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CHAPTER 7

| EARNING FROM MISTAKES: FLAKING
ACCIDENTS AND KNAPPING SKILLS
IN THE ASSEMBLAGE OF A.L. 894,

(HADAR, ETHIOPIA)

ErReELLA HOVERS

INTRODUCTION

Identifying and understanding the skill levels in-
volved in the knapping of the early stone tools and the
mental capabilities underlying them is a major part of
human origins archaeology. This is by no means a simple
task. The actual execution of stone knapping involves a
multitude of factors that interact in complex ways. Stone
knapping is defined by the physics of fracture mechan-
ics and by hominin anatomy. Raw materials respond to
parameters such as hammer velocity and flaking angles,
whose application to the stone depends in large part on
the anatomical build of the tool-maker and his dexter-
ity (e.g., Speth, 1972, 1974, 1975; Dibble and Whit-
taker, 1981; Sullivan and Rozen, 1985; Cotterell and
Kamminga, 1987; Amick and Mauldin, 1997; Marzke,
1997; Marzke et al., 1998; Pelcin, 1997a, 1997b, 1997c;
Tocheri et al., 2008; Toth et al., 2006, and references
therein). Different raw materials respond variably to the
forces applied to them and factor into many of the pat-
terns observed in the early assemblages (e.g., Stout and
Semaw, 2006). Thus stone knapping involves dynamic
interactions between multiple elementary movements of
the shoulder, arms, hands and fingers, and their constant
integration with perceptual information and sequential
planning as the process advances (Biryukova et al., 2005;
Roux and David, 2005; Stout and Chaminade, 2007).
These defining components of lithic “design space”
(Moore, 2005) interact with the goals of any given knap-
ping session, combined with individual expertise and
idiosyncratic preferences of the knapper (which may in-
fluence, for example, the choice of raw material and of
the type of hammerstone) and with technological tradi-
tions (i.e., available technological knowledge and social

conformity, which would dictate the preferred manners
of geometrically organizing core surfaces and exploiting
them; Hovers, 1997, 2004).

The experience and skill of a knapper are expressed
in the integration of perception and motor abilities, end-
goals and technological background into a coherent, dy-
namic process of decision-making and action. In such
a complex process, flaking accidents—i.e., uncontrolled
removal of flakes—are practically unavoidable. While the
resultant flakes (here referred to as “accidental flakes”)
may be functionally useful and can be applied in various
tasks, they still represent episodes of (conscious or un-
conscious) misjudgment on the part of the knapper. Thus
the presence of accidental flakes has been referred to as
a proxy of the levels of inherent and/or acquired skills of
prehistoric hominins (e.g., Kibunjia, 1994; Delagnes and
Roche, 2005; Shea, 2006).

The question of knapping skills and their identifi-
cation in the material record attains special interest in
the context of studying Oldowan lithics. It pertains to
defining explicitly the differences between hominin and
ape stone tool-making (Toth et al., 2006; Mercader et al.,
2007), assessing the levels of expertise required to pro-
duce the very early (and, according to some, technologi-
cally simple) lithic artifacts, and to the question of the
evolution over time of technical capabilities in various
hominin genera and within the genus Homo.

In the following discussion I present data and some
interpretations of the occurrence of accidental flakes in
the lithic assemblage of A.L. 894, located in the Makaam-
italu Basin of the Hadar Research Area (Ethiopia). The
site, dated 2.36 Ma or slightly older (Campisano, 2007),
is found in clayey-silts representing crevasse splay de-
posits on the proximal flood plain of the paleo-Awash
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river (Hovers et al., 2002, 2008). The rich lithic assem-
blage from this locality possibly represents palimpsests
of several occupations. The presence of numerous refits
(Davidzon and Hovers, n.d.) suggests, however, that
burial occurred relatively fast and with minimal geologi-
cal disturbance. This large assemblage provides an op-
portunity for a detailed analysis of flaking accidents and
their implications for understanding the skill of the tool
makers.

The discussion focuses on two categories of prod-
ucts originating from flaking accidents. One includes in-
complete flakes due to breakage. The second consists of
hinge/step flakes and of hinge/step flake scars on cores
and on the dorsal faces of flakes. Both types of acciden-
tal flakes pertain to “glitches” in the physical aspects
(e.g., hammer mass and velocity, which can be gauged
from experimental and actualistic studies; Toth et al.,
2006, and references therein) and/or in perception-motor
control during the process of knapping (e.g., tilting and
rotating of the core to control flaking angles and distri-
bution of mass on the core’s surface, respectively). Yet
these two categories of accidental flakes also
differ in significant ways. Snapping or split-
ting of flakes often results in regular, feather

sistent with hard hammer percussion (Hovers, n.d.).

Flakes were further divided into whole and broken
artifacts (Table 1, Figure 1). The location of breaks was
noted, so that broken flakes were divided into several
categories: snapped (when the break is more or less par-
allel to the striking platform on either the distal or proxi-
mal part of the flake), lateral breaks (when the break was
more or less perpendicular to the platform), and split
flakes (see below). Medial snaps of flakes were classified
as flake fragments. Additionally, lithic pieces that could
not be linked reliably to anthropic flaking were classified
as angular fragments. (Their likely origin from either
flakes or blocks could be inferred from their thickness
values.) The few natural pebbles (in the size range of 3-5
cm) are excluded from the following analyses.

BROKEN ARTIFACTS: FLAKING
ACCIDENTS OR TAPHONOMIC EFFECTS?

Regardless of their size group, the majority (73.8%
of N=3973) of detached pieces had been broken by flex-

Table 1. The composition of the A.L. 894 assemblage.

terminations, and do not alter the core’s con- % in % of Total
figuration or geometry (Crabtree, 1968 in Category N Catetory ~ Assemblage
Cotterell and Kammlngz_;l, 1987:700). While Detached Elements
the knapper may perceive of the products Flak hol 648 16.31 13.42
themselves as useless for future tasks, de- akes (whole) ' '
tachment of such flakes often does not entail | Flakes (broken) 1802 45.36 37.32
special treatment to salvage the core. To the Small flakes (whole)* 387 9.74 8.02
contrary, the removal of accidental flakes that Small flakes (broken) 1121 28.22 23.22
Srisiorﬁ( the core’s sur(;‘at;e geomet_r[y {_equi|r_|es Tools 13 ) 03 (0.67) 03

at a knapper responds to a new situation. He Cores-on-flakes 5 1) 01 (01) 0.04

needs to first evaluate the situation and make
a decision whether knapping can go on unhin- Total
dered, whether the core is beyond salvation,
or whether it should and can be rectified. If
the latter decision is made, the knapper ap- Cores

plies his skills in order to control the damage Whole** 20 40.00 0.41
and enable the continuation of the knapping broken 26 52.00 0.54
process. Hinge/step flakes, and their nega- Tested cobbles 4 8.00 0.08
tive on flakes and core surfaces, are interest-
ing because they allow a better understanding Total 50 100.0 1.034
of problem-solving capacities and a dynamic .
process of technological decision-making. Debris
Angular fragments
THE SAMPLE possibly from flakes 752 93.42 15.58
. from cores 53 6.58 1.10
The assemblage consists of flaked and
detached pieces (following the terminology Total 805 100.0 16.68
of Isaac and Harris, 1978, reiterated and ex-
panded by Isaac and Harris, 1997). The arti- Assemblage Total 4828 100.00
facts are made on volcanic rocks, primarily Natural Pebbles 54

Flaked Elements

3973 (1043) 100.0 (100.0) 82.32

rhyolite, basalt and trachyte, all of which had
been selected from the nearby conglomer-
ates in the Makaamitalu basin (Goldman and
Hovers, in press). Striking platform and bulb
characteristics of the detached items are con-

* Small flakes <20 mm in maximum dimension.
** Number in parentheses is of whole artifacts out of the total for
the type.
*** jncluding one artifact classifiable as polyhedron, a unifacial
chopper and a bifacial chopper.



ion. (The elevated frequencies of broken artifacts in the
total assemblage are due to the inclusion of angular frag-
ments.) Frequencies of breaks among large flakes are
not related to raw material properties (X?=5.72, p=.0572,
DF=2). When all flake sizes and angular fragments are
examined, the differences in breakage frequencies are
statistically significant (X?=11.53 , p=.0036, DF=2), sug-
gesting that basalt (78.9% incomplete items) shattered
into smaller pieces more often than rhyolite (74.9%
incomplete items) and especially compared to trachyte
(65.4% items) (see also Goldman and Hovers, in press).

Three different scenarios can account for the forma-
tion of flexion breaks.

1) Flakes break during tool modification. This hap-
pens when retouch thins the flake such that it cannot
sustain further application of force or pressure. This is
a highly unlikely explanation in the case of A.L. 894,
given that none of the broken artifacts in the assemblage
bear remnants of retouch scars. Additionally, the low fre-
quency of retouched items in the assemblage (Table 1)
indicates that modification of lithic blanks into tools was
rarely practiced at this particular locality (although it is
possible that some such artifacts were transported away
from the site).

2) Flakes may break during knapping when ham-
mer force and velocity or impact angles are miscalcu-
lated in relation to raw material characteristics and/or
core geometry. As a rule, lithic analysts perceive higher
ratios of complete to broken artifacts as an expression
of better control over hammer and raw material proper-
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ties, i.e., a reflection of higher skill levels. In the context
of Oldowan lithic production, Toth et al. (2006) argued
for the opposite interpretation, suggesting that the effi-
cient reduction of a core’s mass (a high flake: core ratio)
necessitated higher hammer velocities, which could be
achieved through higher degrees of expertise yet would
still have led to elevated levels of shattering of both
flaked and detached pieces.

3) Broken flakes are taphonomic phenomena that
occurred post-depositionally due to the pressure in vertic
soils and/or trampling. Such processes evidently oper-
ated at A.L. 894 (Hovers, 2003). In this assemblage in-
complete flakes that formed through unsuccessful flaking
or due to taphonomic breakage cannot be distinguished
morphologically from one another (with the exception
of split flakes, see below). Contextual evidence some-
time helps in making this distinction. Where cracked
flakes were found undisturbed (Hovers, 2003: figs. 1-2)
the taphonomic nature of their breakage was easily rec-
ognizable. However, if the broken parts of a flake had
been spatially dissociated from one another, the agent of
fragmentation could not be identified, and such pieces
were identified as either “broken flake” or as “angular
fragments” (according to the criteria mentioned above).

The only broken flakes in the A.L. 894 assemblage
that can be assigned with certainty to accidental flak-
ing are split (“Siret”) flakes (Siret, 1933) (see example
in Figure 2). In these cases the break occurs along the
flaking axis (i.e., more or less perpendicular to the strik-
ing platform) and halves the bulb of percussion (i.e., all
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Figure 1. The distribution of breakage types. “Other breaks” is a catch-all category that includes combinations of break
types as well as angular fragments, the origins of which cannot be traced reliably to knapping activities.
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Siret breaks are also laterally-broken flakes, but not the
other way around). This type of flaking accident is spe-
cifically associated with hard hammer percussion (Inizan
et al., 1992). Only 142 such items (3.6% of the detached
pieces) were found in the A.L. 894 assemblage. The ratio
of split to whole flakes (0.14) in A.L. 984 is intermedi-
ate between comparable ratios in a Bonobo assemblage
and the Gona assemblage (0.09 and 0.33, respectively)
and is much lower than that recorded for modern humans
(0.64) in the comparative study of Toth et al. (2006:169).
In fact the ratio at the Hadar site is closer to that of the
Bonobo assemblage than to any of the hominin samples
discussed by these authors.

underline the role of taphonomic processes in elevating
the proportion of incomplete flakes in the assemblage.

This analysis is helpful in demonstrating that, con-
trary to an implicit assumption of many workers, pro-
portions of broken items in an assemblage are far from
being a straightforward reflection of the skills of their
authors. This probably pertains to lithic assemblages of
all periods; because of the special interest of researchers
in the knapping skills of Oldowan stone tool makers, this
caveat is especially meaningful in the context of Old-
owan studies.

STeEPPED AND HINGED FLAKES
AND KNAPPING SKILLS

A brief overview of the
fracture mechanics of hinged
and stepped flakes

When a striking force is applied to a
core, a fracture begins to propagate from the
striking platform towards the distal end of the
core. Flake terminations sometimes deviate
from a smooth, gradual propagation fracture
separating a flake from a core surface (ending
in feather termination), and step and hinged
flakes are formed. This occurs when propaga-
tion force drops below a critical value. This
value is set anew with each blow by the mass,
shape and raw material type of both the core
and the hammer, as well as the force with
which impact is applied.

Step flakes happen either when there
is insufficient energy to complete a fracture
(i.e., almost immediately when the propa-

Figure 2. A core and a refitted Siret flake. Bar =1 cm.

Within the interpretative framework suggested by
Toth et al. (2006), one would expect from the ratio of
split to whole flakes that frequencies of whole flakes in
the assemblage of A.L. 894 be higher than in any of the
Gona and modern samples, due to inferred lower ham-
mer velocities leading to less shatter during core reduc-
tion. Yet the frequency of whole flakes in the A.L. 894
assemblage (26.2%) is lower than in the Bonobo, Gona
and modern human samples (54.9%, 37.7%, 39.7%, re-
spectively) discussed by Toth et al. (2006:168).

Of the several potential explanations for the appar-
ent discrepancy between the ratio of split to whole flakes
and assemblage composition, two are most pertinent to
the current discussion. Refitting studies of the A.L. 894
assemblage (Davidzon and Hovers, n.d.) indicate that
partly-reduced cores were exported out of the local-
ity, and it is possible that usable, large flakes were also
removed from the site, thus inflating the proportion of
broken to whole flakes. Secondly, this discrepancy may

gating force drops below a critical value) or
when the propagation crack intersects with
a flaw in the raw material that effectively
blunts it (Cook and Gordon, 1964; Cotterell and Kam-
minga, 1987). Bending then diverts the force to the face
of the core, causing a step termination, i.e. a 90-degree
break of the flake’s distal end that is mirrored by a “step”
on the negative on the core’s surface.

A hinge termination occurs when flakes are formed
near the surface of the core. It is relatively frequent in
cores with flattish surfaces, where the width of the prop-
agating flake increases as it is spalling off the core. If
the energy required to keep crack propagation is unavail-
able, the velocity of propagation decreases, immediately
followed by a turn of the crack towards the core surface.
A hinge termination is formed, and the detached flake
exhibits a typical blunt tip and a more-or-less rounded
cross-section (Cotterell and Kamminga, 1979, 1986,
1987). Decrease in propagation velocity followed by
hinge formation may occur due to the curvature of the
core’s surface (see above); miscalculated positioning
of hammer and core in relation to one another, leading



to high exterior platform angles and higher frequencies
of hinge or plunging (overshot) terminations (Dibble
and Whittaker, 1981); an underestimate of the force
that needs to be applied in order to remove a flake; or
a wrong choice of hammerstone (Callahan, 1979; Soll-
berger, 1994; Pelcin, 1997a, 1997b).

Often a succession of hinge flakes is formed on a
core. This happens because when a flake is removed
from a hinge scar-bearing surface, its thickness must in-
crease suddenly when the crack tip intersects with the
edge of the scar and its force decelerates suddenly. Be-
cause increasing the crack velocity can only be done by
manipulating the hammerstone location on the striking
platform, it is impossible to change this velocity instan-
taneously, the result being that propagation velocity de-
creases and a second hinge is likely to form (Cotterell
and Kamminga, 1987).

The formation of hinge and step flakes affects the
core so that the knapper needs to make a purposeful deci-
sion about his course of action if the technological prob-
lem is to be solved and knapping continued. Indeed, the
presence of hinge and step scars on core surfaces is often
cited as a cause of discard (e.g., Ludwig, 1999; Barkai
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et al., 2005; Delagnes and Roche, 2005). Yet how hinge/
step formation influences the process of lithic production
before core discard has rarely been examined. The fol-
lowing analysis deals with the hinge flakes themselves
as well as with their marks on cores and on the flakes
that were removed subsequent to the formation of hinge/
step terminations.

Hinge and step flaking accidents
in the A.L. 894 assemblage

There are only 172 large hinge flakes in the as-
semblage. These constitute 7.6% of the detached items
(N=3973) and 3.6% of the total assemblage (N=4828).
(Step flakes are more difficult to identify because they
are similar to snapped flakes; their presence in the as-
semblages was not quantified). The frequencies of raw
material types within this group (71% are made on
rhyolite, 24% on basalt, and 3% on trachyte) are practi-
cally identical to the frequencies of raw material types
among all the detached pieces. Eighty (46.5%) of the
hinge flakes also bear accidental flake scars on their dor-
sal faces, representing sequential (albeit not necessarily
consecutive) episodes of accidental removals. Whole

Table 2. Frequencies and statistics of accidental scars on cores and flakes.

Cores All flakes Large flakes Small flakes
Frequency of items with o 0 0 0
accidental scars 22 (75.86%) 1066 (28.56%) 844 (36.73%) 213 (15.19%)
Frequency of items w/o
accidental scars 7 (24.14%) 2666 (71.44%) 1454 (63.27%) 1189 (84.81)
X?2=197.88, p<0.0001, DF=1
. 1.65+1.73 1.42+0.83 1.49+0.90 1.14+0.44
Mean N of accidental scars+ (N=22) (N=1059) (N=838) (N=213)
ANOVA F-value 31.39, p=<0.0001, DF=1
. - 1.64+1.04 1.74+1.09 _
Mean N of accidental scars N/A (N=383) (N=318) 1.19+0.56 (N=64)
ANOVA F-value 15.39, p=0.0001, DF=1
Mean ratio of hinged to /AR 0.10+0.32 0.12+0.35 0.04+0.22
stepped scars+ (N=889) (N=709) (N=174)
ANOVA F-value 7.08, p=0.0079, DF=1
Mean ratio of hinged to N/ A% 0.16+0.38 0.19+0.41 0.04+0.16
stepped scars* (N=327) (N=273) (N=53)
ANOVA F-value 7.13, p=0.0080, DF=1
Mean ratio of all accidental to 0.22+20 0.42+0.17 0.41+0.17 0.45+0.19
regular scars+ (N=22) (N=1058) (N=838) (N=212)
ANOVA F-value 9.02, p=0.0027, DF=1
Mean ratio of all accidental to N/A 0.40+0.17 0.40+0.16 0.43+0.18
regular scars* (N=383) (N=318) (N=64)
ANOVA F-value 1.34, p=0.2479, DF=1

+ on flakes bearing accidental scars
* whole flakes with accidental scars
** only stepped scars were observed on cores



142 « The Cutting Edge: New Approaches to the Archaeology of Human Origins

hinge flakes (N=79) are thicker (X=17.62+71.06 mm)
than regular flakes (N=569; X=10.81+6.83 mm), shorter
(X=37.46£12.72 mm; 42.26x20.49 mm, respectively)
and narrower (X=34.95+14.42; X=37.09+18.62 mm, re-
spectively). These differences are to be expected, given
the differences in fracture mechanics between flakes of
the two types.

The evidence for hinge and step flakes in the A.L.
894 assemblage comes mainly in the form of their nega-
tives on the dorsal faces of flakes and on cores. Nega-
tives of accidental flakes occur on ca.
75% of the cores and on nearly a third
of the flakes in the assemblage (Table 2).

earlier, large and disruptive hinge/step scars; hence by
default they do not represent attempts to correct major
disruptions to the geometry of a core’s flaking surface.
This in turn suggests that small flakes bearing accidental
scars are not likely to represent conscious attempts of the
knapper to remove the residues of accidental flakes from
the core’s surface. Their lower frequency among acci-
dental scar-bearing flakes may be a result of probabilities
dictated by fracture mechanics principles. Similarly, the
higher mean number of accidental flake scars on large

Table 3. Effects of raw material on accidental flakes.

A. Frequencies of flakes with accidental scars by raw material

The number of accidental scars on dorsal
faces ranges between 1-7, but tends to be
low (median and mode are both 1; see

Among all flakes with
accidental scars

Among whole flakes
with accidental scars

Figure 3). Negatives resulting from the
removal of step flakes outnumber those | Basalt

originating from detachments of hinge Rhyolite
flakes. _The ratio between the two types Trachyte
of accidental flake scars may suggest
that tool-makers at A.L. 894 tended to

201 (30.92) 79 (47.59)
644 (30.87) 241 (39.97)
32 (35.56) 18 (51.42)

X?=0.89, p=0.6412, DF=2  X?=4.43, p=0.1092, DF=2

knap curved (most likely convex) core
surfaces, since flat-surface cores are
more likely to lead to the formation of

B. Effect of raw material type on mean number of accidental flakes
I. Whole flakes (all)

hinge flakes. Mean N of

Raw material lithology does not accidentals Ratio of accidental
seem to have biased in any significant RM N ts.d. to regular scars
way the frequencies of flakes bearing Basalt 79 1.67+1. 07 0.42+0.19
accidental scars, nor the frequencies of Rhyolite 241 1.63+1.04 0.40+0.16
accidental flake removals as reflected by
the ratio of accidental to “regular” re- | Trachyte 17 2.23+1.39 0.44£0.19
movals (Table 3). ANOVA results: F-value 2.48, p=0.0851, DF=2 ANOVA results:

Table 2 exhibits some interesting F-value 0.74,
size-related patterns. The frequencies p=0.4799, DF=2
of agcid_e_ntal scar-bearing blanks d_if- Il. Whole large flakes
fer significantly between the two size
categories, with much fewer instances Mean N of ) )
recorded on small flakes. Where such accidentals  Ratio of accidental
scars exist on small flakes they are less RM N 2s.d. to regular scars
frequent, and the ratio of hinge to step Basalt 61 1.80¢1.15 0.410.17
scars is lower compared to large flakes Rhyolite 205 1.73+£1.09 0.41+0.16
(t_i;_ese tdiﬂ‘ere'r;\c;\sliJ {a/'roei statilstticgllyTs'i)gl;- Trachyte 16 231+1.40 0.46+0.18
nificant; see results in Table
2). Conversely, the ratio of accidental to ANOVA results: F-value 2.04, p=0.1319, DF=2 ;\NOIVA r(;s7ults:
regular scars is similar or even slightly vale 0.77, -

. . . p=0.4665, DF=2

elevated in small flakes in comparison to
the large flake category. These patterns 1. Whole small flakes
hold when on_ly unbroken (“whole”) Mean N of
flakes are considered, though the values accidentals Ratio of accidental
vary slightly (Table 2). RM N +s.d. to regular scars
_ By definition_small flakes_are pe- Basalt 17 1.24+0.56 0.47+0.23 (N=17)
ripheral-they begin and terminate in )
close proximity to the core’s periphery, Rhyolite 36 1.14£0.42 0.39£0.12 (N=36)
on the striking platform, and are not in- | Trachyte 1 1.00 0.17 (N=1)
vasive onto the core’s surface. Because | ANOVA results: F-value 0.30, p=0.7390, DF=2  ANOVA results:
of their small sizes, these flakes almost F-value 2.57,

never bear the diagnostic end part of

p=0.0866, DF=2
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Figure 3. The distribution of accidental flake scars according to flaking length of whole large flakes. Regardless of size,
single scars are the most frequent occurrences. Multiple scars are not necessarily associated with the longest
items (though note the small sample sizes for some size categories).

Figure 4. A discarded core. Note numerous small stepped scars concentrated in one part of the striking platform (best
seen in the top view on the left).
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Table 4. Dimensions, striking platform characteristics and number of dorsal face scars on whole flakes.

With accidental scars

w/o accidental scars

Mann-Whitney test results

Length* 45.57+19.77 (318)
. 41.45+17.85
Width** (317)
. 12.06+6.73
Thickness** (314)
Striking Platform length 29.59.£16.97 (270)
i 9.90+5.24
Striking Platform depth (275)
. 88.03+£12.68
Exterior angle (261)
. 96.69+12.74
Interior angle (256)
Mean number of 4.62+2.42
dorsal scars (319)

36.12+18.51 (294) U 30584.0, p<0.0001

31.07+16.26
(23) U 29690.0, p<0.0001
8.8615.87
202) U 29812.0, p<0.0001
24.23+14.08 (228) U 24633.0, p=0.0001
8.83%5.07 _
(250) U 29803.5, p=0.0085
83.94+13.01 _
(236) U 25316.5, p=0.0006
94.59+13.22 _
(26) U 27419.0, p=0.0767
2.2621.31
(297) U 16932.0, p<0.0001

* flaking length, measured along the flaking axis

** flaking width, measured perpendicularly to flaking length

*** Thickness measured at half the flaking length
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Figure 5. The distribution of flaking length of flakes with and without accidental dorsal face scars.

accidental scar-bearing flakes (2.63 as opposed to 1.91
on small flakes) can be seen as a result of their larger
surface area.

Explanation of the very low ratio of hinged to
stepped scars on small flakes, on the other hand, is more
likely tied with particular technological steps taken by a
knapper. This ratio may be attributed to repeated blows
aimed at the same location on the core’s striking plat-

form when a knapper fine-tunes his perception-motor
coordination before hitting the core. If the core’s geom-
etry is already damaged after previous flaking, a series
of small step (but not hinge) flakes results. Small flakes
removed in the process are likely to bear a relatively high
number of stepped scars (e.g., Figure 4).

These characteristics of small flakes are possibly re-
lated to the process of rectifying core geometry. But as a



Table 5. Distribution of cortex on dorsal faces of flakes with and without accidental flake scars.
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% Cortex On flakes without On flakes with
cover* Total accidental scars accidental scars
N % N % N %
None 124 20.0 63 21.65 58 18.24
1-25% 248 40.0 100 34.36 147 46.23
26-50% 165 26.61 79 27.15 81 25.47
51-75% 49 7.90 29 9.97 20 6.29
76-99% 34 5.48 20 6.87 12 3.77
Total 620 100.00 291 100.00 318 100.00
X?=11.65, p=0.0201, DF=4

* excluding fully cortical flakes (N=29) and flakes with “indeterminate” percentage of cortical cover (N=3)

Figure 6. Examples of flakes with accidental scars in the A.L. 894 assemblage. A. a series of scars from flakes
terminating in step fractures, removed in an early stage of reduction, as indicated by the spatial distribution

of cortex on its dorsal face. Accidental flaking thus occurred early on in the reduction sequence. B. a cortex-
free dorsal face suggests that this flake was removed in relatively advanced stages of reduction. Two step
termination flakes had been removed from different directions following rotation of the core during knapping.
The spatial relationship of the scars on this dorsal surface suggest that the flawed flakes, too, had been
removed during advanced stage of core exploitation. C. three views of a partially cortical flake. Note the step
scar nested in the negative of an earlier hinge termination scar. These accidental removals clearly occurred in
the early stages of reduction, as indicated by the spatial distribution of the cortex on the dorsal face. Bar = 1

cm in each case.
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direct result of their small size such flakes are less infor-
mative about technological problem-solving as it is per-
ceived for the purpose of this paper. The following thus
focuses mainly on whole, large flakes in the assemblage.

If a flake is removed so that its surface bears nega-
tives of accidental scars (and step scars at that), the ham-
mer must be placed on the striking platform in a manner
that ensures that the velocity of the blow is sufficient to
propagate the crack over and across the obstacle pre-
sented by the negative of the miscalculated blow (Cot-
terell and Kamminga, 1987). This in turn tends to pro-
duce relatively large flakes. Accordingly, in the A.L. 894
flakes bearing accidental scars exhibit several charac-
teristics that distinguish them from other flakes in the
assemblage. These flakes tend to be longer, wider and
thicker than flakes without accidental removals (the dif-
ferences are statistically significant, though variation
is considerable for all dimensions; Table 4, Figure 5).
These differences correspond to the differences in mean
values of exterior platform angle (Table 4), consistent
with the latter’s significance in determining flake di-
mensions during hard hammer percussion (Speth, 1972,
1974, 1975; Dibble and Whittaker, 1981; Pelcin, 1997c).

With the obvious exception of fully cortical flakes,
removed at the very initial stage of exploiting a surface
of a cobble, accidental scars are associated with vary-
ing degrees of cortical cover on flakes detached during
all stages of core reduction (Figure 6). Still, they occur
more often on flakes with restricted distributions of dor-
sal face cortex (Table 5) and with a higher total number
of flake scars on their dorsal faces (Table 4). The latter
two traits are obviously complementary.

Accidental flake scars occur in practically every
combination of flaking directions on the dorsal faces

Table 6. Scar patterns on whole flakes.

of flakes, but this co-occurrence is not random. While
under-represented on flakes removed off core surfaces
that had not been extensively worked (resulting in flakes
with plain dorsal face scar patterns) or from cores that
had been worked mainly from a single direction (uni-
polar scar patterns), accidental flake scars are unpropor-
tionally abundant on flakes with bipolar and crossed scar
patterns, derived from the surfaces of cores that had been
rotated during reduction (Table 6; see Figure 6B).

In and of themselves, the data and observations pre-
sented here are not helpful for determining whether core
reduction sequences were carried out as pre-planned pro-
cesses from the outset of each such sequence. It is also
unhelpful in determining whether flaking occurred as a
continuum, propelled onwards merely by the changes in
core mass location on the core due to earlier removals.
Accidental flakes tended to occur during later phases of
the reduction process, after a core had been rotated dur-
ing knapping and its surface geometry had been affected
by scars and ridges extending from various section of the
striking platform. Some of the distinct patterns and rela-
tionship between various traits may seem related simply
to the larger dimensions (hence larger surface areas) of
accidental scar-bearing flakes (see Braun et al., 2005 for
a similar argument with regards the effect of surface area
on “flake erasure rates” in Oldowan cores). Evidently
some accidental removals remained on the core surface
and knapping continued unhindered (hence the mean
number of accidental flakes is higher than 1; Table 2).
Yet the treatment of accidental scars can be shown to be
a purposeful technological act.

In general, flaking at A.L. 894 was unipolar, i.e.
flakes were mostly removed from a single direction by
hard hammer blows. When flawed flake terminations
occurred, they were some-
times invasive, causing the

w/o accidental flake scars

With accidental flake scars

formation of high stone

N %
Bipolar 33 11.22
Centripetal 3 1.02
Crossed
(opposed & side) 0 0.00
Crossed
(unipolar & side) 27 9.18
Crossed (ridged) 1 034
Convergent 10 3.40
Opposite 3 1.02
Plain 33 11.22
Side 1 3.74
Unipolar 167 56.80
TOTAL 260 100.00

X?=94.48, p<0.0001, DF=10

mass in the center of a core’s

N % :
surface, which could not be
7 23.54 removed by continued flak-
24 7.55 ing from the same direction.
The combination of charac-
2 0.63 teristics described above
suggests  that  knappers
65 20.44 solved such technological
problems by diverting from
3 0.94 the motor-habit patterns
13 4.09 that typified the “regular”
0.31 knapping process. Cores

with large surfaces would
0.31 have been rotated (again?)

10 3.15 at this point to achieve bet-
124 38.99 ter access to the area of high
248 100.00 mass. Cores with relatively

small surface areas could
sometimes be managed by

* “Indeterminate” scar patterns as well as some scar patterns that occurred in
extremely low frequencies were omitted from this analysis. Still, results of the X2 test

removing flakes from the
same direction (Figure 7).

are dubious due to existence of cells with too low expected values.
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Figure 7. A refitted set of flakes from a small basalt cobble. The flake with a step termination and the subsequent flake
that removed the step scar from the core surface (the latter shown in detail in Figure 6C) were detached from
the same direction, a procedure that was applied more often to cores with small surfaces. See text for further

details.

Either way, the high external angles of flakes with
accidental scars suggest that cores were titled so as to
change the impact angle, such that hammer velocity and
impact force would lead to the spalling of a large flake
and removal of the problematic area on the core. Re-
fitting analyses (Davidzon and Hovers, n.d.; Figure 7)
provide support of this reconstruction of technological
sequences, indicating that cores were often rotated in or-
der to detach a large flake sufficiently invasive to rectify
the damage caused by earlier accidental detachments. In
addition, the A.L. 894 data suggest that core reduction
did not automatically stop due to the removal of acciden-
tal flakes. Knappers of this assemblage while obviously
operating within the limitations of fracture mechanics,
were also clearly exercising an ability to over-ride (at
least to a degree) the limitations of raw material char-
acteristics and manipulate the constraints of fracture
mechanics.

The cores in the A.L. 894 assemblage are too few
for a full formal analysis; it is in these elements of the
assemblage that indications for a lower degree of skill
can be found. While most cores bear accidental flake
scars, their ratio to regular flake scars is low (Table 2).
Step and hinge scars seem to have occurred as the last
attempt of knappers to exploit a core after the angle be-
tween the striking platform and flaking surface of the
core became too blunt for further successful removals
of flakes. Sometimes this happened when the cores were
still large (Figures 2, 4). Cores were not discarded due to

accidental flake scars but because knappers were unable
to maintain appropriate knapping angles. The accidental
flake scars on cores are the result of this process, not
its cause.

ConcLupING COMMENTS

Researchers have focused on broken, hinge and step
flakes as proxies for knapping skills. Some basic mea-
sures such as frequencies of accidents (expressed by a
number of assemblage composition variables and/or
flake traits) have been applied as a coarse measure for
the level of knapping skills. A few studies (e.g., Nichols
and Allstadt, 1978; Ludwig, 1999; Ekshtain, 2006; Toth
et al., 2006) have gone beyond this point and provide a
comparative framework for discussion.

The ratio of accidental to regular scars on cores
in the assemblage of A.L. 894 (0.22+0.20) is similar
to that seen in the Gona assemblage (0.18+0.15) and
lower than both the Bonobo (0.26+0.21) and modern
human (0.31+0.16) samples described in the only avail-
able comparative study by Toth et al. (2006:188). Con-
versely, the same ratio on flakes is much higher in the
Hadar assemblage (0.42+0.17) than reported by Toth et
al. (2006:208) for Bonobo (0.14+ 0.23), modern humans
(0.10+0.20) and Oldowan knappers at Gona (0.05+0.12).
Toth et al. attributed the difference between human and
Bonobo cores to differences in core shape. The differ-
ence between the Gona assemblage and the human sam-
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ple, in the ratio of accidental to regular scars on both
cores and flakes, was related to the degree of core re-
duction, since in the replication study the cores were not
fully reduced. Continued knapping brought this ratio in
the modern human sample to lower values than those
recorded at Gona. Following this continued reduction,
the ratio on flakes was brought down to values similar
to those seen in the Gona assemblage. The experimental
data thus support the hypothesis of extensive reduction
of the archaeological sample, suggesting that frequen-
cies of accidental scars are not necessarily a reflection of
technological skill.

Using the experimental data to scale the findings
from A.L. 894, two behaviors seem to be represented.
The ratio of accidental to regular scars on cores suggests
that those were heavily reduced, similar to the Gona
cores. By the same token, the much higher ratio on flakes
represents, according to this model, light to moderate
reduction levels. These discrepancies are likely linked
to the role of the site in a broader settlement/mobility
system and the transport of artifacts over the landscape
(Hovers, n.d.). The lithic assemblage of A.L. 894 (as in-
deed any other assemblage) should be treated as a com-
ponent of an open, dynamic system rather than as a self-
contained unit.

The quantitative approach applied to the assemblage
has shown that details of flake size and physical con-
ditions are not immaterial for understanding knapping
skills. Moreover, this study suggests that the presence
or expression of accidental removals is not an indication
of knapping skills, nor a measure of their level. Flaking
accidents are part and parcel of all knapping processes,
be they of relatively simple (e.g., Oldowan) or relatively
complex (e.g., Middle Paleolithic Levallois [Ekshtain,
2006], Neolithic Naviform [e.g., Khalaily et al., in
press]) flaking technologies. It is the manner by which
knappers responded to new situations formed by knap-
ping accidents that speaks to their expertise. Novices and
experienced knappers alike will detach accidental flakes,
but only the latter are adept sufficiently to rectify the out-
come and continue core reduction. Thus, interpretations
of knapping accidents as child’s play, the training of nov-
ices or culture-driven inaptitude should be qualified with
rigorous quantitative analyses.

In the assemblage of A.L. 894 artifacts convention-
ally defined as “accidents” reveal knappers’ ability to ex-
tend the knapping process after accidents had occurred,
indicating high skill levels and at least short-term tech-
nological foresight. These interpretations are consistent
with the notion that very early tool-makers were cog-
nizant of flaking mechanics (Semaw, 2000; Delagnes
and Roche, 2005; Stout and Semaw, 2006; Toth et al.,
2006). Whether these relatively expert assemblages re-
flect the earliest stone tool-making, or whether an ear-
lier, Bonobo-like Pre-Oldowan preceded it (Toth et al.,
2006:215) remains an open question that challenges pa-
leoanthropologists and primatologists alike. At the same
time, the nuanced complexity that is revealed through

the study of flaking accidents may indicate that lithic
tool making might have emerged in a “window of op-
portunity” situation, when the necessary mental and ana-
tomical abilities finally became synchronized. This hy-
pothesis is difficult to test directly. Certainly additional
information about the identity of tool-makers in various
contemporaneous localities can help here, since it is less
likely that such synchronization would occur as a paral-
lel process in many hominin genera or even species.

ACKNOWLEDGEMENTS

I thank the Authority for Research and Conserva-
tion of Cultural Heritage and the Afar Regional Govern-
ment for their administrative help. Thanks are due to
the staff of the National Museum of Ethiopia in Addis
Ababa, where our laboratory work was conducted for
many months, for their assistance. My special gratitude
goes to Mamitu Yilma, Menkir Bitew and Alemu Ade-
masu for their help and friendship when working in the
museum. | am grateful to the Institute of Human Origins,
Avrizona State University, for generously allowing me to
make use of their facilities during my study visits to Ad-
dis. | thank Bill Kimbel, Yoel Rak, Tali Goldman, Karen
Shcollmeyer, Craig Feibel and Chris Campisano for their
help in the field, the members of the Addis crew for mak-
ing our stay in the field a pleasure, and the Afar people
of Eloha and the Hadar region for being great hosts and
friends to us. With Tali Goldman and Angela Davidzon |
shared long days at the museum and many conversations
about the assemblages discussed here. Julia Skidel-Ry-
mar drew the lithic artifacts from casts made by Alemu
Ademasu.

Field work at A.L. 894 and the subsequent labo-
ratory studies were supported by the National Science
Foundation (grant BCS-0080378 to W. H. Kimbel),
the National Geographic Society (grant #7352-02) and
grants from the L. S. B. Leakey Foundation.

REFERENCES

Amick, D.S, Mauldin, R.P., 1997. Effects of raw material on
flake breakage patterns. Lithic Technology 22, 18-32.

Barkai, R., Gopher, A., Shimelmitz, R. 2005. Middle Pleis-
tocene blade production in the Levant: An Amudian
assemblage from Qesem Cave, Israel. Eurasian Prehis-
tory 3, 39-74.

Biryukova, E.V,, Bril, B, Dietrich, G., Rob-Brami, A., Julikov,
M.A., Molchanov P.E., 2005. The organization of arm
kinematic synergies: the case of stone-bead knapping in
Khambhat. In: Roux, V., Bril, B. (Eds.), Stone Knapping.
The Necessary Conditions for a Uniquely Hominin Be-
havior. McDonald Institute for Archaeological Research,
Cambridge, pp. 73-89.

Braun D.R., Tactikos, J.C., Ferraro, J.V., Harris, J.W.K., 2005.
Flake recovery rates and inferences of Oldowan hominin
behavior: a response to Kimura 1999 and Kimura 2002.
Journal of Human Evolution 48, 525-31.



Callahan, E., 1979. The Basics of Biface Knapping in the
Eastern Fluted Point Tradition. A Manual for Flintknap-
pers and Lithic Analysts. The Eastern States Archaeo-
logical Federation, Ann Arbor.

Campisano, C.J., 2007. Tephrostratigrpahy and Hominin Pa-
leoenvironments of the Hadar Formation, Afar Depres-
sion, Ethiopia. Unpulished Ph.D. thesis. Rutgers, New
Brunswick.

Cook, J., Gordon, J.E., 1964. A mechanism for the control of
crack propagation in all-brittle systems. Proceedings of
the Royal Society A 282, 508-520.

Cotterell, B., Kamminga, J., 1979. The mechanics of flaking.
In: Hayden, B. (Ed.), Lithic Use-Wear Analysis. Aca-
demic Press, New York, pp. 97-112.

Cotterell, B., Kamminga, J., 1986. Finals on stone flakes.
Journal of Archaeological Science 13, 451-461.

Cotterell, B., Kamminga, J., 1987. The formation of flakes.
American Antiquity 52, 675-708.

Delagnes, A., Roche, H., 2005. Late Pliocene hominid knap-
ping skills: The case of Lokalalei 2C, West Turkana,
Kenya. Journal of Human Evolution 48, 435-472.

Dibble, H.L., Whittaker, J.C., 1981. New experimental
evidence on the relation between percussion flaking and
flake variation. Journal of Archaeological Science 8,
283-96.

Ekshtain, R., 2006. A Comparative Study of Knapping Ac-
cidents in the Levantine Mousterian. Unpublished M.A.
thesis. The Hebrew University, Jerusalem

Goldman, T., Hovers, E., in press. Methodological issues in
the study of Oldowan raw material selectivity: insights
from A.L. 894 (Hadar, Ethiopia). In: Hovers, E., Braun,
D.R. (Eds.), Interdisciplinary Approaches to the Old-
owan. Springer, Dordrecht, The Netherlands.

Hovers, E., 1997. Variability of Lithic Assemblages and
Settlement Patterns in the Levantine Middle Paleolithic:
Implications for the Development of Human Behav-
ior. Ubpublished Ph.D. thesis. The Hebrew University,
Jerusalem.

Hovers, E., 2003. Treading carefully: site formation processes
and Pliocene lithic technology. In: Martinez, J., Mora,
R., de la Torre, 1. (Eds.), Oldowan: Rather More than
Smashing Stones. First Hominid Technology Workshop.,
Centre d’Estudis del Patrimoni Arqueologic de la Pre-
historia. Universitat Autonoma de Barcelona, Barcelona,
pp. 145-64.

Hovers, E., 2004. A needle in a flake stack: reconstructing
lithic reduction sequences in Levantine Mousterian cave
sites. Presented at Annual Meeting of the Society of
American Archaeologists, Montreal, Canada.

Hovers, E., Schollmeyer, K., Goldman, T., Eck, G.G., Reed,
K.E,. Johanson, D.C., Kimbel, W.H., 2002. Late Pliocene
archaeological sites in Hadar, Ethiopia. Paper read in the
meeting of the Paleoanthropology Society, Denver Colo-
rado, March 2002. Journal of Human Evolution, A17

Hovers, E., Campisano, C. J., Feibel, C.S., 2008. Land use
by Late Pliocene hominins in the Makaamitalu Basin,
Hadar, Ethiopia. PaleoAnthropology 2008, A14.

Inizan, M.L., Roche, H., Tixier, J., 1992. Technology of
Knapping Stone. CREP, Meudon.

Hovers » 149

Isaac, G.L, Harris, JW.K., 1978. Archaeology. In: Leakey,
M.G., Leakey, R.E. (Eds.), Koobi Fora Research Project
Volume 1. Clarendon Press, Oxford, pp. 64-85.

Isaac, G.L., Harris, J.W.K., 1997. The stone artefact assem-
blages: a comparative study. In: Isaac, G.L., Isaac, B.
(Eds.), Koobi Fora Research Project. Volume 5: Plio-
Pleistocene Archaeology. Clarendon Press, Oxford, pp.
262-362.

Khalaily, K., Marder, O., Barzilai,O., in press. An Early
Pre-Pottery Neolithic B Blade Cache from Motza, West
of Jerusalem, Israel. In: Astruc, L., Binder, D., Briois
F. (Eds.), La Diversité des Systemes Techniques des
Communautés du Néolithique Pré-céramique vers la
Caracteérisation des Comportements Sociaux-Proceedings
of the 5th International Neo-Lithics workshop. Editions
APDCA, Antibes.

Kibunjia, M., 1994. Pliocene archaeological occurrences in
the Lake Turkana basin. Journal of Human Evolution 27,
159-171.

Ludwig B.V., 1999. A Technological Reassessment of East
African Plio-Pleistocene Lithic Artifact Assemblages.
Ph.D. thesis. Rutgers, New Brunswick, New Jersey

Madsen, B., Goren-Inbar, N., 2004. Acheulian giant core tech-
nology and beyond: an archaeological and experimental
case study. Eurasian Prehistory 2, 3-52.

Marzke, M.W., 1997. Precision grips, hand morphology, and
tools. American Journal of Physical Anthropology 102,
91-110

Marzke, M.W., Toth, N., Schick, K.D., Reece, S., Steinberg,
B., etal., 1998. EMG study of hand muscle recruitment
during hard hammer percussion manufacture of Oldowan
tools. American Journal of Physical Anthropology 105,
315-322

Mercader, J., Barton, H., Gillespie, J., Harris, J., Kuhn, S.,
Tyler, R., Boesch, C., 2007. 4,300- Year-old chimpanzee
sites and the origins of percussive stone technology.
Proceedings of the National Academy of Science 104,
3043-3048.

Moore, M.W., 2005. The Design Space of Lithic Technology.
Unpublished Ph.D. dissertation thesis. University of New
England, Armidale, Australia.

Nichols, J., Allstadt, D., 1978. Hinge fracture rates of novice
flintknappers. Lithic Technology, 1-2.

Pelcin, A.W., 1997a. The effect of core surface morphology
on flake attributes: evidence from a controlled experi-
ment. Journal of Archaeological Science 24, 749-756.

Pelcin, A.W., 1997h. The effect of indenter type on flake at-
tributes: evidence from a controlled experiment. Journal
of Archaeological Science 24, 613-621.

Pelcin, A.W., 1997c. The formation of flakes: the role of
platform thickness and exterior platform angle in the
production of flake initiation and terminations. Journal of
Archaeological Science 24, 1107-1113.

Roux ,V., David, E., 2005. Planning abilities as a dynamic
perceptual-motor skill: an actualistic study of differ-
ent levels of expertise involved in stone knapping. In:
Roux, V., Bril, B. (Eds.), Stone Knapping. The Necessary
Conditions for a Uniquely Hominin Behavior. pp. 91-
108. McDonald Institute for Archaeological Research,
Cambridge, pp. 91-108



150 « The Cutting Edge: New Approaches to the Archaeology of Human Origins

Semaw, S., 2000. The world’s oldest stone artefacts from
Gona, Ethiopia: their implication for understanding stone
technology and patterns of human evolution. Journal of
Archaeological Science 27, 1197-1214.

Shea, J.J., 2006. Child’s play: reflections on the invisibility of
children in the Paleolithic record. Evolutionary Anthro-
pology 15, 212-216.

Siret, L., 1933. Le coup de burin mousterien. Bulletin de la
Societé Préhistorique Francaise 30, 120-127.

Sollberger, J.B., 1994. Hinge fracture mechanics. Lithic Tech-
nology 19, 17-20.

Speth, J.D., 1972. Mechanical basis of percussion flaking.
American Antiquity 37, 34-60.

Speth, J.D., 1974. Experimental investigations of hard-ham-
mer percussion flaking. Tebiwa 17, 7-36.

Speth, J.D., 1975. Miscellaneous studies in hard-hammer per-
cussion flaking: the effects of oblique impact. American
Antiquity 40, 203-207.

Stout, D., Chaminade, T., 2007. The evolutionary neurosci-
ence of tool making. Neuropsychologia 45, 1091-1100.

Stout, D., Semaw, S., 2006. Knapping skill of the earliest
stone toolmakers: insights from the study of modern
human novices.In: Toth, N., Schick, K.D. (Eds.), The
Oldowan: Case studies into the earliest Stone Age. Stone
Age Institute Press, Gosport, Indiana, pp. 307-320.

Sullivan, A.P., Rozen, K.C., 1985. Debitage analysis and
archaeological interpretation. American Antiquity 50,
755-779.

Tocheri M.W., Orr C.M., Jacofsky M.C., Marzke M.W., 2008.
The evolutionary history of the hominin hand since the
last common ancestor of Pan and Homo. Journal of
Anatomy 212, 544-562.

Toth, N., Schick, K.D., Semaw, S., 2006. A comparative study
of the stone tool-making skills of Pan, Australopithecus
and Homo sapiens. In: Toth, N., Schick, K.D. (Eds.), The
Oldowan: Case Studies into the Earliest Stone Age., pp.
155-222. Stone Age Institute Press, Gosport, Indiana.





