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Late Acheulean Handaxes from Northeastern Caucasus:  
Morphology and Technology

We describe the variability of morphological and technological features of handaxes from two culturally and 
chronologically consecutive Acheulean assemblages of Dagestan, Northeastern Caucasus. The early one, dating 
to MIS 11–10, is represented by three sites: Darvagchay-Zaliv-1 (complex IV, layer 3), Darvagchay-Zaliv-4 
(layer 5), and Darvagchay-Zaliv-2. The late complex, dating to MIS 7, includes the sites of Darvagchay-Zaliv-1 
(complex IV, layer 2), Darvagchay-Zaliv-4 (layer 3), and Darvagchay-Karier. We examine analogies from other 
Acheulean sites in the Caucasus. Two-dimensional geometric-morphometric analysis was used to study the shape 

comparison of tools from two cultural and chronological horizons, including those from contemporaneous sites 
in the Caucasus, indicates a higher variability in earlier tools. Based on the scar pattern analysis, three chaînes 
opératoires in manufacturing handaxes were reconstructed. Tools of the later complex had been subjected to a 
more thorough reduction than those of the early complex. Technological continuity was traced over a considerable 
timespan (MIS 11–7). It was manifested in the standardization of bifacial shape and the gradual sophistication 
of chaînes opératoires. Given the high morphological homogeneity of tools from Dargvachay complexes and 
other contemporaneous industries of the Caucasus, it can be suggested that these technological tendencies are 
characteristic of the entire Caucasus.

Keywords: Acheulean, Caucasus, Dagestan, handaxes, geometric-morphometric analysis, scar pattern analysis.

Introduction

Analysis of the morphological variability of stone tools 
underlies many Paleolithic studies. Understanding of the 

for the reconstruction of ancient hominin behavior. 
Bifacial tools, and handaxes in particular, constitute 
one of the ancient categories of lithic artifacts whose 
morphological variability has always been a focus of 

morphological uniformity of handaxes over a wide 
area and over a long period of time. One of them is 

learning): handaxes and bifaces are considered as cultural 
markers, the style and manufacturing technology of which 
were passed down from generation to generation. The 
hereditary transmission of the tradition of reproducing 
the tool shape ensured the preservation of its main 
models in the populations of Homo erectus and Homo 
heidelbergensis during the Middle Pleistocene (Foley, 
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most likely dominated by imitative learning or imitation 

The cultural transmission theory, which does not 
allow us to imagine the mechanism of transmission of 
cultural information during several hundred thousand 
years, has been developed in the hypothesis of genetic 
transmission, which explains the transfer of the technology 
of handaxe production through genetic inheritance  

In the study of the Acheulean tools, in addition to 
the traditional methods (linear measurements and visual 

derived data began to be used, for determination of the 
morphology of items (Lycett, Cramon-Taubadel, von, 

The use of various methods allowed researchers not 

of the studied items, but also to explain the variability 
of bifaces and handaxes by their purpose, technological 

Clarkson, 2015).
The purpose of this article is to study the variability 

of the shape and the technology of handaxes from the 

(Northeastern Caucasus), using geometric-morphometric 

Materials and methods

Archaeological assemblages

materials, as well as the data on the relative and absolute 
dating, two cultural-chronological complexes have been 

2020). The early complex II has been recorded at the 

similar geochronological condition, their age has been 

chronological complex I contains the artifacts from 
 

Macro-tools, including choppers, picks, core-like 
scrapers, and handaxes, are a characteristic feature of the 
lithic assemblages of the both complexes. Researchers 

category of handaxes not only classic bifacial tools, but 
also partial handaxes and unifacial handaxes (Rybalko, 

artifacts of this category into our study materials in order 
to expand the number of technological observations and 
enlarge the sample.

The collection of handaxes from the early complex II  
comprises 12 items (Fig. 1, 5–9). In this set, there are 

complete (1 spec.) bifaces.
The collection of handaxes from the late complex I  

1–4). As compared to 
earlier industries, the share of bifacial handaxes (5 spec.) 
is greater here, the main part again consists of partial 

Geometric-morphometric analysis

The standard procedure of geometric-morphometric 
analysis, which has been repeatedly described in the 

applied to study the handaxe morphology. The method 
is aimed at the study of the artifact shape through a 
multidimensional analysis of the coordinates of landmarks 
established on its surface at a given distance from one 

the course of the study, a two-dimensional geometric-
morphometric analysis of the items outlines was used.

of items were recorded through the graphic images 
 

(25 spec.) and the Acheulean sites of the Caucasus region 
(25 spec.), described in the monographs by V.P. Lyubin 

1
2  

along the longest axis of symmetry, in accordance 
 

landmarks, starting from the distal end in a clockwise 
direction. Under landmarks, as proposed by other 

including semi-landmarks, which are established evenly 
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at a given distance on the surface or along the contour 

choice of their location are determined by the researcher. 

Analyzes of Lower and Middle Paleolithic bifacial tools 

converted into a single system using Procrustean analysis 
in the PAST (PAleontological STatistics) program 

Fig. 1.
A – cultural-chronological complex I: 1 2 3

 4 B – cultural-chronological complex II: 5, 6
5), 7 8, 9
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(Hammer, Harper, Ryan, 2001). The same program was 
used to subject the transformed data to the principal  
component analysis.

Scar pattern analysis

Scar pattern analysis was carried out in order to reconstruct 

district. This method is based on a thorough study 
of all negative scars on the surface of a lithic artifact 

was made reconstructing the succession of tool shaping 
operations. Each block in the chart corresponds to a group 
of negative scars similar in morphological characteristics 
(flakes from the same striking platform, in the same 
direction, etc.) and aimed at one technological stage. 

constructed on the basis of graphic images of the most 
typical tools. The scar pattern analysis was carried out 

belong to complex II, and 11 specimens to complex I.

Results

The two-dimensional geometric-morphometric analysis 

sites. In order to ensure the statistical representativeness 

of the sample and the possibility of comparing the 

of the Caucasus, our sample was supplemented by 
bifacial tools (25 spec.) from other Acheulean sites of the 
region that correspond to archaeological complexes of 

These include the tools from the stratified sites of  
Koudaro I (11 spec.), Azykh, layer 5 (2 spec.), Tsona Cave 

 

Geometric-morphometric analysis of the tools 
outlines revealed a high morphological homogeneity of 

a variety of tool shapes from wide and short to elongated, 
the second component deals with the range from 
symmetric leaf-shaped to asymmetric trapezoid (Fig. 2). 

Acheulean industries of the Caucasus, follow common 
morphological trends. On the plot, the tools from all the 
sites are distributed evenly, in accordance with the values 

The same method was used to compare the 
morphologies of unifaces and bifacial handaxes. 
Geometric and morphometric analysis has shown that 
the outline indexes of unifacial tools fully correspond to 
the range of variability of bifacial handaxes. On the plot 
of tools distribution by the values of the two principal 
components, the unifacial tools gravitate towards the 
center of the plot and show greater shape uniformity than 

produced a convergent shape in unifaces, similar to the 

Fig. 2. Plot of distribution of handaxes from the Acheulean complexes of the Caucasus, according 

a b – Acheulean complexes from the 
Caucasus.

b
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design of bifaces. This makes it possible to consider 
unifaces, partially worked handaxes, and classic bifaces 

The morphological variability of handaxes from two 
cultural-chronological complexes was assessed through 
the geometric-morphometric analysis. We analyzed the 

and the artifacts from Caucasian assemblages with a clear 
chronological attribution (10 spec.). It concerns the sites 
contemporaneous to the cultural-chronological complex I  

 
 
 

layer 5c – 1 spec., Azykh, layer V – 2 spec.
The plot of tools distribution by the values of the 

 

are, the more variable they are in shape. Tools from the 
later complex, showing uniformity, tend towards the 

Four unifaces, four partial and three classic bifacial 
handaxes from complex I were studied using the scar 
pattern analysis. The selected artifacts show leaf-shaped, 
ovoid, or triangular shape. All the items have two working 
edges, with several of them showing continuous marginal 
retouch. The partial bifacial handaxes retain pebble crust 

and bifacial tools are metrically similar. Unifacial items of 

side view. The angle of working edges for both unifaces 

Fig. 3.

A b – unifacially worked tools.

Fig. 4.

a  
b  
c d – handaxes from Acheulean complexes 

of the Caucasus (Koudaro I, Azykh, Tsona Cave).

b

c
b

d
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and no additional shaping was 
needed. Large spalls, which were 
also decortication spalls, ensured 
the convergent shape of the tool 
and formed two working edges. 
Among the tools analyzed, there are 

using this chaîne opératoire. The 
number of spalls from each of 

to 11. Judging by the size of the 
latest negative scars, the tools were 

 
This chaîne opératoire is typical for 
complexes I and II.

of two main stages of shaping. 

which simultaneously served as 

was additional working of edges 

In some cases, minor basal or 
distal working was carried out. This chaîne opératoire 

scars on each of the prepared surfaces of the tools varies 

signs of use of chaîne opératoire 2 have been recorded in 
both complexes.

preparat ion of  the faces.  This  chain included 
decortication, shaping of the working edges, shaping of 

 
The convergent shape was given to the tool mainly at 

complex II have been analyzed in detail. These are leaf-
shaped and sub-trapezoid artifacts. All the items of the 
sample show two working edges with a length reaching 

marginal retouch in this complex. In partial bifaces, the 
share of pebble crust on each side reaches 50 %. In bifacial 

Scar pattern analysis made it possible to identify 
several main trends in the shaping of handaxes from 
complexes I and II. In general, all the identified 
trends are typical of both unifacial and bifacial tools 

The analyzed tools show the signs of use of 

were mainly fashioned on pebbles of various 
morphologies, some of which had clearly plano-

usually used in shaping the plano-convex pebbles. In 

was executed from two surfaces alternately.
Uni- and bifacial tools of complexes I and II 

show several chaînes opératoires, regardless of the 

with the help of consecutive centripetal spalls from 
one or two sides (Fig. 5). The working was minor, 

Fig. 6. Sizes of negative scars on the surface of handaxes from the 

the surface of the tools were taken into account.
a b c

Fig. 5.
chaîne opératoire 1.

1 2
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the stage of shaping the working edges, and not at the 

tools of the late complex I.

Discussion

The Caucasus is traditionally considered a region where 
the Acheulean industries are widespread (Lyubin, 

an opinion that the classic Acheulean industries with 
bifaces appeared here no earlier than the second half 

the lithic industries without classic Acheulean bifaces 

not unfounded: despite the large number of sites with 

their morphology and manufacturing technology, are of 
fundamental importance for the study of the Acheulean 
of the Caucasus.

The analysis of the Acheulean technocomplex of the 
Caucasus is based on assemblages from the stratified 

Azykh, and Tsona cave sites are best known. According 
to biostratigraphic data and absolute dates, these 
sites were formed during the period corresponding to  

sites were studied in the first half and middle of the  
20th century, using the method of artifact recording, which 
is now considered outdated, it is not always possible to 
correlate the materials with the specific geological 
layer, and, accordingly, to identify the absolute age  

Fig. 7.

Fig. 8.
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In this regard, the Late Acheulean industries of 

dates are available. On the basis on these materials, 
two cultural-chronological complexes of the Late 
Acheulean have been distinguished. The occurrence of 
two technocomplexes in a limited area allows us to trace 
the development of the main methods of processing 
lithic raw material, including the basic technology of the 
handaxe manufacture.

The analysis of the scar patterns and morphology 
of handaxes from the two Late Acheulean complexes 

the continuity in the tradition of their manufacture. All 
morphological and technological tendencies that appeared 
in the late complex I originated in the early complex II. 
This inference was made on the basis of studying both 
the morphology of the tools and the pattern of their 
processing.

The results of the geometric-morphometric analysis 
has shown that in early industries handaxes were 
more diverse in shape than in late ones. They were 
characterized by asymmetric shortened contours and 

like or symmetric tools have been recorded in the late 
complex and originated in the early one. In general, in 
the late complex, the shape of handaxes becomes more  
standardized.

The scar pattern analysis has shown that ancient 
artisans aimed at uniformity of the tools regardless of the 
number of operations in the chain. In all three chaînes 
opératoires, the main operations were associated with 
the shaping of edges, converging in a subtriangular or 
rounded end. The width and thickness of the distal ends 
of the tools fashioned using various chaînes opératoires 
are generally the same. A similar conclusion follows from 
the analysis of the angles of distal ends in plan and side 

The working edges were shaped either by large 
decortication flakes or were subjected to additional 
working. The scar pattern analysis shows that the 
converging edges and convergent shape of tools were 
formed during the purposeful actions of an artisan, 
starting from the stage of decortication, but not during 
utilization.

Comparison of the handaxe manufacturing technology 
of the two different complexes has shown that a more 

of decortication, edge preparation, and trimming of the 
distal end, was typical for the late complex I. Chaînes 
opératoires 1 and 2 were recorded in both complexes. 
Thus, the younger industries testify to the sophistication 
of handaxe manufacturing technology.

Conclusions

This study was aimed at deriving the answers to two main 

handaxe manufacturing technology are observable in the 
Late Acheulean complexes of the Northern Caucasus, and 
how the technological features of handaxe manufacture in 

characteristics.

revealed the variability in the morphology of handaxes 
of complexes I and II. In early industries, the shapes 
of handaxes in plan view are more diverse than in later 
ones. Among the tools of the early complex, there are 
relatively symmetrical sub-leaf-shaped specimens, but 
the majority of handaxes are asymmetric trapezoid 

from the late complex I are more uniform in morphology, 
tending to elongated, symmetrical, and sub-leaf- 
shaped forms.

Tools from complex I were subjected to more 
extensive working than tools from complex II. The 
process of tool manufacture became more and more multi-
component. Tools from the late complex, along with short 

shape of the blank, suggest the use of a more complex 

Fig. 9. Values of the angles of distal ends in the 
handaxes, corresponding to a certain chaîne opératoire.

A B – side view.

B
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of the original blank.
Thus, the morphological and technological continuity 

between the chronologically consecutive Late Acheulean 

complexes showed the desire of artisans to create 
morphologically similar handaxes, i.e. elongated, 
symmetrical, sub-leaf-shaped items. The dynamics in 
the development of the technology have been recorded: 

of the shape of handaxes, and on the sophistication of the 
chaîne opératoire.

The issue of the shape and size of handaxes in the 
Acheulean assemblages is debatable. According to 
some researchers, the shape of handaxes is a cultural 
marker over an extremely long period of time. Other 
specialists argue that the morphological similarity of 
handaxes from technocomplexes geographically and 
chronologically distant from one another was the result 

According to the results of the scar pattern analysis, 

of remodification, i.e. situational changes of shape. 

can observe the tendency towards a certain tool shape in 
chronologically consecutive complexes.

differ, but not significantly (Herzlinger, Goren-Inbar, 

the results of a study of bifaces made from raw stone and 
tusk (Costa, 2010). In the studied assemblages, no stable 
relationship was noted between the features of the used 

In some cases, the shape of the raw material affected the 
size and intensity of the tool processing (Rybalko, 2021), 
but not the morphology of the product.

Unfortunately, we cannot discuss the functionality of 
the handaxes owing to the poor state of preservation of 
their surfaces.

It can be concluded that the results derived rather 
support the cultural transmission theory: populations 
followed a certain pattern of handaxe manufacture over 

possible that imitation was one of the important ways of 
transmitting cultural information. The dynamics in the 
development of handaxe manufacturing technology is 
manifested in the form of sophistication of technological 
methods and standardization of the tool shape. Taking into 

compared contemporaneous complexes, as well as a high 

degree of standardization of the shape of tools in the late 
complexes, which was determined through the geometric-
morphological analysis, it is possible to extrapolate the 
results of this study to other complexes of the Caucasus. 

study of the technology.
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