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Abstract
This study presents the geoarchaeological and geochronological aspects of Shovakh
Cave and the first comparative context to the nearby Amud Cave (~ 500 m down-
stream), providing an exceptional opportunity to explore the range of human behav-
iours within a small geographic area. Sediment samples from two newly excavated
areas at the rear and entrance of the cave were analysed using infrared spectroscopy,
micromorphology and phytolith analysis and dated through uranium-thorium and
luminescence techniques. The rear of the cave shows carnivore activity and low artefact
concentrations. It also exhibits a shift in sedimentation from wind-blown deposits to
colluviation of terra rossa. Direct dating of the deposits associated with the Middle
Palaeolithic (MP) occupation at this area could not be obtained due to the breccia
forming at the lower part of the excavation area. However, the later phases of the
Middle Palaeolithic occupation at this area gave an age estimate of 45.5 ± 3.7 ka. At the
entrance of the cave, there are relatively more residues associated with human use of
fire. Post-depositional processes in this area include decalcification of the upper layer,
cementation of the lower layer and phosphatisation due to guano decomposition, which
indicates that this area was probably roofed. The ages obtained in this area range
between 67.5 ± 5.5 to 56.2 ± 5.9 ka, overlapping with the occupation time of Amud
cave. The evidence from Shovakh Cave presents lower intensity of occupation com-
pared to Amud, indicating variable modes of site use by humans in the Amud drainage
during the Late Middle Palaeolithic.
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Introduction

Cave sites have traditionally been the focus of research on the Middle Palaeolithic
period (250–50 ka) in the southern Levant (Fig. 1) since the early twentieth
century, due to their long sequences and the diversity of their archaeological
archives, including human remains attributed to both Neanderthals and modern
humans. The current research focuses on the late Middle Palaeolithic [MP] cave
occupations in the lower Nahal Amud during the Late Pleistocene. Currently, 92
caves and rock shelters are known in the cliffs along the lower Nahal Amud
(Ullman et al. 2013), but only the four identified in the original survey (Turville-
Petre 1927) contain prehistoric remains (Fig. 2). These four caves (south to north:
Emireh, Zuttiyeh, Amud and Shovakh) contain various types of behavioural
evidence (lithics, fauna, combustion features and micro-botanical remains, as well
as human skeletal remains) (Binford 1966; Garrod 1955; Gisis and Bar-Yosef
1974; Hovers et al. 1991; Suzuki and Takai 1970; Turville-Petre 1927).

Fig. 1 a A map of the Eastern Mediterranean. b An enlarged map showing the locations of Middle
Palaeolithic caves in northern present-day Israel. c A photograph showing the view of Shovakh Cave from
the southeast bank of the Amud wadi. d A view towards the entrance from the rear of the cave, showing the
excavation of area C (under the shade) and Binford’s trenches after cleaning (centre of the photo)
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Palaeolithic occupation in an additional cave is represented only by remnants of
breccia that is not amenable to systemic research efforts (Ullman et al. 2013).

In this paper, we focus on Amud and Shovakh caves, with special emphasis on
the latter. Both sites were noted by Turville-Petre (1927) but were first excavated
only in the 1960s. Amud was since revisited in the 1990s. Each of the sites
contains the remains of a single Palaeolithic period, an unusual feature when
compared to major cave sites in the Mediterranean zone of the southern Levant
(e.g. Tabun, Hayonim, Kebara, Qafzeh, Misliya). Combined with their geographic
proximity (~ 500 m apart), this situation provides an exceptional opportunity to

Fig. 2 A map of the Amud drainage, showing the locations of the Palaeolithic cave sites. The phytogeo-
graphic zonation are of present day, but based on different sources, these probably reflect past phytogeographic
distribution
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explore the range of human activities within a given time and landscape. Renewed
archaeological and geoarchaeological sampling in Shovakh Cave took place in
2016, within the framework of a more comprehensive project that explores MP
hominin behaviours within a geographic micro-region. Our work focused on
obtaining data leading to better insights about site chronology, formation process-
es and behavioural evidence that will enable comparison to Amud Cave within the
project’s framework. Here, we turn our attention to the geoarchaeology and
geochronology of Shovakh Cave.

The Amud Drainage

The present configuration of the drainage developed over the last 2 million years
(Kafri and Heimann 1994; Matmon et al. 1999). The modern channel runs over a
short distance of 15 km from mountains > 1000 m above sea level (ASL) to low-
lying flats ~ − 200 m, cutting through a mixed geological substrate of volcanic and
sedimentary rocks. Flowing into the northern section of the Dead Sea Rift, the
channel has adjusted to the dynamics of tectonically and climatically induced
changes in its erosive base (the paleo-Kinneret, Bartov et al. 2002; Hazan 2003;
Hazan et al. 2005; Torfstein et al. 2013), leading to changes in its geometry and
immediate landscape (Inbar and Hovers 1999). The channel is located at the edge
of the Mediterranean phytogeographical zone, bordering the Irano-Turanian region
where there is increased presence of semisteppic plants (Zohary 1973). In combi-
nation with the aquatic habitats along the drainage, these create diverse ecological
habitats.

The MP occupation of Amud Cave is known through a series of publications
that relate to its chronology, site formation processes, human remains, lithics, raw
material acquisition and use, macro-and micro-mammals, plant use, hunting terri-
tories and spatial organisation of the cave’s use (Alperson-Afil and Hovers 2005;
Belmaker and Hovers 2011; Ekshtain et al. 2017; Hallin et al. 2012; Hartman et al.
2015; Hovers 2007, 2004; Hovers et al. 2011, 2000, 1995; Kolska Horwitz and
Hongo 2008; Krakovsky 2017; Madella et al. 2002; Rabinovich and Hovers 2004;
Rak et al. 1994; Rink et al. 2001; Shahack-Gross et al. 2008; Suzuki and Takai
1970; Valladas et al. 1999; Zeigen et al. 2019).

Far less is known from Shovakh Cave (see below), partly due to the fact that
it has been heavily disturbed during historical times, which reduced the extent
and volume of its Palaeolithic deposits. Binford and Binford’s (1966) work on
the lithic assemblages suggests broad typo-technological similarities to the
Amud assemblages (Malinsky-Buller et al. in prep.), whereas human remains
found in both sites were identified as Neanderthals, based on morphology
(Hovers et al. 1995; Rak et al. 1994; Trinkaus 1987). Revisiting the site was
necessary in order to obtain information that will enable us to better understand
its chronology and relate it to the settlement pattern of Amud Cave. In this
article, we present the results of geoarchaeological investigations in Shovakh
Cave, with the goal of providing new insights into the site’s stratigraphic
framework and a better understanding of its formation processes. This research
is a necessary first step in the overall comparative study of the Amud drainage
micro-region.
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Shovakh Cave

Shovakh Cave (UTM: 32° 52′ 59.5″ N 35° 30′ 08.9″ E) is a MP site situated in the
Levant in today’s northern Israel (Fig. 1). The cave is located on the western bank of
the Amud stream ~ 20 m above the current streambed. It was excavated and
published by S. Binford ([1966], using the site’s Arabic name Shubabiq) who
reported a sequence of MP anthropogenic deposits (ca. ~ 1.2), including hearths
and a single Neanderthal tooth (Trinkaus 1987). Archaeological deposits were
preserved patchily in the rear and the entrance of the cave. Binford (1966) identified
five provenience units based on lithology and lithic artefacts (Figs. 3 and 4). Unit I
was classified as “cave earth” containing a mixed assemblage of Holocene and
Palaeolithic artefacts. Provenience units II and III are “breccia” (calcite cemented)
deposits found in different areas at the rear of the cave, whereas provenience unit
IV, underlying unit III, consists of a deposit of soft “cave earth” in the innermost
part of the cave, sealed by stalagmite crusts. The various provenience units are not
continuous across the cave, but all contained MP lithic assemblages. At the entrance
of the cave, sediments were preserved differentially: some of the deposits were
brecciated and others include soft sediments (Binford 1966). MP artefacts were
obtained from the consolidated sediments at the entrance (Binford’s 1966 group V).

The lithic assemblages from the cave were studied mainly from a typological
perspective (Binford and Binford 1966; Binford 1966) and were attributed to Bordes’
“typical Mousterian”. Technological variability between the units (blade frequencies,
Levallois frequencies, and ratio between retouched tools to cores) was related to
differences in knapping procedures (Binford 1966, pp. 29, 31). Those variations,
together with field observations (e.g. absence of visible fireplaces and lack of flaking
debris) led Binford to suggest that the rear of the cave was not a living area. The
entrance of the cave was suggested to be a food preparation area based on the presence
of fireplaces and on lithic characteristics (Binford 1966: Fig. 3, section A-B). Binford
and Binford (1966) suggested that the site was a generalised maintenance location
rather than a task-specific locale.

Renewed work at Shovakh Cave took place in 2016, aiming to clarify the
stratigraphy of the site using sedimentological sampling from Binford’s sections
(Fig. 3) and obtaining radiometric and luminescence dates for the MP occupations.
At the same time, we attempted to enlarge the samples of lithic and fauna from
controlled contexts. The retrieved artefacts and bones are being studied together
with material from Binford’s excavations, focusing on technological patterns, lithic
raw material procurement and taxonomic and taphonomic observations on the
faunal remains (Malinksy-Buller et al., in prep). The geoarchaeological work we
present here provides a necessary context for these findings.

Materials and Methods

Field Observations and Sampling Strategy

Two areas were sampled during the 2016 excavation, at the cave rear and at the
entrance (areas A and C respectively; Figs. 3 and 4). Sedimentological packages
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were assigned on the basis of field observations and macroscopic properties of the
deposits. Area A, in the rear of the cave (sq. F48-G48), was excavated to a depth of
50 cm and its eastern section sampled (bulk sediment n = 5; undisturbed sediment
blocks n = 2) (Fig. 5a). The topmost part of the profile exhibited few pottery pieces
found on the surface of a very soft brown clay-rich sediment. A distinctive sedi-
mentological difference was observed between the upper and lower part of the
excavated profile. The upper part, c. 10 cm below the surface, consisted of a soft
dark brown sediment with abundant Mousterian lithic pieces, while the lower part,

Fig. 3 Plan of Shovakh Cave excavation areas showing Binford’s trench areas that were cleaned (in yellow)
and the renewed excavation areas (in blue). Each grid square is 1 × 1 m
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c. 40 cm thick—from 10 cm below surface to bottom of excavation—was a very
hard cemented brown sediment with Mousterian lithic materials and higher density
of rock fragments, compared to the upper part of the profile. Area C is located at the
cave’s entrance (sq. A15-A16), adjacent to the southern wall where travertine was
formed on top of the surface. The area was excavated to a depth of c. 60 cm,
revealing Mousterian lithic (and some faunal) remains. In this area the southern and
eastern profiles were sampled (bulk sediment n = 5; sediment blocks n = 2; rock
sample n = 1) (Fig. 5b). The sediments throughout the profile were soft and exhibit
shades of grey and brown. No distinctive layering was observed in the field.

Fourier Transform Infrared Spectroscopy

The bulk sediment (n = 10) and rock (n = 1) samples collected in the field were divided in
the laboratory. The rock sample was divided to separate the core from the rim and sediment
attached to the rock. Few bulk sediment samples were subdivided in the laboratory in order
to analyse separately the general sediment of the sample and rock fragments or aggregates
found in the sample (see Table 1 for full description of all the samples). All the bulk sediment
and rock samples (n = 15) were analysed using Fourier transform infrared (FTIR) spectros-
copy in order to identify the mineral and organic components for each sample. Infrared
analysis followed the KBrmethod (Weiner 2010). Spectra were collected between 4000 and
250 cm−1, at 4-cm−1 resolution using a Thermo iS5 spectrometer and interpreted with an
internal library of infrared spectra of archaeological materials, following Weiner (2010). A
representative portion of each sample (150 mg) was dissolved in hydrochloride acid (HCl
3N) to assess the percentage of the acid soluble fraction (ASF) in each sample as a measure
of the carbonate content. The acid insoluble fractions of the samples (n= 15) weremeasured
with FTIR. The dissolution by acid enabled to trace and analyse the clay component and
examine whether it has been altered due to burning or not, even in samples where clay was
masked by carbonated hydroxyapatite in the pre-treatment FTIR analysis. A total of 30
infrared spectra were collected for this study.

Fig. 4 A cross section of Shovakh Cave showing its topography. The map and attributions are based on
Binford’s map. Note that the benchmark is an artificial 100 m baseline set by Binford
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Fig. 5 The profiles of the renewed excavation with elevation (marked in black and in relation to Binford’s
benchmark, see Fig. 4), sediment sample location, dates (in thousands of years BP) and the borders of the
stratigraphic layers (in red). a The eastern profile at the rear of the cave (area A) with the location of block
sediment samples (SVK 16-1 and 2) and bulk sediment samples (SVK 16-3 to 7). The location of stalagmite
samples (SHOV 3-C and SHOV 3-E) mark by an arrow. The location of OSL samples (SHU1, SHU2) is
indicated in blue (note that due to the breccia in the lower part of the profile at the rear of the cave, no date
[n.d.] could have been obtained for SHU2). Scale bar is 50 cm. b The southern profile at the entrance of the
cave (area C) with the location of bulk sediment samples (SVK 16-8 to 13) and block sediment samples (SVK
16-10, 14 and 15). The location of OSL samples (SHU3 to SHU5) and flint samples dated by TL (SHU121
and SHU135) are marked in blue. Scale bar is 20 cm
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Phytolith Analysis

Phytoliths were extracted from bulk sediment samples (Table 2; n = 9) following
the rapid method presented by Katz et al. (2010). Phytolith concentrations were
calculated per 1 g sediment (following Katz et al. 2010), but in order to allow a
better comparison with previous studies, and to control for the effect of carbonates
dissolution, we also calculated the phytolith concentration in 1 g of acid insoluble
fraction (AIF) (Table 2). Note that our AIF is not directly comparable to that of
Albert et al. (1999) or to the one applied by Madella et al. (2002), as we have only
removed the carbonates and did not remove the organic material. The samples
were scanned using a light microscope (Zeiss Axio) to count individual phytoliths
in 30 fields at × 400 magnification. Multi-cell (MC) articulated phytoliths were
counted according to the number of single cells inside them to avoid a possible
bias, whereby better-preserved samples appear to have lower concentrations than
they actually have. Phytolith morphologies were studied at × 400 magnification
when at least about 200 phytoliths were identified for each sample and described
according to the standard literature (Madella et al. 2005; Mulholland and Rapp
1992a; Piperno 2006).

The main purpose of the phytolith analysis was to provide information on
human use of plants in the cave and to compare it to the finds in the nearby
Amud Cave. Therefore, we have divided the different phytolith morphologies to
taxonomic and anatomic categories similar to the ones applied to the sediments in
Amud Cave (Madella et al. 2002) and compared our results to the reference
collection prepared by Albert et al. (1999). The first category is that of phytoliths
derived from monocotyledonous plants (hereafter monocots), mainly grasses
(Poaceae), although other families such as the Cyperaceae (rushes) and Juncaceae
(sedges) can also potentially contribute to this category (Fig. 6a–r). The second
category is that of phytoliths derived from dicotyledonous plants (hereafter di-
cots), mostly wood/bark and leaves of woody plants (Fig. 6s–v). The third
category includes all the phytoliths that showed abundant signs of weathering,
sometimes to the extent that they were unrecognisable (Fig. 6q–r). The fourth
category includes phytoliths that could not be assigned to any of the first three
categories and were defined as “other”. The monocot phytoliths were further
divided according to anatomical parts (leaf/stem vs. inflorescence). We also
divided the short cell phytoliths from grass epidermis derived from the three
Poaceae subfamilies: (1) Pooideae (C3 grasses typical in cool moist climate,
Fig. 6a–c); (2) Chloridoideae (C4 grasses typical in dry and hot environments,
Fig. 6d–e); (3) Panicoideae (C4 grasses typical in warm and wet environments,
Fig. 6f–i) (Barboni et al. 1999; Mulholland and Rapp 1992b; Twiss 1992; Twiss
et al. 1969). In addition, the ratio of variable to consistent morphologies (v/c
index) was calculated following Albert et al. (1999). This value has been shown to
be useful to express the phytolith contribution of dicot wood/bark vs. herbaceous
plants in the assemblages. Since wood and bark has been shown to contain up to
30% of phytoliths derived from grasses (most probably introduced as
contamination, Albert et al. 2003), the V/C indexed was normalised to account
for that.
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Soil Micromorphology

Undisturbed monolith sediment blocks (n = 5) were sampled using jackets made
of plaster of Paris. The blocks were dried in an oven at 30 °C and then
impregnated using a 9:1 mixture of polyester resin with acetone and 1% v:v
MEKP. Pre-cut sample slices (66 × 140 mm) were ground to 30-μm thickness

Table 1 List of bulk sediment samples with field description and the results of acid (HCL 1 N) treatment
(presented as the percentage of acid soluble fraction (ASF%)) and the major mineral components based on
FTIR analysis. Cl, clay; Ca, calcite; CHAP, carbonate hydroxylapatite

Location Sample Description ASF% Minerals

Rear of the cave SVK 16-3 Clayish soft sediment Cl, Ca > CHAP

After HCl 69.1 Cl

SVK 16-4 Hard brown sediment in stony layer Ca > Cl, CHAP

After HCl 78.7 Cl

SVK 16-5 Very hard brown clayish
sediment less stones

Ca > Cl, CHAP

After HCl 83.8 Cl

SVK 16–6 Clayish sediment with some
stones hard

Ca > Cl, CHAP

After HCl 88.5 Cl

SVK 16-7 Clayish hard sediment Ca > Cl, CHAP

After HCl 86.6 Cl

Entrance of the cave SVK 16-8a Brown grey soft sediment Cl > > CHAP, Ca

After HCl 56.2 Cl

SVK 16-8b Layered rock with brown and yellow
laminations (reaction rim fragment)
with sediment attached

CHAP

After HCl 91.7 Cl

SVK 16–9 Grey soft sediment with yellow nodules Cl > > CHAP, Ca

After HCl 66.9 Cl

SVK 16-10a White inner part of rock with reaction rim CHAP > >Cl

After HCl 86.7 Cl

SVK 16-10b Black, orange layers of reaction rim CHAP

After HCl 98.7 Cl

SVK 16-10c Brown hard sediment attached to
reaction rim

Cl, CHAP, Ca

After HCl 64.7 Cl

SVK 16–11 Brown grey sediment Cl, CHAP >Ca

After HCl 68.5 Cl

SVK 16-12 Brown grey sediment Cl, CHAP, Ca

After HCl 69.6 Cl

SVK 16-13a Brown grey sediment Cl, CHAP, Ca

After HCl 58.7 Cl

SVK 16-13b Black hard material CHAP

After HCl 73.2 Cl
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thin sections following the method described by Murphy (1986). Thin sections
were first studied at a scale of 1:1, scanned using a flatbed scanner and then
analysed with a petrographic microscope at magnifications ranging from × 4 to
× 250 with plane-polarised light (PPL), cross-polarised light (XPL) and blue-
light fluorescence. Micromorphological descriptions employ the terminology of
Bullock et al. (1985) and Stoops (2003).

Fig. 6 Microphotographs of representative phytolith morphotypes. a Short cell rondel. b Short cell
rondel with a sinuated base. c Short cell rondel with squashed top. d Short cell saddle. e Short cell
saddle. f Short cell bilobate with slight flare. g Short cell bilobate with slight flare and long shaft.
h Short cell bilobate with round lobes and long shaft. i Short cell cross. j Long cell trapeziform
sinuate. k Bulliform cuneiform. l Epidermal appendage prickle. m Parallelepiped elongate psilate. n
Long cell verrucate. o Long cell dentritic. p long Cell echinate. q Long cell moderately weathered.
r Long cell extremely weathered. s Globular granulate. t Irregular psilate. u Irregular regulate. v
Tracheid
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Uranium-Thorium Dating

Two specimens of speleothems were taken from area A on both sides of sq. F-G52 (Fig.
3 and Fig. 5a). The specimen SHOV-3 was a 1.5-cm layer of clay-rich carbonate
speleothem overlaying other sediment and bedrock on the side of Binford’s excavation
pit, facing the cave entrance. Specimen SHOV-4 was a thicker formation on the side
facing the inner (western) part of the cave and was composed of the following units
(Fig. 7): (1) upper layers of clay-rich speleothem carbonate (with sublayers numbered
A1–1 to A1–11), ~ 6 cm thick; (2) layer of rock fragments cemented by clay-rich
carbonate, ~ 3 cm thick; (3) two thin layers of clay-rich carbonate speleothem, ~ 1 cm
thick; and (4) bottom layer of carbonate-cemented rock fragments, 4.5–5 cm thick. The
total thickness of SHOV-4 formation was about 15 cm.

Both samples were extracted using hammer and chisel. The specimens were sectioned
to expose their internal stratigraphy and to check the layers for secondary porosity, tiny
rock fragments and alterations that may indicate possible U or Th loss. Concentrations of
these two elements were measured using a PerkinElmer NexION 300D inductively
coupled plasma mass spectrometer (ICP-MS) after addition of Re internal standard with
bracketing using Merck-6 standard. For chronology purposes, five samples of 0.03 to
0.1 g (depending on U concentrations) were taken from the layers by a Dremel drill. All
samples were totally dissolved, with a combination of 7MHNO3 andHF, and equilibrated
with a mixed 229Th/236U isotopically clean Harwell spike (229Th > 99.99%; 236U =
99.97%) that was calibrated with gravimetric standards following Henderson et al.
(2001). The procedure of extraction of U and Th, their separation and measurement of
isotopic ratios by NU Multi Collector-ICP-MS were performed according to the protocol
described by Grant et al. ([2012], Supplementary Information, “Materials and Methods”).

Fig. 7 The speleothems sampled for dating in Shovakh Cave. Note that SHOV-3 is a thin speleothem whereas
SHOV-4 presents a complex stratigraphy (for details and measurements, see the text)
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Optically Stimulated Luminescence Dating

Four sediment samples were dated using optically stimulated luminescence (OSL). One
comes from the rear of the cave (area A: SHU1, Fig. 5a) and was taken during the day
since almost no light reaches this part of the cave. The three other samples (SHU3, 4
and 5) come from the entrance (area C, Fig. 5b) and were collected at night, after the

Fig. 8 a Shine-down OSL curve (signal versus stimulation time) of sample SHU1. b Growth curve of
normalised OSL signal (regenerated signals normalised to test dose signals). The equivalent dose of this
aliquot was determined by interpolating the normalised natural signal onto the growth curve
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surface of the recently exposed profiles was cleaned in order to avoid contamination by
newly bleached grains.

Fine grains (4–11 μm) were abundant in all these samples (whereas coarse
grains were almost totally absent). These fine grains were selected by decanta-
tion and purified using a conventional chemical treatment (HCl and H2O2) to
remove carbonates and organic matter, respectively, and H2SiF6 to dissolve any
potential feldspars. The fine-grain fraction exhibited a strong fast component in
the OSL signal and the standard single-aliquot regenerative (SAR) dose proto-
col was applied (Murray and Wintle 2000). Preliminary tests indicated no
dependence with the preheat temperature of the natural and regenerated signals
(between 200 and 260 °C) when a cut-heat of 160 °C was used for the test
dose. Recycling ratio was close to 0.95 ± 0.05 and signal recuperation remained
low (< 1.3% of natural signal). All luminescence measurements were performed
with a lexsyg SMART reader (Richter et al. 2015) equipped with green LEDs
as the source of stimulation, a combination of UV filters for signal detection,
while irradiation was provided with a beta source (dose rate to quartz: 0.18 Gy/
s). All discs (aliquots of 1-cm diameter) used for measurements were entirely
covered with fine grains and reproducibility of measurements was excellent.
Figure 8 gives an example of OSL signal and growth curve (OSL versus given
dose).

U, Th and K contents of the sediments were determined with high-resolution spectrom-
etry and alpha and beta dose rates calculated using the conversion factors of Guérin et al.
(2011), and attenuation factors of Brennan et al. (1991) and Mejdahl (1979). Gamma
dosimetry was performed with Al2O3:C dosimeters (Kreutzer et al. 2018) buried for months
in the sections.

Thermoluminescence Dating

Three burnt flints discovered in area C (Fig. 5b) and showing signs of past
heating were selected and prepared for thermoluminescence (TL) measurements.
The internal part was extracted using a diamond saw and gently crushed. A
fraction of the powder was used for determining the internal U, Th and K
contents of each sample. The 100–160-μm fraction was selected by sieving, and
after a chemical treatment with HCl to remove potential carbonates present at
the surface of the grains, TL tests were performed with a home-made equip-
ment (Guérin and Lefèvre 2014). Only two out of the three samples exhibited a
signal indicating that a sufficiently high temperature had been reached in the
past (SHU121 and SHU135).

Using a gamma source, several fractions of the 100–160-μm natural powder
were irradiated with increasing doses and their signals measured. Each sample
showed a TL signal dominated by a peak between 360 and 400 °C which
significantly increased with doses. Paleodoses were calculated as a function of
temperature (plateau test) after a supralinearity correction has been made using
fractions initially zeroed and artificially irradiated (Fig. 9).
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Fig. 9 Sample SHU135: a Growth curves of TL peak with doses (black dots: natural + additional doses; red
dots: regenerated doses); b Plateau test (paleodose versus temperature) showing independance of the
paleodose with temperature over the TL peak; c TL glow curves obtained for doses (0, 40, 80 and 120 Gy)
given on top of the natural powder
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Results

Mineralogical Characterisation via FTIR

Table 1 provides a list of all the bulk sediment and rock samples and the results of their
analyses. The sediment from the upper part of the profile in the rear of the cave is
composed of soft brown material (SVK 16-3). FTIR analysis showed that this sediment
is composed mainly of clay alongside calcite and minor amounts of carbonated
hydroxyapatite (CHAP) (Fig. 10a). The middle and lower parts of the profile (SVK
16-4 to 7), which in the field appeared as very hard and cemented brownish sediment,
exhibited an increasing amount of calcite with depth as evident from the percentage of
the acid soluble fraction (ASF) showing above 80 ASF%, as opposed to 70 ASF% in
the sediment from the top of the profile (Table 1). FTIR analysis of the lower sediments
(SVK 16-5 to 7) indicated that calcite is the major mineral component here with clay
and CHAP as minor components (Fig. 10b). In none of the samples, before and after

Fig. 10 Representative infrared (FTIR) spectra. a Sediment from the upper part of the profile at the rear of the cave
(SVK 16-3) composed mainly of clay (3696, 3629, 3422, 1035, 798 and 472 cm−1) and calcite (1429, 873 and
712 cm−1) with CHAP as a minor component (604 and 565 cm−1). b Sediment from the lower part of the profile at the
rear of the cave (SVK 16-6) showing similar mineralogical composition to the top sediment but with higher
concentration of calcite. c Sediment from the upper part of the profile at the entrance of the cave (SVK16-8) composed
mainly of clay with calcite and CHAP asminor components. dAphosphatised limestone rock from themiddle part of
the profile at the entrance of the cave (SVK 16-10a) showing extensive replacement of calcite with CHAP. e Sediment
from the lower part of the profile at the entrance of the cave (SVK 16-12) composed of calcite, CHAP and clay
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acid treatment, did the clay component show any indication for alteration due to
exposure to elevated temperatures.

The mineralogical analysis of the sediments from the cave’s entrance indicated that
the samples from the upper part of the profile (SVK 16-8 to 10) slightly differ from the
lower ones (SVK 16-11 to 13) in the amount of CHAP and calcite. The samples from
the upper part of the profile exhibited clay as the major mineralogical component with
minor amounts of CHAP and calcite (Fig. 10c). A limestone fragment (Fig. 11) from
the middle part of the profile was subdivided to its core, reaction rim and the sediment
attached to the rim (SVK 16-10a, b and c, respectively). FTIR analysis showed that the
inner part of the rock as well as its rim are composed almost inclusively of CHAP with
very little amount of calcite (Fig. 10d). Analysis of the sediment samples from the

Fig. 11 Phosphatied limestone. a Field photograph showing limestone with a phosphatised reaction rim (SVK
16-10). b Scan of a thin section (SVK 16-15II) made from a limestone showing a phosphatised reaction rim
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lower part of the profile in the cave’s entrance (SVK 16-11 to 13) showed that they are
composed mainly of clay, but as opposed to the sediment of the upper part of the
profile, CHAP and calcite are in higher concentrations (Fig. 10e). Overall, the ASF
percentage of the sediment at the entrance of the cave seems similar throughout the
profile with values between 56 and 73 ASF% (Table 1). As in the rear part of the cave,
the clay showed no signs of alteration due to exposure to elevated temperatures.

Phytolith Analysis

The concentrations of all the samples analysed are shown in Table 2 and Fig. 12. The top
sediment at the rear of the cave (SVK 16-3) yielded the highest concentration of phytoliths
with 7.8 ± 2.3 million phytoliths per gram sediment (M phyt g/sed). The hard sediment at
the middle and lower parts of the profile (SVK 16-4 to 7) showed lower concentrations
ranging between 0.7 and 0.05 M phyt g/sed. The samples collected from the entrance of
the cave (SVK 16-8, 9, 11 to 13) presented relatively higher amounts of phytoliths
compared to the rear of the cave, excluding the top sediment (SVK 16-3). The sediments
from the entrance of the cave showed values between 1.4–0.2 M phyt g/sed. Phytolith
preservation appears to be moderate at the entrance to the cave and better at the rear as
indicated from the percentage of chemically weathered phytoliths (8.8–19% vs. 4.3–7.4%
respectively). All samples showed low percentages of MC and low numbers of delicate
morphotypes (e.g. dendritic, polyhedrals) and therefore have possibly suffered from
mechanical degradation as well.

The frequencies of phytolith morphotypes in all the analysed samples are presented in
Table 2 and Fig. 13, excluding two samples (SVK 16-4 and 12) that did not meet the
required minimum even after several slides were fully scanned. A third sample (SKV 16-6)
that only yielded 135 phytoliths was included in the study and is assumed to be represen-
tative of the overall phytolith composition but with lower accuracy (Albert and Weiner
2001). In all of the samples, both phytoliths from monocots and dicots are present
(Fig. 13a). The monocots that are the majority of the phytoliths in all of the assemblages
can be attributed to grasses, as no indications for the presence of Cyperaceae and Juncaceae
were identified. The V/C index of all of the phytolith assemblages (0.12–0.34) is well
below the average V/C ratio calculated by Albert et al. (1999) to the common tree species
from mount Carmel (5.1), and closer in range to the V/C ratio calculated for several grass
species (ranging between 0.05–0.15) (Albert et al. 1999), highlighting the contribution of
herbaceous plants to the studied assemblages in Shovakh Cave. The sediment at the
entrance of the cave shows slightly higher percentages of phytoliths derived from dicots
(21.8–31.1%) when compared to the sediments at the rear of the cave (19.9–21.9%).

Looking at grass phytoliths that can be assigned to plant anatomical part (Fig. 13b), the
percentage of leaf/stem phytoliths (Fig. 6g–j) is generally higher than the percentage of
inflorescence phytoliths (Fig. 6l–m) in all of the samples. Yet the percentage of phytoliths
derived from grass inflorescence is higher at the rear of the cave with 44–20.6% when
compared with the sediments from the entrance of the cave showing 18.8–5.8%. The
percentage of pooid, chloridoid and panicoid phytolith types were calculated on the sum of
short cell phytolith in each sample in order to highlight inter-sample variability. All of the
phytolith assemblages from the different sediment samples contained short cells from the
three grass subfamilies (Fig. 13c), but the majority of phytoliths are from the pooid type.
There is no evidence to the presence of phytoliths derived from theArecaceae family (palms).
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Micromorphology

Table 3 provides a list of the sediment block samples and the major micromorpholog-
ical properties of four microfacies [MF] identified through microscopic analysis of the
thin sections. At the rear of the cave, two distinctive facies were identified (Fig. 14a–c).
MF1, associated with the upper part of block SVK 16-1 sampled from the middle of the
profile, is composed of relatively loose and clay-rich matrix similar to terra rossa (the
type of soil abundant in the plain above the cave), which is partly cemented by
secondary calcite (Fig. 14a, c). The sediment also contains charcoal, bone and flint
fragments as well as few animal pellets (Fig. 14d, e). A fragment of wall travertine
(Fig. 14d) was also identified in MF1 in addition to indications for initial
phosphatisation. The latter is evident from a rock with a reaction rim and abundance
of phosphatic nodules (Fig. 14f). MF2 (lower part of SVK 16-1 and SVK 16-2)
presents a siltier and denser matrix (Fig. 14a–c). The high abundance of phosphatic
nodules indicates post-depositional phosphatisation while the increase in calcite pro-
vides an indication for re-precipitation of calcite resulting in the cementation of the
sediment (Fig. 14g). MF2 contains microcharcoal, flint and bone. The bones show

Fig. 12 Phytolith quantification. Chart presenting the concentrations of phytoliths in the sediment samples
with error margins of 30% following Katz et al. (2010)

Fig. 13 Phytolith morphologies. a Chart presenting the percentages of phytolith morphologies identified,
according to the four main categories; phytoliths derived from monocot plants (grasses), dicot plants
(wood/bark), phytoliths showing signs of weathering and other phytoliths which were not assigned to either
of the other categories. b Chart presenting the percentages of grass leaf/stem vs. inflorescence calculated from
the total numbers of grass phytoliths that can be anatomically attributed. c Chart presenting the percentages of
phytolith short cells assigned to each of the three grass subfamilies from the sum of short cells; pooid (rondel
and trapeziform types), panicoid (bilobate and cross types) and chloridoid (saddle type)

b
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breakage and weathering patterns indicative of chewing and digestion by carnivores
(see Horwitz and Goldberg 1989) associated with concentrations of humified organics
(Fig. 14h, i). Due to the poor conditions of preservation, we did not identify intact
coprolite remains. However, the concentration of humified organics, associated with
bones that show weathering patterns indicative for carnivore digestion, suggest the
presence of weathered coprolite remains.

The micromorphological features from the entrance (SVK 16-14 and 15) differ from
the ones at the rear (Fig. 15a, b). The sediment of the block sample collected from the
upper part of the profile (SVK 16-14) was classified as MF3 showing a matrix
indicative of terra rossa sedimentation with a clay-rich groundmass and partial disso-
lution of calcite, which evinces initial process of decalcification (Fig. 15c). Overall, the
sediment seems to be heavily disturbed by burrows and roots (Fig. 15d). While

Fig. 14 Micromorphology of sediments from the rear of the cave. a Scan of a thin section from the middle part
of the profile (SVK 16-1). Note the two different types of sediments with the upper one (MF1) being looser
and clay-rich. b Scan of a thin section from the lower part of the profile (SVK 16-2) presenting a sediment
attributed to MF2 with areas of mixed material from MF1 due to burrowing activity [bu]. c Microphotograph
showing the contact between MF1 (top) and MF2 (bottom). The left photograph is taken in plane-polarised
light (PPL) and the right photograph is taken in cross-polarised light (XPL). dMicrophotograph showingMF1
sediment with a piece of charcoal [c], wall travertine [t] and flint [f] fragments embedded in clay-rich matrix
cemented by calcite and with abundance of phosphatic nodules. Left photo is in PPL and the right photo is in
XPL. e Microphotograph showing MF1 matrix with flint [f] and bone [b] fragments. The bone colour may
indicate it is burnt. The left photo is in PPL and the right photo is in XPL. fMicrophotograph of MF1 showing
a piece of limestone [L] with a phosphatised reaction rim embedded in cemented matrix with phosphatic
nodules (appearing as small red-orangey nodules). The left photo is in PPL and the right photo is in XPL. g
Microphotograph of MF2 [2] matrix characterised by extensive cementation by secondary calcite and high
abundance of phosphatic nodules. Note the burrow in the middle of the photograph bringing material from
MF1 [1]. The left photois in PPL and the right photo is in XPL. hMicrophotograph of MF2 matrix showing a
large piece of bone [b] with indicative breakage due to chewing by carnivores and trampling (scissors like
breakage). The left photo is in PPL and the right photo is in XPL. iMicrophotograph of MF2 matrix with the
possible remains of a carnivore coprolite showing black humified organic matter [h] and fragmented bones [b
and arrows] with indicative breakage and weathering due to chewing and digestion by carnivores. The left
photo is in PPL and the right photo is in XPL
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phosphatic nodules are abundant in MF3, this microfacies also includes various
materials indicating human activity such as microcharcoal, fragments of (burnt) bone
and flint and some ash (Fig. 15e). The sediment of the block sample collected from the
lower part of the profile (SVK 16-15) has been classified as MF4. Although it did not
differ significantly from MF3, it did show an increase in the amount of secondary
micrite cementing the matrix (Fig. 15f). MF4 contains a similar abundance of human
activity residues (Fig. 15g). Limestone fragments from MF4 presented advanced
diagenesis and phosphatisation (Fig. 15h).

U-Series Dating

Five age determinations from the two speleothems in Shovakh Cave are shown in
Table 4. Low (230Th/232Th) ratios in samples and high concentrations of non-carbonate

Fig. 15 Micromorphology of sediments from the entrance of the cave. a Scan of a thin section from the upper
part of the profile (SVK 16–14) showing MF3. Note the phosphatised limestone fragment [L] in the middle of
the thin section. b Scan of a thin section from the lower part of the profile (SVK 16–15) showing MF4 with
intensive bioturbation and phosphatised limestone fragments. c Microphotograph showing MF3 in high
magnification characterised clay-rich groundmass with partly dissolved calcite and high abundance of
phosphatic nodules (in red-orangey colour). The left photo is in PPL and the right photo is in XPL. d
Microphotograph showing a large area with crumbly structure in MF3 due to burrowing causing mixing and
disturbance to the sediment. The left photo is in PPL and the right photo is in XPL. eMicrophotograph of MF3
showing a burnt bone fragments [b] with wood ash particles in the bone voids embedded in clay-rich matrix
with phosphatic nodules. The left photo is in PPL and the right photo is in XPL. f Microphotograph showing
MF4 in high magnification characterised by precipitation of secondary micritic calcite and high abundance of
phosphatic nodules. The granular structure may indicate ancient burrowing activity. The left photo is in PPL
and the right photo is in XPL. gMicrophotograph of MF4 displaying granular structure indicative of intensive
bioturbation. The matrix show a charcoal [c] and a bone fragment [b]. Note that the bone is embedded in a
decalcified matrix, possibly as an intrusive feature due to burrowing activity within the sediment. The left
photo is in PPL and the right photo is in XPL. h Microphotograph of a limestone from MF4 with a
phosphatised reaction rim. The left photo is in PPL and the right photo is in XPL
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materials rich in Th show that these speleothems contain high concentrations of 230Th
from non-radiogenic sources, such as clays, oxides and hydroxides (e.g. Kaufman et al.
1998; Richards and Dorale 2003). This 230Th should be subtracted from the total 230Th
in order to obtain the true ages of speleothems. The process of correction for an initial
230Th involves calculation of the amount of 230Th produced by 238U in detrital material
of speleothem sample and subtraction of it from total 230Th. To perform such
calculation, 232Th/238U atomic ratio in speleothem detrital material is needed. We
used the value of 1.80 ± 0.25 determined in speleothems in Israeli caves (Grant et al.
2012; Hershkovitz et al. 2015).

The corrected results of SHOV-3 gave two ages: 3c: 37,840 ± 5638 and 3e: 46,928
± 7624. The second speleothem SHOV-4 yielded three ages: 49,743 ± 8815, 47,325 ±
8380 and 46,898 ± 6983, top to bottom (as shown on Fig. 7; the errors are 2σ).

Luminescence Dating

The radiometric data and OSL and TL ages are reported in Table 5. At the rear of the
cave (area A), the sediment sample SHU1 gave the youngest age result—45.5 ± 3.7 ka.
At the entrance of the cave (area C), the two burnt flints, SHU121 and 135, gave similar
ages (56.2 ± 5.9 and 58.3 ± 6.2 ka, respectively) which are indistinguishable from the
OSL age of SHU3 (58.9 ± 4.7 ka), taken at about the same elevation. Topographically
and stratigraphically lower samples SHU4 and SHU5 provided OSL ages of 67.5 ± 5.5
and 65.6 ± 5.4 ka, which are also statistically indistinguishable from one another.

Discussion

Stratigraphy and Site Formation Processes

The integration of the different lines of evidence emerging from our analyses allows us
to interpret the formation processes of the investigated deposits at Shovakh Cave and to
provide a new stratigraphic framework for this site, based on sediment properties and
dates. However, since the areas sampled at the rear and entrance of the cave (areas A
and C respectively) were not stratigraphically linked, and we were not able to date the
lower part of the section as the rear of the cave, we decided to assign two different
stratigraphic systems for the rear (Re) and the entrance (En) of the cave. Formation
processes and stratigraphic classification are discussed separately for each area.

The Rear of the Cave

This part of the site can be divided to three different sedimentological layers (Re1 to Re3;
Fig. 5a). The uppermost layer (Re1) seems to differ from the middle and lower sediments
due to its exceptional high concentration of phytoliths (7.8 ± 2.3 M phyt g/sed) and the
presence of pottery, which suggest that this layer may represent a post-Palaeolithic
deposition. Re2 associated with the middle part of the excavated profile has been dated
to 45.5 ± 3.7 ka by OSL (Table 5). Four of five ages provided by U/Th dating of a nearby
speleothem (Table 4) range between 46.9 ± 7.0 and 49.7 ± 8.8 ka, suggesting an average
age of 47.7 ± 2.7 ka for the time of growth of the speleothem found at the top of Re2.
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Unfortunately, due to the very hard and cemented nature of the sediment of the lower
part of the profile, classified as Re3, OSL dating could not be achieved. The difference
between Re2 and Re3 is not only evident by the cementation of the sediments but also
in the grain size of the matrix. While Re2 matrix shows a higher component of clay,
attributed to terra rossa deposition, the matrix in Re3 is siltier, which may hint to
aeolian deposition of silty wind-blown material. Based on other studies, the difference
in matrix composition could be tied to changes in deposition patterns resulting from a
change in the cave environment and possibly in its configuration (see below).

In Tabun Cave in Mt. Carmel, situated 55 km to the west of Shovakh Cave, a similar
pattern was observed with the deposits from the lower part of the cave being coarser
while the ones from the upper part of the cave showed more clay and terra rossa
features. In the case of Tabun, this change in the mechanism of sedimentation was
interpreted to reflect replacement of wind-blown sedimentation regime with colluvial
deposition associated with the opening of the cave’s chimney (Albert et al. 1999; Bull
and Goldberg 1985; Jelinek et al. 1973). However, in Shovakh Cave we did not identify
a chimney. An undiscovered chimney or some fissure in the cave’s roof remain as
possible scenarios explaining our observations, yet the change in sedimentation regime
could also result from a wider environmental change presenting a decrease in wind
deposition and increase of sediment transport by low-energy water flows from the plain
above the cave. Langgut et al. (2018) argue for a humid interval in the Levant at c. 56–
44 ka, as also reported by other pollen records and isotopic analyses (Aharonovich et al.
2014; Hartman et al. 2015; Keinan 2016; Langgut et al. 2011). Such an interval
associated with an increase in humidity and cooler climate during the last glacial period
could potentially result in a change in sedimentation patterns as we report from Re2,
dated by OSL to 45.5 ± 3.7 ka (Table 5). Further study is required in order to provide
more details on the deposition patterns at the rear of Shovakh cave and how, if at all, it
may link to changes in the cave’s and/or the regional environment.

Post-depositional processes in the rear of the cave are characterised by
phosphatisation and intense calcite cementation as well as disturbance due to biological
activity within the sediments. The cementation in Re3 is associated with the precipi-
tation of micritic calcite acting as a binding material for the sediment’s matrix. The
increase in calcite concentration is evident from the percentage of ASF (Table 1), FTIR
analysis (Fig. 10b) and the micromorphological observations (Table 3 and Fig. 14g).

Phosphatisation and the presence of phosphatic nodules and secondary minerals are
well known in Palaeolithic caves (e.g. Goldberg and Nathan 1975; Karkanas et al.
2000, 1999; Miller et al. 2016; Weiner et al. 2002, 1995). This process is derived from
decomposition of organic matter (e.g. guano), release of phosphates, and drop in pH
levels, which, given water availability, dissolve carbonates and form secondary phos-
phatic minerals (Karkanas et al. 2002; Shahack-Gross et al. 2004). The calcite cemen-
tation of the deposit would take place at a later stage as part of a more prolonged post-
depositional process. The presence of carbonate minerals—in the form of calcite and
CHAP—indicates that the sediment is not very acidic, probably around pH level 6. The
MP deposits in Hayonim and Kebara caves, in the core Mediterranean ecological zone
(30 and 60 km respectively to the west of Shovakh Cave), present acute diagenesis with
more acidic conditions. This resulted in the complete dissolution of carbonate minerals,
including of bones (Stiner et al. 2001; Weiner et al. 1995), as well as poor phytolith
preservation (Albert et al. 2012, 2003, 2000b). Thus, it appears that taphonomic
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processes in the rear part of Shovakh Cave do show phosphatisation, but not to a degree
that obliterated the presence of bones or affected phytolith preservation. The phytolith
assemblages show a low to moderate degree of chemical weathering as indicated by the
percentages of weathered phytoliths, and a higher level of mechanical weathering as
evident from the low percentages of MC and delicate morphotypes.

The Entrance of the Cave

The profile exposed in the excavation area at the entrance of the cave appeared in the
field as one sedimentological package, but based on the mineralogy and dating of the
sediments, we suggest it should be divided to two stratigraphic layers (En1 and En2;
Fig. 5b), albeit with similar sedimentological characteristics. The depositional process
of the entire profile is characterised by colluvial terra rossa sedimentation (i.e. gravi-
tational flow of soil from the plateau above the cave). The sediments are bioturbated,
with frequent burrowing. The age estimates of the deposits at the entrance are older
than the ones of Re1 and Re2, and possibly overlap with the deposition of Re3.
Unfortunately, there are no absolute ages for the latter. While the sediments of En1
and En2 point to a more clay-rich matrix, interpreted as terra rossa sedimentation, Re3
is siltier, possibly due to wind-blown dust sedimentation. The difference could suggest
different environmental conditions during different deposition periods. We consider it
more likely that this difference is due to location. At the entrance of the cave, terra rossa
could be more readily deposited prior to the opening of a chimney or fissures in the
cave’s walls than it would at the rear of the cave.

The differentiation between the two layers stems from post-depositional processes.
The upper part of the excavation area, classified as En1, shows initial decalcification
with dissolution of calcite while the lower sediment, classified as En2, exhibits re-
precipitation of calcite (Fig. 15c and f, respectively). This process results from the
movement of water within the sediments, as reflected also in the formation of travertine
on the cave wall in this area. Decalcification is a common post-depositional process and
was also reported in the Upper Palaeolithic deposits from the entrance of Sefunim Cave,
located 50 km to the west of Shovakh Cave (Shimelmitz et al. 2018). The presence of
limestone fragments in En1 may explain why the carbonate concentrations in En1 and
En2 are similar as shown from the ASF percentage (Table 1). As opposed to the case at
the entrance of Sefunim Cave, at Shovakh Cave the sediments show extensive
phosphatisation as evident from the replacement of calcite with CHAP in the limestone
fragments and the high abundance of phosphatic nodules within the sediment.

The form of diagenesis observed at the entrance is similar to the one in the rear of the
cave, being typical for roofed areas in caves where guano accumulates in relatively
large quantities and later decomposes (Karkanas et al. 2002; Shahack-Gross et al.
2004). As a result, we interpret this part, now being at the very entrance of the cave,
to represent an integral part of the roofed cave area, allowing relatively high accumu-
lation of guano, rather than an exterior terrace. While we did not identify in the
excavation clear indication for the collapse of the cave’s roof, the geoarchaeological
evidence implies that during the deposition of the En1 and En2, such a roof may have
existed. If so, it collapsed after the MP sediment in this area of the cave was deposited.

The diagenesis of the sediments in the entrance of the cave is moderate. Preservation
of carbonates indicates a chemical environment that allows the preservation of bone
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and wood ash. Compared to the rear of the cave, the phytolith assemblage in this area
shows a higher degree of chemical weathering (evident by the higher percentages of
weathered phytoliths), alongside similar evidence for mechanical weathering indicated
from the low percentages of MC and delicate morphotypes. The poorer chemical
preservation of the phytoliths can be associated with increased movement of water in
this part of the cave. As in the rear of the cave, the low mechanical integrity may be
attributed to the high level of bioturbation.

Furthermore, the OSL and TL dating indicate a gap in the deposition of the two
layers. Layer En1 dates to 56.2 ± 5.9 to 58.9 ± 4.7 ka whereas En2 dates to 65.6 ± 5.4 to
67.5 ± 5.5 ka. Since the deposition mechanism and post-depositional processes are
quite similar between the two layers, it is hard to determine the reason for this gap.
While it is possible that the transition between En1 and En2 is represented by a low rate
of sedimentation that puts it beyond dating sampling resolution, it is more likely, given
the significant gap in dates, that the transition represents an unconformity in the form of
erosion or hiatus in sedimentation. Based on our data, we cannot determine at this stage
which of the two scenario is more plausible.

Human Activity at Shovakh Cave

The interpretation of human behaviour is based in this study on the presence of microscopic
materials associated with human activity such as burnt bones, burnt flints, micro-charcoals,
ash particles and phytoliths. We have relied on the same microscopic approaches to inform
us of depositional contexts and post-depositional processes and to understand their effects
on the anthropogenic materials. Thus, the attribution of phytolith concentrations to human
activity should be treatedwith some caution, given the presence of weathered phytoliths and
micromorphological observations suggesting intensive burrowing and bioturbation within
the sediments. However, based on comparison with regional control samples from the
Amud drainage analysed (Madella et al. 2002), where phytolith concentrations did not
exceed 0.1 M phyt g/sed, we argue that the samples with over 0.5 M phyt g/sed are most
likely to result from human activity.

Excluding the top layer (Re1), interpreted as a post-Palaeolithic deposit, the other two
stratigraphic layers at the rear of the cave (Re2 and Re3) exhibit minor amounts of materials
that can be directly associated with in situ human activity. Re2, represented by only one
sample (SVK 16-4), showed very low numbers of phytoliths. While Re3 showed relatively
higher concentrations, the amounts are too low to support suggestions of intensive human
occupation (Table 2; Fig. 12). The phytolith assemblages from Re3 exhibit morphologies
derived from both dicot plants (wood) and monocot plants (grasses), with the latter being
more dominant. The morphologies of grass phytoliths attributed to inflorescence are
somewhat higher in comparison to those at the cave entrance. At the nearby Amud Cave,
similar values were attributed to the collection of seed-bearing grasses by the site’s
occupants (Madella et al. 2002). Thus, it is possible that during the deposition of Re3, some
ephemeral episodes of human occupation occurred.

Micromorphological observations from Re2 indicate a relative abundance of
fire residues that can be associated with human activity (Fig. 14d, e). Adversely,
Re3 showed a high abundance of coprolite residues, associated with bones show-
ing breakage and weathering patterns indicative of chewing and digestion by
carnivores (Fig. 14h, i). We therefore suggest that during the deposition of Re3,
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this area had been occupied mostly by hyenas alongside very sporadic human
presence (for further discussion on division of space between humans and hyenas,
see Orbach and Yeshurun 2019).

Binford (1966) reported on the presence of hearths in her excavation at
Shovakh Cave. While we did not identify any in situ combustion feature in our
limited spatial sampling of the renewed excavation, human use of fire is well
documented in our study in the form of microscopic fire residues (e.g. burnt bones
and flint, charcoal and ash). The entrance of the cave seems to contain more fire
residues than the rear of the cave.

At the entrance of the cave, the abundance of phytoliths, charcoal, bones and flint
fragments does not seem to differ significantly between the two stratigraphic layers,
En1 and En2. Similar to the rear of the cave, the phytolith assemblages at the entrance
exhibit the presence of morphotypes derived both from wood and from grasses, with
the latter being the majority. Also, the V/C index suggests that herbaceous plants were
the main contributors, yet the morphotypes show higher concentrations of phytoliths
derived from wood and relatively low concentrations of phytoliths from grass inflores-
cence. This suggests a higher contribution of phytolith from wood, possibly in the form
of ash. The lower percentages of grass inflorescence phytoliths may also be related to
the use of grasses as an additional fuel source or for bedding, rather than food. The
absence of other phytolith morphotypes attributed to food collection such as palm
phytoliths (Madella et al. 2002; Rosen 2003) further supports this interpretation. Grass
leaves and stems may have been used for fuel, but also as bedding material as was
identified in the sites of Misliya, situated about 55 km to the west of Shovakh Cave
(Weinstein-Evron et al. 2012), Esquilleu cave (Cabanes et al. 2010; Mallol et al. 2010)
and in the Middle Stone Age site of Sibudu (Wadley et al. 2011). The use of grasses for
bedding was also suggested for Tor Faraj rock shelter based on the distribution of grass
phytoliths near the back wall and between the hearths (Henry et al. 2004; Rosen 2003).
On the other hand, the low numbers of grass inflorescence may also suggest that the
cave was used less during the time that these plants flower and mature (approximately
March to May).

The phytolith assemblages in the cave seem to represent human selection rather than
their actual distribution in the environment. However, as human selection is also influenced
by plant availability in the environment, it is still possible to infer to some extent past
environmental conditions from the plants brought to the cave. In all of the cave sediments
analysed, the grass short cells are derived from the three Poaceae subfamilies Pooideae,
Panicoideae and Chloridoideae (Fig. 13c, Table 2). The majority of the short cells is from
the pooid type (61–91%), which is common in C3 plants adapted to temperate areas (Twiss
1992). Similar phytolith assemblages were reported at Tor Faraj (Rosen 2003) and Kebara
Cave (Albert et al. 2012) and are generally in agreement with pollen and isotope analyses
showing humid and cool climate conditions in this region during the MP (Aharonovich
et al. 2014; Hartman et al. 2015; Keinan 2016; Langgut et al. 2018, 2011). In addition,
concentrations of short cells from the chloridoid (5–20%) and the panicoid (5–18%) types
were found. These are attributed to C4 plants adapted to warm and dry (chloridoid) and
warm and humid (panicoid) conditions (Twiss 1992). This diverse assemblage can suggest
that hominin exploited plants from diverse environments around the cave, for instance from
the stream at the lower part of the valley and the drier plateau above the cave. A more
detailed study of the local plants in theAmud valley is needed to support such interpretation.
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Overall, residues of human activity seem to reflect the use of fire and plants, mostly at the
entrance of the cave and to some extent during the deposition of layers Re2 and Re3 at the
rear of the site, with Re3 exhibiting stronger evidence for carnivore occupation of this part of
the cave with possible ephemeral episodes of human occupation.

Comparison with Amud Cave

This study provides direct evidence for human activity in ShovakhCave during the LateMP.
The dates from Shovakh overlap with human occupation at the nearby Amud Cave,
enabling comparison between the two sites within the geographic context of the Amud
drainage.

Chronologically, Shovakh Cave presents evidence for human activity spanning the
entire time of human occupation at Amud Cave. OSL dates of 67.5 ± 5.5 and 65.6 ±
5.4 ka from the lower layer at the entrance of Shovakh, En2, overlap with the Amud’s
earliest archaeological unit, B4, with a TL age estimate of 68.5 ± 3.4 ka (Valladas et al.
1999). The dates obtained from the upper layer at the entrance of Shovakh, En1 (dated to
58.9 ± 4.7 ka by OSL and 56.2 ± 5.9 and 58.3 ± 6.2 ka by TL), overlap with the latest
MP units in Amud, B2 and B1 (dated to 56.4 ± 3.5 and 57.6 ± 3.7 ka respectively; Rink
et al. 2001; Valladas et al. 1999). In Amud, Unit B3 was interpreted as a sterile layer
representing an occupational gap (Hovers 2004). Within this time interval, there seems
to be also a gap in the archaeological deposits at Shovakh’s entrance, represented by the
unconformity in the stratigraphy between En1 and En2.

The rate of sedimentation at Amud Cave seems to be higher than the one we observed in
Shovakh Cave, as evident from the sedimentary volume of the anthropogenic stratigraphic
units at Amud Cave (each with an average thickness of 50–70 cm). It is possible that due to
the configurations of the caves and/or the type, intensity and timing of human activity at each
site different deposition processes took place in each case. At Amud, evidence for roof
collapse was identified, with fallen blocks intercalated within the MP sediments. The latest
phase of such collapse was recognised in sediment of subunit B2, dated to ~ 55 ka (Hovers
2004; Inbar and Hovers 1999). While further studies are needed in order to determine the
formation processes of the unconformity documented in Shovakh Cave, the indication for
guano diagenesis at the cave entrance suggests that the area had been previously roofed,
implying that a roof collapse has occurred in conjunctionwith the collapse inAmud c. 55 ka.

Unfortunately, no dates could be obtained at this stage from the lower layer at the rear of
the cave (Re3). The dates obtained for the overlaying layer, Re2 (47.7 ± 2.7 and 45.5 ±
3.7 ka by U/Th and OSL respectively) postdate layer En1 as well as Amud’s units B1 and
B2. The change in sedimentation mechanism between Re1 and Re2 could be associated
with a climatic humid interval ca. 56 ka (Langgut et al. 2018). Whether layer Re3 overlaps
temporally with En1 and Amud B4, or with En2 and Amud B1 and B2, will have to be
determined by future investigation.

Comparing the evidence for human behaviour from Shovakh Cave (based on the
quantity and taxonomy of phytoliths and abundance of fire residues) with that from nearby
Amud Cave, it appears that the intensity of human occupation is greater at Amud, with
clearer and primary evidence for the use of fire (Madella et al. 2002; Rabinovich andHovers
2004; Shahack-Gross et al. 2008). All the residues indicative of the use of fire (burnt bones,
wood ash, burnt flint fragments, wood phytoliths) are found in Shovakh Cave in lower
concentrations compared toAmudCave, and are localised at the entrance of the cave, and to
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some extent at themiddle part of the rear of the cave (Re2). The earlier layer at the rear of the
cave (Re3) presents carnivore coprolites as well as digested and chewed bones, which were
not reported in Amud Cave, alongside scarce charcoal and flint fragments. Assuming that
human occupation of the cave was not concurrent with carnivores, for example when it was
used as a hyena den (e.g. Orbach and Yeshurun 2019), characteristics of layer Re3
strengthen the interpretation of a more episodic hominin use of the rear of the cave during
that period.

It is important to bear in mind that a larger area has been excavated and available for
analysis at Amud Cave and that our work in Shovakh Cave could be spatially biased. In
addition, our quantitative phytolith analysis cannot be compared directly to the results
obtained from Amud Cave (Madella et al. 2002) due to differences in extraction methods.
None of our samples can be associated with secured contexts such as in situ combustion
features as has been suggested in few other MP sites in the region (Albert et al. 2012, 2003,
2000a, 1999;Madella et al. 2002; Rosen 2003). The phytoliths at ShovakhCave show signs
of low to moderate weathering and the sediments present evidence for moderate diagenesis.
The range of interpretation of the phytolith record is therefore limited as phytolith assem-
blages could have been altered. Nevertheless, the phytolith concentrations from Shovakh
Cave are generally higher than the control sediments analysed by Madella et al. (2002),
except for two samples (SVK 16-4 and 12). Even if we adopt a cautious approach for the
interpretation of the phytoliths, it is clear that theywere deposited by human activity. Hence,
some taxonomical observations can be made to provide important information regarding
human use of plants in the site in comparison to the nearby Amud cave.

Similar to Amud Cave and Tor Faraj rock shelter (Henry et al. 2004;Madella et al. 2002;
Rosen 2003), the phytolith assemblages at Shovakh Cave indicate a more diverse mode of
plant exploitation when compared to other MP caves like Tabun, Kebara, and Hayonim,
where studies interpreted plant exploitation mostly as the use of wood for fuel (Albert et al.
2012, 2003, 2000a, 1999) (At Kebara Cave, macrobotanical remains complement the
picture, showing diverse plant exploitation including the collection of legumes, acorns
and, to lesser extent, cereals, which contributed to the broad-spectrum diet of the cave
inhabitants (see Lev et al. (2005)). Phytoliths from grass inflorescence, specifically den-
dritics, were attributed in Amud, Hayonim and at Tor Faraj to the deliberate collection of
mature seed-bearing grasses (Albert et al. 2003; Madella et al. 2002; Rosen 2003). Yet,
although grasses were major contributors to the phytolith assemblages at Shovakh Cave,
evidence to the gathering of seed-bearing grasses and other edible plants (like palms) is less
clear here.

The taphonomic processes occurring within the sediments at Shovakh Cave indicate low
acidic conditions, which are favourable for the preservation of phytoliths (Cabanes et al.
2011; Cabanes and Shahack-Gross 2015), yet the assemblages in Shovakh show low to
moderate signs of chemical weathering and an even higher degree of mechanical breakage,
possibly due to water movement and bioturbation as was identified micromorphologically.
Another possible scenario for the mechanical weathering is a low rate of sedimentation
resulting in materials being exposed on the surface for prolonged periods and trampled.
Rapid burial of materials is a major factor in the preservation of micro-botanical remains
(Friesem et al. 2014). In Amud Cave, it has been suggested that the sedimentation rate was
relatively high, in particular in units B1 andB2, due to the large amount of ash accumulating
at the site as a result of intensive human activity (Madella et al. 2002; Shahack-Gross et al.
2008). Given the richness of phytolith assemblages and the high abundance of fire residues
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at Amud Cave compared to our findings in Shovakh Cave, we suggest that human activity
in Shovakh was characterised by lower intensity. Our findings may reflect a more sporadic
occupation of the cave at the same time that Amud cave, only 500 m down the wadi, has
been intensively occupied.

Conclusions

The combination of geoarchaeological and geochronological analyses applied here to the
MP deposits of Shovakh Cave results in a reconstruction of a prolonged and complex
depositional record for this site. The investigation of deposits from the renewed excavation
at Shovakh Cave provides new insights into the site’s formation processes, stratigraphy,
chronology and human activity. Based on the new dates we present here, the occupation at
Shovakh Cave is divided into two phases, the first dated to 67.5 ± 5.5 and 65.6 ± 5.4 ka by
OSL, overlapping with Amud’s earliest archaeological unit, B4 (Valladas et al. 1999), and
the second dated to 58.9 ± 4.7 ka by OSL and 56.2 ± 5.9 and 58.3 ± 6.2 ka by TL,
overlapping the latest MP units in Amud, B2 and B1 (Rink et al. 2001; Valladas et al.
1999). The two localities excavated and sampled for this study were assigned two strati-
graphic frameworks (Fig. 5). At the rear of the cave, the lower and earlier layer, Re3, is
characterised by wind-blown sedimentation; it is rich in carnivore coprolites and digested
bones, with relatively low concentrations of phytoliths, marking low intensity of human
activity. The middle layer, Re2, dated to 45.5 ± 3.7 ka by OSL and 47.7 ± 2.7 ka in average
of U/Th age, indicates a relatively low intensity of human occupation with evidence of fire
residues. In addition, this layer also presents a change in deposition patterns with a shift to
colluvial terra rossa sedimentation potentially associated with either an opening of a
chimney or fissures in the cave wall, or resulting from awider environmental change during
this period. The topmost layer at the rear, Re1, seems to represent a post-Palaeolithic
deposition with high concentrations of phytoliths and some pottery shards. At the entrance
of the cave, there is a higher concentration of fire residues associated with human use of fire.
Post-depositional processes including decalcification of the upper layer, cementation of the
lower layer and phosphatisation due to guano decomposition along the entire profile
suggesting this area was probably roofed. Based on dating results and differences in
carbonate contents, the deposits at the entrance of the cave can be divided into two layers
with En1 dated to 56.2 ± 5.9 to 58.9 ± 4.7 ka and En2 to 65.6 ± 5.4 to 67.5 ± 5.5 ka. The
timing of human occupation of Shovakh Cave is contemporaneous with the nearby Amud
Cave, but the evidence of human activity in Shovakh suggests lower intensity of occupation
compared to Amud, demonstrating the amplitude of variation of land use by humans during
the Late MP within a small geographic area. This study provides an important understand-
ing not only on the formation processes at Shovakh Cave but also sets the ground for amore
in-depth exploration of the diversity in human activity and site use during the Late Middle
Palaeolithic.
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