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A small scale exploratory experiment was performed with the aim to evaluate the ease of shell
retouching, the resharpening potential of shell tools and if the scalariform morphology of the retouch
was a feature associated with resharpening or was due to the mineralogical structure of the shells. A
large scale experimentation has already been performed by [1–3] but some of these questions were not
examined or only in part. We hypothesize that the scalar morphology of retouch on C. chione shell tools
is determined by the microstructure of the shell that control the development of fracture and not by the
technique used to retouch the shells.

Shells of C. chione might have been preferred for their sturdiness, the morphology and size of the valves.
Unlike some other species from the Veneridae family, C. chione is free from periostracal calcification (i.e.
needles and pins) [4] so the outer surface of the shell is smooth. Thus the retouched valve will retain a
regular edge. As demonstrated by studies relative to dredging damages, C. chione has a very strong and
resistant shell compared to other species [5]. These discrepancies are explained by shell size, thickness,
structure and microstructure. The interspecific variations of structure and microstructure of shells may
conceivably be the cause for the response of shells to hammering to produce cutting tools by
Neandertals.
The main component of bivalve shells consists of calcium carbonate and an organic matrix. The shell has
a multi-layered structure with a periostracum (outermost layer) followed by outer, middle and inner
layers. The microstructure of molluscan shells has been extensively described [6–11]. The microstructure
of C. chione (name-bearing genus of Callistinae [12]) has not been fully described but a more general
study of the Veneridae family is available [13]. In the Veneridae family, each layer (outer, middle and
inner) is composed of minute aragonite crystals but the crystal forms and their arrangements are
different in every species. For four species of the genus Callista, Shimamoto described the following
combination: outer layer, crossed-lamellar structure; middle and inner layers, homogeneous structure. A
homogeneous structure is an aggregation of granular crystals of various sizes and shapes. The change
from a layer with a homogeneous structure and a layer with crossed-lamellar structure is normally
gradual. The complex and multi-layered microstructure of bivalve shells is a means to stop cracks from
forming or extending and is one of the three main components of the shell strength that allow
resistance to breakage [14,15]. On radial sections of present-day of C. chione [16: fig. 2] one can observe
that the thickness of middle/inner layers relative to the outer layer increases from the edge margin to
the hinge. The decay of the organic matrix that initially protects the crystallites composing the mineral
material of the shell induces a post-mortem reduction of the shell strength [15]. We do not know if a
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difference in edge-wear resistance between fresh valves of C. chione and beached ones could have been
noticed by Neandertals.
For this experiment, 65 valves of C. chione obtained from a retailer in Italy were cleaned by Carlo
Smriglio. The valves were retouched by Sylvain Soriano on their ventral surface with the aim to obtain a
sharp cutting edge similar to the archaeological shell tools. Different types of hammer, knapping motion
and shell position were tested, including those described in Romagnoli et al. (2016), until a chaîne
opératoire that induces the lowest fragmentation of the valves was found. This chaîne opératoire
comprises two steps with a change of knapping technique between the first sharpening (Fig. 1) and the
resharpening (Fig. 2). The initial edge of the valve is strengthened by its round cross-section. We have
observed that this character increases the risk of breakage of the valve away from the margin when
initially struck with a soft hammer (bone retoucher, soft-stone). Breakage was significantly reduced
when a hard hammer was used for the initial sharpening. Resharpening, if any, was performed
preferentially with a softer hammer, soft stone or bone retoucher that allows to obtain a more regularly
retouched edge.

Figure 1. Holding the valve of C. chione, use of the hammer and knapping gesture for the initial
sharpening (first row of retouch). Left: viewed from the eye of the knapper. Right: viewed from in front
of the knapper. The valve is held vertically. The hammer (semi-hard stone) is a flat, elongated pebble of
black shale (66 x 36 x 11 mm, weight 38 g). The knapping motion is almost vertical and is stopped
immediately after the hit.
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Figure 2. Holding the valve of C. chione, use of the hammer and knapping gesture for the resharpening
phase (second row of retouch and following). Left: viewed from the eye of the knapper. Right: viewed
from in front of the knapper. The valve is held obliquely, inclined toward the right of the knapper (if
right-handed). The hammer (soft stone) is a flat quadrangular pebble of micritic limestone (38 x 35 x 14
mm, weight 35 g). A bone retoucher was also used with almost the same results. The knapping motion is
curved and its direction changed after the hit (type “hit and back”).
For each retouched portion of valve or fragment of valve the following criteria were recorded: type of
knapping gesture, type of hammer, and morphology of the retouch. For this last feature we recorded the
proximal morphology (morphology of the initiation point of the retouch in cross section) and the
termination morphology. Depending on how the fracture is initiated in this mineral material (i.e. Hertzian
or bending initiation [17,18]) one can observe a proximal cross section of the retouch on shells that is
rectilinear (wedging-like), slightly concave (with Hertzian initiation) or slightly convex (with bending
initiation). About the distal morphology of the retouch we distinguished those with an abrupt
termination (stepped or hinged) from all other termination (feather, wavy…). Since important variations
of retouch morphology along retouched edges were noticed, we distinguished and recorded for each
retouched edge a dominant and a minor type, if any, for both initiation and termination morphology of
retouch. The relationship of initiation and termination was examined (Table 1). Statistically, the null
hypothesis is validated (Chi square=1.89, p= 0.05, df=2), the initiation type and termination types are
unrelated variables. However, initiation type of retouch and hammer type are not independent variables
(Table 2) (Exact Fisher test, p-value= 0.001122) as one can expect for knapped mineral materials. The
more pronounced Hertzian initiation for the retouch was observed when the retouched edge was close
to the umbo of the valve where inner/middle layers of the shell are thickest relative to outer layer (Fig.
3). In fact these layers are characterized by a more homogenous structure where a Hertzian cone
fracture can progress more easily.
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Table 1. Proximal and distal morphology of retouch on the experimental retouched C. chione shells.
Termination type
Stepped or
hinged

Initiation type
Bending
Hertzian
Wedging-like
Total

Feather,
wavy, other…

7
24
12
43

8
17
5
30

Total
15
41
17
73

Table 2. Proximal morphology of retouch relative to hammer type on the experimentally retouched C.
chione shells.
Hammer type
Semi-hard,
black shale

Initiation type
Bending
Hertzian
Wedging-like
Total

5
29
6
40

Soft stone,
micritic
limestone

8
6
2
16

Bone
retoucher

1
1
4
6

Total
14
36
12
62

Figure 3. Very pronounced bulb (Hertzian initiation) indicated by the arrow on a retouch flake
extracted from a retouched edge close to the umbo of the valve.
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Two valves were each retouched three times (three sharpening) with the aim to examine the degree of
overlap of the retouching rows. The extension of each row of retouch was marked by laying nail polish of
different color before the next resharpening and recorded through photos. After the third sharpening
phase, the edge is at most 2 mm away from the initial edge of the valve (Fig. 4: A). Due to roundness of
the initial edge of the valve that forms a sort of striking platform, the edge retreat is almost null after the
first sharpening. It is also noticeable that the range of the retouch from the third sharpening phase
almost totally overlap retouch from the two previous ones (Fig. 4: B).

Figure 4. Record of the extension of retouch rows and edge shape of a Callista chione valve
experimentally retouched. A: Color lines indicate the modification of edge shape after the first, the
second and the third sharpening. B: Coloured areas represent the extension of the retouch from each
sharpening. Same colour code as in A. The valve was 65.6 mm length and 56.6 mm width. Raw = natural.

Observations reported here need to be duplicated within the framework of a wider experiment but
preliminary conclusions can be drawn.
C. chione shell tools can be resharpened many times before exhaustion of the shell. The very low
thickness increase of the shell from the margin to the umbo ensures that the cutting wedge angle is
maintained close to the initial one. In fact, both [19] and[2] observed a mean cutting wedge angle
between 40 and 45° that is quite sharp (see [20] for a record of this feature on Acheulean flint flake
tools). This is a major difference with flint tools on which it is almost impossible to maintain the same
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cutting wedge angle through successive resharpening as the thickness of the blank usually rises from the
initial edge toward the middle of the blank. From an economical point of view, shell tools might have
been involved in activities requesting acute cutting edges and replace heavily retouched stone tools
which can no more provide such cutting edges.
The scalariform (scaled) aspect of retouch on archaeological C. chione shell tools might be due to the
mineralogical structure of the shell itself rather than to the superposition of several rows of retouch. The
presence of retouch with stepped or hinged termination was noticed on 60% of experimentally
retouched edges at the initial sharpening. Thus at this early stage of retouch the scalariform aspect
cannot be explained by the succession of resharpening as described on Quina type scrapers on flint. Our
observations also demonstrate that a resharpening can remove totally the negatives of previous rows of
retouch. According to us, it is the complex microstructure of the shells, notably the change in
orientation of crystal microstructures between outer and middle layer of the shell, that is responsible for
the development of the scalariform aspect of retouch and that this aspect was not aimed at by
Neandertal knappers.
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