
Contextualizing Curational Strategies
at the Late Lower Paleolithic Site of Holon, Israel

ABSTRACT
Technological organization entails the ways in which hunter-gatherers shape, make, use, maintain, recycle, and 
discard stone tools. Those decision-making processes are dependent upon the mode of occupation and land-use 
patterns. These issues are widely discussed in both ethnographic and Paleolithic literature; however, it has rarely 
been demonstrated technologically in Lower Paleolithic contexts. In this paper, using the case study of the Late 
Lower Paleolithic site of Holon in Israel, I address questions regarding the selection of particular curational strat-
egies differently employed for various parts of the assemblage. Tool maintenance and the byproducts of such 
strategies will be described and articulated within the organization of technology at Holon. In addition, I will 
examine the micro-environmental setting in which these curational behaviors exist. In Holon, the complexity of 
the curational organization can be regarded as a chosen tactic, rather than an obligatory response to a deficiency 
in raw material. Thus, the results of this study exemplify how possible functional needs modify the known techo-
typological repertoire. The nature of this interplay has rarely been described within Middle Pleistocene contexts.

INTRODUCTION

Lithic technologies can serve as proxies of the organiza-
tional aspects of adaptive strategies in hunter-gather-

er societies. Lithic assemblages are the outcome of a long 
chain of decision-making processes, through which lithic 
tool kits were designed, produced, used, maintained, and 
eventually discarded. All those decisions are linked to the 
environmental, resource-exploitation strategies of forag-
ers and land-use strategies (Anderfsky 1994, 2009; Binford 
1977, 1979; Bleed 1986; Kuhn 1995; McCall 2012; Nelson 
1991; Perlés 1992). 

Binford (1973, 1979) first introduced the concept of cu-
ration as an economizing behavior by hunter-gatherers. 
Curation was perceived by Binford as an adaptive strategy, 
inherent within the mode by which hunter-gatherers ex-
ploit their resources over the landscape (1973, 1979). He de-
ployed the concept of curation to demonstrate the impor-
tance of situational adaptations of hunter-gatherers, and to 
explain how provisional conditions affect implimentation 
of various technologies (Binford 1979). His work was fol-
lowed by a vast array of interpretations and explorations 
(Bamforth 1986; Bleed 1986; Kuhn 1992; Nash 1996; Nelson 
1991; Odell 1996; Shott 1996 to name a few). Some have 
claimed that the term should not be employed due to its 
vagueness in definitions (Nash 1996). On the other hand, 
Bamforth (1986) pointed out that Binford’s concept of cu-
ration subsumes five different aspects. Those include the 
manufacture of tools effective for a variety of tasks, produc-
tion of tools in anticipation of use, moving tools from local-
ity to locality, maintenance of the tools through a number 
of uses, and recycling to other tasks after the their “origi-
nal” use has been discarded. Odell (1996) stated that if the 
term is to be useful its scope will have to be restricted and 

retain only those aspects associated with mobility and set-
tlement patterning. Another complicating aspect that needs 
to be considered in regard to the concept of curation is that 
it is borrowed from the ethnographic realm, with many re-
searchers pointing out the problematic nature of analogies 
across large temporal and contextual distance (e.g., Gif-
ford-Gonzalez 1991; Juthe 2005; McCall 2012; Wylie 1985). 

For clarification purposes, I will use in this paper two 
concepts, maintenance and recycling. Those are practical 
applications of curational behaviors. For maintenance I 
will follow the definition of Shott (1989, 1996)―a behavior 
designed to extend the use-life of an artifact. Concerning 
recycling in recent years a vast array of interpretations and 
new definitions were suggested (e.g. Amick 2007; Baker 
2007; Vaquero 2011 to name a few). I follow Binford (1977: 
33–34) and Odell`s definitions (1996: 59), defining recycle 
as the “remaking of an implement into a different kind of 
tool”. Yet, the question remains regarding what the reasons 
are for the selection of one mode of economizing behaviors 
over another.

Bamforth (1986) suggested that raw material availabil-
ity may be the triggering cause. Nelson (1991) suggested 
that technological strategies are not fixed types of behavior; 
they are situational behaviors depending on diverse vari-
ables of the natural and social environment and a range of 
cultural options. The need to acquire resources in different 
locations, to move around the landscape, and many other 
variables condition the technological strategies employed 
at a particular place and time. The situational nature of any 
given technological organization and the specific condi-
tions set the circumstances for creating evolutionary mod-
els (Bleed 2001). Such models provide a series of diverging 
and multiplying options to be tested rather than simple 
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cated in the central coastal plain of Israel, was excavated 
by the late Tamar Noy (Noy and Issar 1971; Yizraeli 1963, 
1967, 1970), and later published with more detail by Cha-
zan and Horowitz in a monograph (2007). The excavation 
revealed diverse faunal remains and rich lithic assemblag-
es. A renewed analysis of the lithic material, undertaken 
by the author, revealed a group of unique spalls that were 
interpreted as re-sharpened flakes resulting from the main-
tenance of scrapers and retouched flakes. 

In this paper, I seek to understand the role of these re-
sharpened unifacial tools within the context of the lithic 
organizational system in which they were created. In ad-
dition, I will examine the micro-environmental setting in 
which these curational behaviors appear. Thus, I wish to 
present a possible scenario of environmental circumstances 
to which ancient hominins responded when they selected 
the particular maintenance technologies attested to in the 
lithic assemblage.

linear trajectories. Anderfsky (2009) suggests viewing cu-
ration as a continuum that can be measured or evaluated. 
The assessment of different modes of curation, like levels 
of maintenance and recycling, should be studied in regard 
to the entire components of technological organization, in 
order to be able to compare different strategies with the 
assemblage. Thus, environmental and situational circum-
stances set the conditions for economizing behaviors. Ac-
cordingly, preference for one technological alternative over 
another should be understood as a response to changes in 
environmental and social circumstances. Thus, a closer ex-
amination of the situations leading to one specific choice 
may provide interpretive scenarios.

This paper addresses questions regarding the selec-
tion of particular maintenance strategies for unifacial tools 
through one case study―the Late Lower Paleolithic site of 
Holon, Israel (Figure 1). The behavioral facet of unifacial 
tool maintenance will be articulated as part of the overall 
organization of technology found at the site. The site, lo-

Figure 1. Map of the Levant showing the location of main Lower Paleolithic sites, in the box are those of the Coastal Plain of Israel.
1: Yabrud; 2: El Kowm; 3: Umm El Tlel; 4: Hummal; 5: Tabun Cave; 6: Azraq sites; 7: Latamne; 8: Kefar Menachem West; 9: Revadim; 
10: Holon; 11: Bizat Ruhama; 12: Nahal Hesi; 13: Kisufim; 14: Evron; 15: Ubediya; 16: Gesher Benot Yaakov; 17: Berekhat Ram; 18: 
Umm Qatafa; 19: Nahal Zihor; 20: Qesem Cave; 21: Adlun cave sites: Bezez, Adlun Cave, and Abri Zumoffen.
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30cm), within which the archeological layer was embed-
ded; Stratum B: dark clay reaching a maximum thickness 
of 0.5m; and, Stratum A: an upper hamra layer, up to 2m 
thick (see Figure 2c below). 

The light gray clay comprising Stratum C was further 
divided into three sub-layers. The upper part is character-
ized by an abundance of carbonate nodules. The archeo-
logical horizon lies in the middle part, in which fewer car-
bonate nodules are found. The lower part is sandier, with 
a minute amount of faunal remains. The uneven thickness 
of Stratum C reflects previous topographical changes of a 
stabilized dune. Based on the geological sequence and sedi-
ments, Netser and Chazan (2007) reconstruct a back-ridge 
marsh or seasonal pond in the vicinity of the site. 

The lithic and faunal remains within the archeological 
layer are dispersed vertically over c. 60cm (Table 1; Yizraeli 
1967). The faunal assemblage at the site includes cervids 
(fallow deer, red deer), bovids (aurochs, mountain gazelle, 
wild boar), and straight-tusked elephants (Davis and Lister 
2007; Horwitz and Monchot 2007; Lister 2007; Monchot and 
Horwitz 2007). The straight-tusked elephant is known from 
a variety of environments, ranging from wooded to more 
open areas (Davies and Lister 2007). Aurochs, too, were flex-
ible in their adaptation, as they exploited open parkland, 
swamps, and river valleys. Boars prefer dense thickets, 
forests, and riverine habitats, whereas deer are woodland 
dwellers, and gazelle live mainly in open parkland (Men-
delssohn and Yom-Tov 1999). Two species, hippopotamus 
and marsh turtle, depend on a nearby permanent body of 
water for their existence (hippos: e.g., Jablonski 2004, and 
see references therein; marsh turtles: e.g., Hartman and 
Horwitz 2007). Thus, these species indicate the existence of 

THE HOLON SITE
The Lower Paleolithic site of Holon is located in the central 
coastal plain of Israel, c. 6km southeast of the modern city 
of Tel Aviv. Three seasons of salvage excavations―in 1963, 
1964, and 1970―were conducted at the site by Noy (Noy 
and Issar 1971; Yizraeli 1963, 1967). The estimated area of 
excavation varies among the different publications (e.g., 
Chazan 2007: Figures 1.2, 1.7, 1.8; Noy and Isaar 1971; Po-
rat et al. 1999; Yizraeli 1967); in the monograph, Chazan 
(2007a) suggests an area of c. 264m2, which will be used in 
this paper.

The site lies within the Pleistocene sedimentary se-
quences of the coastal plain of Israel. This area is composed 
of alternating layers of unconsolidated sands, cemented 
carbonate-rich aeolianites, known locally as kurkar, and 
mature, non-calcareous red Mediterranean sandy loam, lo-
cally dubbed hamra (Gvirtzman et al. 1984, 1997; Porat et 
al. 2004). The cyclic appearance of kurkar and hamra units 
lends itself to a correlation with major geological cycles, 
such as those relating to sea level or climatic changes (e.g., 
Gvirtzman et al. 1984, 1997; Tsoar 2000). However, it has 
been suggested that the influence of topography, drain-
age systems, and vegetal cover had a greater impact on 
the pedogenic processes manifested in this cyclic sequence 
(e.g., Sivan and Porat 2004; Yaalon 1967, 2004; Yaalon and 
Dan 1967).

The section exposed by Noy (Yizraeli 1967) demon-
strates these complex pedogenic histories. The section 
comprises five geological strata from bottom to the top―
Stratum E: kurkar (calcareous aeolianite), of which only the 
upper part was exposed; Stratum D: hamra, c. 0.5m thick; 
Stratum C: light gray clay of uneven thickness (1.7m to 

 
TABLE 1. COMPOSITION OF THE LITHIC ASSEMBLAGE OF HOLON. 
 

 N % 
Debitage 1814 61.4 
  primary elements 330 18.2 
  flakes 1151 63.5 
  Kombewa flakes 37 2.0 
  blades 12 0.7 
  thinning flakes (éclat de taille de biface) 25 1.4 
  burin spalls 18 1.0 
  natural backed knives 12 0.7 
  core management pieces 198 10.9 
  re-sharpening spalls 31 1.7 
Modified Blanks 350 11.8 
Handaxes 107 3.6 
Cores 184 6.2 
Debris 493 16.7 
  chunks 26 5.3 
  chips 467 94.7 
Hammerstones 7 0.4 
TOTAL 2,948  
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with the Statum B dark clay and Stratum C light gray clay 
in the original excavations, respectively. The Kurkar found 
in Pit B was attributed to the kurkar found at the bottom 
of Noy’s section. Employing luminescence dating methods 
(OSL), Porat et al. (1999, 2002) and Porat (2007) dated the 
yellow-brown clayey sand to c. 200 ka. This layer was geo-
logically correlated with the archaeological layer found by 
Noy. Samples of animal teeth that originated from the old 
excavations gave similar dates to the one obtained by the 
luminescence methods (Porat et al. 1999, 2002; Porat 2007).

In 2006, O. Marder, H. Khalaily, and the author exam-
ined nine transect test-tranches, running northwest–south-
east and southwest–northeast over an area of c. 1800m2 
prior to construction (Figure 2). No archeological remains 
were found. Trench 3, the closest to the original excava-
tions, located c. 30m away, contained the thickest sedi-
ment column, measuring almost 5m at an elevation similar 
to that of Noy’s excavation (40.67–34.00 ASL; Figure 2a). 
Three main pedogenic units  were found, described from 
bottom up as follows―Unit 1: light sandy hamra with lam-
inated yellowish clay, rich in manganese and oxides nod-
ules (at least 2.5m thick; the base was not exposed); Unit 2: 
red hamra mottled with gray-green clay and an abundance 
of manganese and oxides nodules; and, Unit 3: red hamra 
without carbonate nodules.

The large spatial exposure of these trenches can con-
tribute to our understanding of the catenary relations perti-
nent to the landscape developmental history at Holon. The 
trenches exposed four main pedological facies. Both the 
thickness and the lateral exposure of the units indicate past 
topographic variations. The composite view of the sections 
shows the lateral extension as well as the breadth of the 
layers along both the north–south and east–west axes. The 
various appearances of hamra (Units 1, 2, 3, 3a and 3b) and 
of kurkar (in Trenches 6 and 9 only; see Figure 2) imply 
small-scale variations in the depositional environments. 
Neither the probes dug in 1995, nor the trenches opened 
in 2006, revealed a light gray clay stratum similar to the 
one found in Noy’s excavations, in which the archeologi-
cal layer was embedded. Similar light clay sediments ap-
peared in the trenches only in laminated forms within the 
hamra paleosol. Furthermore, despite the close proximity 
of Trench 3 to Noy’s excavation area, it was impossible to 
correlate the hamra found in the 2006 trenches with one of 
the two hamra paleosols exposed in the original section. 
Similar concerns were raised regarding the stratigraphic 
correlation between the 1995 probes and Noy’s excavations. 
Marder (2009) pointed out the vast difference in thickness 
between Noy’s Layer C (up to c. 1.7m) and the correspond-
ing horizon in Pit A, which is only 50cm thick. However, 
Noy’s stratigraphic section (see Figure 2c; Yizreali 1967) 
exhibits great lateral variations. Thus, it is most probable 
that the stratigraphic sequence in Pit A is incomplete, and 
represents only a portion of the time-span during which 
Noy’s Layer C was formed. This consideration might im-
pede the suggested geological correlations made by Porat 
et al. (1999). The Holon dates were questioned by Bar-Yo-
sef and Belmaker (2011), Gopher et al.( 2010) and Marder 

a particular micro-environment.
It is difficult to estimate the density of lithic finds at the 

site. The size of the excavated areas can only be estimated at 
over 264m2, as there is no agreement on this among the dif-
ferent reports (see above). Since sieving was not performed 
during the excavations at the site, one should compare the 
density only for artifacts with at least one dimension mea-
suring 2cm and over. Moreover, the vertical distribution 
also is unknown (only the maximum width). Thus a com-
parison with other Late Lower Paleolithic open-air sites 
from the area, taking into account all the above limitations 
and selecting as scale the number of artifacts per m2, would 
reduce the degree of bias and will help set the site of Holon 
within its proper context. 

Only 2,481 artifacts larger than 2cm were found at Ho-
lon, resulting in c. 9 items per m2 (see Table 1). Illustrations 
in Yizraeli (1967: Figure 2), Chazan (2007a: Figures 1.7, 1.8), 
and Chazan et al. (2007) show some spatial clustering. It 
is unknown whether the spatial variation was caused by 
anthropogenic or post-depositional agencies. A compari-
son with the finds at Revadim, a site with a similar envi-
ronment, located 25km south of Holon, and with a similar 
spatial exposure (c. 250m2; Marder et al. 2011), shows re-
markable differences. The most ancient occupation layers 
at Revadim, B2 and C5, vary greatly―in B2, 2,085 artifacts 
larger than 2cm were found over 92m2, resulting in approx-
imately 22 artifacts per m2; in C5, 686 such artifacts were 
found over 8m2, with 86 artifacts per m2 (Rabinovich et al. 
2012; Solednko 2010). In Layer C3 in Area C East, repre-
senting a later phase of occupation, 11m2 produced 5,581 
artifacts, bringing the density up to 507 per m2 (Malinsky-
Buller et al. 2011a; Marder et al. 2011). 

Other examples, such as Kefar Menahem West, reveal 
much lower numbers (38 items per m2; a total of 751 arti-
facts over an area of 21m2: Barzilai et al. 2006), but these 
are still much higher than those at Holon. Malinsky et al. 
(2011a: Table 6) presented additional comparisons showing 
that artifact densities/numbers in Holon are relatively low. 
Thus, Holon appears to contain low frequencies of lithic 
finds, and these seem to be restricted to one ecological 
niche, that of a marsh. 

POST- EXCAVATION TEST PROBES
In 1995, two probes (Pits A, B) were excavated, in which no 
archeological remains were found (Porat et al. 1999).1 Pit 
A yielded six layers―a modern disturbance (20cm thick), 
gray-mottled yellow sand with carbonate nodules (30cm 
thick), brown hamra (70cm thick), black-mottled grayish 
clayey sand (100cm thick), yellow-brown mottled clayey 
sand with carbonate nodules (30cm), and brown hamra 
with carbonate nodules (70cm). In Pit B, the modern distur-
bance was thicker (220cm thick); beneath it was a sequence 
of gray-brown, mottled clayey sand (30cm thick), yellow-
brown, mottled clayey sand (150cm thick), and at 4m below 
the surface, Kurkar (thickness unknown) (Porat et al. 1999: 
Figure 2).

The authors correlated the black-mottled grayish clay-
ey sand and the yellow-brown clayey sand found in Pit A 
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stones is probably higher, as several cores have signs of 
previous use as hammerstones (see Figure 4:1 below). 

On-site knapping is evident from hammerstones, test-
ed-cores, cortical elements, and core management pieces 
(CMP). However, the number of cores and cortical ele-
ments is relatively low (see Table 1). Technologically, the 
assemblage is dominated by selection of flakes and primary 
elements2 for knapping as cores. In previous studies of the 
lithic assemblage of Holon, different terminologies were 
used for separating cores-on-flake and retouched items 
(Chazan 2007b). However, in the current study the defining 
condition for a core-on-flake is a sequence of three remov-
als or more from the same surface (Goren-Inbar 1988; Hov-
ers 2007 and see discussion within). This mode of flaking 
was the most common at the site, with 45.2% of the cores 
made on flakes (Tables 2, 3; Figure 3). Three variants of 
cores-on-flakes were found at the site―‘truncated-facetted 
flakes’ (Nahr Ibrahim cores, n=42; see Figure 3:2), cores-on-
flakes (n=39; see Figure 3:1) and ‘possible cores-on-flakes’ 
(n=3) (for definitions of each category see Goren-Inbar 
1988; Hovers 2007; Schroeder, 1969; Solecki and Solecki 
1970). These three types differ in their preparation, but are 
similar in all other categories, i.e., choice of blanks, dimen-
sions of blanks, amount and dimensions of scars removed 
(Table 4; see Figure 3). Nodules used as cores exhibit two 
main modes of flaking―with or without hierarchy (for 
definitions, see Malinsky-Buller et al. 2011b); both modes 
appear in similar quantities. Most of those with hierarchy 
exhibit a non-Levalloisian conception of knapping (Table 2; 
see Table 4; Figure 4). 

The number of handaxes is high (n=107). The handax-
es were made mainly on rounded pebbles, with only one 
handaxe made on a flake. The complete handaxes (n=57) 

(2009). Those authors claimed that according to our current 
knowledge about Late Acheulian dates, the date of Holon 
should be older than 200 ky, within the Middle Pleistocene 
time period (780,000–300,000).  

Although no artifacts were found in the geological 
probes and trenches, they nevertheless bear archeological 
importance―Holon was located within a landscape of sta-
bilized sand dunes where the archeological finds are limit-
ed to a marshy environment. The faunal remains also point 
toward species dependent on a nearby permanent body 
of water. The coastal plain of Israel consists of an environ-
ment where the rapid development and disappearance 
of marshes or seasonal ponds create a unique temporary 
ecological niche (for recent examples see Cohen-Seffer et 
al. 2005; Galili and Weinstein-Evron 1985; Sneh and Klein 
1984; Sivan et al. 2011). The spatial distribution of low-den-
sity clusters of archeological finds at the site suggests “a 
cluster within the patches” pattern of distribution (Isaac et 
al. 1981). Thus, the marsh was a preferred locale that homi-
nins selected as the place of their activities. 

THE LITHIC ASSEMBLAGE OF HOLON
The lithic assemblage of Holon (see Table 1) consists of 
2,955 pieces, of which 2,481 (83.3%) are larger than 2cm. 
This high ratio of large fractions is due to the lack of siev-
ing during the excavation (Chazan 2007b, c). Flakes (81.6%) 
dominate the debitage. All stages of flake production are 
evident, suggesting on-site knapping. Pebbles used as raw 
material for knapping were most probably derived from 
the nearby paleo-Ayalon stream. Fifty-eight unmodified 
pebbles, larger than 5cm, and thus suitable for knapping, 
were found at the site. Seven additional pebbles were used 
as hammerstones, although the real number of hammer-

 TABLE 2. CORE TYPOLOGY. 
 

 Cores on nodules 
 Cores with hierarchy 
Levallois cores 6 3.2 
Cores with two surfaces perpendicular to each other with hierarchy 30 16.1 
 Cores without hierarchy 
Cores with two surfaces perpendicular to each other without hierarchy 25 13.4 
Core with three or more striking platforms 3 1.6 
Alternating striking platforms cores 2 1.1 
Tested core 4 2.2 
Discoidal cores  5 2.7 
Modified pebbles 9 4.8 
Varia 11 5.9 
Core fragment 7 3.8 
 Cores-on flakes 
Cores on flake 39 21.0 
Possible cores on flake  3 1.6 
Truncated facetted  42 22.6 
TOTAL 184  
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14.2% of the detached pieces larger than 2cm (11.8% of the 
total assemblage; see Table 1). The blanks chosen for fur-
ther retouch were larger in dimensions compared to the 
debitage (see Table 3). The toolkit contains three main com-
ponents―retouched items, side-scrapers and a relatively 
high ratio of composite tools (Table 5).

Retouch intensity (invasiveness on the blank’s surface) 
and extent (length along the edge) show two opposing 
trends. On the one hand, the retouched flakes classified 
according to a regular and continuous retouch (following 
the definition suggested by Goren-Inbar 1990: 63), show 
low intensity of retouch (Figure 6). On the other hand, 
side-scrapers as well composite tools demonstrate a high 
intensity of retouch. The scrapers present a more intensive 
stepped retouch, with invasive scars over a larger extent of 
a blank’s edges (Figure 7). The composite tools’ typological 
makeup differs from the one of blanks with a single tool 
type (Table 6). Composite tools have a higher percentage of 
truncations than single tools (see Figure 7:1). 

In sum, the lithic assemblage of Holon shares techno-
typological characteristics with other Late Lower Paleo-
lithic Levantine sites (e.g., Revadim: Malinsky et al. 2011b; 
Kefar Menahem West:  Barzilai et al. 2006; Nahal Hesi: Y. 
Zaidner, pers. com. and personal observation). However, 
several traits within the technological organization of the 
Holon lithic assemblage distinguish it from other Late 
Acheulian assemblages. For example, the cores-on-flakes 
are the most common reduction sequence in the Holon as-
semblage; moreover, they exhibit more removals per core 
than at other Middle Pleistocene sites. The frequency of 
handaxes is relatively high (23.4% of the tools, and 4.3% 

vary greatly in length, ranging 58mm to 195mm, and in de-
gree of refinement (Figure 5; Chazan 2007b: Figure 4.10). 
Compared to the number of handaxes, the number of thin-
ning flakes (éclats de taille de biface) is small (n=25). Thin-
ning flakes are smaller in comparison to the CMP. Most of 
the thinning flakes are smaller than 30mm (17 out of the 
25), and one item is smaller than 20mm. It is most probable 
that more and smaller items of this type would have been 
found, if sieving had been conducted during the excava-
tion. The size of the thinning flakes can be explained as a 
result of transport of handaxes over the landscape. Accord-
ingly, while the early manufacturing stages of handaxes 
were performed off-site, the final stages of their fashioning 
were executed on-site. A similar scenario was suggested for 
the sites of Gesher Benot Ya‘aqov (Goren-Inbar and Sharon 
2006), Boxgrove (Pope and Roberts 2005), and Revadim C 
East (Malinsky-Buller et al. 2011b). 

When dividing the handaxes into three size categories 
(length smaller than 8cm {n=16}, 8–12cm {N=24}, and larger 
than 12cm {n=18}) the distribution of size shows a normal 
distribution, with no preference for the small-sized group, 
as would be expected in a re-sharpening scenario (see Fig-
ure 5:1–3). Moreover, when comparing the number of scars 
and the cortical coverage for each size group of handaxes, 
all size groups demonstrate a similar mode of shaping (see 
Figure 5). It thus appears that for bifacial knapping, the 
original size of the pebbles was the most significant factor 
in affecting the finished morphology of the artifacts. White 
(1995, 1998) proposed similar explanations for the morpho-
logical variability of the English handaxes. 

Blanks modified by secondary modification constitute 

 
TABLE 3. RETOUCHED ITEMS AND DEBITAGE DIMENSIONS (in mm). 

 
  Max. 

length 
Max. 
width 

Thickness Breadth of 
striking 
platform 

Depth of 
striking 
platform 

Primary elements 
average 33.1 22.7 9.1 14.1 5.4 
std 11.7 8.8 5.1 6.0 3.5 
n 65 65 65 34 41 

Flakes 
average 31.5 22.4 6.9 13.4 4.3 
std 11.0 9.1 3.5 7.1 2.6 
n 555 555 555 316 346 

Core management pieces 
average 34.3 23.1 9.6 11.1 4.7 
std 11.3 8.3 4.2 6.2 3.0 
n 198 198 198 140 140 

Tools (including 
scrapers) 

average 40.4 30.1 10.4 17.3 5.9 
std 11.3 9.5 4.0 9.1 3.4 
n 350 328 350 164 182 

Side-scrapers 
average 42.3 29.7 10.3 17.6 6.0 
std 10.9 9.7 3.9 8.4 3.4 
n 82 82 82 47 52 

 
 



490 • PaleoAnthropology 2014

Figure 3. 1: core on flake: a) dorsal face; b) side view; c) ventral face; d) section in the thickest part of the artifact; e) bottom view; f) 
top view. 2: truncated-facetted flake: a) dorsal face; b) side view; c) ventral face, note the truncation on the distal end; d) section in 
the thickest part of the artifact; e) bottom view, note the double bulb of percussion; f) top view, showing the truncation and the later 
removals from it. 
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is also known as a tranchet blow (Inizan et al. 1999: Fig-
ure 34:1–2). Coup de tranchet removes both sides of the 
handaxe and sometimes part of the tip as well. This mode 
of shaping and its byproducts are common on Northern 
European Late Lower Paleolithic handaxes (Kelley 1955; 
Lamotte 2001; Soriano 2001; Tuffreau et al. 2008). Only one 
such item is found in the Holon assemblage (see Figure 9:1). 

At Holon, LSF and TSF appear in equal numbers. The 
shape and size of the re-sharpening spalls is diverse (see 
Figures 8 and 9:2–4). The average length of the complete 
spalls (n=16) is 32.1±5.3mm, and they are 19.6±5.8mm wide. 
The largest spall is 45mm in length, whereas the smallest is 
18mm long. Although these types vary in their morpholo-
gies and dimensions, their previously retouched edge was 
removed with the same technological procedure. All spalls 
contain one plain side. This plain face is the previous ven-
tral face of the “parent tool.” From this face, the retouch 
originated. In most of the Holon spalls, the left side is plain 
(n=27; see Figure 8:2, 3, 4, 6; Figure 9:3–4); in three items the 
right side is plain (see Figure 8:1, 5; Figure 9:2). Most of the 
blanks bear none or very little cortex (up to 25%). 

Studying the spalls can provide us with insights about 
the parent tools from which they were removed. The mode 
of retouch on the spalls varies greatly—fine retouch, flat, 
scalar, as well as stepped retouch (see Figures 8 and 9:2–4). 
Similarly, the degree to which the retouch penetrates the 
blank also is diverse. Several spalls exhibit invasive re-
touch, up to 15mm wide. Within this group, a few bear sev-
eral phases of retouch; in even fewer cases, the final stages 
of retouch show minimal modification. In other spalls, the 

of items >2cm). The number of handaxes in Holon is rela-
tively high in comparison to other Late Acheulian sites 
(e.g., Marder et al. 2006). The scrapers and composite tools 
at Holon demonstrate a higher retouch intensity compared 
to other Late Lower Paleolithic sites (e.g., Revadim:  Malin-
sky-Buller et al. 2011b; Kefar Menahem West: Barzilai et al. 
2006). A reassessment of the re-sharpening process found 
at the site should take into account these tech-typological 
traits.

THE RE-SHARPENING TECHNIQUES AT
HOLON 
A group of 31 spalls was found in the Holon assemblage. 
These are divided into three categories. Two of these cat-
egories, the long sharpening flakes (hereafter LSF) and 
the transverse sharpening flakes (hereafter TSF), are de-
fined according to Cornford’s (1986) classifications. The 
LSFs (n=15) are narrow flakes, with a retouched facet ly-
ing alongside the striking platform, parallel to their longi-
tudinal axis and at an angle to it (Figure 8). The technique 
creates new edges of the greatest possible length and new 
angles that allow the continuation of usage either without 
any modification or with repeated retouch of the new edge. 
The TSF (n=15) are short and broad flakes (Figure 9:2–4). 
They share some affinities with the LSF, yet their morphol-
ogy is more quadrangular, thus having less of the edge’s 
length removed than in the LSF. 

The third category is part of bifacial fashioning, stem-
ming from the rejuvenation of the handaxe`s tip. Bordes 
(1971: Figure 11:1–2) termed it “coup de tranchet”, and it 

 
TABLE 4. CORE METRICS. 

 
 Cores with two surfaces 

perpendicular to each 
other with hierarchy 

(n=20) 

Cores with two surfaces 
perpendicular to each 

other without hierarchy 
(n=25) 

Cores-on-
flakes 
(n=39) 

 

Truncated- 
facetted 
(n=42) 

Core length  47.6±14.6 44.3±14.2 43.3±12.0 41.9±11.4 
Core width 39.0±13.3 40.5±14.4 33.9±11.30 30.6±9.4 
Core thickness 24.1±7.9 18.6±7.4 15.3±5.0 12.8±4.1 
N scars (flaking 
surface) 

15.8±7.9 6.4±3.4 9.0±4.3 5.3±4.3 

Core exploitation 
index  

52.0 39.7 48.9 31.4 

Length of dominant 
scar  

26.3±7.7 
(n=14) 

25.5±9.4 
(n=34) 

19.1±8.3 
(n=28) 

16.7±7.0 
(n=34) 

Width of dominant 
scar  

24.4±5.5 
(n=14) 

18.6±5.8 
(n=28) 

17.5±7.0 
(n=28) 

15.4±6.9 
(n=34) 

Length of last scar  17.7±5.7 
(n=26) 

12.8±9.5 
(n=17) 

11.9±6.5 
(n=26) 

11.4±5.1 
(n=21) 

Width of last scar  17.0±5.4 
(n=26) 

11.6±7.0 
(n=17) 

13.5±5.0 
(n=26) 

10.3±3.4 
(n=21) 
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Figure 4. 1: cores with two surfaces perpendicular to each other without hierarchy used previously as hammerstone (view e); 2–3: 
cores with two surfaces perpendicular to each other with hierarchy; 4: core with three or more striking platforms.
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Figure 5. 1: handaxes larger than 12cm; 2: handaxes between 8–12cm; 3: handaxes smaller than 8cm; note the similarities in cortex 
coverage, numbers of scars and mode of shaping despite the variations in their sizes.
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et al. 2011a). In Holon the technical reasons for choosing 
those maintenance techniques lie in the creation of a new 
edge with a fresh and sharper angle that provided for the 
possibility for additional retouch. The question remains, 
however, of how these maintenance behaviors fit within 
the organization of the technology evident in other facets 
of the lithic assemblage.

DISCUSSION
The lithic assemblages at Holon represent a mixture of pro-
visioning strategies. Handaxes seem to have been brought 
into the locality already knapped, most probably as finished 
products and only the final stages of shaping were done 
on-site. The ratio of handaxes within the retouched assem-
blage, as well as in the general assemblage, is remarkably 
high in comparison to other open-air Levantine Acheulian 
sites. Yet, there are few indications that the handaxes were 
maintained; very few thinning flakes were found at the site 
compared to the high number of handaxes found at the lo-
cality.  

On-site knapping at Holon is evident in the hammer-
stones, tested cores, cortical elements, and CMPs in the as-
semblage. Technologically, the Holon assemblage is char-
acterized by a high frequency of cores-on-flakes, similar to 
other Late Lower Paleolithic assemblages (e.g., Barkai et al. 
2010; Malinsky-Buller et al. 2011b). 

The transformation of flakes and primary elements 
into cores is interpreted as a strategy of economizing raw 
material (Hovers 2007; 2009 for further discussion). If recy-
cling is taken to mean the “remaking of an implement into 
a different kind of tool” (Odell 1996: 59), flakes turned into 
cores indeed reflect this type of behavior. Moreover, there 
is a shift in the role of the artifact when a flake turned into a 
source of blanks, a process that requires the application of 
a different conceptual framework to the very same artifact. 
Yet, on the other hand, some scholars suggest those cores-
on flakes are not an expedient reduction sequence, but 
rather a repeated behavior (Hovers, 2007), and sometimes 
even planned in advance (Bourginoun et al. 2004). At Ho-
lon, the reduction sequence of the cores-on-flake is inter-
preted as a systematic production system. The frequency 
of cores-on-flakes as well as the level of utilization exceeds 
those of other Late Lower Paleolithic sites (see above).

The raw material economy of the retouched compo-
nents cannot be interpreted in a straightforward manner. 
The blanks used for retouch in the Holon assemblage were 
chosen due to their larger size in comparison to the deb-
itage (see Table 3). These retouched items contain a high 
proportion of composite tools and highly retouched scrap-
ers. It is possible that, similar to the handaxes, retouched 
tools also were transported into the site. It remains unclear 
whether the act of retouching was done on-site or not. Re-
touched tools may have been brought into the site after 
they were retouched, or they may have been carried in as 
blanks and then retouched on-site. There is no positive evi-
dence to support or refute either of these scenarios. 

Maintenance, on the other hand, was done on-site. The 
removal of previous edges and the creation of new ones 

degree of penetration is minimal, up to a few millimeters 
at most (see Figure 8: 3, 5; Figure 9:2). Another important 
aspect is the alteration in the angle of retouch. Two angles 
were measured on each spall—the angle of the retouch on 
the parent tool and the current angle. The current angle was 
measured in order to calculate the “new” angle, by deduct-
ing the current angle from 1800 (Figure 10:3–6). The results 
show that the “old” angle, on the parent tool, measured 
60˚–70˚, while the “new” angle measures 50˚–60˚. Thus, the 
removal of the spalls contributed to the creation of a new 
edge with a sharper angle. 

The motivation for selecting a certain type of parent 
tool is not obvious. The diversity among the spalls in both 
mode of retouch and level of intensiveness implies that 
the Holon parent tools chosen for maintenance were both 
scrapers and retouched items. It does not seem reasonable 
to correlate it with a higher level of utilization, since the 
mode of exploitation found on the spalls is diverse, exhibit-
ing both low and high extensiveness of retouch. As can be 
seen, the variable nature of the re-sharpening flakes ham-
pers our attempts to make a straightforward calculation of 
the ratio of spalls to unifacial tools. The scrapers and re-
touched items do not bear any traces similar to those found 
on the removed spalls. Hence, it is most probable that after 
the new edge was created, it was retouched again, used, 
and only then discarded. Thus, without the presence of 
the spalls, we would not have been able to reconstruct the 
maintenance tactics at Holon. 

The maintenance of unifacial tools evident at Holon is 
unique in the Middle Pleistocene record of the Levant. Thus 
far, it has not been reported in other Levantine Late Lower 
Paleolithic assemblages (e.g., Lev 2010: 114–118), or the one 
Middle Paleolithic assemblage in this region (Zaidner et al. 
2014). Assemblages with similar techno-typological char-
acteristics do not contain these kinds of spalls (e.g., Kefar 
Menahem: Barzilai et al. 2006; Revadim: Malinsky-Buller 

 
TABLE 5. FREQUENCIES OF RETOUCHED ITEMS. 
 

 N % 
Handaxes 107 23.4 
Retouched items 92 20.1 
Scrapers 82 17.9 
Composite tool 73 16.0 
Truncation 25 5.5 
Isolated removal 24 5.3 
End scrapers 17 3.7 
Burin 15 3.3 
Awl 3 0.7 
Notch 6 1.3 
Varia 13 2.8 
 457 100 
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Figure 6. Retouched items.
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Figure 7. 1: composite tool: double sidescraper and truncation; 2–4: sidescrapers. 
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 TABLE 6. COMPOSITE TOOLS―TYPOLOGICAL MAKEUP. 
 

 Sidescrapers Burin Truncation Notch Miscellaneous Retouched 
item 

Isolated 
removal 

Total 

Side-scrapers 8  12 1 7 4 4 36 
End-scrapers 1       1 
Burins  1    1 1 3 
Truncations  1 2   2 2 7 
Retouched items 4 1 1  9 2  17 
Miscellaneous  1  1   1  3 
Isolated removals     1 3  4 
Awls  1   1   2 
Total 14 4 16 1 18 13 7 73 

 

Figure 8. 1, 5: long sharpening flakes removed from the right side of scraper or retouch item; 2, 3, 4, 6: long sharpening flakes removed 
from the left side of scraper or retouch item. Note the plain side from which the retouch stems, as well the variations in the mode of 
retouch and intensiveness of retouch.
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removal. It is possible that such retouched items were taken 
out of the site. 

The lithic assemblage of Holon serve as a rare oppor-
tunity within Middle Pleistocene record for unpacking the 
term of curation into various strategies, each performs dif-
ferently and enables a distinction between different aspects 
within the concept. As stated by Bamforth (1986) and Odell 
(1996), curation subsumes different perspectives—plan-
ning depth, maintenance, and recycling, all taking part 
within technological organization. Concerning the move-
ment of raw material, the selected strategy was provision-
ing of place. Provision of place involves a supply of raw 
materials or finished implements, such as the handaxes into 
the locality (Binford 1979; Kuhn 1995). This mode of behav-
ior greatly increases the potential efficiency of conducting 
a broad spectrum of tasks (Kuhn 1995). Handaxes can be 
perceived as personal gear, a toolkit already prepared for 
use (Binford 1979). This would have minimized the risk of 
failure to exploit unexpectedly encountered resources, as 
well as the cost of carrying around bulky and heavy lithic 
packages. Interestingly, there are few indications that those 
handaxes were heavily maintained. Another aspect of raw 
material economization is the selection of flakes and pri-
mary elements as source for further making new blanks. 
At Holon, cores-on-flakes are an expedient, opportunistic 
economizing behavior, yet at the same time reflects an or-

represent a maintenance stage that is rarely described at 
Middle Pleistocene sites3. This technological procedure ex-
tends the use-life of the tools, fitting the definitions of Shott 
(1989, 1996). Odell (1996: 62) distinguishes between tool 
maintenance as an event and as a process. As an event, it 
occurred when margins become dull. While as process, it 
refers to the concept of “maintainable” tool, which can be 
made so that if it is not appropriate for the task it can quick-
ly be brought back to the functional state (Bleed 1986). Such 
tools are modular in design and relate more to expedient 
tool use, when need arises. At Holon, the maintenance of 
unifacial tools fits more closely to the concept of “maintain-
able” tools. The removals of the spalls signify a stage, after 
which another retouch set occurs—bringing the tool back 
to its functional state. 

Without the presence of the maintenance spalls we 
could not have identified this technical procedure. The role 
of the spalls was to remove the existing retouched edge of 
the parent tool, so as to create a new and sharper edge. Two 
typological types were suggested to be the parent tools—
scrapers and retouched items (see Figure 10). The techno-
logical reading of the spalls shows great diversity in size, 
mode of retouch, and the extent to which the retouch pen-
etrated the blank. Nevertheless, those spalls share a com-
mon goal—creating a new edge, that later was retouched 
again, as none of the retouched items bear signs of a spall 

Figure 9. 1: “coup de tranchet” stemming from the rejuvenation of the handaxe’s tip; 2, 4: transverse sharpening flakes removed from 
the left side of previous scraper or retouch item. 3: transverse sharpening flakes removed from the right side of previous scraper. Note 
the plain side from which the retouch stems, as well the variations in the mode of retouch and intensiveness of retouch.
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Figure 10. Schematized reconstruction of the stages of maintenance techniques of sidescrapers and retouched items in Holon. 1: 
blanks selection; 2A: retouch into a sidescraper; 2B: retouched into retouched item; 3: removal of transverse sharpening flakes from 
sidescraper. 4: removal of long sharpening flakes from side-scraper. 5: removal of transverse sharpening flakes from retouched item. 6: 
removal of long sharpening flakes from retouched item.
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from Holon, on one hand, and the detailed environmental 
data from the site on the other, lend themselves to a high-
resolution reconstruction of a contextual behavioral scenar-
io. What components of the environmental circumstances 
could have led to this multifaceted technological organiza-
tion seen at Holon? Several landscape studies have shown 
that even minor variations in topography, plant ecology, 
and hydraulic conditions, can be highly significant in shap-
ing hominin behavior (e.g., Blumenschine and Peters 1998; 
Potts et al. 1999; Tactikos 2005). 

We cannot rely on negative evidence. Thus, by default, 
we focus on the macrofauna remains from the Paleolithic 
sites as the main source of information regarding hominin 
diets. Most of the macrofauna species are not daily water 
dependant (see exceptions above in the Holon faunal as-
semblage), thus their daily foraging range is large, by far 
larger than the immediate locality were their remains have 
been found. The ecological variation between the coastal 
plain sites probably lies in the finer resolution—the micro-
habitat and most likely the vegetation and its local bio-
mass. However, the current amount of plant biomass in the 
coastal plain of Israel is not equivalent to the potential food 
available. Furthermore, estimating the potential food avail-
able in a habitat would be misleading if it is based upon 
our meager data currently available about present edible 
vegetation, the possible need for pyro-technology or other 
technologies for processing these resources, and the lack 
of data from the Paleolithic sites themselves (see discus-
sion in Hovers, 2009: 196–207 and references therein). Im-
portantly this kind of potential food resource is not equal-
ly available year-round. Ethnographic and simulations 
analysis pointed out that in patchy environments, where 
resources are spatially clustered and not homogeneously 
distributed over the landscape, plant resource harvesting 
must be timed accurately (Kelly 1995; Metcalfe and Barlow 
1992). The fact that plants constitute relatively low return 
resources often renders their transport to a base camp an 
inefficient strategy (Kelly 1995). In the current state of our 
knowledge, we could not state that the vegetal resources 
are the determinant factor for the observed variations in 
the technological organization of lithic assemblages at this 
given period and geography. The possible linkage between 
the specific environment and possible implications of such 
a micro-habitat upon behavior suffers from causation by 
association. However, in the future, more in-depth studies 
would enable further testing of this proposition or model-
ing in the future (e.g., Blumenschine and Peters 1998).

The site of Holon was located near a seasonal or short-
term marsh, with a relatively high abundance of cutting 
edge and renewal and maintenance of sharp edge in unifa-
cial tools found there, not paralleled at other Late Acheulian 
sites. The described maintenance technique of unifacial-re-
touched items is the only facet of economizing behaviors 
at the site. This kind of technological organization can be 
regarded as a chosen tactic, not as an obligatory response 
to a deficiency of raw material. The case study of Holon 
exhibits a situational modification that extended the com-
mon techo-typological repertoire of the Late Acheulian, 

ganized and designed practice within a structured system 
of lithic production. 

Although re-sharpening is widely discussed in the lit-
erature, it has rarely been demonstrated technologically 
in Lower and Middle Paleolithic contexts of Europe (for 
exceptions see Bourguignon 1992; Conford 1986;  Fonton 
et al. 1991; De Loacker 2006; Roebroeks 1988; Roebroeks 
et al. 1997). The spatial and temporal distribution of such 
maintenance techniques in the Lower and Middle Paleo-
lithic record in Europe is patchy outside assemblages with 
Quina retouch (Bourguignon 1996; Hiscock et al. 2009). 
Thus, when one appears, we must go beyond description, 
and contextualize the reasons for adopting such a technical 
strategy. In terms of cost/benefit ratio, it is hard to assess 
the merits of maintenance for unifacial tools. On the one 
hand, re-sharpening can economize raw material by mini-
mizing transport cost. On the other hand, re-sharpening 
reduces the size of the tool, alters the morphology of the 
edge, and diminishes the potential for future renewal of the 
scraper’s edge (Kuhn 1995). More importantly, economiz-
ing behaviors of this sort are conditional and are adopted 
in response to changes in circumstances. Thus, in order to 
suggest contextually reliant explanatory narratives (time- 
and place-dependent scenarios), one should explore the 
conditions that stimulated the preference of such economi-
cal solutions (Holdaway and Douglas 2011).

One such explanatory scenario perceives maintenance 
techniques as an organizational response to raw material 
shortage (Bamforth 1986). Following this interpretive line, 
the scarcity of raw material is suggested as the cause for re-
sharpening techniques in several European assemblages. 
At La Cotte de St. Brelade, an Early Middle Paleolithic site 
on Jersey Island, England, sharpening flakes were found 
in different quantities within each of the assemblages of 
the long depositional sequence. Conford (1986) suggested 
there was a correlation between the changing frequencies 
of sharpening flakes and the availability raw material. An 
analogous scenario was suggested for Layer 4 at Coustal 
Cave, in Corrèze, France, where scrapers made on jasper, 
a rare raw material, were re-sharpened (Fonton et al. 1991). 

At Maastricht-Belvedere in the Netherlands, however, 
a different interpretive scenario was suggested. The use of 
this technique to maintain the tools was interpreted not as 
a response to raw material deficiency, but rather as a delib-
erate choice to “minimize” the energy invested in the tool-
kit (De Loacker 2006; Roebroks 1988; Roebroks et al. 1997). 
This distribution of maintenance techniques over large ar-
eas and within varied contexts of deposition refutes cross 
cutting explanatory scenarios. Accordingly, the appearance 
of these techniques may imply a functional response to a 
problem, a solution adopted to satisfy some type of need 
that necessitated creating new, sharper active edges.  

At the site of Holon, it is unlikely that raw materials 
were a constraint. Within the assemblage there is suitable 
raw material—unmodified pebbles larger than 5cm—
and it is quite probable that these could be found in the 
immediate vicinity, as they were abundant in the nearby 
streams. As seen above, the small number of lithic items 
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probably due to functional demands. This kind of behav-
ior is rarely described within Middle Pleistocene contexts. 
It highlights complex economical decision-making pro-
cesses leading to narrow, specific technological behaviors. 
The causes of those behaviors may be butchery, hunting, 
or possibly vegetal processing in an ephemeral ecological 
niche. These types of assemblages appear only later, in the 
Upper Pleistocene (Sharon and Oron 2014). Putting the Ho-
lon maintenance strategies in context, both technological 
organization and landscape, highlights the flexibility in the 
adaptive solutions within the Middle Pleistocene record.
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ENDNOTES
1. As the exact location and extent of the original excavation is un-

known, the distance between the probes and the original excavation 
is unclear. Porat et al. (1999) estimate the distance at 8m. 

2. Primary elements are classified as flakes with more than 50% cortex.
3. Lev (2010) discussed 21 scraper spalls, a minute percentage of artI-

facts in comparison to the lithic assemblages at Qesem cave.

REFERENCES
Andrefsky, W. 1994. Raw material availability and the or-

ganization of technology. American Antiquity 59, 21–34.
Andrefsky, W. 2009. The analysis of stone tool procure-

ment, production and maintenance. Journal of Archaeo-
logical Research 17, 65–103.

Amick, D.S. 2007. Behavioral causes and archaeological ef-
fects of lithic artifact recycling. In: McPherron, S. (ed.), 
Tools versus Cores: Alternative Approaches to Stone Tool 
Analysis. Cambridge Scholars Publications, Newcastle, 
pp. 223-252.

Bamforth, D.B. 1986. Technological efficiency and tool cura-
tion. American Antiquity 51, 38–50.

Baker, T. 2007. Recycling. Electronic document. http://
www.ele.net/recycling/diffsurf.htm

Barkai, R., Lemorini, C., Shimelmitz, R., Lev, Z., Stiner, 
M.C., and Gopher, A. 2009. A blade for all seasons? 
Making and using Amudian blades at Qesem Cave, Is-
rael. Human Evolution 24, 57–75.

https://www.antiquity.ac.uk/projgall/barkai325/
https://www.antiquity.ac.uk/projgall/barkai325/
http://www.ele.net/recycling/diffsurf.htm
http://www.ele.net/recycling/diffsurf.htm


502 • PaleoAnthropology 2014

Gordon, D. 1993. Mousterian tool selection, reduction, and 
discard at Ghar, Israel. Journal of Field Archaeology 20, 
205–218.

Goren-Inbar, N. 1988. Too small to be true? Reevaluation of 
cores on flakes in Levantine Mousterian assemblages. 
Lithic Technology 17, 37–44.

Goren-Inbar, N. 1990. The lithic assemblages. In Goren-
Inbar N. (ed.), Quneitra: A Mousterian Site on the Golan 
Heights, Qedem 31. Institute of Archaeology, Jerusa-
lem, pp. 61–167. 

Goren-Inbar, N. and G. Sharon 2006. Invisible handaxes 
and visible Acheulian biface technology at Gesher 
Benot Ya‘aqov, Israel. In Goren-Inbar, N. and Sharon, 
G. (eds.), Axe Age: Acheulian Tool-Making from Quarry to 
Discard. Equinox, London, pp. 111–136.

Gvirtzman, G., Shachnai, E., Bakler, B., and Ilani, S. 1984. 
Stratigraphy of the Kurkar Group (Quaternary) of the 
Coastal Plain of Israel. Israel Geological Survey Current 
Research 1983–1984, 70–82.

Gvirtzman, G., Martinotti, G.M., and Moshkovitz, S. 1997. 
Stratigraphy of the Plio-Pleistocene sequence of the 
Mediterranean coastal belt of Israel and its implications 
for the evolution of Nile cone, Israel. In van Couvering, 
J.A. (ed.), The Pleistocene Boundary and the Beginning of 
the Quaternary. World Regional Geology vol. 9. Cam-
bridge University Press, New York, pp. 156–168.

Gvirtzman, G., Wieder, M., Marder, O., Khalaily, H., Rabi-
novich, R., and Ron, H. 1999. Geological and pedologi-
cal aspects of an Early Paleolithic site: Revadim, central 
coastal plain, Israel. Geoarchaeology 14, 101–127.

Hartman, G. and Horwitz, L.K. 2007. Remains of Fresh-Wa-
ter Turtles. In Chazan, M. and Horwitz, L.K. (eds). The 
Lower Paleolithic Site of Holon, Israel. American School of 
Prehistoric Research, Cambridge, pp. 89–91.

Hiscock, P., Turq, A., Faivre, J-P., and Bourguignon, L. 2009. 
Quina procurement and tool production. In Blades, B. 
and Adams, B. (eds), Lithic Materials and Paleolithic Soci-
eties. Wiley-Blackwell, Oxford, pp. 231–246. 

Holdaway, S. and Douglass, M. 2011. A twenty-first cen-
tury archaeology of stone artifacts. Journal of Archaeo-
logical Method and Theory 19, 101–131.

Horwitz, L.K. and Monchot, H. 2007. Sus, Hippopotamus, 
Bos and Gazella. In Chazan, M. and Horwitz, L.K. (eds.), 
Holon: A Lower Paleolithic Site in Israel. American School 
of Prehistoric Research, Cambridge, pp. 91–110. 

Hovers, E. 2007. The many faces of cores-on-flakes: a per-
spective from the Levantine Mousterian. In McPher-
ron, S.P. (ed.), Cores or Tools? Alternative Approaches to 
Stone Tool Analysis. Cambridge Scholars Press, Cam-
bridge, pp. 42–74. 

Hovers, E. 2009. The Lithic Assemblage of Qafzeh Cave. Oxford 
University Press, Oxford.

Inizan, M.L., Reduron-Ballinger, M., Roche, H., and Tixier, 
J. 1999. Technology and Terminology of Knapped Stone. 
Cercle de Recherches Et D’etudes Prehistorique, Nan-
terre. 

Jablonski, N.G. 2004. The hippo’s tale: how the anatomy 
and physiology of late Neogene Hexaprotodon shed 

Horwitz, L.K. (eds.), Holon: A Lower Paleolithic Site in 
Israel. American School of Prehistoric Research, Cam-
bridge, pp. 61–83.

Chazan, M., Monchot, H., and Horwitz, L.K. 2007. Spatial 
analysis of lithic artifacts and fauna from Holon. In 
Chazan, M. and Horwitz, L.K. (eds.), Holon: A Lower 
Paleolithic Site in Israel. American School of Prehistoric 
Research, Cambridge, pp. 163–180.

Cohen-Seffer, R., Greenbaum, N., Sivan, D., Jull, T., Bar-
meir, E., Croitoru, S., and Inbar, M. 2005. Late Pleisto-
cene-Holocene marsh episodes along the Carmel coast, 
Israel. Quaternary International 140–141, 103–120. 

Cornford, J.M. 1986. Specialised resharpening techniques 
and evidence of handedness. In Callow, P. and Corn-
ford, J.M. (eds.), La Cotte de St. Brelade, Jersey. Excava-
tions by C.B.M. McBurney 1961–1978. Geo Books, Nor-
wich, pp. 337–351.

Davies, P. and Lister, A.M. 2007. Palaeoloxodon. In Chazan, 
M. and Horwitz, L.K. (eds.), Holon: A Lower Paleolithic 
Site in Israel. American School of Prehistoric Research, 
Cambridge, pp. 123–132.

De Loecker, D. 2006. Beyond the Site: The Saalian Archaeo-
logical Record at Maastricht-Belvédère (The Netherlands). 
University of Leiden, Leiden. 

Dibble, H.L. 1984. Interpreting typological variation of 
Middle Paleolithic scrapers: function, style or sequence 
of reduction? Journal of Field Archaeology 11, 431–436.

Dibble, H.L. 1987. The interpretation of Middle Paleolithic 
scraper morphology. American Antiquity 52, 109–117.

Dibble, H.L. 1991. Local raw material exploitation and its 
effects on Lower and Middle Paleolithic assemblage 
variability. In Montet-White, A. and Holen, S. (eds.), 
Raw Material Economies among Prehistoric Hunter- Gath-
erers. University of Kansas Publications in Anthropol-
ogy, Lawrence, pp. 33–46. 

Dibble, H.L. 1995. Middle Paleolithic scraper reduction: 
background, clarification and review of the evidence 
to date. Journal of Archaeological Method and Theory 2, 
299–368. 

Fonton, M., Lhomme, V., and Christensen, M. 1991. Un cas 
de ‘réduction’ et de ‘transformation’ d’outil au Paléo-
lithique moyen. Un racloir déjeté de la grotte de Cous-
tal à Noailles (Corrèze). Paléo 3, 43–47. 

Frison, G. 1968. A functional analysis of certain chipped 
stone tools. American Antiquity 33, 149–155.

Galili, E. and Weinstein-Evron, M. 1985. Prehistory and pa-
laeoenvironments of submerged sites along the Carmel 
coast of Israel. Paleorient 11, 37–51.

Gifford-Gonzalez, D. 1991. Bones are not enough: ana-
logues, knowledge, and interpretative strategies in 
zooarchaeology. Journal of Anthropological Archaeology 
10, 215–254.

Gopher, A., Ayalon, A., Bar-Matthews, M., Barkai, R., 
Frumkin, A., Karkanas, P., and Shahack-Gross, R. 2010. 
The chronology of the late Lower Paleolithic in the Le-
vant: U series dates of speleothems from Middle Pleis-
tocene Qesem Cave, Israel. Quaternary Geochronology 
5:644–656.



Contextualizing Curational Strategies at Lower Paleolithic Holon • 503

ing the optimal trade-off between field processing and 
transport. American Anthropologist 94, 340–356.

Monchot, H. and Horwitz, L.H. 2007. Taxon representation 
and age and sex distribution. In Chazan, M. and Hor-
witz, L.K. (eds.), Holon: A Lower Paleolithic Site in Israel. 
American School of Prehistoric Research, Cambridge, 
pp. 85–88.

Nash, S.E. 1996. Is curation a useful heuristic? In Odell, 
G.H. (ed.), Stone Tools: Theoretical Insights into Human 
Prehistory. Plenum Press, New York, pp. 81–100. 

Nelson, M.C. 1991. The study of technological organiza-
tion. In Schiffer, M.B. (ed.), Archaeological Method and 
Theory 3, pp. 57–100.

Netser, M. and Chazan, M. 2007. The geological setting. In 
Chazan, M. and Horwitz, L.K. (eds.), Holon: A Lower 
Paleolithic Site in Israel. American School of Prehistoric 
Research, Cambridge, pp. 17–26.

Noy, T. and Issar, A. 1971. Holon. Revue Biblique 78, 581–
582.

Odell, G.H. 1996. Economizing behavior and the concept of 
“Curation.” In Odell, G.H. (ed.), Stone Tools: Theoretical 
Insights into Human Prehistory. Plenum Press, New York 
and London, pp. 51–80. 

Perles, C. 1992. In search of lithic strategies: A cognitive 
approach to prehistoric chipped stone assemblages. In 
Gardin, J.C. and Peebles, C.S. (eds.), Representations in 
Archaeology. Indiana University Press, Bloomington, 
pp. 223–247. 

Pope, M. and Roberts, M. 2005. Observations on the rela-
tionship between Palaeolithic individuals and artefact 
scatters at the Middle Pleistocene site of Boxgrove, UK. 
In Gamble, C. and Porr, M. (eds.), The Hominid Indi-
vidual in Context: Archaeological Investigations of Lower 
and Middle Palaeolithic Landscapes, Locales and Artefacts. 
Routledge, London and New York, pp. 81–97.

Porat, N., Zhou, L.P., Chazan, M., Noy, T., and Howritz, 
L.K. 1999. Dating the Lower Paleolithic open-air site 
of Holon, Israel by luminescence and ESR techniques. 
Quaternary Research 51, 328–341.

Porat, N., Chazan, M., Schwarcz, H., and Horwitz, L.K. 
2002. Timing of the Lower to Middle Paleolithic bound-
ary: new dates from the Levant. Journal of Human Evolu-
tion 43, 107–122.

Porat, N., Wintle, A. G., and Ritte, M. 2004. Mode and tim-
ing of kurkar and hamra formation, central coastal 
plain, Israel. Israel Journal of Earth Science 53, 13–25.

Porat, N. 2007. Luminescence and Electron Spin Resonance 
dating. In Chazan, M. and Horwitz, L.K. (eds.), Holon: 
A Lower Paleolithic Site in Israel. American School of Pre-
historic Research, Cambridge, pp. 17–26. 

Rabinovich, R., Ackermann, O., Aladjem, E., Barkai, R., 
Biton, R., Milevski, I., Solodenko, N., and Marder, O. 
2012. Elephants at the Middle Pleistocene Acheulian 
open-air site of Revadim Quarry, Israel. Quaternary In-
ternational 276–277(25), 183–197.

Roebroeks, W. 1988. From Find Scatters to Early Hominid 
Behaviour: A Study of Middle Palaeolithic Riverside Settle-
ments at Maastricht-Belvédère (The Netherlands). Leiden 

light on late Neogene environmental change. Quater-
nary International 117, 119-123.

Jelinek, A. 1976. Form, function and style in lithic analysis. 
In: Cleland, C.E. (ed.), Cultural Change and Continuity: 
Essays in Honor of James Bennett Griffin. Academic Press, 
New York, pp. 147–173.

Juthe, A. 2005. Argument by analogy. Argumentation 19, 
1–27.

Kelley, H. 1955. Burins acheuleens. Bulletin de la Societe Pre-
historique Francaise 52, 278–283.

Kuhn, S.L. 1995. Mousterian Lithic Technology: An Ecological 
Perspective. Princeton University Press, Princeton.

Lamotte, A. 2001. Les industries à bifaces de l’Europe du Nord-
Ouest au Pléistocène moyen: L’apport des gisements du 
bassin de l’Escaut, de la Somme et de la baie de Saint-Brieuc. 
British Archaeological Reports International Series 932, 
Oxford. 

Lev, Z. 2010. Techno-Typological Analysis of a Yabrudian As-
semblage from Qesem Cave, Israel. M.A. Thesis, Tel Aviv 
University.

Lister, A.M. 2007. Cervidae. In Chazan, M. and Horwitz, 
L.K. (eds.), Holon: A Lower Paleolithic Site in Israel. 
American School of Prehistoric Research, Cambridge, 
pp. 111–122. 

Malinsky-Buller, A., Gorsman, L., and Marder, O. 2011a. 
A case of techno-typological lithic variability and con-
tinuity in the Late Lower Palaeolithic. Before Farming 
2011/1. Article 3. 

Malinsky-Buller, A., Hovers, E., and Marder, O. 2011b. 
Making time: “living floors”, “palimpsests” and site 
formation processes - a perspective from the open-air 
Lower Paleolithic site of Revadim Quarry, Israel. Jour-
nal of Anthropological Archaeology 30(2), 89–101.

Marder, O., Milevski, I., and Matskevich, Z. 2006. The 
handaxes of Revadim quarry: typo-technological con-
siderations and aspects of intra-site variability. In: 
Goren-Inbar, N. and Sharon, G. (eds.), Axe Age: Acheu-
lian Tool-Making from Quarry to Discard. Equinox, Lon-
don, pp. 223–242.

Marder, O. 2009. Book review on Chazan, Michael and 
Horwitz, Liora Kolska (editors). 2007. Holon: A Lower 
Paleolithic Site in Israel. American School of Prehistoric 
Research Bulletin 50, Peabody Museum of Archaeol-
ogy and Ethnology, Harvard University, Cambridge. 
Journal of Israel Prehistoric Society 39, 185–188. 

Marder,O., Malinsky-Buller, A., Shahack-Gross, R., Acker-
man, O., Ayalon, A., Bar-Matthews, M., Goldsmith,Y., 
Inbar, M., Rabinovich, R., and Hovers, E. 2011. Archae-
ological horizons and fluvial processes at the Lower 
Paleolithic open-air site of Revadim (Israel). Journal of 
Human Evolution 60(4), 508–522.

McCall, G. 2012. Ethnoarchaeology and the organization of 
lithic technology. Journal of Archaeological Research 20, 
157–203. 

Mendelssohn, H. and Yom-Tov, Y. 1999. Mammalia of Israel: 
Fauna Palaestina. The Israel Academy of Sciences and 
Humanities, Jerusalem.

Metcalfe, D. and Barlow, K.R. 1992. A model for explor-



504 • PaleoAnthropology 2014

coastal plain of Israel. Israel Journal of Earth Science 49, 
189–196.

Tuffreau, A., Lamotte, A., and Goval, E. 2008. Les in-
dustries acheuléennes de la France septentrionale. 
L’Anthropologie 112, 104–139. 

Turq, A. 1992. Raw material and technological studies of 
the Quina Mousterian in Perigord. In Dibble, H.L. and 
Mellars, P. (eds.), The Middle Paleolithic: Adaptation, Be-
havior, and Variability. University of Pennsylvania, Phil-
adelphia, pp. 75–85.

Turq, A., Roebroeks., Bourguignon, L and Faivre, J-P. 2013. 
The fragmented character of Middle Palaeolithic stone 
tool technology. Journal of Human Evolution 65(5), 641–
655

Vaquero, M. 2011. New perspectives on recycling of lithic 
resources using refitting and spatial data. Quartar 58, 
113–130. 

White, M.J. 1995. Raw materials and biface variability in 
Southern Britain: a preliminary examination. Lithics 15, 
1–20.

White , M.J. 1998. On the significance of Acheulean biface 
variability in Southern Britain. Proceedings of the Prehis-
toric Society 64, 15–44.

Wylie, E. 1985. The reaction against analogy. Advances in 
Archaeological Method and Theory 8, 63–111.

Yaalon, D.H. 1967. Factors affecting the lithification of eo-
lianite and interpretation of its environmental signifi-
cance in the coastal plain of Israel. Journal of Sedimen-
tary Petrology 37, 1189–1199.

Yaalon, D.H. and Dan, J. 1967. Factors controlling soil for-
mation and distribution in the Mediterranean coastal 
plain of Israel during the Quaternary. In Morrison, R.B. 
and Wright, H.E. (eds.), Quaternary soils. Proceedings of 
the VII Congress of the International Association for Quater-
nary Research. Center for Water Research, Nevada. Vol. 
9, pp. 321–338.

Yaalon, D.H. 2004. Comment on “Mode and timing of 
kurkar and hamra formation, central coastal plain, Is-
rael,” by N. Porat, A.G. Wintle, and M. Ritte. Israel Jour-
nal of Earth Science 54, 59–60.

Yizraeli, T. 1963. Holon. Israel Exploration Journal 13, 137. 
Yizraeli, T. 1967. A Lower Paleolithic site at Holon. Israel 

Exploration Journal 17, 144–152.
Zaidner, Y., Frumkin, A., Porat, N., Tsatskin, A., Yeshurun, 

R., and Weissbrod, L. 2014. A series of Mousterian oc-
cupations in a new type of site: the Nesher Ramla karst 
depression, Israel. Journal of Human Evolution. 66: 1–17.

University Press, Leiden.
Roebroeks, W., Kolen, J., van Poecke, M., and van Gijn, A. 

1997. ‘Site J’: an Early Weichselian (Middle Palaeolithic) 
flint scatter at Maastricht-Belvédère. Paléo 9, 143–172.

Schroeder, B. 1969. The Lithic Industries from Jerf Ajla and 
Their Bearing on the Problem of a Middle to Upper Paleo-
lithic Transition. Ph.D. thesis, Columbia University. 

Sharon, G. and Oron, M. 2014. A lithic tool arsenal of Mous-
terian hunters. Quaternary International, 331, 167–185.

Shott, M.J. 1989. On tool-class use lives and the formation 
of archaeological assemblages. American Antiquity 54, 
9–30.

Shott, M.J. 1996. An exegesis of the curation concept. Jour-
nal of Anthropological Research 52, 259–280.

Shott, M.J., Lindly, J.M., and Clark, G.A. 2011. Special is-
sue: reduction sequence, chaîne opératoire, and other 
methods: the epistemologies of different approaches to 
lithic analysis. Continuous modeling of core reduction: 
lessons from refitting cores from WHS 623x, an Up-
per Paleolithic site in Jordan. PaleoAnthropology 2011, 
320–333.

Sivan, D. and Porat, N. 2004. Evidence from Luminescence 
for Late Pleistocene formation of calcareous Aeolianite 
(Kurkar) and Paleosol (Hamra) in the Carmel Coast, 
Israel. Paleogeography, Paleoclimatology, Paleoecology 211, 
95–106.

Sivan, D., Greenbaum, N., Cohen-Seffer, R., Sisma-Ventura, 
G., and Almogi-Labin, A. 2011. The origin and disap-
pearance of the Late Pleistocenee Early Holocene short-
lived coastal wetlands along the Carmel coast, Israel. 
Quaternary Research 76, 83–92.

Sneh, Y. and Klein, M. 1984. Holocene sea-level changes at 
the coast of Dor, southeast Mediterranean. Science 226, 
831–832.

Solecki, R.L. and Solecki, R.S. 1970. A new secondary flak-
ing technique at the Nahr Ibrahim cave site. Bulletin du 
Musee de Beyrouth 23, 137–142.

Solodenko, N. 2010. On Tools and Elephants: An Analysis of a 
Lithic Assemblage from Area B of the Late Acheulian Site Re-
vadim Quarry. MA dissertation, University of Tel Aviv.

Soriano, S. 2000. Outillage bifacial et outillage sur éclat au 
Paléolithique  ancien et moyen: coexistence et interaction. 
Thèse de doctorat, Université Paris X.

Tacktikos, J.C. 2005. A Landscape Perspective on the Oldowan 
from Olduvai Gorge, Tanzania. Ph.D. Dissertation, Rut-
gers, the State University of New Jersey.

Tsoar, H. 2000. Geomorphology and paleogeography of 
sand dunes that have formed the kurkar ridges in the 


