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Abstract. This article focuses on a recently excavated stone and wood-built water well (Well no. 13) from the submerged Pottery
Neolithic site (Wadi Rabah culture) of Kfar Samir on the Carmel coast, Israel. This feature is considered within the context of
previous research on the site and other submerged sites in the same area, incorporating new data on botanical remains and
radiometric dates from Kfar Samir. Taken together, the new and previous investigations of the site shed light on the lifestyle of
Pottery Neolithic coastal populations in the Southern Levant, especially those relating to management of water resources, olive
oil production and the evolution of Mediterranean food ways. This research further informs us on the palaeoenvironment of the
Carmel coast and sea level changes.

Résumé. Le présent article porte sur un puits construit en pierre et en bois (puits n° 13) récemment fouillé sur le site subaquatique
du Néolithique céramique (culture de Wadi Rabah) de Kfar Samir situé prés de la cote du Carmel en Israél. Cette structure est
considérée dans le contexte des recherches précédemment réalisées sur le site tout comme sur d’autres sites submergés dans la
méme région, tout en intégrant de nouvelles données sur les restes archéobotaniques et les datations radiométriques obtenues a
Kfar Samir. Dans l’ensemble, les nouvelles et les précédentes enquétes menées sur le site apportent un éclairage sur le mode de vie
des populations cotieres du Néolithique céramique dans le Levant Sud, en particulier en ce qui concerne la gestion des ressources
aquatiques, la production d’huile d’olive et I’évolution du régime alimentaire méditerranéen. Ces recherches nous renseignent

également sur le paléo-environnement de la cote du Carmel et les changements du niveau de la mer.
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Underwater archaeologists have long recognised the
intrinsic potential of submerged prehistoric sites and their
remains (e.g., Bailey and Flemming 2008; Gusick and Faught
2011; Flemming 2014; Evans et al. 2014; Galili 2016 and refer-
ences therein; Benjamin ef al. 2017). Along the Mediterranean
coast of Israel, the first discoveries of such sites took place
during the 1960s (Ronen 1965; Wreschner 1977; Raban 1983).
Since the 1980s eleven Neolithic sites that were inundated by
the post-glacial sea-level rise have been found on the seabed
off the Carmel coast (fig. 1B). Their exposure is caused by
changes in the patterns of seabed sedimentation and erosion
rates in recent centuries due to modern human activity and

natural processes, most notably winter storms. These factors
have resulted in the removal of mobile sediments (mainly
sands), thereby exposing the underlying, in situ and relatively
compact, palaeosol deposits containing the prehistoric remains
(Galili and Weinstein-Evron 1985).

Researchers have developed multi-disciplinary methods
for identifying, excavating and documenting these sites (Galili
et al. 1993, 2015; Galili and Rosen 2011a, 2011b). Ongoing
studies have shown that the deeper and more westerly a
submerged site is located, the older it is. Thus, the oldest site,
Atlit-Yam dating to the Pre-Pottery Neolithic C period (PPNC),
ca. 9200-8500 cal. BP, lies 200-400 m offshore at 8-12 m
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below present sea level. Ten more recent late Pottery
Neolithic (PN) sites, ca. 8000-6500 years cal. BP, lie in
shallower water, at depths of 0-6 m, and only 1-200 m offshore
(Galili et al. 1988; Galili and Shick 1990; Galili and Sharvit
1994-1995; Galili et al. 2007, 2017a, 2017b).

Inspired by a renewed interest in continental shelf archae-
ology (e.g., Bailey and Flemming 2008; Benjamin et al. 2011),
and international cooperation with the SPLASHCOS network
(Bailey et al. 2012), a short program to train early career
researchers on practical aspects in submerged prehistoric
archaeology was held in Israel in 2011. This was followed by the
2014 excavation at Kfar Samir, funded by the Honor Frost foun-
dation (Galili 2013; Galili et al. 2017a, 2017b).

This article presents new archaeological, archaeobotanical
and radiometric data resulting from the 2014 field campaign
and summarises the previous finds from this site. The findings
are discussed within the context of their overall contribution to
our understanding of the lifestyle of Late Neolithic populations
on the Levantine coast, with special reference to the develop-
ment of water wells, the emergence of olive-oil production in
the region and the emergence of the Mediterranean diet.
Implications for the paleoenvironment of the region, especially
changes in sea-level, are also discussed.

THE KFAR SAMIR SITE

The PN site of Kfar Samir is located in the area between the
modern shore and some 200 m seaward, at depths ranging from
the current shore down to 6 m below present sea level (fig. 1C;
Galili et al. 1989; Galili and Schick 1990; Galili and Sharvit
1994-1995; Galili et al. 2007). In its hinterland lies Mount
Carmel, noted for its Middle and Late Pleistocene cave sites as
well as open air Holocene (Neolithic and Chalcolithic)
settlements (Olami 1984; Weinstein-Evron 2015). The prehistoric
remains of Kfar Samir are scattered along a 1200 m strip on the
seabed, parallel to the coastline. Previous investigations at the
site revealed sections of paved stone surfaces and installations
dug into the clay, including water wells, but no stone-built
dwellings. Typical PN flint artefacts have been recovered (axes,
burins, chopping tools and other flake tools), as well as several
reused and patinated Middle Palaeolithic implements in
secondary contexts. Large (up to 80 cm) stone artefacts include
oval and round basins made of Kurkar (a local calcareous
cemented sand stone of aeolian origin), and several basalt
chalices, all characteristic of the PN, as described by A. Gopher
and R. Gophna (1993). Faunal remains are scarce and comprise
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Fig. 1 - Location map: A. Eastern Mediterranean and Levant coast;
B. Submerged settlements off the Northern Carmel coast; C. Kfar
Samir site (maps: E. Galili).

seven bones of mallard duck (Anas platyrynchos) and an
unidentified mammalian bone fragment (Galili and Weinstein-
Evron 1985: 40; Horwitz et al. 2002). Unique features of the site
are the preserved wooden and woven objects, as well as non-
charred macro-botanical remains, items that are generally absent
in terrestrial Neolithic sites in the region.

Given the large extent of Kfar Samir, it was divided into
three sub-areas to manage the site and its excavations: northern,
central and southern (fig. 1C), although the finds recovered
from the different areas resemble each other.

The central sector: his part of the site (ca. 400 m long and
200 m wide), was the focus of the 2014 field season. It lies at
34° 57" 8.65" E, 32° 47' 6.72" N (fig. 1C), 0-200 m from the
water line and at a depth of 0-5.9 m. Previously documented
architectural remains include floors paved with unworked
local stones (8-10 cm in diameter) that were partially embedded
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Fig. 2 — A. Container, maybe for pressing olives, made of braided twigs (courtesy of the Israel Antiquities Authority);
B. Modern example of a container used for pressing olives (photo: E. Galili).

in the clay seabed, floors constructed of flat stone slabs,
hearths (ca. 0.5 m in diameter), pits dug into the clayey seabed
and three stone and wood-built water wells (fig. 1C: a). One pit
was paved with stones at its bottom and contained thousands
of crushed olive stones and traces of pulp, interpreted as olive
oil extraction waste (fig. 1C: b; Galili ef al. 1997). A second pit
(diameter 0.9 m, depth 0.55 m) was exposed at a depth of
2.3 m and contained braided pieces of thin branches (diame-
ters 3-5 mm) from a basket (fig. 2). It may have served as a
container for pressing olives for their oil (locally termed agal).
At a depth of 1.5 m, in an unlined pit dug into the upper clay
level, a fragment of a mat, 70 x 160 mm in dimension, was
found and was dated by "“C to 7568-7027 cal. BP (RT 855,
table 1). It was made of bundles of unidentified material, per-
haps rushes or straw. From a technological point of view, it
was assigned to the “coiled basketry with intricate stitch” type
(Galili and Schick 1990). At a depth of 0.5 m and 15 m from
the shoreline, a fragment of a wooden bowl with a vertically
placed, elongated and pierced handle was found on a stone
paving (Galili et al. 2007).

The southern sector is located at 34° 57' 8.6" E, 32° 47'
6.72" N (fig. 1C). In the central part of this sector, a large
(1.5 x 2 m) and dense concentration of olive pits and pulp
was exposed. A notable find was a complete, wooden bowl
discovered in a pit ca. 300 m south of Kfar Samir central
sector (fig. 1C: ¢). It is made of Ceratonia siliqua (carob tree
or St John’s bread) and dated to 8115-7949 cal. BP (RT 1360,

table 1; Galili and Schick 1990). Fragmented straw, perhaps
remains of a mat or a basket and a two-pointed fork made of
wood (0.6 m long) were found next to it.

The northern sector is located at 34° 57' 17.99" E, 32° 47'
35.59" N (fig. 1C). Four upright stone slabs (1.3 x 0.9 x 0.5 m)
and some tilted ones were found at a depth of 1.5-2.5 m, some
30-60 m offshore. The lower part of the slabs was partly
inserted into the clayey bottom. They do not appear to represent
the walls of a dwelling, but may have served as ritual features
or a marker for burials or other locations of importance.

WATER WELLS AND THE NEWLY
EXCAVATED WELL NO. 13

In the central sector of Kfar Samir three water wells,
constructed of alternating layers of wooden branches and
stones, were previously investigated (Galili and Weinstein-
Evron 1985; Galili et al. 1997). The installations were
arranged in a line parallel to the coastline, some 180 m off
shore at a depth of 5.9 m below present sea level. The dis-
tances between them are ca. 20 m. Excavation of the southern
well (no. 3) begun during the 1980s but only to a depth of
2 m, and the bottom was not reached. It had a rectangular
opening (1 x 0.8 m), which widens with depth to become
more circular in plan. In its upper section (from the sea

Paléorient, vol. 44.2, p. 113-132 © CNRS EDITIONS 2018



116 E. GALILI, D. CVIKEL, J. BENJAMIN, D. LANGGUT, J. MCCARTHY, M. CAVANAGH, Y. SAPIR, M. WEINSTEIN-EVRON, S. CHAIM, B. RosEN and L. KoLskA HOrRwITZ

Table 1 - “C datings from Kfar Samir site. RT: Weitzman Institute, Israel (Segal and Carmi 1996; E. Boaretto pers. com.
unpublished report 2005); PITT: Pittsburgh, USA; PTA: Pretoria (South Africa), Beta: Beta Analytic Inc. (Miami, Florida).
Calibration according to OxCal v 4.3.2 (Stuiver and Reimer 1993; Ramsey 2009 and 2017; Reimer et al. 2013). Provenance
refers to the sector of the site shown on the site plan and the archaeological feature number.

Lab Reference “C Age BP 20 R:;:;b{;:g,/'sgceal. BP Material Provenance
Beta 82851 5860+140 7146-6323 Wood Central, Well 13
RT 682B 6470+130 7613-7030 Wood Central, Well 5
RT 682A 6670+160 7786-7320 Wood Central, Well 3
PTA 3820 6830+80 7844-7520 Wood Central, Well 5
PTA 3821 6830+160 7964-7431 Wood Central, Well 3
Beta 82850 6940+60 7930-7667 Wood Central, Pit 10
Beta 82845 6080+70 7162-6783 Olive pit Central, 6
Beta 82846 6210+150 7424-6751 Olive pit Central, 6
Beta 82847 6210+80 7288-6897 Olive pit Central, 6
Beta 82848 6230+80 7310-6930 Olive pit Central, 6
Beta 82715 6500+70 7560-7273 Olive pit Central, 6
RT 1898 5790455 6729-6466 Olive pit Central, 6
RT 1930 5870+70 6877-6497 Olive pit Central, 6
Beta 82843 6100+60 7162-6793 Olive pit Central, 7
Beta 82844 6290160 7413-7128 Olive pit Central, 7
RT 1929A 5630+55 6531-6299 Olive pit Central, 7
RT 1929 5870+70 6877-6497 Olive pit Central, 7
Beta 82849 6350190 7434-7019 Wood Central, 8
RT 855 6420120 7568-7027 Mat fragment Central, 8
RT 1360 7230480 8275-7872 Wooden bowl South
Beta 433765 6890430 7791-7667 Wood Central, Well 13

bottom to a depth of 1 m) it is constructed of alternating
layers of wooden branches and stone pebbles. In its lower
section (from 1 m below the sea bottom to 2 m), a single layer
of stones was laid between two layers of wooden branches.
The well fill consisted of soft clay, small stones, few pot
sherds (one with an incised design), flint flakes, bird bones
(noted above), olive pits and probable straw remains.

Well no. 13, the central of the three above-mentioned
wells (fig. 1C: a), was excavated in October 2014 by the
University of Haifa and the Flinders University, as part of an
international collaboration. A total of 68 dives were carried
out at the site involving 25 participants. The well is located at
a depth of 5.9 m below present sea level. It had been exposed
and identified during previous winter storms, however by the
time of the 2014 excavation, approximately two meters of
sand had settled on top of the in-situ deposits. This required
the removal of approximately 50 cubic meters of sand to
expose the top of the well. The 1.5 x 1.5 m surface of the

exposed well was recorded (fig. 3A) using drawing and
photography for photogrammetry, allowing the creation of
three-dimensional model and plan of the feature (fig. 3B, and
see McCarthy and Benjamin 2014).

Excavation revealed that the rectangular structure was
constructed of alternating layers of branches and stones,
similarly to the previously excavated Well no. 3. The
uppermost rectangular well frame was built of wooden
branches (5-15 cm in diameter) and lying stones. The exposed
north-eastern section of the well fill (0.5 x 0.5 x 0.1 m) was
excavated manually and the excavated deposit (25 litres) was
removed for sieving. The material contained soft clay, lying
stones (3-8 cm) and broken wooden branches. These were
probably the remains of the top of the well and upper lining,
that had collapsed. Core samples were taken from the
undisturbed fill inside the well and from the compacted
deposits outside the structure, for palynological and other
sedimentological analyses (fig. 4).
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Fig. 3- A. Divers drawing and measuring Well no. 13, central sector of Kfar Samir (photo: 1. Grinberg); B. The excavated

Well no. 13: right: plan and location of core samples and test excavation (E. Galili), left: general view, scale is 9 cm
(photo: J. McCarthy).
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Fig. 4 — Kfar Samir: Core sampling of sediments for pollen analysis in Well no 13 and outside it (photo: J. Benjamin).

RADIOCARBON DATING

Wood samples from Well no. 3 were previously “C dated
and the ages range from 8115 to 6317 cal. BP (RT 1360, 1929,
table 1; Galili er al. 2017b). Following the 2014 excavation, an
additional wood sample from Well no. 13, identified as ever-
green oak (Quercus calliprinos), was dated using AMS radio-
carbon dating at the BETA Analytic Laboratory (table I,
BETA-433765) and yielded an age of 7791-7667 years BP. These
dates place the excavated well with certainty within the PN
Wadi Rabah phase and establishes the Kfar Samir water wells
as some of the oldest, wooden-built structures in the world.

BOTANICAL REMAINS

The fill of Well no. 13 contained large pieces of waterlogged
wood (fig. 5), as well as micro-botanical remains retrieved by
sieving the fill, using a 0.5 mm mesh. This yielded several types

of botanical remains including small pieces of waterlogged
wood, herbaceous remains (which were not previously recorded
at the site), and a single olive pit (Olea europaea; fig. 6).

HAND-COLLECTED WOOD REMAINS

Four large (up to ca. 15 cm long and 5 cm thick) and
26 smaller pieces of wood were found in the well (fig. 5).
Though the wood was preserved by the marine environment, its
anatomical structures had deteriorated becoming soft and dis-
torted because of water-logging. This made specific identifica-
tion difficult, though much of this was overcome through
careful analysis aided by a Scanning Electron Microscope
(SEM; TM3030plus) in addition to a stereo-microscope (Carl
Zeiss SteREO Discovery V20 microscope with magnifications
of up to x 360 under oblique angled top-lighting). Identification
was based on the three-dimensional structure of wood (trans-
verse, radial and tangential sections) when the state of preserva-
tion was satisfactory. The anatomical structures of the wood
(e.g., the presence/absence of annual growth rings, abundance,
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Fig. 5 - Kfar Samir: The wood remains assemblage from Well no. 13 (photos: M. Cavanagh).

arrangement, and size of vessels, tracheids, rays and fibres),
along with a number of other diagnostic characteristics, were
noted and compared to local wood and charcoal reference col-
lections held in the Steinhardt Museum of Natural History, Tel
Aviv University. Regional wood anatomy atlases were also used
(Fahn et al. 1986; Wheeler et al. 1989; Schweingruber 1990;
Richter et al. 2004; Akkemik and Yaman 2012; Crivellaro and
Schweingruber 2013).

All the identified species belong to the Mediterranean
forest/maquis: five wood samples represent species of Quercus
(four Q. calliprinos [evergreen oak] and one Quercus sp.),

17 of Styrax officinalis (officinal styrax), three of Arbutus
andrachne (Greek strawberry tree), and one of Pinus halepensis
(Aleppo pine). In the case of Styrax and Arbutus, which share
very similar anatomical structures with other species within
their genera, the species identifications are assumed on the
basis of their natural disperse range, as they are the only
respective members of their genera among the native Israeli
flora (Zohary 1962). The remaining four samples could not be
confidently identified to family or species. It is possible, if not
likely, that multiple samples derive from the same tree or
branch, having been broken either by the constructors of the
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Fig. 6 — A stone of olive fruit from
Well no. 13 (photo: M. Cavanagh).

well themselves or through post-depositional processes that
caused deterioration of larger segments. Therefore, as the
number of samples studied is likely higher than that of the
number of individual plants used in well construction, the
presence of the recorded taxa is more significant than the
number of samples per taxa. Details of the plants that were
positively identified follow below.

Quercus calliprinos (fig. TA): An evergreen tree or shrub
growing in areas with a minimum of 300-350 mm annual
rainfall to heights of 15 m with a trunk that can reach a
diameter of 2 m, and an age of several centuries. Today it is a
major constituent of the Mediterranean climate zone’s
Quercus calliprinos—Pistacia palaestina associations that
characterise the Upper Galilee, Mount Carmel and Judean
Mountains (Zohary 1973). Wood remains of Q. calliprinos
have also been recovered from other PPN and PN sites in
Israel, including the submerged site of Atlit-Yam (Liphschitz
1986; 2007, Table 2.7) and terrestrial Neolithic sites such as
Yiftahel (Liphschitz 2007, Table 2.4), Nahal Oren (Liphschitz
1986, Table 1) and Nahal Zehora, Neve Yaraq (Liphschitz
2012), Kabri (Liphschitz 2002), and Nahal Qanah Cave
(Liphschitz 1996). Q. calliprinos was quite abundant in the
anthracological assamblages (Lev-Yadun and Weinstein-
Evron 1994; Caracuta et al. 2016) and the palynological
spectra (Weinstein-Evron et al. 2007) from late Pleistocene
(Natufian) el-Wad Cave, Mount Carmel. The occurrence of
Q. calliprinos pollen type in an Early Holocene palynological

spectra from the Carmel coast suggests that during the
Neolithic it grew in the vicinity of Kfar Samir (Galili and
Weinstein-Evron 1985; Galili et al. 1993; Kadosh et al. 2004).

Styrax officinalis (fig. 7B): A small deciduous tree or
shrub growing to heights of 6 m. It is common in the
Mediterranean forest/maquis and is a major component of the
present-day Quercus ithaburensis (and/or Q. calliprionos)—
Styrax officinalis association (Zohary 1973). The S. officinalis
wood sample identified in this study is the earliest sample of
wood of this species identified in an archaeological context in
Israel, though fruits of S. officinalis have been identified at
the Middle Pleistocene site of Gesher Benot Ya‘aqov
(Alperson-Afil et al. 2009: table S3) and seeds of this taxon
have been identified at the submerged site of Atlit-Yam where
it may have been used as a poison for fishing (Galili et al.
1993: 152; 2004: 24).

Arbutus andrachne (fig. 7C): An evergreen tree of the
Mediterranean forest/maquis which is commonly found in
the Galilee, Mount Carmel, Samaria, the Judea Mountains,
the Shephelah and the Trans-Jordan (Zohary 1962). It grows
to heights of 5-6 m on average and is noted for its red-brown
bark and red fruits (Zohary 1973; Danin 1992). It is
uncommon in archaeological contexts in Israel but has been
identified in the Neolithic site of Nahal Bezet in the Galilee
(Liphschitz 1993, 1997).

Pinus halepensis (fig. 7D): A coniferous softwood tree,
rarely growing larger than 16 m in height in mountainous
environments (Zohary 1973) and is the only naturally
occurring pine species in the Southern Levant (Weinstein-
Evron and Lev-Yadun 2000). The wood quality is poorer than
many other pine species, though its timber is still valued in
shipbuilding and construction projects (including roof beams
and furniture) since it produces straight logs for construction
purposes. According to Theophrastus (Enquiry into Plants,
5.7) and Pliny the Elder (The Natural History, 16.81), pine
was used for underground water-pipes. The wood and bark
also produce a resin that is used as a natural preservative and
may be processed into pitch (e.g., Gale and Cutler 2000: 391-
393). In a previous analysis from the Kfar Samir site, one
wood sample was identified as P. halepensis (Liphschitz
1986). The two Kfar Samir samples are the earliest recorded
evidence of P. halepensis wood in the region though its pollen
is known from Late Pleistocene Natufian (Weinstein-Evron
1994; Weinstein-Evron et al. 2007) and other Pleistocene and
Early Holocene localities on the Carmel coast (Galili and
Weinstein-Evron 1985; Galili ef al. 1993; Kadosh et al. 2004).

Olea europaea (fig. 6): The wild olive is an evergreen tree
able to attain heights of up to 10 m and has always been a
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