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Abstract
In this paper we present the experimental results obtained for the formation of use-wear traces on four types of basalt rocks from
the Olduvai Gorge (Tanzania) and one from the Deba River (Spain). The objective of this study is to create a reference collection
that will allow the posterior analysis and identification of archeological use-wear traces on lithic industries made on these
different types of basalt, such as the Acheulean lithic industry from Thiongo Korongo site (TK) (Olduvai’s Bed II, ca. 1.353
± 0.035 Ma.). This study includes five types of basalt, under the objective of understanding in more detail the formation of the
use-wear traces. Additionally, we include their individual petrographic, chemical, and traceological interpretations, allowing for
an assessment of the intrinsic characteristics in relation to the development of use-wear. The final step of this process includes
microscopic analysis for the detailed characterization and description of these use-wear traces. The results obtained reveal the
internal structure of basalts as a significant conditioning factor in the development of use-wear traces. Despite this, we have been
able to establish several criteria that discriminate between actions and different worked materials. These results offer a funda-
mental experimental basis for the future interpretation of use-wear traces found in archeological basalts.
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Introduction

The creation of reference collections is essential for the analysis
and interpretation of the function of archeological materials
through use-wear analysis. Nevertheless, it is still of great impor-
tance to pay particular attention to the experimental protocols
used in order to improve our interpretative discourse. In the case
of basalts, considering their variability in terms of internal struc-
ture and mineralogical composition, the incorporation of a wide
range of basalt types is essential, allowing for a better understand-
ing of how their internal proprieties may influence use-wear
development. For this reason, we have also considered relevant
the incorporation of other types of basalt (Deba River) in com-
parison with Olduvai basalts, providing a broader perspective for
the formation of use-wear traces. Use-wear analysis of basalt
artifacts has been a topic of interest attracting attention since
the 1970s (Price-Beggerly 1976; Stanfford 1977; Kamminga
1978; Montgomery 1978; Odell 1980; Plisson 1982, 1985;
Schutt 1982; Richards 1988; Grace 1989; Deunert 1995;
Rodríguez Rodríguez 1998; Álvarez et al. 2001; Dubreuil
2004; Asryan et al. 2014; de Francisco 2015; Stemp et al.
2015). These studies present well-known experimental protocols
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including different petrological varieties of basalt (in terms of
internal structure and chemical composition). From these petro-
logical results, it has been possible to obtain some common
criteria for the identification of use-wear traces in basalt.
Nevertheless, these use-wear traces are highly dependent on the
precise nature of the basalt being used (Richards 1988).

Recent studies have summarized the nature of use-wear traces
on materials from the Olduvai Gorge, focusing on experimental
and archeological lithic materials elaborated with Naibor Soit
quartzite (NQ) (Sussman 1987; de la Torre et al. 2013; Arroyo
and de la Torre 2016 and 2018; Arroyo et al. 2016; Benito-Calvo
et al. 2018; Bello-Alonso et al. 2019). While NQ is the most
representative raw material in the Acheulean record in this area,
basalt also represents an important source of raw material in the
production of tools in these sites (Leakey 1971; de la Torre and
Mora 2005 and 2014; Díez-Martín et al. 2015; Santonja et al.
2014, 2018; Rubio-Jara et al. 2017). To date, only a preliminary
study has incorporated basalt fromOlduvaiGorge outcrops in their
experimental protocols, presenting some results regarding the for-
mation of macro-traces, polishes, and striations (de Francisco
2015).

All these previous efforts are a great source of information,
nevertheless precise information on the nature of use-wear for-
mation on Olduvai basalts is needed to sustain posterior analyses
of archeological artifacts. Moreover, our hypotheses of a wide
economic activity by the Acheulean hominins in this area de-
mands the incorporation of new worked materials into our ex-
perimental reference samples. Following the approach that has
already been proposed for the analysis ofNQ (Bello-Alonso et al.
2019), the present study also incorporates a broad range of tasks
experimenting with the processing of plant resources (under-
ground storage organs -USOs-, wood, herbaceous plants -grass
and canes-, and animal carcasses -butchering and bone-).

The variety of basalts used in this study have allowed for
the detection of modifications in use-wear formation related to
the internal structure and components of the raw materials. In
accordance with these finds, the present work documents the
parallelisms and differences between different basalts and in
relation with other studies on this raw material. The results
obtained present interesting data that supports the need for
experimental protocols of this nature. For this reason, we have
combined description of the petrographic characterization of
these raw materials alongside their corresponding use-wear
data, supported by a detailed micro-photographic compilation
for future reference.

Materials and methods

Basalt reference collection

For the purpose of this study, five basalt samples were
used using the development of use-wear traces as an

analytical approximation: BTD (Fig. 1a), BT1 (Fig. 1b),
BT2 (Fig. 1c), BT4 (Fig. 1d), and BT5 (Fig. 1e). BTD
samples were collected on the margin of the Deba River
(Basque Country, Spain) by J. Rios-Garaizar, while the
rest of basalt varieties were collected on the margin of
the Olduvai River (Olduvai Gorge, Tanzania) by D.M.
Martín-Perea and P. Bello-Alonso (Fig. S1a). Apart from
the experimental protocol and traceological analysis, thin
sections of each of these samples were petrographically
and mineralogically studied (X-ray diffraction -DRX-
and X-ray fluorescence spectrometry -FRX- analyses were
carried out on all samples). The main objectives of this
petrographic analysis are (a) technical characterization of
the different varieties of basalt, including the verification
of their typology (avoiding visu mistakes due to the wide
range of volcanic rocks and their similarities) and (b) to
identify the structural characteristics that could condition
the formation of use-wear patterns (Hay 1976; Richards
1988; Pedergnana et al. 2017; McHenry and de la Torre
2018).

Use-wear attributes on basalts

The attributes used for the description of use-wear traces fol-
low the same criteria as those use by Bello-Alonso et al.
(2019), thus applying common parameters in research
established throughout the last couple of decades (Tringham
et al. 1974; Odell 1975, 1980; Cotterell and Kamminga 1979;
Kamminga 1979; Keeley 1980; Mansur-Franchomme 1983;
Plisson 1985; Fullagar 1986; Knutsson 1988a, 1988b;
Richards 1988; Sussman 1988; Estévez and Urquijo 1996;
Clemente and Gibaja 2009).

These attributes include information about the location,
morphology, distribution, and termination of macro- and mi-
cro-scars that can be useful for determining the relative hard-
ness of the worked materials and gestures used throughout
each activity (Tringham et al. 1974; Cotterell and
Kamminga 1979; Odell 1980; Richards 1988; Estévez and
Urquijo 1996). Micro-wear analyses (50× to 400× magnifica-
tions) further focus on traces including polish, striations, and
pits. For the description of polish diagnostic criteria, we used
the polish formation, extension, abrasion, relative brightness,
and lineal components (Keeley 1980; Vaughan 1981; Mansur
Franchomme 1983; Plisson 1985; Knutsson 1988a, 1988b;
Sussman 1988; Fullagar 1986; Grace 1989; Estévez and
Urquijo 1996; Márquez et al. 2016; Bello-Alonso et al.
2019). We also documented the formation of edge rounding
(low, moderate, high), considering this variable as an indicator
of use (Richards 1988). Pits and striations are also linked to
the formation of polishes, and both were analyzed and de-
scribed according to their corresponding characteristics
(Keeley 1980; Mansur Franchomme 1982; Knutsson 1988a;
Richards 1988; Grace 1989; Estévez and Urquijo 1996; Bello-
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Alonso et al. 2019). In the case of striations, their location,
orientation (oblique, parallel, and right angle), frequency, and
length were considered. Furthermore, in the case of pits, de-
scriptions included their relative abundance, size, and orienta-
tion. Finally, differentiation between common and comet-
tailed pits were included (Keeley 1980; Sussman 1988).

Reference CET

All the experimental pieces and corresponding traceological
information have been incorporated in the experimental col-
lection of traceology (CET) collection, currently stored in the
Prehistory Technology and Archaeology Laboratory in the

Fig. 1 Types of basalts processed during each experiment: a basalt type Deba (BTD); b basalt type 1 (BT1); c basalt type 2 (BT2); d basalt type 4
(BT4);e basalt type 5 (BT5)
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Centro Nacional de Investigación sobre la Evolución Humana
(CENIEH) (Burgos, Spain). Experiments were carried out in
the Prehistory Technology and Archaeology Laboratory
(CENIEH, Burgos, Spain), the Valdivielso valley (Burgos,
Spain), and at the Emiliano Aguirre station (Olduvai Gorge,
Tanzania) by P. Bello-Alonso. Butchering experiments were
performed on goats with the participation of Masai residents
of the Olduvai Gorge’s surrounding areas, all of them expert
butchers.

Following the protocols established in previous studies
(Bello-Alonso et al. 2019), the development of each activity
was focused on the processing of different types of wood,
animal carcasses, and underground storage organs (USOs)
(Fig. S2a, S2b, S2c, and S2d). Each activity was performed
for a duration of 15, 30, or 60 min (Table 1). Within the USO
samples, a new species was also incorporatedwithin the study,
Vigna sp. (Schnorr et al. 2015). This plant is a legume that
develops edible roots, growing in certain areas along the
Olduvai Gorge. This legume is currently consumed by
Masai populations, especially by children. This particular po-
tato is not cooked, yetMasai are observed to peel it, chop it up,
and suck on it in order to obtain its fluids (field observations).
The selection of activities and materials worked were made
attempting to provide an analogy to data observed in the
archeological record (Keeley and Toth 1981; Keeley 1997;
Domínguez-Rodrigo et al. 2001; Lemorini et al. 2014, 2019;
Yravedra et al. 2016, 2017), early hominid dietary studies
(Ungar et al. 2006), and ethnographic reports (Marlowe and
Berbesque 2009; Pontzer et al. 2012).

Cleaning

The cleaning of each experimental piece was performed using
neutral soap (Derquim LM02-Teepol) and demineralized wa-
ter. Some pieces were cleaned using an ultrasonic tank
(Branson 3510) with demineralized water and acetic acid dis-
solution (3%) for a period of 5 to 25 min. The use of an
ultrasonic tank in this case study proved problematic due to
the production of residue composed of small basalt fragments.
This loss of material can come from the edge as well as other
parts of the flake. Despite this, at a macroscopic level, we are
yet to observe any major modification on these particular
edges (Table 1). For this reason, we opted for cleaning the
pieces with neutral soap, alcohol, and cotton swabs, following
the same procedure proposed by Bello-Alonso et al. (2019) for
Naibor Soit Quartzite.

Techniques

Experimental tools were examined at low power magnifica-
tions (0.7× to 11.5×) using an Olympus SZX16 binocular
microscope, and high-power magnifications (50× to 400×)
were performed using an Olympus BX51 metallographic

microscope coupled with Differential Interference Contrast
(DIC) prism. Photographs were taken with a Nikon camera
(DS-8Fi2) and using the NIS-Elements D 4.13.04 software. A
series of multiple focus images were also obtained with this
software as well as multifocus reconstructions using the
Helicon Focus 6 software.

Results

Petrographic analysis

Assessment of inter-basalt variability through petrographic
analyses was performed under the premise of evaluating the
traceological differences presented by the raw materials ac-
cording to their mineralogical and internal composition.
These petrographic descriptions revel that BT1 (Fig. 2a) con-
tains acicular, elongated plagioclase crystals (< 0.4 mm)
alongside smaller and much less abundant pyroxene and horn-
blende crystals in a fine-grained feldspathic groundmass with
disperse mica patches (Table S1 and Table S2); BT2 (Fig. 2b)
and BT5 (Fig. 2c) show well-defined, prismatic 0.2–0.8 mm
crystals of nepheline, feldspar, and pyroxene embedded in a
very fine-grained matrix (Table S1 and Table S2); BT4 (Fig.
2d) is mainly composed of a feldspar microlite groundmass
with hyalopilitic texture with few larger (< 0.1 mm) pyroxene
and feldspar crystals (Table S1 and Table S2); and BTD
shows scarce large chlorite crystals (< 0.5 mm) in a fine-
grained plagioclase groundmass (Fig. 2e) (Table S1 and
Table S2).

Use

Herbaceous plants

Cutting grass (Lolium perenne): to cut Lolium perenne, one
tool was used for a total of 30 min (EXP109/BT1). Scars are
poorly developed presenting a bifacial distribution (Table 2).
The most common scar morphologies observed are half-moon
and semicircular, appearing isolated and without overlapping.
Terminations present a clear tendency towards snap and step
types with few feather terminations. Micro-scarring is scarce,
while no observations have been observed in association with
any other traces; these present an isolated distribution without
overlapping and half-moon and semicircular morphologies.

In terms of micro-analysis (Table 3), well developed pol-
ishes have been identified in patches (Fig. 3a) with undulating
and smooth surfaces. These polishes are well developed in the
higher areas of the microtopography and in the more exposed
areas of the edge. The polish is bright for undulating polish
and very bright for smooth polish (Fig. 3b). Lineal compo-
nents are also present (Fig. 3c), appearing short and parallel to
the edge, following the direction of the activity’s working

_####_ Page 4 of 26 Archaeol Anthropol Sci _#####################_



FOR APPROVAL

Ta
bl
e
1

C
om

pi
la
tio

n
of

da
ta
(t
yp
e
of

ra
w
m
at
er
ia
l,
le
ng
th
,w

id
th
,t
hi
ck
ne
ss
,e
dg
e
le
ng
th
,e
dg
e
an
gl
e,
an
d
de
lin

ea
tio

n)
an
d
ac
tiv

iti
es

(w
or
ke
d
m
at
er
ia
l,
m
at
er
ia
lc
on
di
tio

n,
ac
tio

n,
di
re
ct
io
n,
w
or
ki
ng

an
gl
e,

an
d
tim

e)
ca
rr
ie
d
ou
td

ur
in
g
th
e
ex
pe
ri
m
en
ta
lp

ro
to
co
lw

ith
49

ba
sa
lts

fl
ak
es
.T

he
as
te
ri
sk

(*
)
in
di
ca
te
s
th
e
fl
ak
es

th
at
w
er
e
w
as
he
d
in

th
e
ul
tr
as
on
ic
ta
nk

R
ef
er
en
ce

R
aw

m
at
er
ia
l

L
en
gt
h

(m
m
)

W
id
th

(m
m
)

T
hi
ck
ne
ss

(m
m
)

E
dg
e
le
ng
th

(m
m
)

E
dg
e

an
gl
e

E
dg
e

de
lin

ea
tio

n
W
or
ke
d
m
at
er
ia
l

M
at
er
ia
l

co
nd
iti
on

A
ct
io
n

D
ir
ec
tio

n
W
or
ki
ng

an
gl
e

T
im

e
(m

in
)

E
X
P0

08
9*

B
T
D

49
32

16
27

40
C
on
ve
x

W
oo
d/
Q
ue
rc
us

ro
bu
r

D
ry

Sa
w
in
g

U
ni
di
re
ct
io
na
l
90

30

E
X
P0

09
0

B
T
D

45
55
.5

21
33

40
C
on
ve
x

B
on
e/
B
os

ta
ur
us

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

30

E
X
P0

09
1

B
T
D

30
11
.5

5
22

35
C
on
ve
x

W
oo
d/
Q
ue
rc
us

ro
bu
r

D
ry

Sc
ra
pi
ng

B
id
ir
ec
tio

na
l

45
15

E
X
P0

09
2*

B
T
D

37
26

14
20

35
C
on
ve
x

W
oo
d/
Q
ue
rc
us

ro
bu
r

D
ry

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
60

E
X
P0

09
3

B
T
D

56
33
.5

11
.5

56
40

C
on
ve
x

W
oo
d/
Q
ue
rc
us

ro
bu
r

D
ry

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

60

E
X
P0

09
4

B
T
D

34
.5

28
.5

15
.5

28
50

C
on
ve
x

B
on
e/
B
os

ta
ur
us

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

30

E
X
P0

09
6

B
T
D

47
.5

19
7

14
35

Ir
re
gu
la
r

B
on
e/
B
os

ta
ur
us

Fr
es
h

Sa
w
in
g

U
ni
di
re
ct
io
na
l
90

30

E
X
P0

09
7

B
T
D

41
.5

21
.5

13
.5

24
40

C
on
ve
x

B
on
e/
B
os

ta
ur
us

Fr
es
h

Sa
w
in
g

U
ni
di
re
ct
io
na
l
90

60

E
X
P0

10
5

B
T
D

77
41

20
46

35
C
on
ve
x

T
ub
er
/B
et
a
vu
lg
ar
is

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

90
8

E
X
P
01
06

B
T
D

23
41

6
23

35
Ir
re
gu
la
r

T
ub
er
/B
et
a
vu
lg
ar
is

Fr
es
h

Pe
el
in
g

U
ni
di
re
ct
io
na
l
45

15

E
X
P0

10
8

B
T
D

33
28

9
33

40
Ir
re
gu
la
r

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

D
ry

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
2

E
X
P0

10
9*

B
T
I

33
.5

27
.5

14
14

40
C
on
ca
ve

H
er
ba
ce
ou
s/
Lo

liu
m

pe
re
nn
e

F
re
sh

C
ut
tin

g
U
ni
di
re
ct
io
na
l
75

30

E
X
P0

11
0*

B
T
I

52
30

18
34

45
Ir
re
gu
la
r

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

Fr
es
h

Sa
w
in
g

B
id
ir
ec
tio

na
l

75
/9
0

30

E
X
P0

11
1

B
T
I

35
37

17
35

30
C
on
ve
x

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

30

E
X
P0

11
2

B
T
I

45
.7

45
25

18
35

C
on
ve
x

W
oo
d/
Q
ue
rc
us

ile
x

Fr
es
h

Sc
ra
pi
ng

B
id
ir
ec
tio

na
l

75
/9
0

32

E
X
P0

11
3

B
T
I

46
27

16
26

65
C
on
ve
x

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

30

E
X
P0

11
4

B
T
I

61
59

18
48

40
C
on
ca
ve

B
on
e/
B
os

Ta
ur
us

Fr
es
h

Sa
w
in
g

B
id
ir
ec
tio

na
l

75
/9
0

60

E
X
P0

11
5

B
T
I

46
36
.5

21
30

40
C
on
ve
x

T
ub
er
/B
et
a
vu
lg
ar
is

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

30

E
X
P0

12
6

B
T
I

54
34

13
25

35
Ir
re
gu
la
r

T
ub
er
/B
et
a
vu
lg
ar
is

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

18

E
X
P0

12
7

B
T
I

39
29

11
31

40
Ir
re
gu
la
r

T
ub
er
/Z
in
gi
be
r

of
fic
in
al
e

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

60

E
X
P0

12
8

B
T
I

40
44

15
34

40
Ir
re
gu
la
r

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

F
re
sh

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
22

E
X
P0

13
2

B
T
I

48
.1

42
.9

15
.2

47
45

Ir
re
gu
la
r

T
ub
er
/Z
in
gi
be
r

of
fic
in
al
e

Fr
es
h

S c
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

60

E
X
P0

14
5/
b

B
T
I

34
26
.5

11
.9

27
35

S
tr
ai
gh
t

T
ub
er
/P
as
tin

ac
a

sa
tiv
a

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

60

E
X
P0

14
7

B
T
1

64
25
.6

14
.6

35
40

Ir
re
gu
la
r

T
ub
er
/B
et
a
vu
lg
ar
is

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

60

E
X
P0

14
8

B
T
1

35
.3

41
.3

11
.7

32
40

Ir
re
gu
la
r

T
ub
er
/B
et
a
vu
lg
ar
is

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

90
60

E
X
P0

16
7

B
T
D

35
32

11
35

35
Ir
re
gu
la
r

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

2

E
X
P
01
68

B
T
1

47
.1

47
.5

19
39

40
Ir
re
gu
la
r

T
ub
er
/D
au
cu
s
ca
ro
ta

F
re
sh

C
ut
tin

g
U
ni
di
re
ct
io
na
l
90

60

E
X
P
01
69

B
T
D

55
.1

74
.8

15
.4

75
40

S
tr
ai
gh
t

F
re
sh

C
ut
tin

g
U
ni
di
re
ct
io
na
l
75
/9
0

60

Archaeol Anthropol Sci _#####################_ Page 5 of 26 _####_



FOR APPROVAL

T
ab

le
1

(c
on
tin

ue
d)

R
ef
er
en
ce

R
aw

m
at
er
ia
l

L
en
gt
h

(m
m
)

W
id
th

(m
m
)

T
hi
ck
ne
ss

(m
m
)

E
dg
e
le
ng
th

(m
m
)

E
dg
e

an
gl
e

E
dg
e

de
lin

ea
tio

n
W
or
ke
d
m
at
er
ia
l

M
at
er
ia
l

co
nd
iti
on

A
ct
io
n

D
ir
ec
tio

n
W
or
ki
ng

an
gl
e

T
im

e
(m

in
)

Fl
es
h
an
d
bo
ne
/B
os

ta
ur
us

E
X
P0

17
0

B
T
1

42
.8

26
.6

12
.8

20
45

S
tr
ai
gh
t

T
ub
er
/D
au
cu
s
ca
ro
ta

Fr
es
h

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

38

E
X
P0

17
1

B
T
1

32
22

8
22

35
C
on
ca
ve

C
an
e/
P
hy
llo

st
ac
hy
s

au
re
a

D
ry

Sa
w
in
g

B
id
ir
ec
tio

na
l

75
/9
0

60

E
X
P0

17
4

B
T
4

14
9

97
27

12
2

40
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
C
om

bi
na
tio

n
75
/9
0

60

E
X
P0

17
5

B
T
5

31
26

12
29

45
St
ra
ig
ht

T
ub
er
/E
ng
oi
sw

ak
i

F
re
sh

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

40

E
X
P0

17
6

B
T
1

49
21

12
37

35
Ir
re
gu
la
r

T
ub
er
/E
ng
oi
sw

ak
i

F
re
sh

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

2

E
X
P0

17
7*

B
T
2

44
44

9
28

40
St
ra
ig
ht

T
ub
er
/E
ng
oi
sw

ak
i

F
re
sh

Sc
ra
pi
ng

U
ni
di
re
ct
io
na
l
45

44

E
X
P
01
78

B
T
1

65
35

21
55

40
Ir
re
gu
la
r

T
ub
er
/E
ng
oi
sw

ak
i

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

90
50

E
X
P0

17
9*

B
T
2

59
34

11
36

35
C
on
ve
x

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

57

E
X
P0

18
0

B
T
4

55
48

21
57

40
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

57

E
X
P0

18
1

B
T
4

11
1

55
12

38
35

St
ra
ig
ht

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

23

E
X
P0

18
2

B
T
4

65
48

18
50

40
St
ra
ig
ht

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
0

23

E
X
P0

18
3

B
T
4

72
59

22
53

35
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
1

16

E
X
P0

18
4

B
T
4

88
47

25
62

45
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
2

33

E
X
P0

18
5

B
T
5

83
65

19
48

45
St
ra
ig
ht

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
3

33

E
X
P0

18
6

B
T
5

90
43

26
65

45
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

C
ut
tin

g
B
id
ir
ec
tio

na
l

75
/9
4

33

E
X
P0

18
7

B
T
2

16
0

12
8

68
11
9

65
Ir
re
gu
la
r

B
ut
ch
er
in
g/
C
ap
ra

hi
rc
us

F
re
sh

H
itt
in
g

B
id
ir
ec
tio

na
l

90
5

E
X
P0

18
8

B
T
1

51
41

13
22

35
St
ra
ig
ht

W
oo
d/
Q
ue
rc
us

ile
x

F
re
sh

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
25

E
X
P0

18
9

B
T
5

45
57

14
50

35
St
ra
ig
ht

W
oo
d/
Ju
gl
an
s
re
gi
a

F
re
sh

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
31

E
X
P0

19
0

B
T
5

38
28

10
22

40
C
on
ve
x

W
oo
d/
Ju
gl
an
s
re
gi
a

Fr
es
h

Sc
ra
pi
ng

B
id
ir
ec
tio

na
l

75
/9
0

31

E
X
P0

19
1

B
T
5

45
30

9
36

35
S
tr
ai
gh
t

W
oo
d/
C
or
yl
us

av
el
la
na

D
ry

Sa
w
in
g

B
id
ir
ec
tio

na
l

90
9

E
X
P0

19
2

B
T
5

44
33

12
22

40
C
on
ca
ve

W
oo
d/
C
or
yl
us

av
el
la
na

D
ry

Sc
ra
pi
ng

B
id
ir
ec
tio

na
l

75
/9
0

15

_####_ Page 6 of 26 Archaeol Anthropol Sci _#####################_



FOR APPROVAL

movement. Other features such as edge rounding or pits are
almost absent, even though previous studies have attributed
the formation of pits as common in association with plant
processing (Richards 1988). Only few rounded areas have
been observed with a moderate development (Fig. 3d)
(Table 3).

Canes

Scraping fresh cane (Phyllostachys aurea): for this activity,
we used three flakes for a time period between 2 and 30 min
(EXP111/BT1; EXP113/BT1, and EXP/BTD). Data collected
were obtained from results with BT1, considering how the
BTD flake did not generate significant information. The

location of scars is unifacial, and the most common morphol-
ogies are half-moon and semicircular (Table 2). Distributions
show an isolated pattern without overlapping, and the termi-
nations are in step and snap. In addition to this, a poor devel-
opment of micro-scarring was observed, presenting a similar
pattern in macro-scars, only appearing alongside other traces,
mainly, polishes (Fig. S3A). Microscopic use-wear analysis
(Table 3) revealed the development of polish in patches (Fig.
S3B and S3C) with a rough to smooth surface texture. The
rough polish corresponds to the lower areas of the
microtopography with a bright reflection, while the smooth
polish is clearly developed on the uppermost areas of the
microtopography with a very bright reflection (Fig. S3C and
S3D). The development of lineal components, striations, and

Fig. 2 Petrographic analysis of
basalts: a well-defined plagio-
clase (Pl) crystals (< 0.4 mm
elongate axis, 50%), pyroxene
(Py) crystals (high interference
colors, < 30%), and amphibole
(Am) crystals (mostly horn-
blende, 10%) in a fine-grained
feldspathic groundmass (10%)
with disperse mica patches. XPL
image, 2× (field of view = 2 mm);
b nepheline (Ne) crystals (<
0.3 mm, < 20%), feldspar (F)
crystals (< 10%), and pyroxene
(Py) crystals (high interference
colors, < 15%) in a very fine-
grained groundmass (> 70%).
XPL image, 2× (field of view =
2 mm); c nepheline (Ne) crystals
(< 0.8 mm, < 30%), feldspar (F)
crystals (< 10%), and pyroxene
(Py) crystals (high interference
colors, < 10%) in a very fine-
grained groundmass (> 60%).
XPL image, 2× (field of view =
2 mm); d pyroxene crystals (high
interference colors, < 0.1 mm, <
20%) in a feldspar (> 80%)
microlite groundmass with
hyalopilitic texture. XPL image,
2× (field of view = 2 mm); e
chlorite crystals (< 0.5 mm; 10%)
in a fine-grained plagioclase
groundmass (> 80%). Other
phyllosilicates such as smectite
are present (< 5%). Some magne-
tite crystals (< 0.1 mm) can be
observed (5%). XPL image, 2×
(field of view = 2 mm)
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pits has not been observed on the used edges. Only a few were
located with small and poorly developed patches of edge
rounding in association with polished areas (Fig. S3A).

Sawing fresh cane (Phyllostachys aurea): this activity was
carried out with two flakes for a time period of 22 and 30 min,
respectively (EXP110/BT1 and EXP128/BT1). Scar formation
for these pieces is bifacial with half-moon and semicircular mor-
phology (Table 2). Their distribution is isolated, without over-
lapping, with feather, step, and, less abundant, snap termina-
tions. Considering the micro-scar formation, these appear isolat-
ed and not overlapped yet are in association with polished areas
along the used edge. Micro-traces (Table 3) are well developed
in some areas (Fig. 4a). The surface texture of these polishes
presents a transition from rough to smooth polish. Rough polish
is in the lower areas of the microtopography, while the smooth
polish is formed in the upper areas (Fig. 4b). Furthermore, the

polish is presented as bright (Fig. 4 b and c) to very bright (Fig.
4a), depending on the degree development (Fig. 4a). In associ-
ation with the polished areas, some crystals were observed with
few parallel striations that indicate the movement of this activity
(Fig. 4 a and c). Additionally, there are rounded areas linked
with these polishes, yet when observed are normally restricted to
the very edge of the piece (Fig. 4b).

Sawing dry cane (Phyllostachys aurea): this activity was
carried out using two flakes for time periods of 2 and 60 min
(EXP171/BT1 and EXP108/BTD). Data obtained was
through experiments made with BT1, considering the limited
amount of information produced with BTD flakes.
Development of scars appear bifacial with a predominance
of semicircular and, to a smaller degree (Table 2), half-moon
morphologies (Fig. S4A and S4B). These scars appear isolat-
ed yet some areas present clustered scars without overlapping.

Table 3 Micro use-wear trace s dates recovered on experimental basalt flakes. Presence (+) and absence (−), not abundant (+), abundant (++), and very
abundant (+++)

Action Worked material Condition Micro-traces

Striations Lineal components Pits Micro-
scarring

Rounding Polish

Undulating Smooth Rough

Cutting Beta vulgaris Fresh + + + + + ++

Zingiber officinale Fresh + + + + ++ ++

Pastinaca sativa Fresh + + + ++

Daucus carota Fresh + ++ + + ++ ++

Vigna sp. Fresh + ++ + ++ +++

Lolium perenne Fresh + + +

Capra hircus (BT4) Fresh ++ + + ++ + +++

Capra hircus (BT5) Fresh

Sawing Quercus robur Dry + + + + ++ +++

Quercus ilex Fresh + ++ ++ + ++

Juglans regia Fresh +++ ++ + ++ +++

Corylus avellana Dry + ++ ++

Bone (BTD) Fresh + ++ ++ ++ ++ +++

Bone (BT1) Fresh + ++ ++ ++

Phyllostachys aurea Fresh ++ + + ++ ++ +++

Phyllostachys aurea Dry + ++ + + ++

Scraping Zingiber officinale Fresh + + + + ++ +

Daucus carota Fresh + + + +++ + ++

Vigna sp. Fresh + +

Quercus robur Dry +++ + + ++ +++

Quercus ilex Fresh ++ + ++

Juglans regia Fresh + ++

Corylus avellana Dry + ++

Bone Fresh + ++ + + +++

Phyllostachys aurea Fresh + + + ++

Peeling Beta vulgaris Fresh + + + +++ +
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Scars present a certain dominance of hinge and snap termina-
tions. Unlike the case of other activities developed in this
experiment, sawing dry cane produced a larger quantity and

size of scars, usually appearing oriented. At a microscopic
scale, micro-scars appear isolated and without overlapping
yet are not strictly related to other micro-traces.

Fig. 3 Traces after cutting Lolium perenne for 30 min with BT1: a patches of polish along the used edge; b undulating to smooth polish; c undulating
polish with formation of few and short lineal components; d smooth polish forming a poor rounded area on the most exposed points

Fig. 4 Traces after sawing fresh
Phyllostachys aurea for 30 min
with BT1: a very bright smooth
polish in association with a few
parallel striations; b patch of
smooth and bright polish that
created rounded points; c bright
undulating polish with the
formation of lineal components
and a few striations
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According to results obtained during micro-analysis
(Table 3), a clear formation of rather invasive polished areas
along the edge was observed (Fig. S4C, S4D, and S4E).
Polish is smooth and very bright (Fig. S4C, S4D, S4E, and
S4F) with some patches of mate or bright rough polish (Fig.
S4D and S4G). Some striations appear in association with
these polishes oriented obliquely to the edge (Fig. S4C,
S4D, and S4G). Finally, some edge rounding is also associat-
ed with this polish.

USOs

Cutting USOs (Beta vulgaris, Zingiber officinale, Pastinaca
sativa,Daucus carota, and Vigna sp.): the activities for cutting
(bidirectional) tubers were made with six flakes from 8 to
60 min (EXP105/BTD; EXP115/BT1; EXP126/BT1;
EXP127/BT1; EXP145b/BT1; EXP147/BT1; EXP148/BT1;
EXP168/BT1, and EXP178/BT1). Once again, the description
is made with the results obtained with BT1, considering the
limited amount of information produced with BTD flakes.
Similarities are observed when comparing with the overall
results from other activities (Table 2). The location of the scars
is bifacial in all flakes. Their morphology presents an abun-
dant development of semicircular scars and more occasionally
half-moon scars (Fig. 5a and 5b). The differences in macro-
trace formation are related with the resistance of each type of
tuber (Table 2). For example, Pastinaca sativa is a very soft
tuber; therefore, scar formations are scarce. In the case of half-
moon scars, they are more developed for pieces used for cut-
ting the hardest and most fibrous tubers, such as Zingiber
officinale and Beta vulgaris (Fig. 6a; Fig. S5A and S5B).
Additionally, these scars usually appear in isolation, with
some examples clustered and no overlapping of scars.
Terminations are usually in step (Fig. 7Aa). Concerning the
formation of micro-scarring, data shows the same formation
patterns for macro-scarring.

At high magnification, an important development of mi-
cro use-wear traces was generally observed (Table 3).
Polishes are well developed on all flakes, with some case
appearing more invasive along the used edge (Figs. 5Ac-f,
5Bg-j and 5Ck-n). Areas with rough (Fig. 5Ck; Fig. S5C,
S5E, and S6A), undulating (Fig. S5F and S6B), and
smooth polish (Figs. 5Ad-e, 5Cl-n, 7Ae, 7Bf, and 7Bg)
were frequently observed, with some cases presenting pol-
ishes that indicate the orientation of the piece during the
activity (Fig. 5Cl). These variations could be related to the
different nature of the tubers (water content, hardness) and
with the intensity of the activity being performed.
Processing Zingiber officinale (Fig. 6 b, c, and d), Beta
vulgaris (Fig. S5D and S5F) and Pastinaca sativa (Fig.
S6A) develops a bright polish, while Vigna sp. and
Daucus carota develops a very bright polish (Figs. 5Ad,
5Ae and 7Ab, 7Ae). Except for the softer USO (Pastinaca

sativa), pieces used for processing the rest of tubers present
lineal components, especially in activities on the more
abrasive tubers (Figs. 5Bh, 5Cl; 6b, d and 7Ae; Fig.
S5E). The same can be said in the case of striations
(Figs. 5Bi, 5Cl and 7Ad, 7Bg, 7Bh; Fig. S5D), which ap-
pear in low numbers, usually appearing short and oblique.
The frequency of these striations is low and has a shorter
length. The orientation of all traces is oblique. Edge
rounding was identified for the processing of Vigna sp.
and Zingiber officinale (Figs. 6c and 7Ae and 7Bf-h).

Peeling Beta vulgaris: one flake was used for peeling with
a low cutting angle Beta vulgaris for 15 min (EXP106/BTD).
Scars developed unifacially, isolated, without overlapping,
and with half-moon morphology and step terminations
(Table 2). In general terms, the formation of scars is very
low, yet this can be related with a short use time, even though
in the time taken to perform the activity 5 big Beta vulgaris
were peeled. Likewise, the development of micro-scarring is
also low, presenting the same patterns as macro-scarring.
Microscopic observations show a well-developed undulating
polish formed along the edge (Fig. 8a) in association with
patches of rough, dull polish (Fig. 8b; Table 3). In combina-
tion with the polish, the formation of few transverse lineal
components was noted (Fig. 8a). Finally, some edge rounding
along the edges were observed (Table 3).

Scraping tubers (Zingiber officinale, Daucus carota, and
Vigna sp.): five flakes were used for scraping tubers and the
removal of the peel, for time periods of 38, 40, 44, 50, and
60 min (Table 2) (EXP132/BT1; EXP170/BT1; EXP175/
BT5; EXP176/BT1, and EXP177/BT2). The location of scars
are unifacial on the three types of basalts used (BT1, BT2, and
BT5). Morphology presents abundance of semicircular scars
(Fig. S7A, S8A, and S9A). Their distribution is characterized
by an isolated pattern (Fig. S7A) with few patches of contin-
uous scars (Fig. S8A and S9A). The common termination is
step for both basalt types (Fig. S7A, S8A, and S9A).

Micro-analysis reveals similar trace development patterns,
yet some differences have been observed that depend on the
basalt type (Table 3). In the case of BT2 and BT5, a poor and
isolated development of polish was observed (Fig. S7B, S8A,
S8B, and S8C). Surfaces, regardless of the time of use, only
present a rough polish with few patches of smooth polish on
the uppermost microtopographic areas (Fig. S7B and S8B).
The last characteristic identified for this basalt type is the
reflection, which is always bright.

In the case of flakes made on BT1, a different micro-wear
formation was observed (Table 3). The polish is better devel-
oped along the used edge, presenting rough (Fig. 9a), undu-
lating, and very brightly polished areas (Fig. 9a–c; Fig. S9B).
In association with polished areas, abundant lineal compo-
nents with oblique orientations were also observed (Fig. 9b;
Fig. S9B). Although the formation of pits and striations was
absent, in each case, areas with edge rounding were located.
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Wood

Sawing dry hard wood (Quercus robur with bark): for this
activity, two flakes were used for time periods of 30 and
60 min (Table 2) (EXP0072/BTD and EXP0089/BTD). The
location of scars is bifacial, and the most abundant morphol-
ogy is semicircular. Half-moon types are present yet to a lesser
degree (Fig. 10a). The scars appear isolated and without over-
lapping. The terminations are in step (Fig. 10b). Micro-
scarring is not abundant and follows the same pattern as mac-
ro-scarring.

The formation of micro use-wear traces is clear along the
used edges (Table 3). The most developed trace is the

formation of rather invasive polished surfaces, with a combi-
nation of rough, undulating, and smooth polishes (Fig. 10 c, d,
e, and f). Rough polish forms in the lower areas of the
microtopography, while smooth and undulating patterns ap-
pear in the uppermost areas, being the undulating polish the
best developed one. The development of these polished areas
also produces some rounding of edges (Fig. 10c). Polished
areas are moderately bright (Fig. 10d) and develop lineal com-
ponents parallel to the used edge (Fig. 10e). A few striations
also appear in association with the polish, parallel to the edges
(Fig. 10f).

Scraping dry hard wood (Quercus robur with bark): dry
Quercus robur was scraped using two flakes during 30- and

Fig. 5 Fig. 5A Traces after cutting Vigna sp. for 50 minutes with BT1: a
isolated and no overlap macro scars with semicircular and half-moon
morphologies; b half-moon and semicircular macro scars with step and
snap terminations; c polish development on the top points of the surface;
d rough to smooth polish; e very bright rough to smooth polish; f small
patch with smooth polish development; Fig. 5B Traces after cutting

Vigna sp. for 50 min with BT1: g small patch with rough to smooth
polish; Fig. 5C Traces after cutting Vigna sp. for 50 minutes with BT1:
k disperse areas with mate rough to very bright smooth polishes; l well
development of very bright smooth polish with certain orientation; m
very bright oriented smooth polish; n rough to smooth very bright polish
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60-min intervals (Table 2) (EXP0091/BTD and EXP0093/
BTD). Distribution of scars are unifacial, with an abundance
of semicircular and half-moon morphologies with a few trian-
gular scars (Fig. 11 a and b). Scar distributions tend to be
isolated with some patches of continuous scars (2 or 3 scars)
without overlapping. Scar terminations in step and hinge are
very common. Micro-scarring analysis show some patches
with a tendency to be isolated, while few presented continuous
patterns (2 or 3 scars) and without overlapping. Development
of micro use-wear traces present a clear trend from rough to
smooth (Fig. 11c) and undulating polishes (Fig. 11d)
(Table 3). In accordance with these results, brightness is also
varied with mixtures of bright (Fig. 11e) and matt areas
(Fig. 11f). Oblique lineal components (Fig. 11 d and e) and
scattered edge rounding are notably observed in association
with polish.

Sawing fresh hard wood (Quercus ilex with bark): the for-
mation of scars on one flake (BT1) that was used for 25 min
(Fig. 12A1) (EXP0188/BT1) presented bifacial and abundant
semicircular and half-moon scar morphologies (Fig. 12A2)
(Table 2). The distribution is isolated with no overlapping
patterns during the first 5 min of use, but for 15 and 25 min
of use, the formation of a few continuous scars was noted (2 or
3) without overlapping (Fig. 12A2 and A3). These scars show
a high number of snap and step terminations, with few hinges

(Fig. 12A4). The analysis of micro-scarring presents a similar
pattern to macro-scars, yet at no point were continuous scars
observed along the used edges.

At a microscopic scale, a poor development of polish was
observed with a combination of rough and undulating surface
textures (Fig. 12 B and C) (Table 3). Additionally, polish
presents a tendency to develop a mate reflection. In associa-
tionwith the formation of rough polish, scattered areas of edge
rounding were also observed (Fig. 12C).

Scraping fresh hard wood (Quercus ilex with bark): macro-
traces observed on one flake used for the scraping fresh
Quercus ilex for 32 min (Fig. S10A1) (EXP0112/BT1) present
unifacial trace patterns (Table 2) frequently observed with half-
moon and an abundance of semicircular morphologies (Fig.
S10A2). Distributions are isolated in combination with few
patches of continuous scars (2 or 3 scars) and no overlapping.
These scars frequently present step and snap terminations (Fig.
S10A3).Micro-scarring patterns present an isolated distribution
with some patches of continuous scars without overlapping.

The development of micro use-wear traces is poor with
scarce formation of polishes on the lowermost areas of the
microtopography (Fig. S10B) (Table 3). The surface texture
is rough with a bright reflection. In association with the polish,
we observe the formation of a few oblique lineal components
(Fig. S10C).

Fig. 6 Traces after cutting Zingiber officinale for 60 min with BT1: a
isolated macro-scars with half-moon and triangular morphologies; b ori-
ented rough to smooth polish; c very bright rough to smooth polish with

the formation of edge rounding; d very bright rough to smooth oriented
polish in association with lineal components
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Sawing fresh soft wood (Juglans regia with bark): this
activity was carried out with one flake (EXP0189/BT5) for a

duration of 31 min (Fig. 13A1) (Table 2). Results show a
bifacial distribution of scars. The most common morphology

Fig. 7 Fig. 7ATraces after cuttingDaucus carota for 60min with BT1: a
isolated macro-scars with step terminations; b bright smooth polish; c and
d small bright patch of smooth polish with edge rounding; e formation of
bright rough areas on the uppermost points of the surfacemicrotopography;

Fig. 7B Traces after cutting Daucus carota for 60 minutes with BT1: f
bright smooth polish formation in association with few striations; g bright
rough polish to smooth polish in association with few and short striations; h
bright smooth polish in association with few striations

Fig. 8 Traces after peeling Beta vulgaris for 15 min with BTD: amate undulating polish in association with lineal components; b patches of mate rough
polish
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of these scars is semicircular and half-moon (Fig. 13A2). In
terms of distribution, we observe an abundant presence of
isolated scars and a few continuous patches with 2 or 3 scars
and no overlapping patterns. Terminations are mostly snap
and step (Fig. 13A3). Micro-scarring is present along the used
edgewith an abundance of isolated scars and a few continuous
patches without overlapping.

According to the micro-results obtained, we observed an
abundance of points with bright rough and smooth polishes
(Fig. 13 B and C) (Table 3). Lineal components are scarce, but
parallel developments are observed in relation with smooth
polish (Fig. 13 C and D). Finally, in association with polished
areas, the formation of scattered edge rounding was observed,
especially in the case of smooth polish.

Scraping fresh soft wood (Juglans regia with bark): scar
development on one flake (EXP0190/BT5) used for 31 min
(Fig. S11A1) is unifacial in nature (Table 2). Common scar
morphologies include semicircular with an isolated and no
overlapping distribution (Fig. S11A2). Moreover, termina-
tions are mostly snap (Fig. S11A3). In addition to this, the
formation of isolated and no overlapping micro-scarring pat-
terns was noted.

In the case of micro-analysis, observations revealed a
scattered rough polish formation with a bright surface (Fig.
S11B) (Table 3).

Sawing dry soft wood (Corylus avellana with bark): in this
activity, one flake (EXP091/BT5) was used for 9 min (Fig.
S12A1). In this case, the time of use was short due to fracturing
of the edge during sawing. The edge damage presents bifacial
scar formation with an abundance of semicircular and half-moon
morphologies in combination with some triangular (Table 2).
Their distribution is mostly isolated with no overlapping, but in
some points of the used edge, continuous patches of scars were
noted (2/3 scars) (Fig. S12A2). Terminations include step and
some snap. Micro-scarring appears with an isolated distribution
and no overlapping pattern in combination with a few patches of
continuous scars (2 or 3 scars). Additionally, micro use-wear
studies revealed a poor extension of the polish along the edge
(Table 3). Furthermore, in association with the polish formation,
some oblique lineal components were observed (Fig. S12B).

Scraping dry soft wood (Corylus avellana with bark): for
scraping dryCorylus avellana, one flake (EXP0192/BT5) was
restricted to 15 min of use due to edge rounding (Fig. S13A1).
The edge presents a unifacial location of semicircular

Fig. 9 Traces after scraping
Daucus carota for 38 min with
BT1: b bright undulating to
smooth polished area; b oriented
very bright rough to smooth
polish; and c very bright
undulating to smooth polish
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morphologies (Fig. S13A2) with isolated no overlapping dis-
tributions and step and snap terminations (Fig. S13A3)
(Table 2). In addition to this, a low development of isolated
and no overlapping micro-scarring was noted.Micro use-wear
presents a poor extension of rough polish (Fig. S13B) with a
bright surface yet without traces that indicate the working
movement (Table 3).

Butchering

Activities were performed using eleven flakes during 16-, 23-,
33-, 50-, 57-, and 60-min intervals with different types of
basalts (Table 2) (EXP169/BTD; EXP0174/BT4; EXP0179/
BT2; EXP0180/BT4; EXP0181/BT4; EXP0182/BT4;
EXP0183/BT4; EXP0184/BT4; EXP0185/BT5; EXP0186/
BT5; EXP0187/BT2). For the basalt type 4, we observed the

formation of bifacial scars with semicircular and, less com-
mon, half-moon morphologies (Fig. 14a; Fig. S14A). The
distribution pattern is isolated with few patches of continuous
scars (2 or 3 scars) and no overlapping. Data reveals few scars
with snap yet an abundance of step terminations. In the case of
the two pieces worked with BT5, a low development of
macro-traces was noted. The few scars formed show a semi-
circular morphology with an isolated and no overlapping dis-
tribution pattern. The termination of these scars is in step. In
addition, the formation of scattered micro-scarring with the
same pattern as macro-scarring was observed (Fig. 14d).

Analysis of the micro use-wear traces formed on both ba-
salt types show a marginal extension of rough and undulating
polishes (Fig. 14b, c, and d; Fig. S14B) (Table 3) with very
bright surfaces (Fig. 14b; Fig. S14B). In association with un-
dulating and rough polish, the development of a few parallel

Fig. 10 Traces after sawing dry
Quercus robur for 60 min with
BTD: a semicircular and half-
moon macro-scar morphologies;
b macro-scars with step termina-
tions; c bright rough to smooth
polish with edge rounding devel-
opment; d mate rough polish to
very bright smooth polish; e
bright undulating polish to very
bright smooth polish in associa-
tion with scattered edge rounding
and lineal components; f bright
undulating polish to very bright
smooth polish in association with
few and short striations
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lineal components was detected (Fig. 14 b, c, and d).
Moreover, in association with the polishes, the formation of
points of scattered edge rounding was noted (Fig. S14B).

Bone

Sawing fresh bone: for this activity, three flakes were used for
30- and 60-min intervals with the Deba basalt type (EXP0096/
BTD and EXP0097/BTD) and 72 min with flakes made with

basalt type 1 (EXP0114/BT1) (Table 2). The macro use-wear
traces found on BTD are bifacial with mostly semicircular
morphologies and some half-moon and triangular morphol-
ogies. Distribution patterns are mainly isolated with some
patches of continuous scars (2 or 3 scars) and an abundance
of snap and step terminations (Fig. 15a and S15A). Moreover,
the formation of micro-scarring is present along the used edge
with isolated and patches of continuous (3 or 4 scars) overlap-
ping scars (Fig. S15B, S15C, S15D, and S15E).

Fig. 11 Traces after scraping dry Quercus robur for 60 min with BTD: a
isolated macro-scars with semicircular, half-moon, and triangular scars
with snap and step terminations; b semicircular and half-moon scars with
snap and step terminations; c and d bright rough polish to very bright

smooth polish in association with oblique lineal components; e bright
rough polish to very bright smooth polish; f mate rough polish to very
bright smooth polish area with associated lineal components
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In terms of micro use-wear trace formation, the de-
velopment of rough (Figs. 15Ac, 15Ad; Fig. S15B) and
undulating polishes (Figs. 15Ab, 15Ae; Fig. S15D and
S15E) (Figs. 15Ab, 15Ac, 15Ad, and 15Ae) (Table 3)
were noted with a bright surface. In association with
these polishes, the development of a few patches of
para l le l l ineal components were also detected
(Fig. 15Bf; Fig. S15E). In association with the polish,
the formation of few and short striations with an
oblique orientation were also documented (Fig. S15B)
and the formation of pronounced rounded points (Fig.
15Bf-i; Fig. S15C and S15E).

The results obtained during the analysis of the pieces
worked with BT1 reveal a bifacial distribution of
macro-scars with an abundance of semicircular and
half-moon morphologies (Fig. 16a) (Table 2). Their dis-
tribution is isolated with a few continuous patches (2 or
3 scars) and no overlapping. Furthermore, their termina-
tion is mainly in snap and step. A few areas of micro-
scarring characterized by isolated pattern and a few
patches with overlapping was also documented.

The results obtained during micro-analysis reveal a
rough polish (Fig. 16 b and c) with a mate reflection.
In association with these areas of polish, a few areas

with parallel lineal components were noted (Fig. 16c).
The formation of a few small parallel striations that
correspond to the working movement (Fig. 16b) and
moderate edge rounding (Table 3) was also noted.

Scraping fresh bone: the development of scars on two
flakes used for 30 min (Table 2) (EXP0090/BTD and
EXP0094/BTD) were seen to present a unifacial distribu-
tion along the used edge. Many semicircular morphol-
ogies were observed with a scarce presence of half-
moon and few triangular morphologies (Fig. 17a). Scar
distribution patterns are isolated, but with some continu-
ous patches (2/3 scars) and no overlapping. Terminations
are mainly of type snap and step (Fig. 17b). Moreover,
micro-scarring present similar patterns to those observed
in macro-scarring; characterized by isolated patterns with
some continuous patches without overlapping.

The micro use-wear results show an abundance of
patches of rough polish (Fig. 17 c and f) and a few
zones with smooth polish (Fig. 17 e and f) (Table 3)
with mate to bright surfaces. In relation to the formation
of smooth polishes, short and a few oblique striations
were observed (Fig. 17f). At the same time, the smooth
polish observed was mostly in the form of scattered
edge rounding (Fig. 17f).

Fig. 12 Traces after sawing fresh Quercus ilex for 25 min with BT1: a1
isolated macro-scars; a2 semicircular and half-moon macro-scar mor-
phologies; a3 isolated and overlap macro-scars; a4 combination of step,

snap, and hinge macro-scars termination; b mate rough polish to bright
undulating polish; c polish forming a rounded area
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Discussion

Regarding the petrological results, basalt mineralogy and in-
ternal structure could be directly affecting the development of
use-wear traces. Data shows that basalts dominated by homo-
geneous, elongated crystals with scarce fine-grained ground-
mass, such as BT1 (Fig. 2a), develop better micro use-wear
traces, especially polishes and edge rounding. At the same
time, heterogeneous basalts, with prismatic crystals and a very
fine-grained groundmass such as BT2 and BT5, do not devel-
opmicro-traces as well. BT1 and BTD present similar patterns
both in their homogeneous internal structures and in use-wear
trace development. Likewise, both BT2 and BT5 also show a
similar internal structure and composition, and both behave
similarly, with a scarce development of use-wear traces. In the
case of BT4, although mineralogically similar to BT1 and
BTD, with overall homogeneously sized crystals,
traceological results show a pattern closer to BT5. Despite
this, there seems to be a relationship between crystal size

homogeneity and use-wear trace development, which should
be further studied in detail.

As for mineralogical composition, results show basalts
with feldspar crystals (BT1 and BTD) commonly develop
traces better than pyroxene-rich basalts (BT2, BT4, and
BT5). This could be due to the difference in hardness between
these minerals, with feldspar (hardness of 6.0 to 6.5 on the
Mohs scale) being harder than pyroxene (hardness of 5.0 to
6.0 on the Mohs scale). Furthermore, samples with nepheline
crystals (hardness of 6.0 on the Mohs scale), such as BT2 and
BT5, did not develop traces as well as plagioclase-dominated
basalt samples such as BT1 and BTD. This relationship be-
tween mineralogical composition and use-wear trace develop-
ment is inconclusive and most likely interplays with other
factors such as the crystal size, but efforts should be made to
further investigate this matter.

According to the results obtained for macro-scars, we con-
clude that the function (use, action, and/or worked material) of
flakes cannot be inferred, in contrast with data obtained for

Fig. 13 Traces after sawing fresh Juglans regia for 31 min with BT5:
a1 and a2 semicircular and half-moon macro-scar morphologies; a3 snap
and step macro-scar terminations; b oriented rough to smooth polish; c

rough to smooth polish in association with lineal components; d very
bright rough to smooth polish in association with lineal components
and rounded areas on the edge
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other raw materials (Tringham et al. 1974; Odell and Odell-
Vereecken 1980; Odell 1981; Richards 1988; Grace 1989;
Bello-Alonso et al. 2019). The formation of macro-traces
along the used edges is scarce and unpredictable, especially
for the case of basalt samples with heterogeneous textures (all
but BT1). There are even traits that provide some reliable
information about function. The location of scars (unifacial
or bifacial) seems to be a good indicator of the working move-
ment, helping to distinguish between transversal and longitu-
dinal movements. It is also noteworthy that triangular scars
only appear when hard materials are processed with sawing
movements (hard wood and bone), and thus they could be a
good indicator for this kind of movement and material hard-
ness. Finally, the snap-terminated scars are significantly more
abundant in pieces that have processed hard materials (wood
and bone), while step terminations are more abundant on
pieces that have worked the more resistant USOs (Beta
vulgaris and Daucus carota). Hinge terminations appear in
association with longitudinal, while transversal movements
are more common with vegetal resources (USOs, herbaceous,
and wood). Finally, feather terminations are very scarce yet
seem to be related with longitudinal activities on vegetable
resources (USOs and canes). As in the case study of the ex-
perimental basalt collections of Odell and Vereecken (1980),

macro use-wear data does not allow for a complete and inde-
pendent interpretation, playing a more discrete role.

Considering micro use-wear polishes, important differ-
ences have been noted among the different basalt samples.
In basalts of small and homogeneous-type crystals, none of
the polished areas presented a surface area larger than 200 μm.
For this type, of basalt, polishes formed in the areas closest to
the used edge and appear with an intermittent distribution
along the edge. The best polish formation has been found on
basalt flakes characterized by a homogeneous crystal size. The
formation of polish on these flakes is more intense, develop-
ing more constant polished areas along a greater extension of
the edge, however never to the point of creating a completely
continuous linked polished area.

Additional observations noted a development of polish
with a predominance of rough surface textures in most cases,
except for the BT4 basalt when used for butchering activities,
which barely developed any polish. The formation of smooth
polishes was also noted for flakes used for the processing of
the most abrasive worked materials, such as tubers (i.e., Vigna
sp.). In order to establish relations between activities and
traces, the different brightness of each polish (dull, bright,
and very bright) allowed for the differentiation of the type of
material being processed. With regard to these data, very

Fig. 14 Traces after butchering
Capra hircus for 33 min with
BT4: a semicircular and half-
moon macro-scar morphologies;
b micro-scarring formation in as-
sociation with rough and undu-
lating polish and lineal compo-
nents; c bright rough polish with
associated lineal components; d
bright rough to undulating polish
with associated lineal components
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bright polish has been documented to appear in greater per-
centiles for flakes used to process fresh canes and tubers,
except in the case of Beta vulgaris, where peeling was seen
to create a dull polish, perhaps as a result of the short working
time. In the case of activities performed on bone, a clear de-
velopment of common dull surfaces was considered notable;
only in the case of scraping activities were a few areas with
bright reflection detected. Likewise, the polishing itself also
presents a trend towards particular orientations, allowing for
an approximation towards the directionality of the working
movement. Furthermore, data reveals polishes with clear ori-
entation and a greater intensity to be associated more with

activities for processing wood and tubers. The peeling exper-
iments, on the other hand, only presented patterns towards
transversally oriented movements.

If the data obtained can provide information about
the type of material being processed, the development
of polishes may also be able to reveal information that
can help define functionality in basalt lithic industries.
In some flakes, the relationship between polished sur-
faces and the formation of lineal components have been
able to indicate the type of movement during the activ-
ity. The formation of this trace is more common in the
case of homogeneous basalt flakes, namely, on those

Fig. 15 Fig. 15A Traces after
sawing Bos taurus fresh bone for
30 minutes with BTD: a
abundance of snap terminations
for macro scars; b and c bright
rough polish; d bright rough
polish to very bright undulating
polish; e very bright undulating
polish to smooth polish; Fig. 15B
Traces after sawing Bos taurus
fresh bone for 30 minutes with
BTD: f mate rough polish; g
undulating to smooth polish in
association with edge rounding
areas; h smooth polish forming an
edge rounding area and; i rough to
undulating polish with micro-
scarring associated
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used for longitudinal movements, especially in the case
of wood working, bone, and tubers with irregular and
resistant peels (Vigna sp. Beta vulgaris, Daucus carota
and Zingiber officinale).

On other hand, striations are very rare, appearing mainly on
scraping and peeling tools. For transversal activities, we only
observed striations on flakes used for the processing of bone
and carrot. Likewise, striations are seen to be a common use-
wear trace on those pieces used for longitudinal and bidirec-
tional movements on irregular or hard materials. The observa-
tions indicate that in the processing of hardmaterials (dry cane
sawing, bone sawing, and bone scraping), the number of stri-
ations is greater. For dry cane sawing, deeper and longer stri-
ations were significant, while for bone activities, short but also
deep striations were documented. Nevertheless, these obser-
vations could be improved with greater accuracy via precise
3D measurements using confocal microscopy. According to
these results, their formation seems to be linked to the pro-
cessing of abrasive or very hard elements.

Despite showing a pattern almost identical to those devel-
oped macroscopically, certain particularities in the location
and distribution of scarring were detected microscopically.
One of these particularities was the location of micro-scars
in transversal processing movements. For scraping and peel-
ing activities, observations for the formation of few and small
micro-scarring on the face of the edge are of interest.
Likewise, a greater abundance of micro-scars on tools used
for the processing of hard materials was also located (i.e.,
wood, bone, and dry cane). This greater abundance of
micro-scars is especially significant in longitudinal activities.
Bone scraping is the only exception that maintains the same

patterns as bone sawing. In general, micro-scarring abun-
dance, morphology, and distribution can thus be considered
a reliable indicator of the hardness of the material being proc-
essed and the type of activity being carried out.

Finally, edge rounding is clearly visible under low magni-
fications. These use-wear traces are commonly observed on
all types of basalt used in almost all activities linked to the
degree of polish development. According to the data obtained,
this study has been able to conclude that, although basalt crys-
tal grain and its degree of homogeneity condition the forma-
tion of use-wear traces, edge rounding reaches its highest de-
velopment when used for the processing of bone. Edge
rounding is also well developed on flakes used for the pro-
cessing of hard wood and the more abrasive tubers with an
important development of zones with this type of trace. In
general terms, a light to moderate edge rounding development
on basalt experimental flakes provided information about the
hardness or abrasiveness of the material being processed in
combination with the descriptions of polish.

In addition to these observations, this study has also taken
into consideration results obtained from other experimental
papers looking for similarities and differences in use-wear
formation patterns (Plisson 1982 and 1985; Richards 1988).
When considering the work of T. Richards (1988) and con-
sidering the differences between the basalts, the most signifi-
cant differences are detected when considering their use of
retouched tools. Richards located continuous overlapping
and superimposed patches of micro-scars, while our results
show a clear tendency for isolated scars without overlapping
and superimposed patterns. At the same time, said author’s
experiments revealed the orientation of micro-scars to be

Fig. 16 Traces after sawing Bos
taurus fresh bone for 72 min with
BTD: a semicircular and half-
moon macro-scar morphologies;
b bright rough to smooth polish in
association with parallel stria-
tions; c mate rough polish with
bright undulating polish associat-
ed with parallel lineal
components
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clearer on flakes used to process bone, while results here argue
clear orientations of micro-scarring to be clear only in the case
of dry cane sawing activities. Many noticeable differences
have also been seen considering the formation of pits, a fea-
ture practically absent in all of our experiments. Richards ob-
served abundant pit formation in the pieces used for process-
ing green plants, yet in the basalts with homogeneous crystal
sizes used for cutting fresh grass, our results are unable to
detect the same patterns, although the typical “corn gloss”
polish was indeed observed (Odell 1980; Richards 1988).

The results obtained in this study show the relevance of
both experimental protocols and the incorporation of all those
analyses that allow for the improvement of the interpretation
of use-wear trace formation. In the case of petrological data,
the advantages have been remarkable. Their incorporation has

undoubtedly made it possible to describe the internal structure
of the raw materials and, through this, specify the correspond-
ing technical issues. The combination of petrological and
traceological data thus prove the relevance of these experi-
mental protocols as an optimal means of characterizing use-
wear traces on the same type of rocks. As has been demon-
strated in this paper, not only does the type of rock determine
the type of use-wear being developed but their internal char-
acteristics should also be considered as an important condi-
tioning factor. This set of experimental data allows for the
elaboration of reference collections that can be used to analyze
archeological material and can also be considered as a means
of establishing new ways of analyzing use-wear traces on
basalt tools. In this sense, BTD and BT4 show very disparate
results despite having an almost identical internal structure,

Fig. 17 Traces after scrapingBos taurus fresh bone for 30minwith BTD:
a semicircular, half-moon, and few triangular macro-scar morphologies;
b the terminations are on snap and step; c and dmate rough polish to very

bright smooth polish; e mate rough polish to bright undulating polish; f
smooth polish formation with oblique striations and edge rounding
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thus requiring an increased sample size for future
comparisons.

In general terms, this study performs a dual function. On
one hand, we have analyzed the characteristics of the same
type of basalts found in the archeological register of TK for the
study of archeological lithic materials (Fig. S1b). The results
obtained in this study support the feasibility of performing
traceological analysis on these types of materials, using a ba-
sic description of use-wear location to infer the interpretation
of movements, hardness, and materials being processed. On
the other hand, a combined interpretation and comparative
analysis including BTDs have fulfilled a fundamental goal
for the present line of investigation. We consider this achieve-
ment as a positive advance that may allow for a more detailed
analysis of archeological materials, combined with analysis of
the internal components for each raw material. A combined
analysis of petrological and traceological data have favored a
more comprehensive description on how the internal structure
of raw materials may determine microtopographic dynamics
in basalt. Data presented here has also been able to detect
issues with visu characterization of the same raw material
types, advising caution and the need for petrological and
chemical analyses as support. Also, considering the results
obtained and their respective contributions to the study, we
think that it would be beneficial to expand the range of ana-
lytical techniques, incorporating the use of confocal laser mi-
croscopy for microtopographical analysis of polish. Finally,
we hope that this experimental study will be helpful to other
researchers of basalt lithic materials that may present the same
petrographic characteristics.

Conclusions

As pointed out in our previous experimental study (Bello-
Alonso et al. 2019), traceological reference collections are still
fundamental for the interpretation of the archeological record
(Keeley 1980; Plisson 1982 and Plisson 1985; Knutsson
1988a and 1988b; Richards 1988; Sussman 1988; de la
Torre et al. 2013; Lemorini et al. 2014 and 2019; de
Francisco 2015; Pedergnana and Ollé 2017; Arroyo and de
la Torre 2016, 2018; Arroyo et al. 2016). Moreover, for ma-
terials different to flint, which has been historically favored in
traceological analysis, it is even more important to develop
reference collections if we want to broaden our knowledge
about use-wear formation in these “not so common”materials.
In the particular case study of the Acheulean site of TK
(Olduvai Gorge, Tanzania), the need to establish a strong ref-
erence collection with a wide variety of basalt types both local
and foreign is particularly relevant in order to discern the
different activities that are likely to have been performed in
this site. These reference collections can be considered useful
not only for the study of other basalt tool assemblages at

Olduvai but also for the study of use-wear formation on ba-
salts in different contexts around the world.

The incorporation of petrological analysis can also be
considered a fundamental component for the analysis of
how internal structure and mineralogical composition can
affect the formation of use-wear traces. Through the ex-
perimental use of different types of basalts, we have
obtained insights about the role of basalt composition
in the formation of use-wear traces, which will be very
relevant for future analyses of archeological collections.
In this sense, the results obtained with basalts character-
ized by homogeneously sized crystals show that they
be t t e r r e co rd wea r - t r a c e s and , cons equen t l y ,
archeological tools made on this kind of basalts will be
good candidates for future analysis. This conclusion goes
in line with previous studies on basalt (Richards 1988)
and quartzite tools (Pedergnana et al. 2017; Bello-Alonso
et al. 2019), in which petrographic characterization has
been revealed to be necessary for a better comprehension
of the physical alterations produced by use. In conclu-
sion with this, it may be safe to say that use-wear forms
in direct relation to the activity being produced, the du-
ration of said activity, the worked material, the physical
properties of the flakes and their edges, and the petro-
graphic nature of the raw material. This is especially
relevant in the case of basalt. These differences sustain
the interpretation of the activity and the worked material
from the identification of particular features of wear
traces (polishes, striations, and edge rounding), and these
criteria can be applied to the study of archeological col-
lections in order to interpret the function of basalt tools.
Nevertheless, as indicated before, these experimental
studies should be continued, expanded, and developed
in order to obtain better results. Future experimentation
should thus explore petrography in more detail, enlarging
the reference collection and combining other microscopic
techniques such as, i.e., confocal laser microscopy.

In addition to this, as with the case of Naibor Soit Quartzite
(Bello-Alonso et al. 2019; de Francisco 2019), the elaboration
of an experimental protocol with basalts is especially relevant
in the specific case study of the Early Stone Age (ESA). With
this study, we continued the traceological analysis in combi-
nation with the technological approaches observed in TK
(Santonja et al. 2014, 2018; Rubio-Jara et al. 2017), under-
standing that both are fields of study closely united for the
functional discourse (Panera et al. 2019). For this same reason
and paying particular attention to the great technological vari-
ety found in these archeological contexts, we also included a
wide range of worked materials and movements. Through this
and with the objective of obtaining more paleoenvironmental
data fromOlduvai Gorge sites in the future, we believe that we
can get closer to the interpretation of the economic activities
carried out by these early hominin populations.
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