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ABSTRACT: Rantis Cave is a recently discovered filled cave in central Israel, displaying a rich faunal accumulation of micro-
mammals, ungulates and carnivores. U–Th dating assigns the beginning of accumulation to ca. 140 ka. The accumulation is culturally
assigned to the late half of the Middle Paleolithic (MP) period. Single-grain optically stimulated luminescence measurements attest to
a complex sedimentological history. We present the cross-disciplinary results of taphonomic and geomorphological analyses, which
point to the cave serving as a natural pitfall trap for the large fauna, with little human or carnivore activity. The fauna is dominated by
Dama among the ungulates and by Microtus among the micromammals. These data in conjunction with ungulate tooth mesowear
analysis suggest a xeric Mediterranean environment on the eastern margin of the southern Levantine foothills. The relative taxonomic
abundance of ungulate taxa shows some differences from anthropogenic MP sites, possibly reflecting the prey choice patterns of MP
hunters. Overall, the natural accumulation scenario for Rantis Cave provides a rare paleoenvironmental and paleoeconomic
reference to the rich anthropogenicMP faunas of the Southern Levant, enabling the reconstruction of a rich and diverse environmental
setting for this important human dispersal route. Copyright # 2011 John Wiley & Sons, Ltd.
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Introduction

Several important archeological cave-sites dating to the Middle
Paleolithic (MP), or to the lateMiddle Pleistocene – early Upper
Pleistocene, are known in the Southern Levant (e.g. Tabun,
Kebara, Skhul, Qafzeh, Hayonim, Amud and Misliya Caves).
These sites normally contain thick human occupation layers
with large quantities of lithics, anthropogenic features such as
hearths and ash accumulations, and rich faunal assemblages, as
well as early modern human and Neanderthal skeletal remains
(e.g. Garrod and Bate, 1937; McCown and Keith, 1939;
Neuville, 1951; Vandermeersch, 1981; Hovers et al., 1995,
2000; Weinstein-Evron et al., 2003; Bar-Yosef et al., 2005; Bar-
Yosef and Meignen, 2007). Fewer open-air sites are also
known, usually representing much smaller accumulations of
artifacts, animal bones and features left behind by MP humans
(e.g. Rosh Ein Mor: Marks and Freidel, 1977; Far’ah II: Gilead
and Grigson, 1984; Quneitra: Goren-Inbar, 1990; Ein Qashish:
Hovers et al., 2008; Nahal Mahanayeem Outlet: Sharon et al.,
2010).
Most of the above-mentioned sites preserve rich faunal

assemblages composed of large mammals and micromammals.
The macrofaunal remains typically consist of carcasses
acquired, processed and discarded by humans (e.g. Gilead
and Grigson, 1984; Davis et al., 1988; Rabinovich, 1990;
Tchernov, 1992; Rabinovich and Tchernov, 1995; Rabinovich
and Hovers, 2004; Stiner, 2005; Speth and Tchernov, 2007;
Yeshurun et al., 2007). These faunal remains have been used to
infer hunting and subsistence patterns, as well as the
paleoenvironments exploited by humans. Thus, large mam-
mal-based paleoenvironmental reconstructions from the
Levantine Pleistocene are derived from assemblages primarily
formed by human activity, which are essentially human food

debris. The question of hunter prey choice and how it biases the
fidelity of anthropogenic large mammalian assemblages is
always pertinent in such contexts. Additionally, the micro-
mammals found in MP sites have also played a pivotal role in
the paleoenvironmental reconstructions of the MP (e.g.
Tchernov, 1992, 1998).
Here we present the results of a multidisciplinary investi-

gation of Rantis Cave in west–central Israel (Fig. 1). This
recently discovered naturally filled cave yielded a rich faunal
assemblage consisting primarily of micro- and macromammal
remains with only meagre evidence for human occupation.
Rantis Cave therefore allows for the exploration of Mid to Late
Pleistocene paleoenvironments, associated with MP human
activity, from a terrestrial accumulation that is primarily non-
anthropogenic. Our aim is to shed light on the nature and
timing of the faunal accumulation and to present it in the
context of the rich zooarchaeological (anthropogenic) record
from the region. The implications of our results for paleoenvir-
onmental and paleoeconomic reconstructions in the Southern
Levant during the Mid to Late Pleistocene are discussed.

Regional setting

Rantis Cave is located at thewestern slopes of the SamariaHills,
within the western flanks of the Ramallah anticline, at an
elevation of 220m above sea level (map ref. NIG 200470–510/
659240–282) (Fig. 1). The site lies in the Mediterranean
phytogeographic zone of the Southern Levant (Danin, 1988), in
an area of low limestone hills forming the transition from the
coastal plain in the west to the Samaria highlands in the east.
Today the region experiences a Mediterranean climate with
rainy winters and dry summers. Mean annual precipitation is
600mm, potential evaporation is 1600mm and mean annual
temperature is 198C. Precipitation is mostly derived from
western frontal systems, originating in the eastern Mediterra-
nean.
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The site lies in the Bi’na Formation of Turonian age, which is
the uppermost formation of the Judea Group, formed mostly in
the shallow epicontinental southern Tethys Ocean (Sass and
Bein, 1978) during the Late Cretaceous. The cave was formed
within the massive, porous biosparitic limestone of the central
member of the formation (Livnat, 1971). The bedrock dips
gently south-westward. The Bi’na Formation is the richest in
caves within the carbonate rocks of Israel, with over 1000
found in the mountain ridge forming the backbone of the
country (Frumkin and Fischhendler, 2005; Frumkin and
Gvirtzman, 2006; Frumkin et al., 2009).
The Samaria, and in particular the Rantis region, are rich in

isolated chamber caves, whose most common feature is a
single chamber with phreatic morphology (Fischhendler and
Frumkin, 2008). Karstification started during the late Turonian
to early Santonian, when the area became locally uplifted
above sea level. This is demonstrated by paleokarstic dolines
filled with sand and Senonian marine sediments (Livnat, 1971).
The Senonian transgression covered the entire area with chalk,
which was later largely eroded except in some paleo-dolines as
well as structural lows south of Rantis Cave. Regional uplift
during the Mid to Late Cenozoic raised the region above sea
level, promoting further karstification. Since the late Miocene
the cave area has been subaerially exposed, promoting karst
denudation. The Rantis Cave is a karstic isolated chamber,
truncated by the abrasion-denudation terrace, and sub-
sequently filled by sediments. Flowstone speleothems on the
surface of the terrace above the cave indicate complete
destruction of ancient caves during this process. There is no
evidence of an underground stream, and the interfluve location
of the cave indicates that it has not been affected by surface
streams during the Mid–Late Pleistocene.
Several other karstic caves containing Paleolithic sediments

were recently discovered in this area as a result of construction
activities: Qesem Cave displaying a long Acheulo-Yabrudian

sequence (Barkai et al., 2003; Gopher et al., 2005, Stiner et al.,
2009) and the MP Emanuel Cave (Peleg et al., 2010).
Additionally, the cave of Shukbah, excavated by Garrod
(1942) in 1928 where MP and Natufian layers were revealed, is
located just 6 km south-east of Rantis Cave.

Site and excavation

The site was discovered in 2004 as a result of construction
activities. A filled cave chamber, which comprised brown terra
rosa soil with numerous animal bones and sporadic flint
artifacts, was noticed in the section (Fig. 1). The cave is about
12m wide (from north to south) and 5m long (from east to
west), which is small compared with the common size of
chamber caves in the region (ranging from 10 to 50m). The
upper part of the cave underwent surface erosion. The depth
from the present surface to the bottom is about 5m; the eroded
upper part of the cave was originally much higher. On the
upper level, some traces of the cave outline can be seen (Fig. 1).

A salvage excavation was conducted at Rantis Cave on
behalf of the Israel Antiquities Authority in 2005. Six 1-m2

squares were excavated in the upper part of the cave surface
(E-squares) and six squares on the lower part of the section
(A-squares; Fig. 1). The squares were excavated in 10-cm spits
and all the material was dry-sieved (2–5mmmesh). One-fifth of
the excavated sediments was wet-sieved through a 1-mmmesh.

Stratigraphy

The Rantis Cave sequence shows an accumulation of fine-grain
sediments combined with collapse debris of the cave roof and
walls, with deposition of abundant faunal material and a few
flint artifacts along the entire sequence. The cave fill was
divided roughly into four stratigraphic phases, which reflect the
series of events post-dating the opening of the cave ceiling. The

Figure 1. Rantis Cave: location map of the cave and other sites mentioned in the text; Plan of the excavation area by grid. Stratigraphic section and
photograph looking east.
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observed sedimentary sequence within the cave is described
from bottom to top (Fig. 1).

Phase 1

The lowermost part of the deposit (170 cm thick) is composed of
terra rosa soil overlying the limestone bedrock. Within the terra
rosa are thin layers of clays and concretions of manganese,
preserved mainly at the northernmost lower part of the section
(row A), suggesting waterlogged conditions. The sediments are
occasionally cemented, appearing as lumps of breccia. Some
isolated cobbles and boulders were found adjacent to the walls
of the cave, as well as speleothem fragments. Two relatively
well-preserved speleothem fragments were U–Th dated (see
below).

Phase 2

Phase 2 comprises partly brecciated pockets of terra rosa soil
(150 cm thick) containing few flint artifacts and rich in animal
bones, some of which underwent strong fossilization processes
under wet conditions. They were deposited alongside residual
blocks of karstified rocks in the center of the cave consisting of
unsorted limestone boulders and cobbles.

Phase 3

The upper part of the cave section (120 cm thick) consists of
loose terra rosa soil, darker relative to the underlying phases,
with small angular rock fragments and fewer cobbles and
boulders.

Phase 4

The uppermost part of the cave section (ca. 60 cm thick) is
composed of dark gray rendzina that has been washed from the
hillslopes, in part during the last millennia. Sediment samples
from Phases 1, 3 and 4 were dated by optically stimulated
luminescence (OSL; see below).

Dating

We attempted to constrain the age of the Rantis Cave sequence
by three different techniques: paleomagnetism, U–Th and OSL
methods.

Paleomagnetic measurements

Ten samples were taken for paleomagnetic measurements
throughout the sequence. The soft soil material was sampled by
carving a cubic pedestal, with a stainless steel knife, and then
placing a non-magnetic plastic capsule over it. Orientation was
determined with a Brunton compass before the sample was
removed. Remnant magnetization of all samples was measured
with a shielded three-axis superconducting 2G 750 SRM
magnetometer with integrated alternating field coils at the
paleomagnetic laboratory of the Hebrew University of
Jerusalem. The natural remnant magnetization (NRM) was
measured first, and then the specimens were subjected to
stepwise demagnetization by alternating field with increasing
intensity, from 5 to 80mT, in 10-mT steps, which removed 90%

of the NRM intensity. The NRM intensity of all samples is 10�2

A/m, which is four orders of magnitude stronger than the
magnetization of the sample holder. The median destructive
field is between 15 and 20mT and a coercivity spectrum typical
of cubic phase of probably magnetite or maghaemite
composition. All samples show a stable northerly single vector
declination and an upward (positive) moderate inclination as
expected from axial dipole at 328N latitude. The soil sequence
of the Rantis Cave is therefore of normal magnetization and the
age is younger than the Brunhes–Matuyama boundary, namely,
younger than 780 ka (Baski et al., 1992).

U–Th dating

Two detached pieces of flowstone speleothems were found
0.5m above the bottom of the cave, 2m from the southern wall
(Fig. 1). They are composed of laminar calcite, indicative of
deposition by a slow-moving film of water and efficient CO2

degassing across a large surface area (Ford and Williams,
2007). The flowstone was fragmented by erosion processes in
the cave, and redeposited within its detrital fill. The well-
preserved morphology indicates short transportation distance
within the cave. The topmost, youngest layer of each
speleothem (identified by its internal morphology) was U–Th
dated (Table 1a) following the method described by Vaks et al.
(2006, 2007).
Sample R-30 contains a small fraction of detrital thorium

(230Th/232Th¼ 64.9) and its age of 141.2� 1.3 ka is the most
accurate in this series. The second age, 143.3� 3 ka (R-1A)
(without correction), is less accurate due to high detrital
thorium content (230Th/232Th¼ 6.3). Because the two ages
agree within errors, an age of �140 ka can be safely attributed
to this flowstone.

OSL dating

Three sediment samples were collected for OSL dating, from
the base (Phase 1, sample RNS-41), middle (phase 3, sample
RNS-44) and top (phase 4, sample RNS-43) of the section. This
method dates the last exposure of mineral grains to sunlight, i.e.
the time of deposition and burial (Aitken, 1998). In this
carbonate rock terrain, the source of all the quartz is eolian,
brought into the site by dust storms from a great distance, during
which the grains are exposed to the sun and the OSL signal is
reset. Only very fine sand-grade (74–125mm) quartz was found
in the samples, and it was extracted using routine laboratory
procedures (Porat, 2007). Gamma and cosmic dose rates were
measured in the field using a calibrated portable gamma
counter. The beta and alpha dose rates were calculated from
the concentrations of U, Th and K, measured from comp-
lementary sediment samples by ICP-MS. Mean water contents
were estimated at 10� 3%.
The conventional single aliquot regenerative dose protocol

(Murray and Wintle, 2000) was first used to determine the
equivalent dose (De) on 2-mm aliquots. These preliminary
measurements gave a large scatter on theDe values (as much as
55%; Table 1b), probably as a result of complex cave-filling
processes, when sediments that had accumulated at the surface

Table 1a. Dating results of speleothem samples from Rantis Cave

Sample Age (ka) þ2s �2s 238U (ppm) [234U/238U] [230Th/234U] [230Th/232Th]

R-30 141.2 1.3 1.3 2.259 1.0535�0.0014 0.7336� 0.0031 64.89
R-1A 143.3 3.0 2.9 0.817 1.005�0.002 0.7328� 0.0071 6.30
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were transferred into the cave with variable resetting of the OSL
signal.
To isolate grains that could have been fully bleached at the

time of deposition within the cave, single grains were
measured, following the procedures outlined by Porat et al.
(2006). Three-hundred single grains were measured for each
sample, but due to the size of the holes on the measuring discs
(300mm) and the very fine sand-grade quartz, three or four
grains filled each hole. Of the 300 measurements, 120–145
grains from each sample passed the quality assurance criteria
(Table 1c). Most rejections were due to a saturated OSL signal,
whereby laboratory irradiation could not regenerate the natural
signal. The finite mixture model (Galbraith et al., 1999) was
used to separate the grains into age populations.
The single grain OSL measurements accentuated the scatter

found within the conventional multiple grains De measure-
ments, giving a very large range of ages within each sample
(Table 1c). All samples contain a small population of very old
grains with ages in the range 300–500 ka, but also a small
population of young grains (17 to <17 ka), with the uppermost
samples containing grains as young as 4 ka. The finite mixture
model isolated 6–7 age populations within each sample and
Table 1c gives the average, median and main population ages
for each sample. About 36%of the grains in the sample from the
base of the section (RNS-41) have an age range of 102–173 ka,
but younger grains are very common. The most dominant
population in the middle sample (RNS-44), comprising one-
third of all grains, gave an age of 177� 11 ka. The uppermost,
youngest sample (RNS-43) contained very young grains (4–
10 ka), and 18% of the grains are 26.1� 2.8 ka, as expected
from its position only 0.6m below the surface, but also a
substantial population (25%) with an age of 213� 23 ka.
From the single grain results it is thus not possible to

determine the exact timing of cave infill. Even the lowermost
sample contains a few young grains, indicating that some
mixing processes took place in the cave. The very old grains in
all samples attest to a long history of sedimentary processes,
whereby the sediment accumulated at the surface for a long
time, only randomly being exposed to sunlight. At the time of

deposition little or no further exposure took place and probably
sedimentation was rapid.

Summary of dating

The stratigraphic setting of the flowstone indicates that most of
the cave fill (from 0.5m above the cave bottom upwards), as
well as human and animal activities, post-dates �140 ka. Due
to the complex deposition processes, including recent
pedogenesis at the upper layer, the attempted OSL dating
was unable to provide a better chronologic resolution, even
though a significant portion of the sediment grains correspond
to the Th–U chronology.

The lithic assemblage

The lithic assemblage consists of 39 flint artifacts, mostly
unretouched flakes and chips made of gray-green, fine-grained,
high-quality flint. Two oval-shaped, cobble-sized nodules were
found in the excavation and it seems that a flint outcrop was
located nearby, as flint nodules are embedded within the Bi’na
formation (Sneh et al., 1998). Although the sample is small
(Lupu et al., 2009) a detailed attribute analysis was conducted
to define the lithic industry in the context of the Levantine
Paleolithic (methods follow Goren-Inbar, 1990; Hovers, 2009).

The flakes (n¼ 24) vary in size (length 20–61mm, width 17–
52mm). The dorsal scar pattern is mostly simple along axis
(Fig. 2: 4, 6, 8), although centripetal, ridged and bipolar patterns
were also observed (Fig. 2: 2, 3, 7). Striking platforms aremostly
plain (Fig. 2: 2, 3) or, less frequently, faceted (Fig. 2: 4, 5),
cortical and relatively wide (Fig. 2: 8) (width 10–30mm,
thickness 3–18mm). Core trimming elements included one
oval/rounded débordant flake that was a rejuvenation flake of
the Levallois production system (Fig. 2: 4). Only one core with a
single striking platform was found; the preparation on its
débitage surface resembles Levallois cores (Fig. 2: 1). A few
tools (n¼ 7) were retrieved, including notches, retouched
flakes (Fig. 2: 5) and atypical transversal burin (Fig. 2: 7).

None of the artifacts is typologically diagnostic of a particular
industry or period. However, the technological characteristics,

Table 1c. Single grain measurements results.

Sample
No. of
grains

Average all
grains (ka)

Median
age (ka)

Component
1 (age ka)

Component
2 (age ka)

Component
3 (age ka)

Component
4 (age ka)

RNS-41 122/300 154�146 97 38.1� 3.1 (15%) 63.6�4.0 (24%) 102�7 (20%) 173� 11 (16%)
RNS-44 143/300 296�190 137 60.1� 4.2 (14% 104�7 (21%) 177�11 (33%) 298� 18 (20%)
RNS-43 146/300 237�214 79 26.1� 2.8 (18% 51.5�6.0 (19%) 109�12 (17%) 213� 23 (25%)

No. of grains¼number of grains selected for age calculations. Grains were selected if: (1) recycling ratios were within 1� 0.2; (2) IR depletion ratios
were less than 0.8; (3) error onDe was less than 25%; (4) signal to background was>3s; (5) laboratory dosing could reconstruct the natural signal (i.e.
there is no signal saturation); and (6) the dose–response curve grew monotonously. The main components are shown with their respective percentage
of the measured grains.

Table 1b. Luminescence results for conventional single aliquot measurements.

Sample Location
Depth
(m)

Field g

(mGy a�1) K (%)
U

(p.p.m.)
Th

(p.p.m.)
Ext.

a (mGy a�1)
Ext.

b (mGy a�1)
Total dose
(mGy a�1)

No. of
discs

De

(Gy)
Age
(ka)

RNS-41 Base of infill 4.0 575 0.33 3.1 4.7 11 670 1256� 59 6/6 324� 119 258�95
RNS-44 Middle of infill 2.0 758 0.32 7.45 3.6 22 1157 1937� 87 11/14 406� 110 210�57
RNS-43 Top of infill 0.6 794 �20 1129� 1943� 200 8/11 178� 97 92�51

Measurements were carried out on 2-mm aliquots (200–300 grains). No. of discs¼number of aliquots used forDe calculations out of those measured.
As chemical analyses were not available for sample RNS-43, the field-measured gammaþ cosmic dose was used to estimate the beta dose. The ratio
between the beta and gamma dose rates (without the cosmic component) of sample RNS-44 was used to estimate the beta dose rate of RNS-43. The
large error on the dose rate (and hence the age) reflects the uncertainly.
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such as plain or occasionally faceted platforms with a simple
along axis-scar pattern, possibly imply that these flint artifacts
were produced during the MP period, occasionally by the
Levallois technique. The occurrence of one débordant flake
and a presumably Levallois core underlines this observation.

Faunal analysis

Methods

Procedures of the faunal analysis followed Yeshurun et al.
(2007). The bones were cleaned by immersing them in diluted
acetic acid (5%) and subsequent buffering with KOH. When
possible, bone fragments were identified to skeletal element
and taxon (species or size-class) and were used to calculate the
minimum number of elements (MNE; Lyman, 1994). The
detailed identification and recording procedure was designed
to achieve a maximum accuracy of the MNE count (see Marean
et al., 2004). All specimens identified were systematically
examined for bone surface modifications, following the
procedure described in Blumenschine et al. (1996; see
Yeshurun et al. (2007) for a detailed account of the
modifications recorded). As all samples accumulated under
similar conditions and their taxonomic and taphonomic
properties were very similar, the entire faunal assemblage
was grouped together for the purpose of the following analyses.
The micromammal assemblage was collected by wet sieving

of a sample of excavation units. The specimens were analysed
under a stereoscopic microscope up to x60 magnification and
identified to the lowest taxa possible. Recording of taphonomic
variables (digestion, breakage patterns and abrasion) followed
Andrews (1990).

An analysis of teeth mesowear, which measures attrition and
abrasion on selenodont ungulate upper molars, was applied to
suitable Dama mesopotamica teeth following the method
described by Fortelious and Solounias (2000). Comparative
results for modern taxa with known diets classified as browsers,
grazers or mixed feeders were obtained from the literature
(Fortelius and Soloinias, 2000) as well as comparative samples
from fossilDama populations from Pleistocene South Levantine
assemblages (Belmaker, 2008). This method was applied to
assess the relative proportion of graze to browse in deer diet
according to the proportion of graze in their environment
(Hofman, 1989; Bodmer, 1990) and to use it as an additional
paleoenvironmental proxy for the Rantis Cave fauna.

The large mammal fauna

The bone assemblage of Rantis Cave is quite fragmented,
although complete bone elements do occur. No articulated
bones were identified during excavation. Despite our efforts,
many of these fragments remained unidentified. The assem-
blage identified (number of identified specimens; NISP) is
composed of 241 bone and tooth fragments, representing a
minimum number (MNI) of 22 individual animals. The NISP
and MNE values for every element in the fallow deer and
gazelle size classes are presented in Supporting information,
Table S1, and the bones identified to rarer species are detailed
in supporting Table S2.

Species representation and body size classes

Ungulate species (NISP¼ 228, including 130 fragments
identified to size-class) dominate the assemblage, followed
by carnivores (NISP¼ 11) and two hyrax (Procavia sp.)
specimens. The most common species (Table 2) is Mesopo-
tamian fallow deer (Damamesopotamica, 68% of NISP). Other
ungulates represented are mountain gazelle (Gazella gazella,
13%) and, to a lesser extent, aurochs (Bos primigenius), goat
(Capra sp.) and wild boar (Sus scrofa). A similar representation
was also found for specimens that were identified to size-
classes corresponding to the three major ungulate species
(i.e. Gazelle-size, Fallow deer-size and Aurochs-size). Species
representation is similar among stratigraphic phases (Table 2).

Figure 2. Flint artifacts from Rantis Cave.

Table 2. Large-mammal species representation at Rantis Cave.

A Squares E Squares Total assemblage

NISP NISP NISP %NISP MNI

Dama mesopotamica 20 56 76 68 8
Gazella gazella 3 11 14 13 2
Bos primigenius 3 1 4 4 2
Sus scrofa 1 1 2 2 1
Capra sp. 3 3 3 2
Panthera pardus 4 4 4 1
Canis lupus 1 1 2 2 1
Small canid 2 2 2 1
Ursus sp. 1 1 2 2 1
Hyena/Crocuta 1 1 1 1
Procavia sp. 2 2 2 1
Total ID to species 32 80 112 100
Dama-size 24 85 109
Gazella-size 8 10 18
Bos-size 1 1 2
Total ID 65 176 241

Note: All identified elements (NISP), whether identified to species or to
size-class, contributed to the MNE and MNI counts. MNI, minimum
number of individuals, MNE, minimum number of elements.

Copyright � 2011 John Wiley & Sons, Ltd. J. Quaternary Sci., Vol. 26(8) 769–780 (2011)
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The carnivore remains include five species: leopard (Panthera
pardus, NISP¼ 4), wolf (Canis lupus, NISP¼ 2), brown bear
(Ursus arctos, NISP¼ 2), a single undetermined species of
hyena (Hyena/Crocuta) and a small canid, either fox (Vulpes
vulpes) or jackal (Canis aureus) (Table 2; supporting Table S2).
The bear species was identified as Ursus arctos on the basis of
the breadth measurement of a lower M2 (B¼ 13.92mm), using
Stiner et al.’s (1998) measurements for analogous teeth ofUrsus
deningeri and Ursus arctos as reference.

Ungulate mortality profiles

The age structure of the ungulate species was analysed on the
basis of tooth eruption and wear, following Stiner’s (1994,
2005) three-cohort age system (juvenile, prime and old). The
fallow deer dental sample was the largest and the only one with
a satisfactory, albeit small, sample size (n¼ 13). The fallow deer
exhibit a ‘catastrophic’ age profile, meaning that the juvenile
age class is the largest, followed by prime-age adults and to a
lesser extent by old adults (Fig. 3). This mortality profile is
considered to conform closely to a natural age profile of a living
population (Klein and Cruz-Uribe, 1984; Stiner, 1994).

Bone surface modifications

The bone cortical surfaces generally showed reasonable
preservation, enabling us to search for various types of surface
modifications. Human-induced butchery and consumption
marks are nearly absent in the assemblage. Only a single
burned specimen (a gazelle petrous bone) and one cut-marked
specimen (a fallow deer mandible) were noted. None of the
bones bears evidence of hammerstone percussion marks.
Indications of animal modifications were also extremely rare in
the assemblage, as no unambiguous carnivore gnaw marks
were found, despite the systematic microscopic analysis, and
only a single rodent gnaw mark was detected (Table 3).
Most bone surface modifications in the assemblage are the

result of abiotic post-depositional agents (Table 3). Weathering
damage is common (25% of the NISP were graded as stage 3 or
higher, following Behrensmeyer’s (1978) six weathering
stages). This indicates that bones were exposed for a relatively
long time. In addition, root marks appear on about one-third of
the specimens. Lastly, five specimens show striations, caused
either by trampling or by sediment compaction. Abrasion and
rounding of bone edges, as well as bleaching, are infrequent,
indicating that fluvial processes played a relatively minor role
in the formation of the bone assemblages.
The bone surface modification data suggest that neither

humans nor animals played an important role in the formation
and modification of the Rantis Cave assemblage and that the
bones were exposed to the elements and buried slowly.
Similarly, processes such as fluvial transport do not seem to
have modified the bone assemblage furthermore. It should be
noted that little variation was found between the two

excavation areas of the site, except for weathering damage,
which is considerably higher in the A squares (the lower row).

Bone fracture patterns

Analysis of limb-bone fracture patterns followed Villa and
Mahieu (1991) to determine the stage at which the bones were
broken (i.e. fresh-green vs. old-dry). Although this analysis was
based on a small sample of suitable specimens (n¼ 8), it
showed that most of the limb-bone fragmentation occurred
post-depositionally. All but one specimen exhibited dry
fractures resulting from non-nutritive breakage caused by
trampling and/or sediment compaction of bones (Table 3). Most
limb bone shafts in the Rantis Cave assemblage (74%) retained
less than half of their original circumference (following Bunn,
1983), but a considerable portion of limb shafts (24%) still
retained their full circumference (Table 3). This distribution of
circumference types is similar to both anthropogenic and
carnivore-den assemblages that were fully screened and
collected (Marean et al., 2004). Thus, the shaft circumference
data do not yield further information about the accumulation
agents of Rantis Cave, but it does demonstrate that the
assemblage is not biased by collectionmethods and ensures the
reliability of the observed skeletal-element profile (see below).

Figure 3. Mortality profile of Mesopotamian fallow deer in Rantis
Cave, according to two possible dentition sequences (dP4-M3 and dP4-
P4). NISP, number of identified specimens.

Table 3. Bone surface modification and fragmentation data from
Rantis Cave.

Gazelle size Fallow deer size Total�

NISP 32 185 217

Burned
n 1 0 1
% 3 0 0

Green (V-shaped/spiral) fractures
n 0 1 1
of 1 7 8
% 0 14 13

Shaft circumference (mm)
<50 1 27 28
>50 0 1 1
100 4 5 9

Weathering (� stage 3)
n 6 32 38
of 25 132 157
% 24 24 25

Cutmark
n 0 1 1
% 0 1 1

Gnaw-mark (carnivore)
n 0 0 0
% 0 0 0

Gnaw-mark (rodent)
n 0 1 1
% 0 1 1

Root-mark
n 10 44 54
% 40 33 35

Trampling striation
n 0 5 5
% 0 4 3

Bleach
n 1 3 4
% 4 2 3

Abrasion
n 0 2 2
% 0 2 1

NISP, number of identified specimens. �Bones identified to species and
size-class combined.

Copyright � 2011 John Wiley & Sons, Ltd. J. Quaternary Sci., Vol. 26(8) 769–780 (2011)

774 JOURNAL OF QUATERNARY SCIENCE



Comparison of bone fragment lengths between the two
excavation areas showed them to be similar (Student’s t-test,
t¼ 0.58, P¼ 0.56), supporting the notion that bones in the two
areas shared a similar taphonomic history.

Skeletal element frequencies

The skeletal element profile of fallow deer, the most abundant
taxon at Rantis Cave, is heavily dominated by head parts,
especially jaws, isolated teeth and the petrous bone (Fig. 4;
bones identified to species and to size-class combined). This is
also true for the small sample of gazelle bones (supporting
Table S1). Limb bones, which are well represented in many of
the MP sites of the Levant, are clearly under-represented at the
cave assemblage, as are axial elements and toes. It is interesting
to note that limb-bones with attached epiphysis outnumber
shafts that lack an epiphysis (supporting Table S1), an
uncommon characteristic among Pleistocene archaofaunas
(Pickering et al., 2003; cf. Yeshurun et al., 2007: their Fig. 4).
It has been widely demonstrated that the survival of a skeletal

element (i.e. its endurance to destruction agents) is mediated by
its mineral density (Lyman, 1994). The relationship between the
skeletal element survivorship of fallow deer (percentage of
Minimum Animal Unit, %MAU) at Rantis Cave and bone
mineral density (BMD1,2 values for Rangifer tarandus; Lam
et al., 1999) shows a significant correlation (at the 0.1 level)
between the two factors, which could account partially for the
skeletal-element profile (Spearman’s r¼ 0.26, P¼ 0.07;
Fig. 5a). The fact that many intact jaws rather than isolated
teeth, as well as some relatively weak elements such as limb
epiphyses, ribs and vertebrae, are found in the assemblage may
hint at rather moderate density-mediated destruction processes
at the site. This could imply that the abundance of heads is not
merely a taphonomic bias. The relationship between fallow
deer skeletal element survivorship (%MAU; high-survival
elements only) at Rantis Cave and its food utility index (FUI:
Metcalfe and Jones, 1988) shows no correlation (r¼�0.52,
P¼ 0.19; Fig. 5b), indicating that meat-rich carcass parts were
not selectively transported to the cave.

Micromammal remains

Microvertebrate remains derived from the site included
numerous mammalia (a preliminary study of which will be
presented below), amphibia, probably Bufo and Rana, as well
as a large quantity of passerines and a few reptiles. Eight
thousand fragments were retrieved from both area A and area E,
of which ca. 10% were teeth identifiable to species. The list of
species byMNI andNISP retrieved from the cave is presented in
Table 4.

A detailed taphonomic account of the depositional history of
the micromammal assemblage will be presented elsewhere.
Here we note that the overall taphonomic imprints of both areas
(A and E) are similar and suggest deposition by a raptor such as
the barn owl (Tyto alba). There is low-level digestion on the
salient edges of the microtine teeth (Andrews, 1990). However,
post-depositional processes such as trampling and sediment
compaction within the cave led to a highly fragmented
assemblage, and thus there are no skulls and maxillae and
very few limb elements with epiphyses were preserved.
Moreover, mandibles lack rami and incisors, although molars
are not loose. A growth of calcium carbonate crystals within
the cavities of the micromammal bones (both teeth and post
crania) points to chemical processes after the deposition of the
bones.
The assemblages from the two excavated areas are very

similar, as is the case based on the results of the lithic and large
fauna analyses, which showed homogeneity throughout the
site. In both areas, the overwhelming majority of the micro-
mammal remains in the assemblage belong to the social vole
Microtus guenetheri which accounts for ca. 85% of the
assemblage. Other species, each accounting for up to 3% of
the NISP and 10% of the MNI, include the house mouse (Mus
macedonicus), Tristram’s jird (Meriones tristrami), broad-tooth
woodmouse Apodemus sylvaticus, Syrian squirrel (Sciurus
anomalus) and shrew Crocidura spp.
Themicromammal community of Rantis Cave is depauperate

compared with other Mid–Late Pleistocene sites. Specifically,
several Palearctic taxa which are common in the Galilee and
Carmel sites such as Hayonim, Kebara and Amud Caves
(Belmaker, in press) are absent or appear in very low
abundances in the Rantis Cave micromammal communities.
These include the hamsters (Cricetids) and the mouse-tailed
dormouse (Myomimus roachi), which are absent, or several
species of Apodemus, which are either absent or appear rarely
in Rantis. However, Rantis Cave also lacks species indicative of
an arid environment, such as the large shrew Suncus murinus,
gerbils (Gerbillus dasyrurus) and the Arabianmurids (Mastomys
batei and Arvicanthis ectos). Their absence from Rantis Cave
indicates that it was not situated in a semi-arid zone [as

Figure 4. Skeletal-element frequency of the fallow deer at Rantis Cave
(including elements identified to the fallow deer size class). Bone
survivorship is demonstrated within eight anatomical zones (data from
supporting Table S1; anatomical zones follow Stiner, 2002). MAU,
Minimum Animal Unit.

Figure 5. Relationship between fallow deer skeletal element survivor-
ship (%MAU) at Rantis Cave and (a) bone mineral density (BMD1,2

values for Rangifer tarandus; Lam et al., 1999); and (b) food utility index
(Metcalfe and Jones, 1988).
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suggested for MIS 5 of Qafzeh (Tchernov, 1998)] but within the
Mediterranean zone, albeit a more xeric one.

Mesowear analysis

The small fallow deer assemblage from Rantis Cave provided
only nine complete upper molars amenable to mesowear
analysis. Nonetheless, they provide valuable information
regarding the paleoecology of the site. This sample consists
of 100% high paracones, 66% sharps, 33.3% round and 0%
blunt. To determine which diet conforms most to the Rantis
Cave fallow deer mesowear results, a cluster analysis using
standardized Euclidean amalgamation method was preformed.
A dendrogram is presented in Fig. 6. Two main clusters can be
observed. The first includes taxa that are classified as grazers
and as mixed feeders. The second includes browsers and mixed
feeders. Modern fallow deer and most Levantine Pleistocene
sites in the Galilee area (Tabun E, Kebara) are situated within
this cluster and confirm modern observations that fallow deer
are browsers. However, the Rantis Cave fallow deer population
is situated within the cluster of grazers–mixed feeders.
Although the Rantis Cave Dama included browse in their diet,
it also had a high proportion of graze. This would suggest that
the habitat around Rantis Cave was more open and xeric in
comparison with the more northern regions.

Discussion

Rantis Cave is a unique Pleistocene site in the Southern Levant,
containing a rich faunal assemblage along with meager
evidence for human occupation. The scanty anthropogenic
evidence – a small lithic assemblage – hints at an occupation
dated to the MP. The radiometric dates (U–Th) close to the
bottom of the cave suggest that most deposition occurred after
ca. 140 ka, culturally the late half of the MP. Sediments that
accumulated on the surface over long periods prior to the cave
opening were transferred into the cave pit by colluvial and
gravitational mass movement, a process reflected in the OSL
measurements.

The large-mammal assemblage of Rantis Cave is dominated
by fallow deer and to a lesser extent by gazelle and other
ungulates. It also includes very low frequencies of five different
species of carnivores. The association between the ungulate
remains, the carnivores and the few flint artifacts in the cave is
not straightforward. The ungulate remains (mainly fallow deer)
were probably not accumulated by humans (either hunters or
scavengers), as they almost entirely lack signs of human
butchery and consumption, in stark opposition to most other
MP cave sites in the Levant (e.g. Rabinovich and Hovers, 2004;
Stiner, 2005; Speth and Tchernov, 2007; Yeshurun et al., 2007)
or to the nearby late Lower Paleolithic Qesem Cave (Stiner

Figure 6. Dendogram showing the results of
mesowear cluster analysis for Rantis Cave
fallow deer and other fossil and recent collec-
tions. ‘B’, browser; ‘G’, grazer; ‘M’, mixed
feeder.

Table 4. Composition of a studied sample of micromammal remains from Rantis Cave.

Habitat

NISP (%NISP) MNI (%)

A E A E

Microtus guentheri Grassland 1003 (96.7) 578 (93.1) 80 (89.88) 96 (84.95)
Mus macedonicus Ubiquitous 9 (0.86) 24 (3.86) 4 (4.49) 12 (10.61)
Meriones tristrami Grassland 21 (2.02) 13 (2.01) 2 (2.24) 1 (0.88)
Apodemus cf. mastyacinus Woodland 1 (0.09) 4 (0.64) 1 (1.12) 2 (1.76)
Crocidura spp. Ubiquitous 2 (0.2) 1 (0.16) 1 (1.12) 1 (0.88)
Spalax ehernbergi Open habitats 1 (0.09) 0 (0) 1 (1.12) 0 (0)
Sciurus anomalus Woodland 0 (0) 1 (0.16) 0 (0) 1 (0.88)
Total NISP 1037 621 89 113
Total fragments ca. 11000 ca. 7000

NISP, number of identified specimens; %NISP, percentage NISP.
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et al., 2009). The juvenile-biased age distribution is unusual for
a human hunting assemblage in this period (Stiner, 1994;
Steele, 2005). Additionally, the head-dominated skeletal-
element profile at the site is rare in faunas that were discarded
by humans and have been fully analysed (Marean and Kim,
1998; Pickering et al., 2003). It is notable that signs of fire are
extremely rare in the site, again contrasting with other MP or
Lower Paleolithic cave sites in the region (e.g. Karkanas et al.,
2007; Stiner et al., 2011). Carnivores are not very abundant in
the cave, carnivore-gnawed bones are absent and ungulate
limb-bones with attached epiphysis outnumber shafts that lack
an epiphysis – a pattern opposite to that expected in carnivore-
ravaged assemblages (e.g. Marean and Spencer, 1991). Modern
carnivore (hyena) dens in the region usually display some
remains of large-carnivore pups, as well as small carnivore
remains that served as prey to the larger carnivores, and many
gnawed bones of a variety of taxa (e.g. Horwitz and Smith,
1988; Kuhn, 2005; see also Pickering, 2002; Rabinovich et al.,
2004; Kuhn et al., 2010). However, this is not the situation at
Rantis Cave. Thus, it appears that carnivores did not have an
important effect on the ungulate assemblage and their visits to
the site were sporadic and ephemeral.
Given the low anthropogenic impact at the site and on the

faunal remains, the fact that the carnivore remains are few and
scattered, the lack of signs for carnivore consumption and the
‘catastrophic’ age profile of the fallow deer, we suggest that the
large mammal remains of Rantis Cave accumulated as a result
of natural deaths either in the cave or in its immediate vicinity.
Such ‘natural death’ sites are known globally, created either
because of the existence of a pitfall trap or a by a catastrophic
event (e.g. Shield Trap Cave: Oliver, 1989; Untermassfeld:
Kahlke and Gaudzinski, 2005) but they are very rare in the
Pleistocene of the Southern Levant (a notable exception is
Bear’s Cave in the Upper Galilee region of Israel: Tchernov and
Tsoukala, 1997; see also Bunimovitz and Barkai, 1996).
Humans and carnivores were intermittently attracted to the site,
perhaps exploiting the dead ungulates (see below).
The taphonomic analysis and the geological investigations

allow us to reconstruct the depositional history of Rantis Cave.
A long period of karstification took place, first under the
regional water table and then within the unsaturated zone. At
this stage speleothems were actively growing under the roofed,
wet cave conditions. The lowermost layers of clays and
concretions of manganese, containing few faunal remains,
could have been deposited at the bottom of the cave while it
still had a roof or when a small opening in the roof just started to
form. As a result of karst denudation the cave roof was widely
opened and a doline-like structurewas formed. An annual pond
could have developed on the floor of the cave. At this stage
animal carcasses started to accumulate inside. At the next stage
more lateral parts of the doline collapsed, leaving residual
blocks of karstified rocks in the center of the cave. Following
the collapse, natural deaths of ungulates together with activity
of predators and birds of prey occurred. Intense activity of
nocturnal raptors in the immediate vicinity of the cave is
evident by numerous micromammal remains. The single
butchered bone specimen and several fresh flint artifacts
indicate that short-term visits of humans to the cave area
occurred at this stage, probably to exploit faunal resources
(ungulate carcasses). This process continued until the upper
part of the cave was sealed with dark gray rendzina that was
washed from the hill slopes. At present, several chamber-
shaped caves that probably went through the same processes
are found in the vicinity of Rantis Cave; some were used as
water holes in later periods (Fig. 7).
Several processes could explain the natural deaths of large

mammals in Rantis Cave. The interfluve location indicates that

it has not been significantly affected by surface streams, so
animal remains could hardly be washed into the cave. This is
supported by the fresh, unabraded condition of the artifacts and
bones. However, some water probably accumulated within the
doline. Animals must have been attracted to water, and could
then be trapped in the sinkhole, with the vertical and
overhanging walls offering no escape route. The probable
standing water and the geometry of the sinkhole probably ruled
out occupation by non-flying animals and by humans. Thus, we
suggest that Rantis Cave acted as a natural pitfall that trapped
the animals inhabiting the landscape.
The Mesopotamian fallow deer, the dominant large mammal

at the cave, has been considered to represent woodland
environment since the first paleoenvironmental reconstructions
of the Levant (Bate, 1937; see also Garrard, 1982; Mendelssohn
and Yom-Tov, 1999). It is very common in other Levantine
Pleistocene faunas (e.g. Davis, 1977; Tchernov, 1992), but at
present it is extremely rare in the wild (Chapman and Chapman,
1997). The ongoing reintroduction of this species to Israel
(Saltz, 1998) has provided some new data on its ecology and
behavior. Observations on the reintroduced herd showed that
the animals prefer a moderate terrain and dense Mediterranean
woodland rather than scrubland or open pastures (although the
latter is also important for feeding). Interestingly, one fawn was
found dead in a water hole into which it presumably fell (Bar-
David et al., 2005a, b). These data support the notion that the
abundance of fallow deer remains at Rantis Cave signals a
woodland environment and may support our notion as to the
possibility of the cave acting as a pitfall.
The probable existence of a naturally accumulated large-

mammal assemblage at Rantis Cave indicates that the
macrofaunal remains may be used for paleoenvironmental
inferences, independently of human prey choices. The
prevalence of Dama mesopotamica would point to dense
oak woodland environment on the western flanks of the
Samaria hills during Marine Isotope Stage (MIS) 6a and later.
However, a preliminary multivariate analysis with the micro-
mammal remains and the mesowear data suggests a more
complex picture.
The micromammals of the cave were deposited as a result of

predation by owls. The assemblage is highly dominated by the
social vole, which inhabits open fields, seemingly in contrast to
the abundance of fallow deer which inhabit dense woodlands.
The high proportions of microtines may be due to taphonomic
bias caused by barn owl predation (Yom-Tov and Wool, 1997;
Torre et al., 2004; Reed, 2005). Yet even when microtines are

Figure 7. A modern water hole in the vicinity of the cave – a possible
reconstruction for the Rantis Cave pitfall.
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excluded from the analysis, the non-microtine taxonomic
composition of Rantis Cave includes fewer woodland taxa than
most sites in the Mediterranean zone of northern Israel, such as
Hayonim E, Kebara F and Tabun C, and is thus suggestive of a
more xeric environment. Nonetheless, it is worth noting that
both the broad-tooth wood mouse and the Syrian squirrel are
present, albeit in low numbers, suggesting that some woodland
was present in the region. The mesowear analysis suggests a
fallow deer diet which is higher in graze relative to both
modern populations and other MP fossil populations, support-
ing the reconstruction of amore xeric environment as suggested
by the micromammal analysis. Taken together, the analyses of
the Rantis Cave fauna suggest that the cave was situated in the
xeric Mediterranean region and included sparser woodlands
compared with the Mount Carmel and Galilee regions further
north.
The MP of the Levant, occupying MIS7 to the beginning of

MIS3 (ca. 240–50 ka), is usually manifested by densely
occupied cave sites preserving huge amounts of cultural
remains, or by smaller open-air sites that also document human
habitation events. Rantis Cave shows only meager evidence for
human presence, in the form of a few lithic artifacts and one
butchered bone. The cave was probably an opportunistic
station in the foraging area of MP human groups, for consuming
fresh ungulate carcasses deposited in the chamber, but was not
used for human habitation. It is possible that most of the similar
sites exploited sporadically by MP human groups have low
archeological visibility, if they survived at all; Rantis Cave
therefore offers a unique (albeit meager) testimony to the
activities undertaken by MP humans outside of their repeatedly
occupied habitation sites.
In contrast to most other MP sites in the region, the large-

mammal assemblage of Rantis Cave is largely unbiased by
human predation. Nonetheless, it shows remarkable similarity
in the presence of mammal species with the human-predated
assemblages found at other MP sites, comprising primarily
Dama, Gazella, Bos, Sus and Capra. These results support the
notion that MP human foragers mostly hunted the ungulate taxa
that were present in the landscape (see Bar-Yosef, 2004) so that
human prey choices largely reflected taxa availability.
However, Rantis Cave displays a higher percentage of fallow
deer than most MP faunal assemblages in the Mediterranean
Southern Levant, where the frequencies of mountain gazelles
are significant (e.g. Davis, 1977; Garrard, 1982; Rabinovich
and Hovers, 2004; Stiner, 2005; Speth and Tchernov, 2007;
Yeshurun et al., 2007). This may indicate a hunting preference
for gazelles in some of the contemporaneous sites, continuing
into later periods (e.g. Davis et al., 1988; Rabinovich, 2003;
Bar-Oz, 2004; Yeshurun, 2010).

Summary and conclusions

The recently discovered Rantis Cave displays an accumulation
culturally within the late half of the MP. Taphonomic and
geological analyses point to a natural pitfall trap with little
human or carnivore activity. Large faunal remains are
dominated by fallow deer while micromammal remains are
dominated by the social vole. The paleoecological reconstruc-
tion largely indicates a xericMediterranean environment on the
eastern margin of the Southern Levantine coastal plain. Our
faunal-based reconstruction indicates a rich and diverse
environmental setting for this important human dispersal route
(Frumkin et al., 2011). The ungulate and carnivore taxa present
in this natural accumulation are the same as known from
contemporaneous anthropogenic sites, but the abundance of
fallow deer at Rantis Cave is higher than at most anthropogenic
sites. This indicates that MP humans hunted the game available

in their vicinity, but with some prey-choice patterns that are
possibly reflected in the faunas preserved in their habitation
sites. Overall, the unique accumulation scenario for Rantis
Cave provides a rare comparison with the anthropogenic MP
sites in the Mediterranean zone of the Levant and allows us to
evaluate hypotheses regarding faunal-based paleoecological
reconstructions and hunter choice in this period.
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assemblage.
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