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Abstract:  

Grooved items are usually regarded as tools used for modifying other implements made of bone, 
stone, plants or wood, whether referred to as shaft straighteners, smoothers, polishers or sharpening 
tools. They were also attributed to various symbolic meanings in Neolithic and Chalcolithic sites in the 
southern Levant and they were also associated with bead manufacturing process in the Neolithic. 
Grooved basalts found on Early Natufian (ca. 14,000 BP) living floors at el-Wad Terrace, Mount 
Carmel, Israel, were the subject of microscopic use-wear analysis. Here we present the preliminary 
results of the research, introducing our functional reconstruction based on experiments. The most 
outstanding result is that traces on the perimeters, attributed to shaping of the artefact, are different 
from the traces inside the groove which are related to the use of the artefact. We conclude that the 
groove is a part of the instrument, shaped before its use in order to work the abraded materials. Traces 
indicate that the shaping of the perimeters was done by abrasion against a very hard rock, probably 
using water to enhance the smoothing of the stone. Traces inside the groove indicate, as was 
previously assumed for these artefacts, that the groove was used as a shaft straightener. However, 
traces also indicate that the groove was used to abrade different types of materials which might not be 
related to the preparation of shafts including reeds, wood, and especially minerals such as ochre. Our 
preliminary results indicate the multi-functional nature of these items shedding light on their 
production, use and discard history. 
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1. Introduction 
The Natufian culture of the terminal Pleistocene, Late Epipaleolithic Levant (ca. 15,000-

11,700 cal. BP) is widely thought to reflect a sedentary hunter-gatherer adaptation on the 
threshold of agriculture (e.g., Garrod 1957; Perrot 1966; Valla 1995; Bar-Yosef 1998; Belfer-
Cohen & Bar-Yosef 2002). This view is based on the appearance of large sites with durable 
architecture and hewn bedrock features, rich ground stone and bone industries and artistic 
repertoire, evidence for economic intensification, the presence of commensal animals, and 
cemeteries exhibiting elaborate burial customs. 

El-Wad is situated on the western face of Mount Carmel (Israel) where the cliff of the 
mountain meets the open expanses of the Mediterranean coastal plain, 45 m above modern 
sea level within the Mediterranean climate zone of the Levant (Figure 1a). The site was first 
investigated by C. Lambert in 1928 (Weinstein-Evron 2009: Chapter 2), but became well-
known as a result of D. Garrod’s 1929-1933 excavation campaign (Garrod & Bate 1937). The 
terrace was later revisited (Valla et al. 1986) as was the cave (Weinstein-Evron 1998: Chapter 
5). 

Recent excavations focus on the north eastern part of the terrace (Figure 1b), where an 
area of ca. 70 m2 has been exposed, yielding Natufian sediments between 0.5 and 1.5 m thick 
incorporating all Natufian phases (Weinstein-Evron et al. 2007; 2012; Kaufman et al. 2015). 
A composite stratigraphy of the entire site (Weinstein-Evron 2009: 63-70; Weinstein-Evron et 
al. 2013: 1332-1337) suggests an ephemeral occupation at the base of the Early Natufian 
(EN), followed by a prolific burial phase containing almost 100 individuals, and culminating 
with the Late Early Natufian (LEN). The latter is the main EN layer of the site, characterized 
by varied architectural features (Figure 1c). In the recent NE Terrace excavation the LEN 
phase appears as a massive, > 0.5 m thick accumulation of repeated occupations. Overlying 
this architectural phase are thick EN living levels with a few stone-built features, but 
generally lacking structures. The sequence ends with a thin Late Natufian, and perhaps Final 
Natufian layer, devoid of architecture but displaying several concentrations of graves. 

The renewed excavation exposed a LEN architectural complex (Figure 1c) delineated by 
a 9-meter long curvilinear “terrace wall” (Wall I) encompassing a sequence of at least nine 
architectural sub-phases, each defined by a thin stony floor, some of which abut a smaller 
stone wall (Wall II). The stony floors are well-defined laterally by the adjacent stone-poor 
matrix, and also vertically, separated by stone-poor sediment (see Yeshurun et al. 2013; 
2014a). The series of stony floors and between-floor sediments are interpreted as dwelling 
interiors, while the stone less matrix lying north of this series is interpreted as having been 
outside of the dwelling (but still within the area delimited by the large terrace wall). In 
addition to these internal or external dwelling accumulations, a large pile of stones 
incorporating a seemingly burned matrix and concentrations of lithics (Locus 67) was found 
just northwest of the area of Structure II (Figure 1c). The LEN architectural features were 
dated by radiocarbon measurements on charcoals and ungulate bones to yield a calibrated age 
range of 14,660-14,030 cal. BP (±1σ: Eckmeier et al. 2012; Weinstein-Evron et al. 2012). 

Human remains are virtually absent in these phases, but the density of other finds is very 
high, specifically chipped lithic and ground stone tools, bone tools, bone and shell ornaments, 
ochre, and a large faunal assemblage (Rosenberg et al. 2012; Weissbrod et al. 2012; 
Yeshurun et al. 2013; 2014b). The stone structures, numerous living floors, density and 
diversity of finds and the absence of burials indicate that this part of the site was intensively 
used for daily activities during at least parts of the EN. 
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Figure 1. a) Map showing the location of the site of el-Wad, b) plan of el-Wad showing the cave and terrace, c) 
detailed plan of el-Wad terrace showing architectural features and location of the grooved basalts studied for 
use-wear analysis. 
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1.1 Natufian ground stone tool assemblages 
Natufian ground stone assemblages, richer and more numerous than those of any 

previous prehistoric sequence of the Levant, reflect significant social and economic changes 
of hunter-gatherers shifting toward a sedentary way of life (e.g., Bar-Yosef 1983; Wright 
1991; 1994). As such, they have been the subject of much research concerning various aspects 
such as typological and morphological variability, technology of production, functional 
studies and raw material provenance determination, thereby contributing greatly to our 
understanding of Natufian economic and social activities (e.g., Perrot 1966; Belfer-Cohen 
1988; Wright 1991; 1994; Samzun 1994; Weinstein-Evron et al. 1995; 1999; 2001; Dubreuil 
2004; Hardy-Smith & Edwards 2004; Eitam 2008; Dubreuil & Grosman 2009; Nadel & 
Lengyel 2009; Valla 2009; Nadel & Rosenberg 2010; Rosenberg & Nadel 2011; Rosenberg et 
al. 2012; Valla 2012; Edwards 2013; Edwards & Webb 2013; Hayden et al. 2013; Rosenberg 
2013; Rosenberg & Nadel 2014; Nadel et al. 2015). 

The changes that characterize Natufian ground stone assemblages include a dramatic rise 
in overall tool frequencies, typological and stylistic variations, specific raw material selection 
as well as changes in contextual and discard patterns. Developments were noted for the 
technological apparatus of tool production and production sequences (Wright 1991; 1994). 
The most common components of Natufian stone assemblages are pestles followed by bowls 
and mortars, bedrock features, grinding stones, grooved and perforated items. These tools are 
frequently made of basalt or limestone (other raw materials are present as well). Natufian 
ground stone tools and bedrock features are found in Natufian base camps, temporary camps 
and mortuary sites and in a variety of contexts - indoors, incorporated in building 
construction, near structures, as well as in grave structures and fills. 

 
1.2 The ground stone tools of el-Wad Terrace 

An analysis of the entire ground stone assemblage of el-Wad Terrace was recently 
published (Rosenberg et al. 2012) adding to other studies that dealt with ground stone 
assemblages from previous excavations at the site (Garrod & Bate 1937: 10; Valla et al. 1986; 
Weinstein-Evron 1998: 96-98). 

The assemblage is one of the largest Natufian ground stone assemblages presently known 
(n=565). Most of the items were retrieved from the EN layer (n=335, 59.3% of the 
assemblage) while only a few (n=30, 5.3% of the assemblage) were found in a clear LN 
context. The remaining implements are divided between items found in stratigraphic units 
defined as transitional or undetermined EN or LN (n=75, 13.3% of the assemblage), in ill-
defined contexts, or on the site’s surface (n=125, 22.1% of the assemblage). The assemblage 
from the renewed excavations at el-Wad Terrace (Rosenberg et al. 2012) is dominated by 
pestles and also includes lower and upper grinding stones, vessels and mortars of various 
sizes, ‘bowlets’, weights and other tools classified as varia and unidentified fragments. One of 
the notable finds here is a large collection of grooved pebbles and recycled tools (mainly 
pestles) that are presented herein. 

Grooved stones are reported occasionally from several sites in Europe predating the 
period of the Natufian culture of the southern Levant (de Beaune 1993). The single grooved 
stone from Hayonim Cave (Stratum D) is the only example found in the southern Levant 
predating the Natufian culture (Belfer-Cohen & Bar-Yosef 1981: 34, Fig. 7: 4). Only during 
the Natufian do grooved stones become an outstanding component of the ground stone tool 
kit.  

Grooved items made on pebble-like stones and modified artefacts (in secondary use) are 
usually regarded as tools used for shaping or modifying other implements made of bone, 
stone, plants or wood, whether referred to as shaft straighteners, smoothers or polishers, 
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sharpening tools or others (Hole et al. 1969: 196; Solecki & Solecki 1970: 838; Bar-Yosef 
1983; Voigt 1983; Adams 2002: 82-91; Wilke & Quintero 2009; Rosenberg 2011:138-139). 
Since the cross-section and length of the grooves are of special significance for the 
reconstruction of function, these attributes are frequently used in typological classification 
(Rosenberg 2011: 138-139; Vered 2013). Previous studies have attributed various symbolic 
meanings to the grooved items from Neolithic and Chalcolithic sites in the southern Levant 
and linked them with the realms of cult and magic (Stekelis 1972: 36; Gopher & Orrelle 1996; 
Hermansen 1997; Cauvin 2000: 48). Recently it has been claimed that similar items were part 
of the bead manufacturing process in the Neolithic (Wright et al. 2008: Fig. 5: c). 

 
1.3 The grooved items of el-Wad Terrace 

The grooved stone assemblage of el-Wad Terrace is one of the largest known (n=17) 
dated to the Natufian. The eight grooved items under study, retrieved from the two lowermost 
phases (W-6 and W-7) of the LEN layer, are associated with building remains. The remaining 
items, which are not discussed here, came from an EN or LN context (n=1), from a LN 
context (n=1), or from unclear provenances. All eight items that were studied for the presence 
of distinctive use-wear were found within the Wall I complex. Additionally, all but one 
(#177) were found outside of the Structure II area (Figure 1c and Table 1). 

 
Table 1: The EN Unit 2 grooved basalts for this study and their provenience information. 
EWT Cat# Square Context 
172 P8a Surface outside Structure II, adjacent to top of stone heap (Locus 67) 
176 P6d Just outside Structure II 
177 N7c Inside Structure II 
179 O9b Outside Structure II 
180 M8a Outside Structure II 
181 O9b Outside Structure II 
183 M7a Outside Structure II 
184 Q10c Outside Structure II, above Locus 67 

 
The eight EN items were made from compact basalt (see below). They are all broken. Six 

of these are oval pebble-like stones of various sizes and two artefacts are reused pestles (items 
#171 and #180) that were turned into groove-bearing items. In this paper we present the 
preliminary results of the microscopic analysis of the grooved basalts with the aim to 
reconstruct their function by the application of a use-wear analysis methodological 
framework. Results will be introduced for six of the items as research is at its initial stage of 
analysis. The two remaining items are still covered with calcareous crust which we chose not 
to remove at this point. 

 
2. Methodology 

Use-wear analysis of ground stone tools has advanced considerably in the last few years 
due to the growing interest in reconstructing their function, especially in the field of 
standardizing the recording procedures and terminology (for example, Adams et al. 2009; 
Dubreuil & Savage 2013). In parallel, Levantine Natufian ground stone tools were 
occasionally subjected to use-wear analyses (Dubreuil 2002; 2004; 2008; Dubreuil & 
Grosman 2009; 2013; Savage 2014). These analyses yielded valuable results in terms of 
analytical procedures and revealing aspects of human activities. In our research we focus on a 
specific type of tool, the grooved stones, specifically those shaped on basalts exhibiting U-
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shaped grooves running along one axis of the stone. Our aim in this research is to reconstruct 
the function of the grooved basalts in their Natufian context at the site of el-Wad Terrace. We 
focus on use-wear produced through friction with the aim of reconstructing the mode by 
which the grooves were formed and used based on experiments. 

 
2.1 The analysis protocol 

The grooved basalts were observed in a systematic order, integrating low power 
observations with a stereomicroscope (Nikon SMZ 745T, magnification up to x50) and high 
power observations with a metallographic microscope (Leica DM 1750 M, magnifications up 
to x500). Traces were documented using the microscope camera and focus-stacking was used 
to produce fully focused photographs especially for surfaces photographed in high 
magnification (using Helicon Focus© or the LAS V4.1 program installed to process 
photographs from the metallographic microscope).  

Observations were taken in a consistent order, first along the bottom of the groove, then 
on the walls of the groove and finally on the surfaces away from the groove. This was done 
firstly to identify traces according to their location on the artefact, and accordingly, to 
distinguish different wear patterns resulting from manufacturing procedures or utilization. 
Natural surfaces, those appearing on breaks, were also observed in order to study the 
characteristics of the basalts and the alterations resulting from post depositional process. 
These were compared to the modified (by production or by utilization) surfaces. 

 
2.2 The experiments 

For the experimental tools, observations were aimed at studying the natural properties of 
the basalt, and then at distinguishing wear-traces on the macro and micro scale. Our 
experimental program included different levels of analysis, but at this stage we have 
accomplished a limited set from which the results were used for our preliminary 
reconstruction. At this point we studied different wear patterns produced on compact basalt 
fragments collected from basaltic outcrops in the Lower Galilee, northern Israel. These basalts 
resemble the properties of the archaeological artefacts, and are considered as one of the 
possible sources of basalts worked at el-Wad Terrace (Weinstein-Evron et al. 1999). In our 
experiments we abraded the basalt fragments against various types of materials, including 
basalt, limestone, travertine, coastal aeolianite ('kurkar'), wood and reeds (some of the 
experiments and resulting use-wear are presented in Figure 2). For the current report, we have 
analysed the different wear patterns, isolated from any other intentional alterations, and used 
them to interpret the traces observed on the archaeological tools. The characterization of the 
traces was done based on the descriptive systems proposed by Adams et al. (2009) and 
Dubreuil & Savage (2013) and the results accomplished at this stage were used to infer the 
broad functional reconstruction for the archaeological artefacts. 

 
2.3 The sampled assemblage 

The grooved items are made of compact basalts and all are broken on one or more faces. 
The main attribute of the studied sample is the single U-shaped groove characterized by a 
rounded bottom and walls expanding outwards and smoothed surfaces on the perimeters 
(Figures 3-8). When possible, the dimensions of the grooves were measured, exhibiting a 
wide range of depths (between 5 and 12 mm) and relative consistency of maximum width 
(16-20 mm). 
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Figure 2: Photos of some of the experiments conducted and wear patterns observed on the experimental pieces: 
a) abrasion against a piece of bone, b) coastal aeolianite or 'Kurkar', c) wood log, d) abrasion with flint, e) flat 
surface exhibiting large pits with abrupt edges and unmodified bottom produced by abrasion against basalt for 30 
minutes (original magnification x20), f) rough but levelled surface with multiple shallow grooves indicating the 
direction of abrasion produced by abrasion against travertine for 30 minutes (original magnification x20), g) flat 
surface with heavily striated micro-polish indicating the direction of abrasion developed on protruding surfaces 
of the basalt produced by abrasion against ‘kurkar’ for 60 minutes (original magnification x200), h) bright 
domed micro-polish developed on protruding points of the basalt produced by the abrasion against a wood log 
for 30 minutes (original magnification x200). 
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3. Results  
The most outstanding observation in the analysis of the grooved basalts is that traces 

observed outside the groove (the perimeters) are different from the traces observed inside the 
groove. Our basic assumption is that traces outside the groove might reflect the manufacturing 
of the instrument, focusing on distinguishing them from surfaces characteristic to natural 
surfaces or rolled pebble stones, and traces inside the groove reflect its use, focusing on the 
comparison to the experimental pieces to reconstruct their function (Table 2). 

 
Table 2: Summary of use-wear analysis results with details of the wear characteristics and the inferred functions. 
# Perimeters Inside groove Figure 
 Traces Interpretation Traces Interpretation  
171 Flat peaks 

with sharp 
edges, 
numerous 
pits, micro-
polish 

Abrasion against 
extremely hard 
stone (and 
probably water) 

Flat peaks, 
flattening extending 
into pits, numerous 
pits, micro-polish 

Back and forth 
abrasion of wood 
or bone 

3 

172 Flat peaks 
with sharp 
edges, 
numerous 
pits, micro-
polish 

Abrasion against a 
hard stone (and 
probably water) 

Flat peaks, 
flattening extending 
into pits, numerous 
pits, micro-polish 

Back and forth 
abrasion of wood 
or bone  

4 

176 Levelled 
granular 
rough surface 

Abrasion against a 
hard stone 

Slight blackening, 
shallow cracks, 
wide flat surface 
associated with 
large pits and 
shallow grooves, 
patches of micro-
polish 

Back and forth 
abrasion of wood, 
bone or reeds; 
application of heat 

5 

177 Wide flat 
peaks, 
numerous 
pits, micro-
polish 

Abrasion against a 
hard stone 

Wide flat surface, 
shallow grooves, 
patches of micro-
polish 

Back and forth 
abrasion of wood, 
bone or reeds 

6 

180 Levelled 
granular 
rough surface 

Abrasion against a 
hard stone  
(and probably 
water) 

Blackening, 
extremely flat 
surface, numerous 
pits, micro-polish  

Back and forth 
abrasion of wood, 
bone or reeds; 
application of heat 

7 

181 Levelled 
granular 
rough 
surface, and 
an area with 
crushing 

Abrasion against a 
hard stone, and 
crushing minerals 
such as ochre 

Blackening, shallow 
cracks, extremely 
flat surface, micro-
polish 

Back and forth 
abrasion of a 
mineral; 
application of heat 

8 
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Figure 3: Artefact number 171 is a broken pestle on which a groove was shaped. The groove has a concave 
bottom and walls extending outward. Locations of micrographs are indicated by arrows. Traces inside the groove 
interpreted as having been produced by contact with medium hardness material such as bone or wood: a) flat 
peaks with flattening extending into the lower surfaces (x6.7), b) micro-polish developed on protruding surface 
indicated by the white arrow (x200). Traces on the perimeters interpreted to be produced by contact with a hard 
stone: c) extremely flat peaks with sharp edges and few remnants of lower areas (x50), d) thin and transparent 
polish spreading on the wide surface of the basalt (x200). 
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Figure 4: Artefact number 172 with a side view showing the concave bottom of the groove and walls extending 
outward. Locations of microphotographs are indicated by arrows. Traces inside the groove interpreted as having 
been produced by contact with medium hardness material such as bone or wood: a) flat peaks with flattening 
extending into the lower surfaces indicating contact with medium hardness material such as bone, wood or reeds 
(x20), b) micro-polish developed on protruding surface indicated by the white arrow showing directionality 
pattern parallel to the main axis of the groove (x200). Traces on the perimeters interpreted as having been 
produced by the contact with a hard stone: c) extremely flat peaks with sharp edges (x50), d) rough bright polish 
developed on protruding points indicated by the white arrows (x100). 
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Figure 5: Side view of artefact number 176 showing the concave bottom of the groove and walls extending 
outward. Locations of microphotographs are indicated by arrows. Traces inside the groove interpreted as having 
been produced by contact with a medium hardness material such as bone, wood or reeds: a) wide flattened 
surface associated with pits and shallow grooves extending parallel to the main axis of the groove (x20), b) 
micro-polish developed on protruding phenocrysts indicated by the white arrow exhibiting directionality pattern 
of abrasion along the main axis of the groove (x500) (similar polish was observed on artefact number 177, see 
Figure 6b).  Traces on the perimeters interpreted as having been produced by contact with a hard stone: c) 
extremely flat peaks with sharp edges (x20), d) rough bright polish developed on protruding points indicated by 
the white arrows (x200). 
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Figure 6: Artefact number 177 showing the concave bottom of the groove and walls extending outward. 
Locations of microphotographs are indicated by arrows. Traces inside the groove interpreted as having been 
produced by contact with a medium hardness material such as bone, wood or reeds: a) extremely flattened 
surface at the bottom area of the groove associated with shallow grooves on the sides extending parallel to the 
axis of the groove and indicating the direction of abrasion (x20), b) translucent thin polish on groundmass 
associated with patches of thick, bright, smooth polish indicated by the white arrow that developed on 
phenocrysts exhibiting directionality pattern along the axis of the groove (x100) (similar polish was observed on 
artefact number 176, see Figure 5b at higher magnification). Traces on the perimeters interpreted as having been 
produced by contact with a hard stone: c) wide flat peaks associated with small lower surfaces indicating a more 
intense abrasion (original magnification x6.7), d) rough bright polish developed on protruding points indicated 
by the white arrows showing no directionality patterns (x200). 
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Figure 7: Artefact number 180 is a fragment of a pestle on which a groove was shaped. The groove has a 
concave bottom with walls extending outward. Locations of microphotographs are indicated by arrows. Traces 
inside the groove are interpreted as having been produced by contact with a medium hardness material such as 
bone, wood or reeds: a) slight blackening on the bottom of the groove, extremely flat and smooth surfaces 
associated with lower areas (x6.7), b) translucent, bright and granular polish indicated by the white arrow, 
exhibiting directionality pattern parallel to the main axis of the groove (x100). Traces on the perimeters 
interpreted as having been produced by contact with a hard stone: c) levelled rough surface indicating short 
duration abrasion (x6.7), d) translucent, thin and dull polish extending on a wide surface (x200). 
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Figure 8: Artefact number 181 showing the concave bottom of the groove and walls extending outward. 
Locations of microphotographs are indicated by arrows. Traces inside the groove are interpreted as having been 
produced by contact with a mineral such as sandstone or ochre: a) extreme darkening of the bottom of the groove 
associated with shallow cracks indicating the application of heat, and flat smooth surface (x6.7), b) thin bright 
polish with directionality features indicating abrasion along the main axis of the groove, similar to traces 
observed on experimental basalt abraded against coastal aeolianite ('kurkar') (see Figure 2g) (x100).  Traces on 
the perimeters interpreted as having been produced by contact with hard stone and by crushing minerals: c) 
bright, thick polish exhibiting directionality features associated with yellow and red coloured powder (probably 
ochre) interpreted to be produced by crushing action (x200), d) translucent, thin and dull polish extending over a 
wide area interpreted to be produced by contact with stone and water (x200), e) area exhibiting cracks and 
crushing interpreted to be produced by the action of crushing minerals (x6.7). 
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3.1 Traces observed on the perimeters 
For the six specimens studied, wear on the perimeters was interpreted as the result of 

contact with a hard stone. Although the artefacts are of different morphology, this observation 
is consistent, indicating that a specific mechanism caused this type of wear. The most 
indicative feature is the extremely flat and smooth surface which, under the microscope, 
appears as extremely flat peaks of the micro-topography (artefacts 171, 172 and 177; Figures 
3c, 4c, and 6c respectively). This indicates that the outer face of the implement was abraded 
against a very hard surface, or against an extremely abrading surface such as sandstone, that 
truncated the protruding surfaces of the basalt. These flat peaks, associated with unaltered 
lower surfaces, are observed consistently on a wide area all over the smoothed outer surface. 
Micro-polish associated with this wear pattern is usually dull, thin and transparent (artefacts 
171, 172 and 177; Figures. 3d, 4d and 6d). Although we were not able to replicate this type of 
polish in our experiments, we assume that water was also used as a lubricant in this type of 
abrasion, especially because the polish spreads evenly over the entire surface. 

A rough and relatively levelled surface is another type of wear observed on the 
perimeters. This pattern was also interpreted to be produced by contact with a hard stone, but 
in these cases the abrasion procedure was of shorter duration and probably did not involve a 
lubricant (water) or an additive (such as sand) and it is possible that pecking was involved 
prior to the abrasion on stone (artefacts 176, 180 and 181; Figures 5c, 7c, and 8d 
respectively). Micro-polish usually was not observed (artefact 176; Figure 5d), or it developed 
only to a low degree (artefact 172; Figure 4d). The polish is local, spreading unevenly on the 
surface and exhibiting no directionality patterns (artefact 181; Figure 8d). We considered that 
this pattern might be mistaken for natural surfaces that characterize rolled pebbles, however at 
this point of research we consider the fact that the wear is homogenous, sometimes associated 
with polish that shows the direction of the abrasion, to be the most indicative trait for 
intentional treatment. Additional observations are planned for our future research, focusing on 
natural surfaces of rolled basalts from different outcrops and textures. 

 
3.2 Traces observed inside the groove and inference to the material in contact 

The surfaces inside the groove exhibit flat micro-topography, however with varying 
degrees of development. Some items exhibit flat protruding peaks with flattening extending 
slightly into the lower surfaces (artefacts 171 and 172; Figures. 3a and 4a respectively), as 
well as extremely flat surfaces with fewer low areas, indicating a more intense abrasion for a 
longer time (artefacts 176, 177, 180 and 181; Figures. 5a, 6a, 7a and 8a respectively). These 
features indicate contact with medium hardness materials such as wood, bone, reeds (to a 
lesser degree) or harder such as stone, similar to patterns observed in our experiments (Figure 
2e-h). 

We identified at least two types of use-wear polish in the grooves not observed on the 
perimeters. The first is the micro-polish with a domed or reticular distribution (depending on 
the level of polish development) (artefacts, 172, 176, 177; Figures. 4b, 5b, 6b). This micro-
polish is smooth in texture, appearing thick and opaque and exhibiting directionality patterns. 
The polish seems similar to that produced by contact with reeds (especially for artefacts 171, 
172 and 180; Figures. 3b, 4b and 7b). However, the polish developed in patches mainly on 
phenocrysts. Therefore, at this point, this type of polish was interpreted as having been 
produced by contact with reeds, wood or bone as they are characterized by similar wear 
patterns (that can be clearly distinguished only on wider polished surfaces). Additional 
experiments and observations are planned for future research to assist in arriving at a more 
specific interpretation. 
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The second type of polish is totally different, exhibiting flat polished surface that is 
heavily striated on the groundmass. Observed only on artefact number 181 (Figure 8), it 
represents a unique function, different from the other artefacts. The traces inside the groove 
are similar to those produced in our experiments by contact with stone (such as ‘kurkar’) 
(Figure 2g), therefore we associate this type of polish to stone working. The blackening of the 
groove bottom, associated with shallow cracks is outstanding, indicating alteration due to the 
application of heat (Figure 8a). Observations on the black surface and cracks showed no 
traces of residue as was previously suggested (Wilke & Quintero 2009). Striations clearly 
indicate a back and forth abrasion along the main axis of the groove (Figure 8b). Additional 
evidence to support the use of this artefact with stone working are the remains of yellow and 
red coloured powder inside pits on the perimeter’s surface outside the groove (Figure 8c). 
This powder, which is probably the remains of ochre, is associated with a heavily striated, 
thicker and brighter polish indicating another action using the perimeters, probably for 
crushing the mineral. Clear crushing traces are evident on one of the edges supporting this 
reconstruction, so it can be assumed that this tool was used to abrade stone using the groove 
to create a cylindrical object, and to crush stone (ochre) to create a powder (Figure 8e). 

 
4. Discussion 

The analysis of the grooved basalts produced information that can be used to reconstruct 
several aspects relating to the production and utilization of these unique artefacts from 
Natufian el-Wad Terrace. The most straightforward result in the analysis is that traces 
observed on the surfaces outside the groove (the perimeters) are different from those observed 
inside the groove. We attribute the traces outside the groove to the shaping of the basaltic 
instrument and the traces observed inside the groove to the specific use of this instrument, 
which is the abrasion of various materials in order to create smoothed, rounded or cylindrical 
shapes. 

A persistent question is whether the grooves were shaped during the manufacturing 
process or rather formed as a result of a continuous abrasion of a round narrow object against 
the basalt. Based on our experiments we conclude that abrading the basalt fragment against a 
hard stone such as flint or basalt is essential in order to substantially modify the shape of the 
basalt. Abrading bone, wood or reeds on compact basalt is ineffective as these materials are 
not abrasive enough, and they are too soft, elastic and sticky. Hence, the groove is a part of 
the instrument, shaped before its use in order to work the abraded materials.  

For the Natufian grooved basalt items, the micro-topography of the inside surface of the 
grooves is totally or relatively flat. This indicates that it was shaped by abrasion against a hard 
stone such as flint or a softer but more abrasive stone such as sandstone. It is possible that the 
shaping of the groove was initiated by cutting with a flint knife, as shallow grooves were 
occasionally observed inside the groove, but massive reduction of the groundmass must have 
been done using a hard stone. Micro-polish observed under high magnification (x500), 
interpreted to be the result of contact with softer materials such as wood, bone or reeds, 
indicate a secondary abrasion following the shaping of the groove by contact with a hard 
material. 

As for the function of the grooved instruments, the first indication that the grooves were 
shaped for specific functions is the fact that the micro-wear observed on the inside of the 
grooves is different from the micro-wear observed on the perimeter. Based on our 
experiments and results of the use-wear analysis we conclude that objects made of stone or 
mineral, bone, wood or reeds were abraded in a back and forth motion along the axis of the 
groove. 
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It seems evident that the role of the groove was to stabilize and control the movement 
along the axis of the groove. But considering that the groove was shaped first, and 
considering that micro-wear on the bottom and side walls of the groove is similar, we posit 
that the aim was to abrade an object into a cylindrical-like shape. The grooved basalts might 
have also been used as straighteners of shafts made of reeds, wood or bone with the 
application of heat, occasionally indicated by the cracks and blackened surfaces inside the 
groove. In that case, the basalt serves as a heat reservoir as well as an abrader. Given their 
size, the grooved basalts were used as mobile instruments to shape artefacts that did not 
exceed 2 cm in diameter. These might have been arrow shafts, handles or awls, but also 
artefacts such as crayons and beads made of minerals and, in the case of artefact #181, ochre.  

Our data allow us to reconstruct the “life history” of the grooved basalts, as follows:  
Stage 1: Collecting fragments from basaltic outcrops: the grooved basalts found at el-

Wad Terrace were shaped on compact basalts probably from sources in the Jezreel Valley or 
beyond (e.g., Galilee, Golan Heights, Jordan Valley). The original shape of the collected 
basalts on which these instruments were shaped is unknown as it was totally modified into a 
pre-planned shape; however we can assume that the basalts were relatively small pebbles and 
in some cases fragments. As noted above, reused tools, specifically basalt pestles were also 
used as blanks for the production of grooved items.  

Stage 2: Abrasion of the perimeter: at an initial stage, whether aimed to be used as 
pestles or as grooved artefacts, the blanks were abraded against a hard surface (stone) perhaps 
using a lubricant (such as water) to enhance the polishing. The abrading surface was probably 
a relatively wide surface that enabled a free movement of the basalt against it.  

Stage 3a: Primary use as a pestle: some of the tools (Figures. 3 and 7) were probably 
used for crushing or pounding. This stage is reconstructed based only on the morphological 
characteristics of some of the grooved basalts. We found no use-wear related to this function. 

Stage 3b: Shaping the groove on the smoothed basalt: it is possible that the initiation of 
the groove was done by cutting with a (flint) knife and then against a hard but narrow surface 
to widen the groove. Once the groove was deep and wide enough to hold the shaft or other 
worked materials, it was ready to be used. 

Stage 4: Abrading or straightening elongated rounded objects made of mineral, wood, 
bone or reeds: these tasks might have involved sitting around a fire for heating and re-heating 
the grooved basalt item. The shape and size of the grooved basalt items indicate that these 
instruments were probably held by hand during use, but it is also possible that they were 
placed on the ground and stabilized on a surface, especially if heating was involved. In some 
occasions the basaltic instruments were used for a secondary task, such as crushing minerals 
such as ochre (as it was observed for artefact #181) using the perimeter. 

Stage 5: Discard: after using the grooved basalt for an unknown period, these tools were 
discarded. All the grooved basalts are broken, so intentional breaking, as occasionally 
suggested for ground stone tools, might have occurred (for a review, see Adams 2008). Worth 
mentioning is that traces are cut by the break, which is a clear indication for the breakage 
following the use. The items were embedded in EN living quarters along with great quantities 
of other tool-making debris as well as food refuse, at least some of which are in primary 
depositional context (Yeshurun et al. 2013; 2014a). This possibly indicates that the place of 
use of most of the grooved items was just outside of the Structure II dwelling (Figure 1c), 
within the Wall I architectural complex. Ground stone items and particularly the grooved 
basalts are either rare or absent outside of the Wall I complex (Rosenberg et al. 2012), further 
pointing to their domestic context of use. 

Summing up, the preliminary results of the use-wear analyses of the six items discussed 
above yielded information concerning the production and utilization of the grooved basalts 
found on the EN living floors of el-Wad Terrace. More data are required, especially for more 
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precise interpretation of the use-wear polish and in distinguishing the production procedure 
with experiments on already smoothed basalts or with naturally rolled pebbles. Nonetheless, 
our results suggest that Natufian grooved implements might have been used as shaft-
straighteners as previously argued. However they might also have been employed as abraders 
as microscopic traces indicate contact with various materials such as reeds, bone, wood or 
minerals. The evidence provided by the use-wear analysis supports an assessment by which 
the Natufians invested much energy in shaping these instruments. The reconstruction of their 
use indicates the deep knowledge of the mechanical properties of materials as they were 
aware of the advantages of using basalt, especially with the addition of the application of heat. 
This unique tool demonstrates another aspect of the nature of the Natufian culture, advancing 
towards sedentary complex communities in the Levant. 
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