.011612

>2mm/<2mm

%

115
50.46
28.24
20.15

98.85
48.39

51.05
28.57
20.38
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Appendix 7.11. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Romualdova Peéina, SU
14B.

ROM 11/2/14.1

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 -2 000 000 000 000, | ©
4-2 -1 0.93 0.93  100.00  100.00|
2000-400 -0.5 02 115 02 02 *
1400- 1000 0 0.16 131 0.16 0.38| 10 + 20
1000-710 0.5 0.15 1.46 0.15 0.53, 0
710-500 1 0.15 161 0.15 0.68
500-355 15 0.25 186 0.25 0.93 Or'aﬂwm"vzﬁ'"eﬁ'ﬂ§°gﬂg«gmgqgmgmg'*:mm 8 7 6 5 4 -3 2 -1 0 1 2 3 4 5 e’
355-250 2 0.69 255 0.70 1.63! i
250-125 2.5 531 7.86 5.36 6.99( 50 1 100
180-125 3 2045 2830 2064  27.63 Erazione <2mm Frazione< 2mm ©
125-90 35 2147 49.78 21.68 49.30( 40 4 o
90- 63 4 18.09 67.87 18.26 67.57
63-45 45 894 7681 902  7659| | °
45-31 5 342 80.23 345 80.04 60
31-23 5.5 0.01 80.24 0.01 80.05 5
23-5 6 000  80.24 000 800520 T
15 - 10 6.5 0.00 80.24 0.00 80.05 “
0-7 7 158 81.82 159 81.65( 10 T 30
7-3 7.5 120 83.02 121 82.86 0
3-2 8 0.62 83.64 0.63 83.48 o
<2 <8 1636 10000 1652 10000/ 8 2§ § & § 8 % ¢ F gL 93 °
§ =ETE TS 1 0 1 2 3 4 5 6 8 ¢
Graphic mean = 4.76 37.00 p
Inclusive graphic standard deviation = 2.295388 Very poorly sorted.
Inclusive graphic skewness = 0.49 Very positive (fine) skewed.
Graphic kurtosis = 177 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 20 1MAEN 10030 0.0130 70.72 0.0209168 3.82 4.83 26.525 60
2 20 10130 10030 0.0100 50.75 0.0160899 430 3.22 27.3125 120
5 20 1010 1003n  0.0080 32.40 0.0128719 4.95 0.01 27.8375 300
15' 21 10mnn 10020 0.0080 18.46 0.0128641 5.76 0.00 281 900
45' 21 10nn 10020 0.0080 10.66 0.0128641 6.55 161 281 2700
2h 21 10nan 10020 0.0070 6.56 0.0112561 7.25 0.80 28.3625 7200
8h 21 10NNRR 110020 0.0065 329 0.0104521 8.25 241 28.49375 28800
16h 21 100AN 10030 0.0050 233 0.0080449 8.75 0.81 28.625 57600
24h 21 10n7n  10N2?5%  0.0045 191 0.0072382 9.03 7.24 28.8875 86400
L+A calcolati = 16.09
D particelle: 2.65 L+A pesati = 2813
Errore strumentale = -12.04
Perso per strada = 5.19

FRAZIONI %
Totali
Ghiaia 0.93
Sabbia: 66.94
Limo: 15.77
Argilla: 16.36
S+L+A 99.07
L+A 3213
Parziali
Sabbia: 67.57
Limo: 1591
Argilla: 16.52

Grossolano/Fine

>2mm/<2mm  0.009417
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Appendix 8.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 4.

ROM 11/12/4

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400-1000 0 0.01 0.01 0.01 0.01 20
1000-710 0.5 0.04 0.05 0.04 0.05 0
710-500 1 0.02 0.07 0.02 0.07
500-355 15 0.02 0.10 0.02 0.10 5 7 6 5 4 s T 0 1 2 s 4 s s’
355-250 2 0.04 0.14 0.04 0.14
250-125 2.5 0.09 0.23 0.09 0.23| %0 1 100
180-125 3 0.22 045 0.22 0.45 Erazione <2mm Frazione< 2mm ©
125-90 3.5 0.33 0.78 0.33 0.78 40 + ©
90- 63 4 107 1.85 107 185
63-45 45 1288 1473 1288 1473| | o
45-31 5 16.01 30.74 16.01 30.74 60
31-23 5.5 15.49 46.23 15.49 46.23 5
23-5 6 1212 5835 1212 5835|207
15 - 10 6.5 8.56 66.91 8.56 66.91 “
10-7 7 6.97 73.88 6.97 73.88| 10 1 30
7-3 7.5 4.08 77.96 4.08 77.96 0
3-2 8 1.62 79.58 1.62 79.58 o
<2 <8 2042 10000 2042 10000/ § 2 F § E §HEET TS °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.14 14210
Inclusive graphic standard deviation = 1621111 Poorly sorted.
Inclusive graphic skewness = -0.04 Nearly symmetrical.
Graphic kurtosis = 0.82 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 19 10330 10030 0.0300 65.62 0.0482696 3.93 4.83 22.0625 60
2 19 103NN 10030 0.0270 4722 0.0434426 4.40 9.65 22.85 120
5 19 10240 10030 0.0210 30.88 0.0337887 5.02 11.26 24.425 300
15' 19 1M70 10030 0.0140 18.49 0.0225258 5.76 6.44 26.2625 900
45' 19 10130 10030 0.0100 10.88 0.0160899 6.52 4.83 27.3125 2700
2h 20 10100 1003n  0.0070 6.65 0.0112629 7.23 161 281 7200
8h 21 100AN 10020 0.0060 329 0.0096481 8.25 1.60 28.625 28800
16h 21 100AN 10030 0.0050 233 0.0080449 8.75 0.00 28.625 57600
24h 21 10nan  1003n  0.0050 1.90 0.0080449 9.04 8.04 28.625 86400
L+A calcolati = 43.44
D particelle: 2.65 L+A pesati = 53.35
Errore strumentale = -9.91
Perso per strada = 17.03

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
1.85
71.73
20.42

100.00
98.15

185
71.73
20.42
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Appendix 8.2. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU
9A.

ROM 11/10/9A

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000, ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 002 002 002 002 *
1400-1000 0 0.01 0.04 0.01 0.04] 20
1000-710 0.5 0.04 0.08 0.04 0.08 0
710-500 1 0.04 0.12 0.04 0.12
500-355 15 0.05 017 0.05 0.17 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.08 0.25 0.08 0.25
250-125 2.5 0.29 054 0.29 0.54] 50 100
180-125 3 0.96 150 0.96 150 Erazione <2mm Frazione< 2mm ©
125-90 3.5 0.81 231 0.81 231 49 N
90- 63 4 141 372 141 372
63-45 45 1707 2079 1707 2079| "’
45-31 5 13.82 34.61 13.82 34.61 60
31-23 5.5 16.23 50.84 16.23 50.84 5
23-5 6 1252 6336 1252  6336|%°
15 - 10 6.5 8.99 72.35 8.99 72.35 “
10-7 7 7.27 79.62 7.27 79.62| 10 30
7-3 7.5 3.19 82.81 319 82.81 0
3-2 8 0.01 82.82 0.01 82.82 o
<2 <8 1718 10000 1718  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.97 15.98 p
Inclusive graphic standard deviation = 1635144 Poorly sorted.
Inclusive graphic skewness = 0.07 Nearly symmetrical.
Graphic kurtosis = 0.94 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 19 10310 10030 0.0280 66.40 0.0450516 391 6.44 22.5875 60
2 19 10270 10030 0.0240 48.03 0.0386157 438 8.04 23.6375 120
5 19 10220 10030 0.0190 3121 0.0305707 5.00 11.26 24.95 300
15' 19 1MARA 10030 0.0120 18.67 0.0193078 5.74 6.44 26.7875 900
45' 19 10110 10030 0.0080 10.99 0.0128719 6.51 4.83 27.8375 2700
2h 20 10NNAN 10030 0.0050 6.71 0.0080449 7.22 0.00 28.625 7200
8h 2110070 10020 0.0050 331 0.0080400 8.24 1.60 28.8875 28800
16h 2110070 10030 0.0040 234 0.0064359 8.74 161 28.8875 57600
24h 21 10nnRN 10030 0.0030 1.92 0.0048270 9.03 4.83 29.15 86400
L+A calcolati = 38.62
D particelle: 2.65 L+A pesati = 49.02
Errore strumentale = -10.40
Perso per strada = 24.64

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
372
79.10
17.18

100.00
96.28

372
79.10
17.18
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Appendix 8.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 9B.

ROM 11/9/9B

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400-1000 0 0.04 0.04 0.04 0.04] 20
1000-710 0.5 0.10 0.14 0.10 0.14 0
710-500 1 0.03 0.17 0.03 0.17
500-355 15 0.03 0.20 0.03 0.20 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.10 0.30 0.10 0.30
250-125 2.5 0.45 0.75 0.45 0.75| %0 1 100
180-125 3 176 250 176 250 Erazione <2mm Frazione< 2mm ©
125-90 3.5 133 3.83 133 383|404 ©
90- 63 4 186 5.69 1.86 5.69
63-45 45 263 2731 2163 2731 | °
45-31 5 16.03 4334 16.03 4334 60
31-23 5.5 10.73 54.08 10.73 54.08 5
23-5 6 1072 6480 1072  6480| 2T
15 - 10 6.5 10.66 75.46 10.66 75.46 “
0-7 7 5.70 81.16 570 81.16( 10 30
7-3 7.5 244 83.60 244 83.60 0
3-2 8 0.00 83.61 0.00 83.61 o
<2 <8 1639 10000 1639 10000 § £ ¥ B & §EFE e a0y ©
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.86 17.25 p
Inclusive graphic standard deviation = 1685753 Poorly sorted.
Inclusive graphic skewness = 0.10 Positive (fine) skewed.
Graphic kurtosis = 0.98 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 19 10260 10030 0.0230 68.30 0.0370067 3.87 6.44 239 60
2 19 10220 10030 0.0190 49.35 0.0305707 434 8.04 24.95 120
5 19 1M70 10030 0.0140 32.02 0.0225258 4.96 6.44 26.2625 300
15' 19 10130 10030 0.0100 18.85 0.0160899 573 6.44 27.3125 900
45' 19 10080 10030 0.0060 11.09 0.0096539 6.49 3.22 28.3625 2700
2h 20 10070 10030 0.0040 6.74 0.0064359 721 0.00 28.8875 7200
8h 21 100RN 10020 0.0040 3.32 0.0064320 8.23 161 29.15 28800
16h 21 100RN 10030 0.0030 235 0.0048270 8.73 0.00 29.15 57600
24h 21 10nnRN 10030 0.0030 1.92 0.0048270 9.03 4.83 29.15 86400
L+A calcolati = 30.57
D particelle: 2.65 L+A pesati = 41.39
Errore strumentale = -10.82
Perso per strada = 29.47

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
5.69
77.92
16.39

100.00
94.31

5.69
7792
16.39
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Appendix 8.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU
9C.

ROM 11/9/9C
Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000, | ©
4-2 -1 0.04 0.04 100.00  100.00|
2000-400 -0.5 004 008 004 004 *
1400- 1000 0 0.09 0.17 0.09 0.13| 10 + 20
1000-710 0.5 0.11 0.28 0.11 0.24 0
710-500 1 0.11 0.38 0.11 0.35
500-355 15 0.11 0.50 0.11 046) O TS T e A e e e e ovawwea~awe | 5 7 5 5 4 3 T o0 1 2 3 4 s s’
355-250 2 0.32 0.82 0.32 0.78
250-125 2.5 0.93 1.74 0.93 171|501 100
180-125 3 455 6.29 455 6.26 Erazione <2mm Frazione< 2mm ©
125-90 3.5 2.89 9.18 2.89 9.15( 40 } ©
90- 63 4 3.68 12.86 3.68 12.83
63-45 45 215 4201 2917 499 | o
45-31 5 12.66 54.67 12.67 54.66 60
31-23 5.5 7.46 62.13 7.46 62.12 5
23-5 6 746 6959 746 695820 T
5-10 65 733 7691 733 7690 “©
0-7 7 4.00 80.91 4.00 80.91f 10 30
7-3 7.5 0.00 80.92 0.00 80.91 0
3-2 8 -2.82 78.09 -2.82 78.09 o
<2 <8 2191 10000 2191  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.71 19.06 p
Inclusive graphic standard deviation = 1949346 Poorly sorted.
Inclusive graphic skewness = 0.12 Positive (fine) skewed.
Graphic kurtosis = 112 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 19 1MA0 10030 0.0150 71.24 0.0241348 381 6.44 26 60
2 19 10140 10030 0.0110 51.38 0.0176988 428 4.83 27.05 120
5 19 10110 10030 0.0080 3297 0.0128719 492 3.22 27.8375 300
15' 19 10080 10030 0.0060 19.21 0.0096539 5.70 3.22 28.3625 900
45' 19 10070 10030 0.0040 11.19 0.0064359 6.48 161 28.8875 2700
2h 20 10NNRN 10030 0.0030 6.77 0.0048270 721 -1.61 29.15 7200
8h 21 100RN 10020 0.0040 3.32 0.0064320 8.23 161 29.15 28800
16h 21 100RN 10030 0.0030 235 0.0048270 8.73 161 29.15 57600
24h 21 10n&n 10030 0.0020 1.93 0.0032180 9.02 3.22 29.4125 86400
L+A calcolati = 17.70
D particelle: 2.65 L+A pesati = 30.55
Errore strumentale = -12.85
Perso per strada = 37.20

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.000361

>2mm/<2mm

%

0.04
12.82
65.24
2191

99.96
87.14

12.83
65.26
2191

275



Appendix 8.5. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 10.

ROM 11/7/10

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 "
128- 64 -6 0.00 0.00 0.00 0.00}
64-32 -5 000 000 000 000 ®
2.5 -4 000 000 000 000 %
16-8 -3 0.00 0.00 0.00 0.00 “o
8-4 -2 0.00 0.00 0.00 0.00,
4-2 -1 000 000 000 000 0
2000-1400 -0.5 0.00 0.00 0.00 0.00}
1400- 1000 0 -0.01 -0.01 -0.01 -0.01
1000-710 0.5 0.02 0.01 0.02 0.01 8 7 %6 5 4 3 2 41 0 1 2 3 4 5 8 0
710-500 1 0.00 0.01 0.00 0.01
500-355 15 0.02 0.03 0.02 0.03] 2
355-250 2 0.05 0.09 0.05 0.09
250-125 2.5 0.16 0.24 0.16 0.24| 50 100
180-125 3 0.40 0.65 0.40 0.65 Erazione <2mm Frazione< 2mm ©
125-90 3.5 0.66 1.30 0.66 130] 40 | ©
90- 63 4 150 2.80 150 2.80
63-45 45 1183 1464 1183 1464| | o
45-31 5 17.07 3171 17.07 3171 60
31-23 5.5 18.03 49.74 18.03 49.74 5
23-5 6 1466 6439 1466  6439|2T
15 - 10 6.5 7.78 7217 7.78 7217 “
0-7 7 6.45 78.62 6.45 78.62| 10 1 30
7-3 7.5 5.55 84.17 5.55 84.17 0
3-2 8 4.60 88.78 4.60 88.78 o
<2 <8 1122 10000 1122 10000/ 8 F § 8 8 § 8 EEFTE S °
§ =ETE TS 1 0 1 2 3 4 5 6 8 ¢
Graphic mean = 5.84 17.40 p
Inclusive graphic standard deviation = 1412144 Poorly sorted.
Inclusive graphic skewness = -0.06 Nearly symmetrical.
Graphic kurtosis = 0.95 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 1N3RN 10030 0.0330 61.08 0.0530965 4.03 6.44 21.275 60
2 22 10320 10030 0.0290 44.24 0.0466606 450 11.26 22.325 120
5 22 10280 10030 0.0220 29.11 0.0353977 5.10 14.48 24.1625 300
15' 22 1MAEN 10030 0.0130 17.61 0.0209168 5.83 6.44 26.525 900
45' 22 1m0 10020 0.0090 10.41 0.0144721 6.59 4.82 27.8375 2700
2h 23 100AN 10020 0.0060 6.34 0.0096481 7.30 4.82 28.625 7200
8h 22 100RN 10030 0.0030 3.26 0.0048270 8.26 0.00 29.15 28800
16h 22 100RN 10030 0.0030 231 0.0048270 8.76 161 29.15 57600
24h 22 10080 10030 0.0020 1.89 0.0032180 9.05 3.22 29.4125 86400
L+A calcolati = 46.66
D particelle: 2.65 L+A pesati = 59.38
Errore strumentale = -1271
Perso per strada = 12.29

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
2.80
85.97
11.22

100.00
97.20

2.80
85.97
11.22
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Appendix 8.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Pe¢ina, SU 11.

ROM 11/6/11

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400-1000 0 0.02 0.02 0.02 0.02 20
1000-710 0.5 0.03 0.05 0.03 0.05 0
710-500 1 0.03 0.08 0.03 0.08
500-355 15 0.03 011 0.03 0.11] 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.11 0.23 0.11 0.23
250-125 2.5 0.64 0.86 0.64 0.86| 50 1 100
180-125 3 215 302 2.15 302 Erazione <2mm Frazione< 2mm ©
125-90 3.5 3.07 6.09 3.07 6.09( 40 | ©
90- 63 4 371 9.80 371 9.80
63-45 45 1317 207 1317 20| | °
45-31 5 19.00 41.97 19.00 41.97 60
31-23 5.5 9.78 51.74 9.78 51.74 5
23-5 6 800  59.74 800 507420 T
15 - 10 6.5 6.16 65.90 6.16 65.90 “
10-7 7 9.40 75.30 9.40 75.30| 10 + 30
7-3 7.5 8.87 84.17 8.87 84.17 0
3-2 8 7.42 91.59 742 91.59 o
<2 <8 841 10000 841 10000, 5 2 E § E § 8 FE TSI °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.71 19.07 p
Inclusive graphic standard deviation = 1583748 Poorly sorted.
Inclusive graphic skewness = -0.26 Negative (coarse) skewed.
Graphic kurtosis = 0.86 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 2210220 10030 0.0190 66.14 0.0305707 3.92 322 24.95 60
2 22 10200 10030 0.0170 47.26 0.0273528 4.40 8.04 25.475 120
5 22 1MRN 10030 0.0120 30.65 0.0193078 5.03 4.83 26.7875 300
15' 22 1Mm2n 1003n  0.0090 17.95 0.0144809 5.80 322 27.575 900
45' 22..10nan 10020 0.0070 10.51 0.0112561 6.57 4.82 28.3625 2700
2h 23 100RN 10020 0.0040 6.40 0.0064320 729 4.82 29.15 7200
8h 22 10n4n 10030 0.0010 329 0.0016090 8.25 0.00 29.675 28800
16h 22 10n4n 10030 0.0010 233 0.0016090 8.75 0.00 29.675 57600
24h 22 10n4n 1003n  0.0010 1.90 0.0016090 9.04 161 29.675 86400
L+A calcolati = 21.35
D particelle: 2.65 L+A pesati = 33.93
Errore strumentale = -6.58
Perso per strada = 34.75

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
9.80
81.79
841

100.00
90.20

9.80
81.79
841
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Appendix 8.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 12.

ROM 11/6/12

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400-1000 0 0.01 0.02 0.01 0.02 20
1000-710 0.5 0.05 0.06 0.05 0.06 0
710-500 1 0.02 0.09 0.02 0.09
500-355 15 0.05 0.14 0.05 0.14 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.19 0.33 0.19 0.33
250-125 2.5 122 1.55 122 1.55| 50 100
180-125 3 435 591 435 591 Erazione <2mm Frazione< 2mm ©
125-90 3.5 6.00 1101 6.00 1191 4o N
90- 63 4 6.38 18.28 6.38 18.28
63-45 45 1088 2016 1088  29.16| "’
45-31 5 18.93 48.09 18.93 48.09 60
31-23 5.5 10.79 58.88 10.79 58.88 5
23-5 6 812  67.00 812  67.00%°
15 - 10 6.5 5.05 72.05 5.05 72.05 “
10-7 7 7.70 79.75 7.70 79.75| 10 30
7-3 7.5 6.40 86.15 6.40 86.15 0
3-2 8 4.03 90.18 4.03 90.18 o
<2 <8 982 10000 982 10000, 8 2§ § E § 8 FEF T LS °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.41 23.46 p
Inclusive graphic standard deviation = 172543 Poorly sorted.
Inclusive graphic skewness = -0.21 Negative (coarse) skewed.
Graphic kurtosis = 0.96 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 10240 10030 0.0210 65.44 0.0337887 3.93 3.22 24.425 60
2 2210220 10030 0.0190 46.77 0.0305707 4.42 9.65 24.95 120
5 22 1MAEN 10030 0.0130 30.50 0.0209168 5.04 6.44 26.525 300
15' 22 1Mm2n 1003n  0.0090 17.95 0.0144809 5.80 3.22 27.575 900
45' 22..10nan 10020 0.0070 10.51 0.0112561 6.57 4.82 28.3625 2700
2h 23 100RN 10020 0.0040 6.40 0.0064320 729 321 29.15 7200
8h 22 100R0 10030 0.0020 3.28 0.0032180 8.25 0.80 29.4125 28800
16h 22 10N45 10030 0.0015 232 0.0024135 8.75 0.80 29.54375 57600
24h 22 10n4n 1003n  0.0010 1.90 0.0016090 9.04 161 29.675 86400
L+A calcolati = 30.57
D particelle: 2.65 L+A pesati = 38.21
Errore strumentale = -1.63
Perso per strada = 26.13

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
18.28
71.90

9.82

100.00
81.72

18.28
71.90
9.82
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Appendix 8.8. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 13.

ROM 11/5/13

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. » Campione totale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.1 -4 000 000 000 000 ] ®
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | w0
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400- 1000 0 0.01 0.01 0.01 0.01] 20
1000-710 0.5 0.02 0.04 0.02 0.04 o
710-500 1 0.02 0.06 0.02 0.06
500-355 15 0.02 0.08 0.02 0.08 5 7 o 5 4 o 1 s s 4 s 8’
355-250 2 0.17 0.25 0.17 0.25
250-125 2.5 0.69 0.94 0.69 0.94 50 71 100
180-125 3 272 3.66 272 3.66 Erazione < 2mm Erazione< 2mm %
25-90 35 342 07 342 7.07| 49 | .
90- 63 4 4.15 11.23 415 11.23
63-45 45 825 1948 825 1948 | o
45-31 5 16.67 36.15 16.67 36.15 60
31-23 5.5 1411 50.26 1411 50.26 w0
23-5 6 1118 6l44 1118  6144|%
5-10 65 671 6814 671 6814 “©
10-7 7 7.08 75.22 7.08 75.22| 10 1 30
7-3 7.5 6.43 81.65 6.43 81.65 »
3-2 8 5.34 86.99 534 86.99 o
<2 <8 1301 10000 1301 10000] § £ 8 8 & LK g F YAy ©
§ =ETETE 1 0 1 3 4 5 6 8 ’
Graphic mean = 5.83 17.54 p
Inclusive graphic standard deviation = 167878 Poorly sorted.
Inclusive graphic skewness = -0.21 Negative (coarse) skewed.
Graphic kurtosis = 0.96 Mesokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 22102490 10030 0.0260 63.66 0.0418336 3.97 3.22 23.1125 60
2 2210270 10030 0.0240 4552 0.0386157 4.46 9.65 23.6375 120
5 22 10210 10030 0.0180 29.74 0.0289617 5.07 9.65 25.2125 300
15' 22 1MRN 10030 0.0120 17.70 0.0193078 5.82 4.84 26.7875 900
45' 22 1Mm1n 10020 0.0090 10.41 0.0144721 6.59 4.82 27.8375 2700
2h 23 100RN 10020 0.0060 6.34 0.0096481 7.30 4.82 28.625 7200
8h 22 10NRN 10030 0.0030 3.26 0.0048270 8.26 0.80 29.15 28800
16h 22 10NRR 10030 0.0025 231 0.0040225 8.76 0.80 29.28125 57600
24h 22 100&N 10030 0.0020 1.89 0.0032180 9.05 322 29.4125 86400
L+A calcolati = 38.62
D particelle: 2.65 L+A pesati = 46.27
Errore strumentale = -7.65
Perso per strada = 25.04

FRAZIONI %
Totali
Ghiaia 0.00
Sabbia: 11.23
Limo: 75.76
Argilla: 13.01
S+L+A 100.00
L+A 88.77
Parziali
Sabbia: 11.23
Limo: 75.76
Argilla: 13.01

Grossolano/Fine
>2mny<2mm 0
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Appendix 8.9. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU 13.

ROM 11/4/13

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 % o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 2 000 000 000 000 ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400-1000 0 0.01 0.01 0.01 0.01 20
1000-710 0.5 0.04 0.05 0.04 0.05 0
710-500 1 0.02 0.07 0.02 0.07
500-355 15 0.02 0.10 0.02 0.10 5 7 6 5 4 s T o 1 2 s 4 s s’
355-250 2 0.16 0.26 0.16 0.26
250-125 2.5 0.63 0.89 0.63 0.89| 50 100
180-125 3 372 461 372 461 Erazione <2mm Frazione< 2mm ©
125-90 35 277 7.38 2.77 7.38| 49 o
90- 63 4 3.35 10.73 3.35 10.73
63-45 45 773 1846 773 1845) o
45-31 5 16.16 34.62 16.16 34.62 60
31-23 5.5 17.72 52.34 17.72 52.34 5
23-5 6 1371 6605 1371  66.05|2°
5-10 65 649 7254 649 7254 “©
0-7 7 488 77.42 4.88 77.42| 10 30
7-3 7.5 481 82.23 481 82.23 0
3-2 8 5.17 87.40 517 87.40 o
<2 <8 1260 10000 1260 10000/ 8 F 8 ¥ § 8 % ¢ § gL 93 °
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 5.82 17.76 p
Inclusive graphic standard deviation = 1670835 Poorly sorted.
Inclusive graphic skewness = -0.15 Negative (coarse) skewed.
Graphic kurtosis = 11 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 103NN 1003n  0.0270 63.30 0.0434426 3.98 3.22 22.85 60
2 22 10280 10030 0.0250 4527 0.0402247 447 9.65 23.375 120
5 2210220 10030 0.0190 29.58 0.0305707 5.08 12.87 24.95 300
15' 22 104n 1003n - 0.0110 17.78 0.0176988 5.81 4.83 27.05 900
45' 22 10mnn 10020 0.0080 10.46 0.0128641 6.58 3.22 281 2700
2h 23 100AN 10020 0.0060 6.34 0.0096481 7.30 4.82 28.625 7200
8h 22 100RN 10030 0.0030 3.26 0.0048270 8.26 0.80 29.15 28800
16h 22 10NRR 10030 0.0025 231 0.0040225 8.76 0.80 29.28125 57600
24h 22 10080 10030 0.0020 1.89 0.0032180 9.05 3.22 29.4125 86400
L+A calcolati = 40.22
D particelle: 2.65 L+A pesati = 48.36
Errore strumentale = -8.14
Perso per strada = 20.32

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
10.73
76.67
12.60

100.00
89.27

10.73
76.67
12.60
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Appendix 8.10. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU
14A.

ROM 11/3/14A

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 "
128- 64 -6 0.00 0.00 0.00 0.00}
64-32 -5 000 000 000 000 ®
2.5 -4 000 000 o000 000 °T
16-8 -3 0.00 0.00 0.00 0.00 “o
8-4 -2 0.00 0.00 0.00 0.00,
4-2 -1 000 000 000 000 0
2000-1400 -0.5 0.00 0.00 0.00 0.00}
1400- 1000 0 -0.01 -0.01 -0.01 -0.01
1000-710 0.5 0.02 0.01 0.02 0.01 8 7 6 5 4 3 10 1 2 3 4 5 8 0
710-500 1 0.02 0.03 0.02 0.03
500-355 15 0.10 013 0.10 0.13] 2
355-250 2 123 1.35 123 1.35
250-125 2.5 6.66 8.01 6.66 8.01| %0 1 100
180-125 3 1564 2366 1564 2366 Erazione <2mm Frazione< 2mm ©
125-90 3.5 19.55 4321 19.55 4321 40 | ©
90- 63 4 17.84 61.05 17.84 61.05
63-45 45 1035 7140 1035 7140| | o
45-31 5 4.63 76.03 4.63 76.03 60
31-23 5.5 3.85 79.87 3.85 79.87 5
23-5 6 215 8202 215 8202|207
15 - 10 6.5 0.01 82.03 0.01 82.03 “
10-7 7 179 83.82 179 83.82( 10 T 30
7-3 7.5 1.83 85.65 1.83 85.65 0
3-2 8 151 87.15 151 87.15 o
<2 <8 12.85 10000  12.85  100.00 gfggegggesanaa oy 0
§ =ETE TS 1 0 1 3 4 5 6 8 ¢
Graphic mean = 4.50 44.24 n
Inclusive graphic standard deviation = 2.033749 Very poorly sorted.
Inclusive graphic skewness = 0.28 Positive (fine) skewed.
Graphic kurtosis = 140 Leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
iy 22 1MAEN 10030 0.0130 68.20 0.0209168 3.87 4.83 26.525 60
2 22 1M3n 1003n - 0.0100 48.93 0.0160899 435 3.22 27.3125 120
5 22 1m0 1003n - 0.0080 3124 0.0128719 5.00 3.22 27.8375 300
15' 22 .1008n 1003n  0.0060 18.21 0.0096539 5.78 0.01 28.3625 900
45' 22 10NAN 10020 0.0060 10.56 0.0096481 6.57 161 28.625 2700
2h 2310070 10020 0.0050 6.37 0.0080400 729 161 28.8875 7200
8h 23 100RN 10020 0.0040 3.20 0.0064320 829 161 29.15 28800
16h 22 100RN 10030 0.0030 231 0.0048270 8.76 0.00 29.15 57600
24h 22 100RN 10030 0.0030 1.88 0.0048270 9.05 4.83 29.15 86400
L+A calcolati = 16.09
D particelle: 2.65 L+A pesati = 26.34
Errore strumentale = -10.25
Perso per strada = 13.77

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
61.05
26.11
12.85

100.00
38.95

61.05
26.11
12.85
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Appendix 8.11. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Romualdova Peéina, SU
14B.

ROM 11/2/14.1

Totali Parziali 50 100
Diametri ¢ % % cum. %  %cum ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 8
28-64 -6 0.00 0.00 0.00 0.00 N
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000 000 °T o
16-8 -3 0.00 0.00 0.00 0.00 0
8-4 -2 000 000 000 000, | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-400 -0.5 000 000 000 000 *
1400- 1000 0 0.01 0.01 0.01 0.01| 10 + 20
1000-710 0.5 0.02 0.03 0.02 0.03, 0
710-500 1 0.02 0.04 0.02 0.04
500-355 15 0.09 0.13 0.09 0.13) O T e T e A e e e e o g 0w e o 5 7 6 5 4 3 T o 3 4 s’
355-250 2 0.77 0.90 0.77 0.90
250-125 2.5 7.75 8.65 775 8.65| 50 1 100
180-125 3 1959 2824 1959 2824 Erazione <2mm Frazione< 2mm ©
125-90 35 26.22 54.47 26.22 5447 40 | ©
90- 63 4 21.48 75.95 21.48 75.95
63-45 45 606 801 606 8201 | °
45-31 5 4.13 86.14 413 86.14 60
31-23 5.5 194 88.08 194 88.08 5
23-5 6 165 8973 165  89.73| 2T
5-10 65 170 9143 170 9143 “©
10-7 7 1.84 93.26 184 93.26( 10 T 30
7-3 7.5 1.03 94.30 1.03 94.30 0
3-2 8 -1.33 92.96 -1.33 92.96 o
<2 <8 704 10000 704 10000, § 2 E § E §HFE TS °
§ =ETE TS 1 0 1 3 5 8 ¢
Graphic mean = 3.61 8165 n
Inclusive graphic standard deviation = 142617 Poorly sorted.
Inclusive graphic skewness = 0.18 Positive (fine) skewed.
Graphic kurtosis = 2.33 Very leptokurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
1 25 1010 10020 0.0090 65.77 0.0144721 3.93 3.22 27.8375 60
2 25 10080 10020 0.0070 46.95 0.0112561 441 3.22 28.3625 120
5 25 10070 10020 0.0050 29.96 0.0080400 5.06 161 28.8875 300
15' 2R 10NNRN 10020 0.0040 17.00 0.0064320 5.88 161 29.15 900
45' 2R 100RN 10020 0.0030 9.86 0.0048240 6.66 161 29.4125 2700
2h 2R 1004n 10020 0.0020 6.07 0.0032160 7.37 -1.61 29.675 7200
8h 2R 10n4n 10010 0.0030 3.03 0.0048211 8.37 0.00 29.675 28800
16h 2R 10n4n 10010 0.0030 214 0.0048211 8.87 0.00 29.675 57600
24h 2R 1nn4n 1nntn - 0.0030 175 0.0048211 9.16 4.82 29.675 86400
L+A calcolati = 11.26
D particelle: 2.65 L+A pesati = 2112
Errore strumentale = -9.86
Perso per strada = 6.78

FRAZIONI

Totali
Chiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
75.95
17.01

7.04

100.00
24.05

75.95
17.01
7.04
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Appendix 9.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Velika Peéina - Kli¢evica,
SUD_2.

VPK12-4 12-4
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 4.84 484 100.00  100.00
2000-1400 0.5 290 774 304 304 .
1400- 1000 0 2.66 10.40 2.79 5.84( 10 ¢ 20
1000-710 0.5 2.80 13.20 294 8.78] ©
710-500 1 185 15.05 195 10.73
500-355 15 161 1666 170 1242 OSSN s o g g o m e e g~ m e e | o 7 & 5 4 4 2 4 0 1 2 3 4 5 6 7 &
355-250 2 161 1828 170 1412 i
250-125 2.5 157 19.84 1.65 1576 %0 7 100
180-125 3 216 22.00 227 1803 Frazione < 2mm Frazione< 2mm %
125-90 3.5 5.15 27.15 541 2345
%0-63 4 411 3126 432 2776 ®
63-45 4.5 749 3875 787 3564 "
45-31 5 431 43.06 453 40.16 60
31-23 5.5 372 46.78 391 44.07 w0
23-15 6 3.01 49.79 317 47.24
5-10 65 243 5222 255 4979 ©
10-7 7 1.37 53.60 144 51.23 30
7-3 7.5 271 56.31 2.85 54.08 »
3-2 8 3.82 60.13 4.02 58.10
<2 <8 3987 10000 4190 10000] § £ 8 B & £ 8§ ¥ ¢ guw a0y °
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 5.91 16.58 p
Inclusive graphic standard deviation = 2.884766 \Very poorly sorted.
Inclusive graphic skewness = 0.71 Very negative (coarse) skewed.
Graphic kurtosis = 0.78 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 18 10210 10030 0.0180 71.33 0.0289617 381 241 25.2125 60
2 18 10195 10030 0.0165 50.83 0.0265483 4.30 241 25.60625 120
5 18 1MAR 10035 0.0150 32.32 0.0241421 4.95 243 25.86875 300
15 18 1MAN 10025 0.0135 18.89 0.0217147 573 161 26.525 900
45' 18 1MARN 10025 0.0125 10.96 0.0201062 6.51 0.81 26.7875 2700
2h 18R 10140 10020 0.0120 6.69 0.0192961 7.22 322 27.05 7200
8h 19 1mM2n0 10020 0.0100 3.35 0.0160801 8.22 0.00 27.575 28800
16h 19 1M25 10025 0.0100 2.36 0.0160850 8.73 0.81 27.44375 57600
24h 20 1011k 10020 0.0095 1.90 0.0152761 9.04 15.28 27.70625 86400
L+A calcolati = 26.55
D particelle: 2.65 L+A pesati = 33.46
Errore strumentale = -6.91
Perso per strada = 10.21

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.050883

>2mm/<2mm

%

4.84
26.42
28.87
39.87

95.16
68.74

27.76
30.34
41.90
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Appendix 9.2. Grain-size VPK12-6 - : 43'6 FRAZIONI| %
otali arziali 50 - 100
(Wentwortha 1922) Ofthe <2 mm Diametri ¢ % % cum. %  %cum ) Campione totale © Totali
fraction of undecalcified samples | »=¢ = o® om om ooy | Gt Gniaia 000
. ye v . 256-128 -7 0.00 0.00 0.00 0.00 & |Sabbia: 23.69
from Velika Pec¢ina - Klicevica, 8-64 -6 000 000 000 000 » |Limo: 27.46
SU D 64-32 -5 0.00 0.00 0.00 0.00 © Argilla: 48.85
32-16 -4 0.00 0.00 0.00 0.00
6-8 -3 0.00 0.00 0.00 0.00 50 |S+L+A 100.00
8-4 -2 0.00 0.00 0.00 0.00 o |[LFA 76.31
4-2 -1 0.00 0.00 0.00 0.00}
2000-1400 0.5 023 023 023 023 . Parziali
1400- 1000 0 128 151 128 151 20 |Sabbia: 23.69
1000-710 0.5 138 2.90 138 2.90] " Limo: 27.46
710-500 1 151 441 151 4.41) Argilla: 48.85
500-355 | 15 120 561 120 561 ®TeRYogToonHnN e T nonen~oo® | g 7 5 5 -4 3 2 -1 0 1 2 3 4 5 & 7 o'
355-250 2 144 7.05 144 7.05 ‘ Grossolano/Fine
250-125 2.5 1.08 8.13 1.08 8.13[ 50 7 100 >2mm/<2mm 0
180-125 3 320 1133 320 1133 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.00 17.33 6.00 17.33| 40 | ©
90- 63 4 6.36 23.69 6.36 23.69
63-45 45 65 3028 65 3028 | °
45-31 5 6.01 36.28 6.01 36.28 60
31-23 5.5 267 38.96 267 38.96 w0
23-15 6 265 4161 265 416121
5-10 65 263 4423 263 4423 ©
0-7 7 150 45.73 150 45.73( 10 1 30
7-3 7.5 2.33 48.07 233 48.07 »
3-2 8 3.09 51.15 3.09 51.15 o
<2 <8 4885 10000 4885 10000| § £ 3 § & § £ F ¥ 9 s gma Loy °
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 6.62 10.13
Inclusive graphic standard deviation = 2.480325 Very poorly sorted.
Inclusive graphic skewness = -0.82 Very negative (coarse) skewed.
Graphic kurtosis = 0.71 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 10215 10030 0.0185 71.14 0.0297662 381 161 25.08125 60
2 18 10205 10030 0.0175 50.57 0.0281573 431 321 25.34375 120
5 1/ 1M4an 1003k 0.0155 32.23 0.0249469 4.96 162 25.7375 300
15' 1/ 1mM70 10025 0.0145 18.79 0.0233232 573 161 26.2625 900
45' 18 1MAN 10025 0.0135 10.90 0.0217147 6.52 0.81 26.525 2700
2h 18R 1010 10020 0.0130 6.65 0.0209041 7.23 241 26.7875 7200
8h 19 1M3R 10020 0.0115 3.32 0.0184921 8.23 1.60 27.18125 28800
16h 19 1M3n 10025 0.0105 2.36 0.0168892 8.73 0.01 27.3125 57600
24h 20 1M2R 10020 0.0105 1.90 0.0168841 9.04 16.88 27.44375 86400
L+A calcolati = 28.16
D particelle: 2.65 L+A pesati = 31.98
Errore strumentale = -3.82
Perso per strada = 12.98
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Appendix 9.3. Grain-size VPK12-7 127 FRAZIONI %

Totali Parziali 50 - 100
(Wentwortha 1922) Ofthe <2 mm Diametri ¢ % % cum. %  %cum ) Campione totale © Totali
fraction of undecalcified samples | »=¢ = o® om om ooy | Gt Gniaia 83
. ye v . 256-128 -7 0.00 0.00 0.00 0.00[ 40 1 % | Sabbia: 24.76
from Velika Pec¢ina - Klicevica, 8-64 -6 000 000 000 000 » |Limo: 23.34
SU D 1 64-32 -5 0.00 0.00 0.00 0.00 0l © Argilla: 4354
- 32-16 -4 0.00 0.00 0.00 0.00
6-8 -3 0.00 0.00 0.00 0.00 50 |S+L+A 91.64
8-4 -2 0.00 0.00 0.00 0.00 24 o |[LFA 66.88
4-2 -1 8.36 8.36  100.00  100.00
2000-1400 0.5 157 993 171 17 . Parziali
1400- 1000 0 178 1171 194 3.65| 10 4 20 |Sabbia: 27.01
1000-710 0.5 2.08 13.79 227 5.92] " Limo: 25.47
710-500 1 157 15.36 171 7.64] Argilla: 4751
500-355 | 15 145 16.81 159 9.22 Oiﬂsw“?@ﬁ”vvaOgHgNQMQVQwE‘eg'*:m:’ 5 7 % 5 4 s 210 1z s 45 6 1 8
355-250 2 159 18.41 174 10.96 ‘ Grossolano/Fine
250-125 2.5 1.39 19.79 151 12.47| 50 7 100 |>2mm/<2mm  0.091226
180-125 3 24 22 265 1512 Frazione < 2mm Frazione< 2mm %
125-90 3.5 513 21.34 5.59 20.71
%0-63 4 577 12 630 2701 ®
63-45 4.5 730 4042 797 3499 "
45-31 5 3.97 44.39 4.33 39.31 60
31-23 5.5 119 45.58 130 40.62 w0
23-15 6 119 46.77 1.30 41.92
5-10 65 119 4797 130 4322 ©
10-7 7 3.85 51.82 4.20 47.42 30
7-3 7.5 2.80 54.61 3.05 50.47 »
3-2 8 1.85 56.46 2.02 52.49
<2 <8 4354 10000 4751 10000| g £ 3 § & § & FE ¢S ma Ly °
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 6.39 1194 p
Inclusive graphic standard deviation = 2.698892 Very poorly sorted.
Inclusive graphic skewness = -0.79 Very negative (coarse) skewed.
Graphic kurtosis = 0.76 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 18 10210 10030 0.0180 71.33 0.0289617 381 241 25.2125 60
2 18 10195 10030 0.0165 50.83 0.0265483 4.30 241 25.60625 120
5 18 1MAN 10030 0.0150 32.39 0.0241348 4.95 0.81 26 300
15' 1/ 1mM70 10025 0.0145 18.79 0.0233232 573 0.81 26.2625 900
45' 1/ 1MAN 10020 0.0140 10.90 0.0225121 6.52 242 26.525 2700
2h 18R 10140 10M&  0.0125 6.69 0.0200940 7.22 161 27.05 7200
8h 19 1Mm3n 10M&  0.0115 3.33 0.0184865 8.23 161 27.3125 28800
16h 19 1m2n 10016 0.0105 2.37 0.0168790 8.72 240 27.575 57600
24h 20 10120 10030 0.0090 1.90 0.0144809 9.04 14.48 27575 86400
L+A calcolati = 26.55
D particelle: 2.65 L+A pesati = 31.48
Errore strumentale = -4.93
Perso per strada = 13.30
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Appendix 9.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Velika Peéina - Kli¢evica,
SU C2.

VPK12-8 12-8
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 1.04 1.04 100.00  100.00|
2000-1400 0.5 095 200 09 09 .
1400- 1000 0 0.95 2.95 0.96 1.93 10 ¢ 20
1000-710 0.5 113 4.08 115 3.07] "
710-500 1 0.86 4.94 0.87 3.94
500-355 15 091 5.85 0.92 486) O ST e o @ e e s o g @ i @ °l 5 7 % 5 4 3 2 1 0 1 2 3 4 5 65 7 8 0
355-250 2 113 6.99 115 6.00
250-125 2.5 116 8.14 117 7.17( %0 7 100
180-125 3 209 103 211 9.28 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.30 16.53 6.37 15.65( 49 | ©
90- 63 4 5.03 2157 5.09 20.74
63-45 45 743 2899 750 2825 | °
45-31 5 7.10 36.10 7.18 35.43 60
31-23 5.5 4.78 40.88 4.83 40.26 w0
23-15 6 475 4563 480  45.05(%1
5-10 65 472 5035 477 4982 ©
0-7 7 3.93 54.28 3.97 53.80| 10 1 30
7-3 7.5 3.27 57.55 331 57.10 »
3-2 8 2.68 60.23 270 59.81 o
<2 <8 3977 10000 4019 10000] § £ 5 B & £ 8§ ETIgE a0y °
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 6.22 13.42 p
Inclusive graphic standard deviation = 2.37514 Very poorly sorted.
Inclusive graphic skewness = -0.63 Very negative (coarse) skewed.
Graphic kurtosis = 0.73 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 19R 10240 10025 0.0215 68.45 0.0345827 3.87 2.40 24.425 60
2 19R 10230 10030 0.0200 48.67 0.0321797 4.36 4.02 24.6875 120
5 19R 10205 10030 0.0175 3119 0.0281573 5.00 3.22 25.34375 300
15' 19 1MAR 10030 0.0155 18.35 0.0249393 577 322 25.86875 900
45' 19 1MAN 10025 0.0135 10.72 0.0217147 6.54 241 26.525 2700
2h 19R 10145 10025 0.0120 6.56 0.0193020 7.25 242 26.91875 7200
8h 21 1M25 10020 0.0105 3.22 0.0168841 8.28 161 27.44375 28800
16h 21 1015 10020 0.0095 229 0.0152761 8.77 0.80 27.70625 57600
24h 21 10110 10n2?n  0.0090 1.87 0.0144721 9.06 14.47 27.8375 86400
L+A calcolati = 32.18
D particelle: 2.65 L+A pesati = 39.38
Errore strumentale = -7.20
Perso per strada = 9.37

FRAZIONI %
Totali
Ghiaia 1.04
Sabbia: 20.52
Limo: 38.66
Argilla: 39.77
S+L+A 98.96
L+A 78.43
Parziali
Sabbia: 20.74
Limo: 39.07
Argilla: 40.19

Grossolano/Fine

>2mm/<2mm  0.010543
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Appendix 9.5. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Velika Peéina - Kli¢evica,
SU C1.

VPK12-9 12-9
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 437 437 100.00  100.00
2000-1400 0.5 174 611 182 18 .
1400- 1000 0 121 7.32 1.26 3.09( 10 ¢ 20
1000-710 0.5 170 9.02 177 4.86 ©
710-500 1 142 10.44 148 6.34
500-355 | 15 163 12.06 170 8.05 Oiﬂsw“?@ﬁ”vvaOgHgNQMQVQwE‘eg'*:m:’ L
355-250 2 172 1378 180 9.84 ‘
250-125 2.5 172 15.50 1.80 11.64( %0 7 100
180-125 3 256 1806 267 1432 Frazione < 2mm Frazione< 2mm %
125-90 3.5 5.95 24,01 6.22 20.54( 49 | ©
90- 63 4 4.93 28.94 515 25.69
63-45 4.5 842  37.36 880 3450 | "
45-31 5 6.86 44.22 7.18 4167 60
31-23 5.5 351 47.73 3.67 45.34 w0
23-15 6 296 5069 310 48.44| 21
5-10 65 240 5309 251 5095 ©
0-7 7 2.61 55.70 273 53.67| 10 1 30
7-3 7.5 222 57.92 232 56.00 »
3-2 8 1.82 59.74 191 57.90 o
<2 <8 4026 10000 4210 10000/ § £ § § & § 8 FF 9 s ma Ly °
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 6.02 15.39 p
Inclusive graphic standard deviation = 2.633963 Very poorly sorted.
Inclusive graphic skewness = -0.65 Very negative (coarse) skewed.
Graphic kurtosis = 0.76 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 18 10220 10030 0.0190 70.96 0.0305707 3.82 241 24.95 60
2 18 10205 10030 0.0175 50.57 0.0281573 431 4.02 25.34375 120
5 18 1MAR 10035 0.0150 32.32 0.0241421 4.95 242 25.86875 300
15' 19 1MARR 10030 0.0135 18.53 0.0217213 575 1.62 26.39375 900
45' 19 1MARN 10025 0.0125 10.78 0.0201062 6.54 161 26.7875 2700
2h 19R 10140 10025 0.0115 6.58 0.0184977 7.25 161 27.05 7200
8h 21 1M25 10020 0.0105 3.22 0.0168841 8.28 161 27.44375 28800
16h 21 1015 10020 0.0095 229 0.0152761 8.77 161 27.70625 57600
24h 21 10Nk 1002n  0.0085 1.88 0.0136681 9.06 13.67 27.96875 86400
L+A calcolati = 28.16
D particelle: 2.65 L+A pesati = 39.67
Errore strumentale = -11.51
Perso per strada = 7.56

FRAZIONI %
Totali
Ghiaia 4.37
Sabbia: 24.57
Limo: 30.80
Argilla: 40.26
S+L+A 95.63
L+A 71.06
Parziali
Sabbia: 25.69
Limo: 3221
Argilla: 42.10

Grossolano/Fine

>2mm/<2mm  0.045697
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Appendix 9.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of undecalcified samples
from Velika Peéina - Kli¢evica,
SU G.

VPK12-E15-G

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 1.96 196 100.00  100.00|
2000-1400 0.5 116 312 118 118 .
1400- 1000 0 1.25 437 1.28 2.46| 10 4 20
1000-710 0.5 1.02 5.39 1.04 3.49] ©
710-500 1 0.80 6.19 0.82 431
500-355 15 0.64 6.83 0.65 496) O T e T o e e o e e ot g e~ m o e | 5 7 & 5 4 5 5 4 0 1 2 3 4 5 6 1 8"
355-250 2 0.76 7.58 0.77 5.73
250-125 2.5 0.87 8.46 0.89 6.62| 50 7 100
180-125 3 274 1120 2.79 9.42 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.00 17.19 6.12 15.54( 4 | ©
90- 63 4 6.80 24.00 6.94 22.48
63-45 45 280 2680 28 2534 | °
45-31 5 2.92 29.72 297 28.31 60
31-23 5.5 4.92 34.64 5.02 33.33 w0
23-15 6 435 3899 444 3777|201
5-10 65 367 4266 375 4152 ©
0-7 7 1.56 4422 159 43.10( 10 1 30
7-3 7.5 1.99 46.21 2.03 45.13 »
3-2 8 281 49.01 2.86 47.99 o
<2 <8 5099 10000 5200 10000] § £ 8 B & &8 g ¥ TEoas ©
§ R 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 6.75 9.26
Inclusive graphic standard deviation = 2.407907 Very poorly sorted.
Inclusive graphic skewness = -0.85 Very negative (coarse) skewed.
Graphic kurtosis = 0.74 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
1 19 10230 10030 0.0200 69.42 0.0321797 3.85 0.80 24.6875 60
2 19 10225 10030 0.0195 49.22 0.0313752 4.34 161 24.81875 120
5 19 10215 10030 0.0185 31.29 0.0297662 5.00 3.23 25.08125 300
15' 19 104n 10025  0.0165 18.30 0.0265402 577 242 25.7375 900
45' 19 1mM70 10020 0.0150 10.67 0.0241201 6.55 0.81 26.2625 2700
2h 20 1MAN 10016 0.0145 6.45 0.0233091 7.28 241 26.525 7200
8h 21 1M4s 10011k 0.0130 3.19 0.0208978 829 161 26.91875 28800
16h 19 1M3R 100116 0.0120 2.35 0.0192903 8.73 4.00 27.18125 57600
24h 1RAR 1M2R 10030 0.0095 1.94 0.0152854 9.01 15.29 27.44375 86400
L+A calcolati = 3138
D particelle: 2.65 L+A pesati = 35.26
Errore strumentale = -3.88
Perso per strada = 12.81

FRAZIONI %
Totali
Ghiaia 1.96
Sabbia: 22.04
Limo: 25.01
Argilla: 50.99
S+L+A 98.04
L+A 76.00
Parziali
Sabbia: 22.48
Limo: 2551
Argilla: 52.01

Grossolano/Fine

>2mm/<2mm  0.019995
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Appendix 9.7. Grain-size
(Wentworth, 1922) of the <2
mm fraction of undecalcified
samples from Velika Pe¢ina -
Klicevica, SU X,

VPK12-X

Totali Parziali 50 100
Diametri ¢ % % cum. % % cum. ) Campionetotale ©
>256 8 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00| 40 8
128 - 64 -6 0.00 0.00 0.00 0.00 7
64-32 -5 0.00 0.00 0.00 0.00
2.1 000 000 000 o000 * o
16-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 0.00 0.00 0.00 0.00 2 w0
4-2 -1 829 829 100.00  100.00
2000-1400 -0.5 236 1064 257 257 ®
1400- 1000 0 2.69 1333 293 5.50( 10 20
1000-710 0.5 3.09 16.42 337 8.87 0
710-500 1 2.95 19.37 322 12.09
500-355 15 046 1983 0.50 1259] O T St m o m m e o v o m e a ~m o | 5 7 5 5 4 5 2 4 o 1 2 3 & 5 5 7 8.
355-250 2 2.80 22.63 3.05 15.641
250-125 2.5 038 2302 0.42 16.06 | 50 100
80-125 3 269 2570 293 1899 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 4.14 29.84 4.52 2351 49
%0-63 4 535 3519 58 2934 ®
63-45 45 633 4152 6.90 36.24 " o
45-31 5 463 46.15 5.05 41.29 60
31-23 55 2.90 49.05 3.16 44.45 ©
23-15 6 340 5245 370 4815\ %
15-10 6.5 3.99 56.44 4.35 52.50 “©
10-7 7 434 60.77 4.73 57.23| 10 30
7-3 7.5 3.33 64.10 3.63 60.86 0
3-2 8 2.26 66.36 247 63.33 o
<2 <8 364 10000 3667 10000| £ 2 § é & § ggg98as ®
§ =ET R A 1 0 1 2 3 4 5 6 7 8 ¢
Graphic mean = 5.73 18.78 p
Inclusive graphic standard deviation = 2.889977 Very poorly sorted.
Inclusive graphic skewness = -0.66 Very negative (coarse) skewed.
Graphic kurtosis = 0.78 Platykurtic.
Tempi caduta T°C Dens. Rif. Diff. Diam. P. particolato/cc ¢ P.fraz. Prof. misura  t(s)
1 18 1024n 10030 0.0210 70.21 0.0337887 383 241 24.425 60
2 1/ 10225 10030 0.0195 50.04 0.0313752 432 321 24.81875 120
5 18 10210 10038 0.0175 31.90 0.0281658 497 242 25.2125 300
15' 19 1M4an 1003n  0.0160 18.30 0.0257438 5.77 3.22 25.7375 900
45' 19 1MARR 10025 0.0140 10.70 0.0225190 6.55 3.22 26.39375 2700
2h 18R 10145 1002R  0.0120 6.56 0.0193020 7.25 242 26.91875 7200
8h 21 1MmM25 10020 0.0105 3.22 0.0168841 8.28 0.80 27.44375 28800
16h 21 1Mm2n 10020 0.0100 229 0.0160801 8.77 0.80 27.575 57600
24h 21 1M15 10020 0.0095 187 0.0152761 9.06 15.28 27.70625 86400
L+A calcolati = 31.38
D particelle: 2.65 L+A pesati = 36.25

Errore strumentale = -4.87

FRAZIONI

Totali
CGhiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine
0.090341

>2mm/<2mm

%

8.29
26.91
3117
33.64

91.71
64.81

29.34
33.99
36.67
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Appendix 10.1. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SUD_2.

VPK12-4 12-4
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
.15 -4 000 000 000 000 «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000 ©
4-2 -1 0.10 0.10  100.00  100.00|
2000-1400 0.5 000 010 000 000 .
1400-1000 0 0.03 0.13 0.03 0.03] 20
1000-710 0.5 0.03 0.17 0.03 0.07, o
710-500 1 0.03 0.20 0.03 0.10
500-355 15 0.07 0.27 0.07 0.17 5 7 6 5 4 P
355-250 2 0.23 0.50 0.23 0.40
250-125 2.5 0.70 1.20 0.70 1.10 50 7 100
180-125 3 227 3.48 2.28 338 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.92 10.39 6.93 10.30( 49 4 ©
90- 63 4 6.25 16.64 6.26 16.56
63-45 4.5 806 2471 807 2463 | "
45-31 5 5.98 30.69 5.99 30.62 60
31-23 5.5 4.52 35.21 453 35.15 w0
23-15 6 657 4178 658 4172 201
5-10 65 1045 5223 1046 5218 ©
0-7 7 6.62 58.85 6.62 58.81| 10 1 30
7-3 7.5 4.56 63.41 4.56 63.37 »
3-2 8 2.74 66.15 275 66.12 o
<2 <8 BB 10000 3383 100000 § FEEEHHEFEYLE s ©
§ R 1 0 1 3 4 5 6 7 8 ¢
Graphic mean = 6.29 2.75
Inclusive graphic standard deviation = 2.012155 Very poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.63 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 1MARR 10030 0.0155 72.25 0.0249393 3.79 161 25.86875 60
2 18 1M75 10030 0.0145 51.35 0.0233303 4.28 241 26.13125 120
5 18 1MAN 10030 0.0130 32.72 0.0209168 4.93 242 26.525 300
15' 22R 1M14n 10025 0.0115 17.61 0.0184977 5.83 4.83 27.05 900
45' 228 10110 10025 0.0085 10.31 0.0136722 6.60 241 27.8375 2700
2h 23 10095 10025 0.0070 6.30 0.0112595 7.31 161 28.23125 7200
8h 22R 1NNAR 10025 0.0060 3.20 0.0096510 829 0.80 28.49375 28800
16h 228 10NAN 10025 0.0055 2.26 0.0088467 8.79 241 28.625 57600
24h 23 10N0RR  1NN2R  0.0040 1.84 0.0064340 9.08 6.43 29.01875 86400
L+A calcolati = 23.33
D particelle: 2.65 L+A pesati = 27.25
Errore strumentale = -3.92
Perso per strada = 22.40

FRAZIONI %
Totali
Ghiaia 0.10
Sabbia: 16.54
Limo: 49.51
Argilla: 33.85
S+L+A 99.90
L+A 83.36
Parziali
Sabbia: 16.56
Limo: 49.56
Argilla: 33.88

Grossolano/Fine

>2mm/<2mm  0.001004
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Appendix 10.2. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SU D.

VPK12-6
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-1400 0.5 000 000 000 000 .
1400- 1000 0 0.03 0.03 0.03 0.03| 10 1 20
1000-710 0.5 0.06 0.09 0.06 0.09 0
710-500 1 0.06 0.14 0.06 0.14
500-355 15 0.12 0.26 0.12 0.26) O T T e e e e e e e g e @ e 5 7 6 5 4 3 T o 1 2 3 4 s s °
355-250 2 0.26 0.52 0.26 0.52
250-125 2.5 0.66 118 0.66 118 50 7 100
180-125 3 2.88 4,05 2.88 405 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.96 11.01 6.96 11.01| 4 | ©
90- 63 4 7.99 19.01 7.99 19.01
63-45 45 809 2709 809  27.09| | °
45-31 5 5.38 32.48 5.38 3248 60
31-23 5.5 5.80 38.28 5.80 38.28 w0
23-15 6 633 4465 638 4465 2 1
5-10 65 746 5211 746 5211 ©
0-7 7 5.44 57.56 544 57.56| 10 1 30
7-3 7.5 4.83 62.39 4.83 62.39 »
3-2 8 4.76 67.15 4.76 67.15 o
<2 <8 28 10000 3285 100000 § FEEEEHEFEY s ©
§ R 1 0 1 3 4 5 6 8 ¢
Graphic mean = 6.23 13.34 p
Inclusive graphic standard deviation = 2.051013 Very poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.61 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 22 10210 1003k 0.0175 66.50 0.0281658 391 242 25.2125 60
2 22 .1M4an 1n0n03n - 0.0160 4750 0.0257438 4.40 242 25.7375 120
5 22 1mMz7n 10025 0.0145 30.34 0.0233232 5.04 3.22 26.2625 300
15' 228 1MAN 10025 0.0125 17.53 0.0201062 5.83 4.02 26.7875 900
45' 22R 1M2R 10025 0.0100 10.24 0.0160850 6.61 241 27.44375 2700
2h 23 1mi1n 10025 0.0085 6.26 0.0136722 7.32 322 27.8375 7200
8h 220 100490 10025 0.0065 3.19 0.0104552 829 0.80 28.3625 28800
16h 228 1NNAR 10025 0.0060 2.26 0.0096510 8.79 161 28.49375 57600
24h 23 10075 10025 0.0050 1.84 0.0080425 9.09 8.04 28.75625 86400
L+A calcolati = 25.74
D particelle: 2.65 L+A pesati = 29.69
Errore strumentale = -3.95
Perso per strada = 18.30

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
19.01
48.14
32.85

100.00
80.99

19.01
48.14
32.85
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Appendix 10.3. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SUD_1.

VPK12-7

Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-1400 0.5 000 000 000 000 .
1400- 1000 0 0.07 0.07 0.07 0.07| 10 1 20
1000-710 0.5 0.07 0.13 0.07 0.13 ©
710-500 1 0.07 0.20 0.07 0.20
500-355 15 0.10 0.30 0.10 030] O T T e e e e e e e g e @ e 5 7 6 5 4 3 T o > 3 4 s °
355-250 2 0.26 0.56 0.26 0.56
250-125 2.5 0.66 121 0.66 12150 7 100
180-125 3 269 3.90 2.69 3.90 Frazione < 2mm Frazione< 2mm %
125-90 3.5 6.62 10.52 6.62 10.52( 49 | ©
90- 63 4 7.74 18.26 7.74 18.26
63-45 45 675 2501 675 2501 | °
45-31 5 8.15 3317 8.15 33.17 60
31-23 5.5 8.47 41.64 8.47 41.64 w0
23-15 6 676 4840 676  48.40 % 1
5-10 65 336  5L76 336 5176 ©
0-7 7 6.76 58.52 6.76 58.52| 10 1 30
7-3 7.5 6.22 64.74 6.22 64.74 »
3-2 8 3.98 68.72 3.98 68.72 o
<2 <8 3128 10000 3128 10000] § F g B E §HFEYooE s ©
§ R 1 0 1 3 5 8 ¢
Graphic mean = 6.19 13.66 p
Inclusive graphic standard deviation = 2.030975 Very poorly sorted.
Inclusive graphic skewness = -0.49 Very negative (coarse) skewed.
Graphic kurtosis = 0.64 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof. misura
I 23 1MAN 10025 0.0155 66.22 0.0249317 3.92 161 26 60
2 23 1mMz7n 10025 0.0145 47.06 0.0233232 441 322 26.2625 120
5 23 1MRN 10025 0.0125 30.06 0.0201062 5.06 4.02 26.7875 300
15' 23 1M25 10025 0.0100 17.57 0.0160850 5.83 161 27.44375 900
45' 23 1015 10025 0.0090 10.19 0.0144765 6.62 322 27.70625 2700
2h 220 10090 10020 0.0070 6.37 0.0112561 729 241 28.3625 7200
8h 22R 10NAN 10025 0.0055 3.20 0.0088467 829 0.81 28.625 28800
16h 220 10070 100201 0.0050 227 0.0080400 8.78 0.00 28.8875 57600
24h 2R 1N0NRR  10NTR  0.0050 1.77 0.0080376 9.14 8.04 29.01875 86400
L+A calcolati = 23.32
D particelle: 2.65 L+A pesati = 27.16
Errore strumentale = -3.84
Perso per strada = 21.87

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
18.26
50.46
31.28

100.00
81.74

18.26
50.46
31.28
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Appendix 10.4. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SU C2.

VPK12-8 12-8
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-1400 0.5 003 003 003 003 .
1400- 1000 0 0.00 0.03 0.00 0.03| 10 1 20
1000-710 0.5 0.03 0.06 0.03 0.06 0
710-500 1 0.03 0.10 0.03 0.10
500-355 15 0.03 0.13 0.03 0.13) O T T e e e a e e e o i @ i 2l s 7 5 5 4 3 P
355-250 2 0.13 0.26 0.13 0.26
250-125 2.5 0.55 0.80 0.55 0.80 50 7 100
180-125 3 3.02 382 3.02 382 Frazione < 2mm Frazione< 2mm %
125-90 35 758 11.40 7.58 11.40{ 4 | ©
90- 63 4 8.45 19.85 845 19.85
63-45 45 35 2335 350 23| | °
45-31 5 3.99 21.34 3.99 27.34 60
31-23 5.5 9.42 36.76 9.42 36.76 w0
23-15 6 873 4549 873 4549|201
5-10 65 664 5213 664 5213 ©
0-7 7 7.16 59.29 7.16 59.29| 10 1 30
7-3 7.5 6.04 65.33 6.04 65.33 »
3-2 8 3.97 69.30 3.97 69.30 o
<2 <8 070 10000 3070 10000, § £ §EELEEEEAEAI 70y 0
§ R 1 0 1 3 4 5 6 7 8 ¢
Graphic mean = 6.20 13.63 p
Inclusive graphic standard deviation = 2.049368 Very poorly sorted.
Inclusive graphic skewness = -0.50 Very negative (coarse) skewed.
Graphic kurtosis = 0.68 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 22 1Mman 1003k 0.0155 67.19 0.0249469 3.90 0.81 25.7375 60
2 22 1MAN 1003n  0.0150 4774 0.0241348 4.39 1.62 26 120
5 22 1MRR 10025 0.0140 30.42 0.0225190 5.04 4.83 26.39375 300
15' 22R 1M3R 10025 0.0110 17.65 0.0176935 5.82 322 27.18125 900
45' 22R 10115 10025 0.0090 10.29 0.0144765 6.60 322 27.70625 2700
2h 23 10095 10025 0.0070 6.30 0.0112595 7.31 241 28.23125 7200
8h 22R 10NAN 10025 0.0055 3.20 0.0088467 829 161 28.625 28800
16h 220 10070 10025 0.0045 227 0.0072382 8.78 161 28.8875 57600
24h 23 100RN 1 0N2R  0.0035 1.85 0.0056297 9.08 5.63 29.15 86400
L+A calcolati = 24.13
D particelle: 2.65 L+A pesati = 28.25
Errore strumentale = -4.12
Perso per strada = 20.57

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
19.85
49.45
30.70

100.00
80.15

19.85
49.45
30.70
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Appendix 10.5. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SU C1.

VPK12-9 12-9
Totali Parziali 50 - 100
Diametri ¢ % % cum. % % cum. ‘ Campionetotale ©
>256 -8 000 000 000 000 Campionetotale
256-128 -7 0.00 0.00 0.00 0.00[ 40 1 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 000 000 ] «
6-8 -3 0.00 0.00 0.00 0.00 50
8-4 -2 000 000 000 000, | ©
4-2 -1 0.00 0.00 0.00 0.00}
2000-1400 0.5 000 000 000 000 .
1400- 1000 0 0.00 0.00 0.00 0.00| 10 1 20
1000-710 0.5 0.03 0.03 0.03 0.03 0
710-500 1 0.03 0.06 0.03 0.06
500-355 15 0.03 0.10 0.03 0.10] O T T e e e e e e g e @ e 5 7 6 5 4 3 P
355-250 2 0.13 0.23 0.13 0.23
250-125 2.5 0.58 0.81 0.58 0.81{ 50 7 100
180-125 3 230 3.10 2.30 3.10 Frazione < 2mm Frazione< 2mm %
125-90 35 7.76 10.87 7.76 10.87| 4 4 ©
90- 63 4 8.47 19.34 847 19.34
63-45 45 603 2537 603 2537 | °
45-31 5 7.76 3313 7.76 33.13 60
31-23 5.5 5.86 38.98 5.86 38.98 w0
23-15 6 615 4513 615 4513|201
5-10 65 668 5181 668 5181 ©
0-7 7 573 57.54 573 57.54| 10 1 30
7-3 7.5 4.93 62.47 4.93 62.47 »
3-2 8 4.00 66.47 4.00 66.47 o
<2 <8 3B53_ 10000 3353 100000 § F BB FHEFEYLoEas ©
§ R 1 0 1 3 4 5 6 7 8 ¢
Graphic mean = 6.23 13.32 p
Inclusive graphic standard deviation = 2.047989 Very poorly sorted.
Inclusive graphic skewness = -0.51 Very negative (coarse) skewed.
Graphic kurtosis = 0.62 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 18 1MARR 10030 0.0155 72.25 0.0249393 3.79 0.80 25.86875 60
2 18 1MAN 10030 0.0150 51.22 0.0241348 429 322 26 120
5 18 1MAN 10030 0.0130 32.72 0.0209168 4.93 3.22 26.525 300
15' 22R 1M3R 10025 0.0110 17.65 0.0176935 5.82 322 27.18125 900
45' 22R 10115 10025 0.0090 10.29 0.0144765 6.60 241 27.70625 2700
2h 23 1mnon 10025 0.0075 6.28 0.0120637 7.31 241 281 7200
8h 22R 1NNAR 10025 0.0060 3.20 0.0096510 829 241 28.49375 28800
16h 220 10070 10025 0.0045 227 0.0072382 8.78 0.80 28.8875 57600
24h 23 10N0RR  1NN2R  0.0040 1.84 0.0064340 9.08 6.43 29.01875 86400
L+A calcolati = 24.13
D particelle: 2.65 L+A pesati = 2754
Errore strumentale = -341
Perso per strada = 21.18

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mm/<2mm

%

0.00
19.34
47.13
33.53

100.00
80.66

19.34
4713
33.53
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Appendix 10.6. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SU G.

VPK12-E15-G

Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ‘ Campione totale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 0.5 007 007 007 007 *
1400- 1000 0 0.03 0.10 0.03 0.10| 10 + 20
1000-710 0.5 0.10 0.20 0.10 0.20 0
710-500 1 0.10 0.30 0.10 0.30
500-355 15 0.13 0.44 0.13 044 O T T T e e e e e o v aweea~aoe | g 7 & 5 4 3 T o 1 2 s o4 s 6 1 8
355-250 2 0.30 0.74 0.30 0.74
250-125 2.5 0.90 1.64 0.90 164[%0 1 100
180-125 3 2.85 4.49 285 4.49 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 8.37 12.85 8.37 1285 40 | ©
90- 63 4 9.07 21.93 9.07 21.93
63-45 45 934 3126 934  3126| | *
45-31 5 6.21 37.47 6.21 37.47 60
31-23 5.5 6.85 44.32 6.85 4432 o
23-15 6 571 5003 571 5003| 2T
5-10 65 343 5346 343 5346 “
0-7 7 6.94 60.39 6.94 60.39 10 1+ 30
7-3 7.5 6.90 67.29 6.90 67.29 »
3-2 8 5.43 7273 543 72.73 o
<2 <8 272710000 2727 10000] § £ § § 8§84 ¥F IR0y °
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.03 1532 p
Inclusive graphic standard deviation = 2.061644 Very poorly sorted.
Inclusive graphic skewness = -0.44 Very negative (coarse) skewed.
Graphic kurtosis = 0.61 Very platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 23 1mMz7n 10025 0.0145 66.56 0.0233232 391 241 26.2625 60
2 23 1MRR 10025 0.0130 47.42 0.0209105 4.40 241 26.65625 120
5 23 1Mmd4n 10025  0.0115 30.21 0.0184977 5.05 3.22 27.05 300
15' 23 1mM2n 10025  0.0095 17.61 0.0152807 5.83 161 27.575 900
45' 23 1Mmin 10025 0.0085 10.22 0.0136722 6.61 3.22 27.8375 2700
2h 228 1NNAR 10020 0.0065 6.39 0.0104521 7.29 321 28.49375 7200
8h 22R 10070 10025 0.0045 3.22 0.0072382 8.28 161 28.8875 28800
16h 220 100RN 10025 0.0035 229 0.0056297 8.77 0.00 29.15 57600
24h 25 10n&N - 1NN1R  0.0035 178 0.0056263 9.13 5.63 29.4125 86400
L+A calcolati = 20.91
D particelle: 2.65 L+A pesati = 25.58
Errore strumentale = -4.67
Perso per strada = 22.67

FRAZIONI

Totali
Ghiaia
Sabbia:
Limo:
Argilla:

S+L+A
L+A

Parziali
Sabbia:
Limo:
Argilla:

Grossolano/Fine

>2mn/<2mm

%

0.00
21.93
50.80
271.27

100.00
78.07

21.93
50.80
27.27
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Appendix 10.7. Grain-size
(Wentworth, 1922) of the <2 mm
fraction of decalcified samples
from Velika Peéina - Kli¢evica,
SU X.

VPK12-X 12-X
Totali Parziali 50 + 100
Diametri ¢ % % cum. % % cum. ‘ Campione totale ©
256 g 0.00 0.00 0.00 0.00 Campione totale
256-128 -7 0.00 0.00 0.00 0.00[ 40 T 8
28-64 -6 0.00 0.00 0.00 0.00 o
64-32 -5 0.00 0.00 0.00 0.00
2.5 -4 000 000 o000  ooo| T ®
6-8 -3 0.00 0.00 0.00 0.00; 50
8-4 -2 0.00 0.00 0.00 0.00; 204 ©
4-2 -1 0.00 0.00 0.00 0.00
2000-1400 0.5 000 000 000 000 *
1400- 1000 0 0.00 0.00 0.00 0.00( 10 + 20
1000-710 0.5 0.00 0.00 0.00 0.00 0
710-500 1 0.00 0.00 0.00 0.00
500-355 | 15 0.04 0.04 0.04 0.04 Orﬂi'r“?veﬁ'".ﬂvﬂgcg«gwgwgqgmgmg":mf 8 7 6 5 -4 3 Lo 1 2 3 4 5 5 7 8
355-250 2 0.07 0.11 0.07 0.11 i
250-125 2.5 0.32 0.43 0.32 0.43[ %0 1 100
180-125 3 136 179 136 179 Frazione < 2mm Frazione < 2mm ®
125-90 3.5 5.29 7.08 5.29 7.08| 40 + ©
90- 63 4 6.62 13.70 6.62 13.70
63-45 45 3% 1759 3%  1759| | *
45-31 5 4.44 22.04 4.44 22.04 60
31-23 5.5 7.06 29.10 7.06 29.10 o
23-15 6 861l 3771 861 377127
5-10 65 1118 4889 1118 4889 “
0-7 7 10.40 59.29 10.40 59.29| 10 30
7-3 7.5 6.77 66.06 6.77 66.06 »
3-2 8 1.46 67.53 1.46 67.53 0
<2 <8 324710000 3247 10000 § £ § 5§ 58 F 3§ gowoes v 0
§ RS e A 1 0 1 3 4 5 6 7 8 ’
Graphic mean = 6.45 142 p
Inclusive graphic standard deviation = 1892739 Poorly sorted.
Inclusive graphic skewness = -0.52 Very negative (coarse) skewed.
Graphic kurtosis = 0.75 Platykurtic.
Tempi caduta T°C Dens.  Rif. Diff. Diam. P. particolato/cc ¢ P.fraz.  Prof.misura  t(s)
I 22 1MAN 10030 0.0150 67.52 0.0241348 3.89 0.80 26 60
2 22 1M75 10030 0.0145 47.86 0.0233303 4.38 1.62 26.13125 120
5 22 1MAEN 10025 0.0135 30.49 0.0217147 5.04 3.22 26.525 300
15' 2208 1M14n 10025 0.0115 17.61 0.0184977 5.83 4.83 27.05 900
45' 22R 10110 10025 0.0085 10.31 0.0136722 6.60 4.02 27.8375 2700
2h 23 10NNRR  1NN25  0.0060 6.33 0.0096510 7.30 0.80 28.49375 7200
8h 22R 100AN 10025 0.0055 3.20 0.0088467 8.29 0.80 28.625 28800
16h 22R 10077 10025 0.0050 227 0.0080425 8.78 3.22 28.75625 57600
24h 23 10NNRR  10NN2R  0.0030 185 0.0048255 9.08 4.83 29.28125 86400
L+A calcolati = 2333
D particelle: 2.65 L+A pesati = 24.45
Errore strumentale = -1.12
Perso per strada = 26.62

FRAZIONI %
Totali
Ghiaia 0.00
Sabbia: 13.70
Limo: 53.83
Argilla: 3247
S+L+A 100.00
L+A 86.30
Parziali
Sabbia: 13.70
Limo: 53.83
Argilla: 3247

Grossolano/Fine
>2mn/<2mm 0
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