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B. Barthélemy de Saizieu / ]. Rodiere

Bead-Drilling: A Look from Mehrgarh and Nausharo.

Preliminary Results of

[INTRODUCTION

In the manufacturing process of beads, perforation
dppears as one of T!.H' more 1'|L'ii-‘"<11t‘ |.‘p("l'.'l[it\:1.>. [t
has been a major topic of research concerning craft
techniques particularly in the Indus Valley, with
the increased development of hard-stones beads in

00-2000 BC)". It has also been

the urban phase (2

assumed that beads craft, or crafts in general, could

have played an economic role in the socio-politica
organisation of the Indus civilization at this time.

The difficulty levels in perforating vary on the
one hand according to the properties of the mate-
rials used, on the other hand according to the
shapes and the size of the beads. As we can expect,
the harder the materials and the longer the beads,
the higher the difficulties, but, also, whatever the
materials, the smaller the diameter of the drnill
holes, the higher the required skill and precision.

Studies based both on the micro-trace analysis
of drill-holes of archaeological beads and on vari-
ous experimentations have suggested the use of
different means, 1. e. of different tools, such as drills

made of stones, of meta

, of wood or else of bone
with the possible addition of abrasive and lubricant,
and also the use of different devices, such as hand-

moved power (palm-drill) or mechanical-moved

power driven by bow-drill or pump-drill?.

But, if these different suggestions allow us to
understand how materials of different hardness
were perforated and different size drill-holes were
made, they do not explain the homogeneity or the
variability of perforations observed at one site. This

question of variability is here raised for the Mehr

garh and Nausharo sites, occupied from Neolithic

to Indus Periods (Jarrige 1996).

As a matter of fact, besides aesthetical, symbolic
or economical factors, the materials used and the
shapes were probably determined by technical fac-
tors, too, such as constraints of perforation. At
Mehrgarh and Nausharo, besides a massive use of
steatite” as early as the Late Aceramic Neolithic till
the Indus Periods, an increasing diversity of mate-

rials i1s observed. Among this diversity, one can

Micro-trace Analyses

notice in particular an increasing number of hard

stone beads (fig. 1), accompanied by increasingly
longer and longer shapes (Barthélemy de Saizieu
2004). So, what do the perforations of the beads
reveal in comparison with this evolution? We will
characterize the different drilling techniques in terms
of constraint of raw materials and bead morpholo-
gy. This is a necessary first step before interpreting
the variability of drilling techniques in terms of
cultural choices.

METHOD OF ANALYSIS
Before presenting the results, let us introduce the
analytical techniques, which have been used: a
careful observation under binocular lenses to choose
a bead sample was followed by a micro-trace analy
sis of drill-holes with a Scanning Electron Micro-
scope (SEM).

The sample includes beads broken longitudinal
ly, along the drilling axe, and complete beads. For
the latter beads, a silicon impression of the drill-

hole was necessary. These impressions were made
according to a technique, which is now well known,
i. e. with a resin currently used by dentists to get
the best resolution possible (Gorelick/Gwinnet
1983; Gwinnet/Gorelick 1979; Kenoyer 1997). In
several cases, however, it was extremely difficult to
obtain exact mouldings, in particular with very tiny
beads and/or, whatever lengt

thin holes, or holes narrowed at the centre or else

A <1
hs, with extremely

with beads which were unfortunately coated by a

Mackay 1937; 1943; Possehl 1981; Kenoyer 1997; in press;

Kenoyer/Vidale 1992.

Gwinnet/Gorelick 1981; 1987; Gorelick/Gwinnet

1981; 1983; 1989; 1990

> this massive use of steatite, a quasi systematic use

of treatments wzing or only heating) as early as the

Early Chalcolithic has also been observed (Barthélemy de
Sa

de Saizieu 1995).

u/Bouquillon 1994, 1997; Bouguillon/Barthélemy
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Nausharo (N5) antitative distribution
Aceramic | Ceram Recent | Pre-Indus | Pre-Indus |  Indus of hardstone beads according to
=l ";'.‘.'ll'_.”‘ : —— { . the knapped lengths from the
1 11 V-V VI-VII I -1V 2 0 1 S el
[T<8 (number) l 4 1 1 1 [~ 24 | 3 17 | Neolithic to the Indus period at
Wl Mehrgarh and Nausharo.
Dt} o 1,510 3 ! 2 to 2 1.8to4 4| 21057
|.I‘.‘_‘_|‘“
1 1 6 2 a0
to 5 2,710 B
L 1n !‘ill':
Zfmm (number - = 5 2 20 9 71
Drill-hole L 91015 151025 91028 | 9106
y 4 1 30 4 50 17 118
| hardstones beads| | | 1 | | | vy
| Total of is 9136 168 | 3001 47 | 556 1241 3 T8E
Aceramic Ancient Recent Chalcolithic Indus periods Fig. 2. Composition of the beads
= | Neolithic | Chalcolithic | Pre-Indus period i N B samplir studied by scanning elec
| Sites/periods | MR period I | MR Efrinil 111 | MR period VII-NS period I | NS periods IT-1V tron microscope.
Beads 10 steatite 1 steatite | serpentine | calcite :
1 shell 2 -lazuli | calcite 1 limestone
4 calcite 2 n 1 10ise
|2 wrquoise |1'g | |
Total L 17 6 | 5 4
preservation resin. S0, 1 the sampling has been cools used. four main types of perforations have
chosen to be as representative as possible of ditfer- been distinguished, each of them including one or
ent materials and periods, this representativity 1s several different patterns according to the opera-
S 3 . : . 1
nevertheless limited by the moulding constraints tions achieved.

on the one hand, and by the available data on the
other hand. First t e 7
T : . [ 1 1rs ype (Jig. 2)
The micro-trace analysis of the drill-holes was ype Ut

carried out with the SEM Philips of the Centre de The first type of perforation implies that drilling
Recherche et de Restauration des Musées de France. ~ was carried out from the two opposite sides by
Indeed. this SEM has the following advantage: rotary grinding, with a conical borer-tip. This bor
Pressure in the chamber can be adjusted between  €r could also have been driven by a hand rotary
0,1 and 0,5 mbar in order to observe directly small motion, at least in several cases belonging to this
obijects (till about 15 ecm), in particular small objects type. The different features that determine this type
made out of materials with a very low conductivity, are the following:

without any treatment (i. e. without metallization

: Je o) : s _ A biconical profile with a narrowing at the
to improve their conduction). It makes it possible : :

; : ; centre. that is to say at the joining area of the
in particular to observe materials such as bone, . £ :
: e By b _ two opposite holes,
ivory, wood or lithic material. Coupled with the X-

Ray EDS system for chemical analyses, this SEM
gives thus the possibility to have the best possible

— Irregular grinding rings on the inner walls of
each opposite hole (fig. 3,1-3); these circular

orooves are not only of variable depth and

o

observations and the chemical composition with Tl Gieer s s
0 . : distance but sometimes they overlap each other
out doing any damage to archaeological objects. nd they are not parallel L.\L'L["l to s Facaes
e . i A al ne arc al'e ot PRl . - 1 d ew cases.
The sampling studied till now includes 32 beads g £
(fig. 2). of which the drill-holes co 1ld be directly ; 3 11 -
(Hg. <), cl € l\ 1l le oulic ltl Irectly Furthermore, the OppoOsILE ll'l't“]l]‘_“—.'l.\&'.‘- are often
studied when the beads were broken: or they were i e = : = T g e
P s = i ? b S asymmetric and quite oblique. In several cases, the
studu'd mdlr‘uctl\' from a '\Iﬁlcul'u 1Mpression. ]hc 5_-[]' ]_ - [ oo 1 4 A [
f' H = ] ’ I ] h I [ i drilling has even JEen pct{nlmu from L'.l\_}] ot !ht‘
(8] YW g re § are De o ] E 2 Sal D 4 : rE: 2 = 4
i % ”;h Y r”] ECIHC l“” 2h 'lei:l 3% '”-‘“I two ends in several steps (fig. 3, 3) with, each tme,
data and on complementary data provided Dy VISl . . . [ ' . il
data and on compler nentary data provided by visual a change of the direction of the tool, which implies
observations of the whole assemblage of the Mehr-

discontinuous movements.
garh and Nausharo beads. s'\cct\}‘d'ln,‘d to the way the Pcl'!'\"n'.lti{'\n was or
was not restarted in a last step, three patterns can
RESULTS be distinguished:

a) The first pattern is characterized by a restart-
Based on the general shape, on the surface aspects ing of the drill-hole centre. Indeed, longitudinal
of the interior walls and on the traces left by the lines can be noticed at the junction of the two
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1 — Calcite, Neolithic period I. Type 1: 1% pattern (a: white lines = drilling axes; b: detail of the restarting by linear filing at
the centre (junction of the two opposite drill-holes).

2 — Steatite, Neolithic period I. Type 1: 2™ pattern (a: white lines = drilling axes; b: detail of the left drill-hole with irregulas
grinding rings and linear striae due to a restarting of drilling by filing in a last step).

3 — Turquoise, Neolithic period I. Type 1:

1" pattern (moulding, white lines = drilling
P i B

axes).

Calcite, Neolithic period I.

Type 1: 2% partern showing a
very strong obliquity of the
two opposite drilling-axes
(a: detail of the left drill-hole;
b: detail of the drill-hole centre
from the right side).

5 — Calcite, Neolithic period I. Type 1: 2™ pattern (erasing of the grinding rings excepted

the deeper ones by a complete restarting by linear filing).

6 — Turquoise, Neo-
lithic period I (moul-
ding). Type 1: 3 pat-
tern (?, ambiguous

case).

Fig. 3. Examples of the first type of perfora
ton. From original pictures (SEM): ]. Rodiére.
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| —Steatite, Chalcolithic MR |‘l"|"il‘Li 11
Type 2: 1" pattern (from the left side):

perforation in at least four steps.

) Carnelian, Chalcelithic MR

period I11. Type 2: 1" pattern.

3 — Carnelian, Pre-Indus MR period
V1L Type 2: 1" pattern.

- Serpentine, Pre-Indus NS pura:_‘d L.

ype 2: 1" pattern.

5 — Limestone, Indus NS period 111

']".'p\:: 2 pattern.

2 mm

] VIL Type 2: 2* pattern (a: complete

the furrow at the junction of the two opposite

- 1 o [
I'.\.l'l'i'll"-]:_"w of the '\L"\'\'"I'ILi '._“ |."_" ol ]_‘L‘E’il’!'fl[ll_\‘.‘:. i'l'i"."l

iginal pictures (SEM): J. Rodiere.
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I— Carnelian, Indus ft) & Pre-Indus

period NS I (on th

period NS 111 (on the |
ri

ht). Type 3: pecking technique.

e

3 — Carnelian; Chalcolithic MR period I11 (mould

ing). Type 4 pec king tec |1||il;|'.r.- from the left side,

rotary grinding from the oppesite side.

of the Type 4 perforation.

opposite holes (fig. 3, 1. 3). These linear striae are
characteristic of a filing, 1. e. of a local restarting of
drilling by linear grinding. This filing was probably
intended to widen the typical central narrowing
due to a bipolar and biconical drilling, and, there-
fore, to connect the hole-extremities best. This

pattern is represented mainly in Neolithic beads

(calcite, steatite, turquoise) and also by two Chal-
colithic beads made of lapis lazuli.

b) The second pattern is different from the first
one by the presence of longitudinal lines not only
at the centre, but also all along, or nearly all along,
the walls (fig, 3, 2. 4-5). As shown by several exam-
ples, these longitudinal lines which indicate a com-
plete or quasi-complete restarting of drilling by
filing, tend to erase the characteristics of the first

steps of drilling, 1. e. the traces of the rotary grind-

lgy |

ing. Sometimes, the drill-hole may appear different

Carnelian, [

Om il]L'

5 — Carnelian, Indus NS

period ITI. Other example

Examples of the third and

B. de Saizieu (1, 5) et J. Rodiere

2 — Garnet, Chalcolithic MR period II1. Type 3: detail of the
surtace.

re-Indus NS period I (moulding). Type 4: rotary grind

ft side, pecking from the opposite side.

fourth ty

(SEM, 2-4).

es of perforation. From eriginal ;‘in_'ILIECk-'

at first sight with its very regular outline without
any discontinuity at the centre, but in fact this
regularity and this continuity are only the result of
a complete restarting by linear filing which has
completely erased the traces of the rotary grinding,
excepted the deeper ones (fig. 3, 5). These few re
maining circular grooves are rather interwoven and
irregular. They thus allow us to suggest that the
complete restarting by filing was probably intend
ed to even and to smooth the walls of drill-holes
appearing to be too irregular. In other cases, the
longitudinal filing was probably carried out to
correct the too strong obliquity of the oppesite
drilling axes (fig. 3, 4). Owing to this obliquity, the
two opposite conical holes can then be very badly
connected: they formed too marked an “elbow™ or
maybe they did not meet at all. This 2™ pattern has
been observed until now exclusively on Neolithic
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| — Chalcolithic, MR period 1. Green stones micro-drills

1t) has been identified

One of them (1% rank at the extreme

as Pumpelleyite.

Fig. 6. Green stones drills. From original pictures: C. Jz

beads, and more p:lraicul.lrl_\-. on soft stone beads:
calcite and steatite, of whatever shapes and sizes.

¢) A third pattern is yet observed, which is up to
now represented by one example only; it has been
drilled in a turquoise bead in the Neolithic Period
(fig. 3, 6). The drill-hole of this bead was apparent-
ly performed exclusively by rotary grinding with-
out restarting by filing. However, the traces ob
served on the drill-hole moulding are here extreme-
ly difficult to characterize because this bead has
been covered with a paraloid preservation resin
when it was found. So, one cannot determine exact-
ly to which drilling technique it corresponds. One
can only mention that if this bead represents a
different drilling technique than the bead samples
studied, it appears to be an exception compared to
the other drill-holes of the Neolithic Period.

Except this singular pattern, all the features that
characterize the first type of perforation, whether
the first or the second pattern, involve very likely
a drilling achieved by a hand rotary grinding, may-
be by mechanical rotary grinding in a few cases
according to the greater regularity observed, but in
any case, a low and discontinuous rotary motion
(with changes of direction) was involved.

Second type (fig. 4)

The second type of perforation corresponds to a
drilling technique, which was performed by rotary
grinding from the two opposite ends but with a
quasi-cylindrical borer-tip driven by a mechanical
motion. The characteristics, which determine this
type, are as follows:

ge (1), D. Bagault, CRRMF (2a) et |. Rodier

2 — Pre-Indus, MR period
VIL. Pumpelleyite micro-drill

(a: complete piece; b: detail of

the worki: ircular

micro-wears; ¢: detail of the

tip with the typical small cir-
cular dip and also with prob

ably 4 Erooves Lit';il.‘k"-'ﬂl:l\

—i L

made).

(SEM, 2b—¢)

— A l'_\lind!'ic;l] or near cylindrica p|'ni'i|u. L €.
sometimes a very slight taper from the opening
to the centre, with a more or less clear narrow-
ing or discontinuity at the drill-hole centre,

Regular grinding rings on the inner walls of
each opposite hole; these rings may be of
variable depth and distance bur are always
|‘hil'.1“\.‘] to cach other. This indicates complete
rotation movements and therefore a drilling
carried out by a continuous or at least by
; llhtt"t‘tl. [lh.‘

series of parallel circular grooves or lines can

series of continuous rotations.

be either continuous all along the walls, or
discontinuous and alternating with smooth
areas. In this latter case, it shows very well
the drilling from one side or from both sides

in several steps by series of continuous rotary

motions (hg.

At last, the opposite drilling-axes are more sym-
metrical than those of the first type of perforation.
They are always parallel, in spite of a slight mis-
a

patterns can also be distinguished depending on

ignment in some cases (fig. 4, 4-5). Two different

whether or not the drilling was restarted in a later
step.

a) In the first pattern, the presence of longitudi-
nal lines at the junction of the two opposite holes
reveals a restarting of the perforation by filing.
However, this filing remains limited to the central
part of the boring. It could have been intended
either to break through the joining point of the two
opposite holes (fig. 4, 2-3) or else to widen the
central boring (tig. 4, 4).



AT

ith Sites/Periods

MR period 1

MR period 11

| MR period 111
MR period IV-V

[ MR period VI-VII
[NS I (Pre-In
NS H-IV {

Periods

L.0¢ r'l from

Mehrgarh and Nausharo 15

Perforation of small carnelian rings : techniques TOTAI

s .
ling | Mixed technique |

4 | 4
I I
6 m . 1
23 ' [ 24
4 ' 4
4 14

Fig. 8 [vpe )
k4 ' : i RecentChalcolithi

| i Perforation Neolithic Ancient Chalcolithic U“‘. 5 : Indus
\ 1. I Pre-Indus

types

Far all the
1 : hand(?) [ Th wi
rotary N use

grinding

mechanical

grinding

3 : pecking

{ : mixed
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holes, which have not been restarted by filing, The

1 $ 4
> second pattern 1s \'I!.] acterized Dy

junction of the two opposite holes is only marked
4,5) or
EroOVve i 4.6).

Whetl present, [l]ih
type of perforation concerns soft stone beads, such

as serpentine or calcite, as well as the hard stone

a slight shift

’
bv a

E rowing

d '.i\'l'F‘

fact

a kind of furrow (fie.

€1 I'|'|\' B

or 2™ pattern w

beads, such as carnelian, but it appears only during
the Early Chalcolithic Period, i.e. Period III of

Mehrgarh, at the same time as the first “long”

ian beads (i. e. carnelian beads whose length

cdarneg

15 |l‘-I'.-l [|‘5.1'-| 'i‘l(_ié' \l!.'ll]'.L'['\']':l.

Lot g
Third type

e . : ;
1e third type oration determines the peck-

technique. It is characteri by conical holes,

trom both ends. On these conical walls,

C .'l!'l']L'll out 1
s and conchoidal fractures or
5, ) Now \\.'g-].’

hand-perfora

L f 1
a series of small cawn

'.:Jl'n\;_-['\. L'\i

own, this

SCArs are

ique corresponds to a

stone beads.

['hese beads corre
15 smal

beads whose length

er than their diameter and varies berween

-

ind 8 mm ( I'hus, this

dApproximately

concerns carnelian beads from the

Neolithic Period, which are then exclusively small

rings-beads ( 7) and trom the Early Chalcolithic

Period, a few small carnelian rings only and garnet

beads. One should note here that, in this Early
'net, a harder mineral than

{.:I'I.'llLil_“’.i'.l\_ EJ“'I'l.("Lf, £
Cdl |:-l'|!\:.|!, 15 Not l-‘I]l'\ as rare as the \.';l]l](.'ll.'l[] was 1n

the Neolithic Period, but also that it was used

I.1 : DOMINANT

T.1 : DECREASE

12 ;
DOMINANT

Ik
SPECIFIC
! .

i e

exclusively for small ring-shaped beads similar to
he Neolithic carnelian beads. One should al e
the INeolthic carnehian beads. Une should also note
the following specific features: during the Chalco
lithic (Period 11T of Mehrgarh), with the adaptation
of the perforation technique by rotary grinding to
carnelian which made the production of “long”

carnelian beads possible, only a few small carnelian

! ) \\'IlilL'
most beads were drilled in the same technique as

the long

rings were still perforated by pecking (fig.

ones. Duni

1g the following periods, the

pecking technique was still used for the small

carnelian ring beads, with only one exception (hg. 7).

J \
Fourth g, 3, 3-5)

The fourth and last type of perforation is character-
|

- o ¥ ;
1Zed |1_\' ifh' association of the two l'L‘\_‘h[]lt]Llcﬁ. [t

still corresponds to a bipolar perforation, but while
one side was perforated by pecking, the other side
was drilled by rotation. This type, as the third one,

concerns exclusively small carnelian beads, but not
only ring-beads. It appears, as the second type,
from the Early Chalcolithic Period onwards, that is
Period III of Mehrgarh. This mixed technique,

however, remains rare. One single example is noted

for the Early Chalcolithic (fig. 5, 3), another one
tor the Pre-Indus Period of Nausharo (fig. 5, 4),
and six examples for the Indus Period (fig. 5, 5).
Among these eight beads, one could notice the
following and common feature: the hole drilled
from one side by rotary grinding is the longer one,
it goes through almost the whole length of the
bead, while the pecking carried out from the oppo-

‘xi[t‘ \iLiL" a5 W¢ can L‘k]."(_‘t_'[. was Lg"l'JL' on a tny
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length. This can be confused, at first

umpnl ar dr

ling. Unfortunately one cannot deter
mine from which side the drilling was lwvuﬂ 1€
whether the pecking technique was used as the last

step to finish the drill-hole carried out by rotary

L'mn{mv from the n]ﬂm te side, or the opposite

way ‘l‘uLle
Concerning the drill-hole pe

| "IIHTL:Ll l-‘\ rot
is different berween the Chal

grinding the shap

B

colithic example, \\'l]i\'il has a conical profile

(fig. 5, 3) and the ot her pieces, w hich have a cylindri-

cal profile (fig. 5, 4— 5).

.L'l'&'[‘.L'L' seems to be

]ln»\
r than to the

']ilL to 111&_ \ll"PL .|| 1.1.
motion involved. In chJ in ‘:ll cases, the thinness
of the ;_‘nnd!.l‘-_;; :'1!1:.;51

movement, or at least by a

and the extreme regularity

found on the walls indicate a dr

ing carried out by
4 continuous rotary
regular speed and precise alternative movements.

REsuME AND INTERPRETATION

Thus, in summary, four main types ol perfor
were distinguished on the basis of the techniques
(pecking or rotary grinding) and the motion pow-
ers (hand or me chanical) applied for drilling. Each
type implies the use of different devices and tools.

The perforations performed by pecking were

nrobably made of

[ixier

most likely made l\\ a stone-tool,

alier/Inizan/'
This tool did .1pp“-.|'v|11'||\ not

flint. as demonstrated by Chev
(1982).

through time, as shown by

rary a lot

the pe forations of the

I.'|i£|1ix' o the

small carnelian beads from the
Indus Periods: whatever the period, the character-

istics of these perforations remain the same

(same
shape, same surface .‘upu-'t-;, same ~i/u'|
As for type 1 and type 2, they 1

already sug \'L'\LLd different motion powers, that is

imply, as we have

» hand- power for the type 1, or at least for most of
lht' examples belonging to this type’, and a me-
driven 'Iw\ a bow or

chanical power, a pump drill for

example, for the type 2. The dli‘u.tlll.w in shapes

also imply different tools.
For type 1, whose drill-holes have a biconical

shape, we may suppose the use of stone drills, and

more ].m;luu].\,l;\ of flint tools.

Indeed: 1)1

ular during the

lint borers are numerous, in partic-
.\'x‘\\]lillix'
1c]11'cw11tcd by a rather

Periods, and they are

great variety ol u.-m]u-_\ in

particular as for the length and the taper of he tip

(Lechevallier 2004).

that flint,
Moh’s scale, can easily

2) Previous studies have shown
has a hardness of 7 on the
drill stones that are less hard (Gwinnet/Gorelick
1981, 1987, 1990).

3) At Mehr

only with beads whose I1.m{|'_:u_\.\ is up to 6 on the

garh, borings

ot type 1 were found

Ao
Moh’s scale.
So. for these different reasons, flint borers seem to

S .
be the best adapted tools for type | borings

As for type 2, vhose drill- |1\-lu have a quasi-

cylindrical shape, it involves the use of tools with

o e |
trelenty ac

quite long and cylindrical, or very shightly tapering

drll-
The best candidates could be the
drills,

Period onwarg

stone

Chalcolithic

{s (fig. 6,1). These are the famous

s : :
which appeat from the Early

1.:1 1 it L eeis]
een stone drills, now well known since the works

1976, 1983) an

B

of Piperno (197

named “tapered

in the
;'ll:]l;'!,

cylindrical dr ]' typology developed by

'|l{.1|L'

Kenoyer/
[ndeed, they differ from the flint borers thr -ough
1976,

which they

their particular shape (Piperno 19 1983)

and mineralogy. The material, from

ill.lx.ir‘ was LIi'[L']' \""s‘l]"l‘\'

‘111’]&I ln I”Ix A

Were

According to the
on one example from the Early C ]..lluul thic Peri
od. the mineral used is P Ln.ﬂmlr vite, whose hard-
Hess is the same as flint, 7 on Moh’s scale. Untfor-
!11' exact P!"l"pL'!'l-l&"' I\I.

tunately, we do not know t

this mineral ].‘.L'JT it should very likely have better

perforating qu 1an flint and a better efficien
cy, in partic ulw wit l. chalcedony seeing that the
first ca
theret

elian beads pierced by rotary grinding, anc

ore the first “long” carnelian beads, apy

the same time as these new drills and a

rations ot type iz

Furthermore, it has been shown that these bor

Sl 5 :
anical device such as a

ers, when driven by a me

11[” both 'n'|.[ stones .ii'lki EI.'.I1_|

stones, and in ',_?.'Il'l':L'l_I-iJI drill hard stones with
for softer mater:

l].ll .\_'. E
1

uu' which has become cylindrical, thus, tl

I 1
bow drill, can

1 1
chwasa I'L‘EL[" use

e sides of

|H]\{I :k"_'.u |'I[ ‘.\"]I"’L_l

)§ arc
/Vidale 1 ‘W.] ¥

One of these borers has b

\.I||

G

‘\.u|l"L

more |‘LL":' iL l‘il"

lnu\h'!'!.';,\ Hh P (_I'l'\.'| VI

6, 2 2). It belo

studied
(Late Ch
Pumpelleyite

Jcolithic/Pre-Indus). The miner al is also

.|I|]L' k'\]::|'|L.l'|-:|L'\l!- |:1\'I'll-

b). The bit

shows circular micro-wears up to about 4 mm trom

shape and

wears of the bit attest its use (1

the leadin rJ;‘_L- and a diam

> the used |

!]1|~ 15 an.L comj ‘.l[|l‘|L witl iameter of some

\\],I.dlh al drill- l1n|u [t

1e ~|1:-.‘p-: observed today
=Sy : :
it is also the result of

as shown by 1ts tip. [he

i.ﬁ a result of its wear,

voluntary modification,

studied sample has, n tact, not only the small

circular dip, intended to increase both the cutting

type 1, at least among
he drill-hole

third pat

of the tu

1
v the motion pd




1 Look

Fi L ET
Dead-ariil
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rle of the up and the tensile strength after several

. but it also h Ly obablv even four de
s, but it also has three, probably even four deep

and oblique grooves made deliberately around the

small dip (fig. 6, 2 ¢). These oblique
all made in the same direction, i

Frooves werc
e. they turn clock
wise around the small dip to the way of spiral arms,

the to run out of the

Till

allow abrasive ]mudu

1 1 1 1
pordaer. now ll‘l'w |L,1I"l|1£ was never observed

with this kind of tool in the pre-Indus or Indus
Period, but it reveals once again the ingenuity of
r|1L' 1'|dL|:- \.']'J:'l‘\'[‘l'l{_'ﬂ.

Concerning the question whether or not an

abrasive was used, even though this is not the
subject hCl'c attention must be drawn to the fact
that, whether type 1 or type 2 perforations, as the

ll]'i”iﬂ_" ﬂll‘kkL\]\ 1[](_ drilled lﬂl[L"l.{l itself is re-

tiuchl Lo ilmr .md tiner par l]LlL\ W “]L h [|‘L=11~¢|\u

act as an abrasive. Thus, the material itself can

constitute 1ts own abrasive; therefore the use of

\‘I.Jl'.'i' Ac-

cording to lln\ self-abrasive property, one ahuul]

abrasives is not absolutely necessary.
it the harder the material drilled, t
and,

grinding rings be.

also notice

is its abrasive
[]IL'

higher power therefore, ?ha-

thinner will

This leads us to suppose that the differences

observed between grooves and thin lines may not
necessarily be due to the use of different tools, 1. ¢.
of tools made of marterials of different hardness
(stones or copper, for example, with the addition of
an external abrasive), but to the hardness of the
drilled material itself.

Whatever type of perforations was carried out
by rotary grinding, i. e. type 1 or type 2, the softer
the material is, the deeper and more visible the
grinding rings are (fig. 3, 1.4 a; 4, 1. 4) and, on the
LhL harder the material, the thinner the
I,'h;_;. 4 .2.3.6).

1es so thin that they cannot be detected by

:n|1]‘|1‘~.21L',

1‘[1Ll]l'|‘ l'lﬂ;"\ darc E]l';.\t' rings are

somet

the l](;l\('d eye.

CONCLUSION

Even though the results are still

s e .
preliminary, they allow us to observe the following

presented here

evolution:

In the Neolithic Period, two types of perfora
tions are practised: type 1 and type 3. Type 1 was
used for all materials, whatever shapes, except for
carnelian, while type 3, on the c<=|1r".1|'\" concerns
exclusively the small carnelian beads (fig. 8). Type 1
appears to be the predominant [LL])IHL[LI.L'

In the Early Chalcolithic Period, the four main
types of perforation defined here are observed.
Type1 keeps on being used for beads made of
materials up to 6 on the Moh’s scale, but not for all
of them. Type2
|Jl|]\L]l h\ JL[\

als and

appears with the first long car

so used with softer materi-
lht' i

ut was a

tor most of small carnelian beads.

Type 3 is limited to a few small hard stone beads.

ination type 2

Type 4, finally, which is only a comt

from

} If\'";'.‘ Tl

and 3 borings, remains exceptional and is only used
for small carnelian beads.

During the Late Chalcolithic or pre-Indus Peri-
od, Type 2

type 1 Lypes seem to |1\l\1_' \Ii\.‘.';‘}‘\'.]l't'il.

then appears as the dominant tec hnique, used for all

the materials whatever their shape, with the excep-
tion of the small carnelian ring-beads. Ty pe 3 drill-
Ll'\\'LE ‘..\sl' [|'|L'\:' ::n'.'id\ .1I‘.l_E even

Lype 4

ings are frequently
become specific for all small carnelian beads

Il

mains as rare as during the previous period. One

. 1 Y
coulda

srobably say that type 2 was improved, ac-
| |

cording to the increasi ng length of the hard stone
beads (cf. fig. 1).

During the Inc
ing techniques is very similar

us Period, the variability of drill
to the Pre-Indus
times, even though the type 2 boring w probably

€§, &ven thougn the [\] € £ DOTINE Was pro aply
improved again, in particular with the emergence of
adapted to the

a new stone drill production of the

very long carnelian beads ( Kenoyer/Vidale 1992;

Sela/Roux 200
This

time i”"Piin constraints of materials and shapes. In

variability of drilling techniques throug

}Tl]llLL lar, it explains why carnelian was only used
1ape of small rings in Neolithic times but

in L

was ]\n.‘._pLJ in various and longer and longer

shapes from the Chalcolithic to the Indus Periods.
However, one wonders whether the innovation

implied by type 2 boring led to the demand and
manufacture for ever longer beads or, in the oppo

& 1 1 1 1
tor longer beads led to the

Very

observed is the result of reciprocal interactions

site, if the \}i'lﬂ\'ﬂll_;

technical innovations. likely, the evolution

between technical and cultural factors.
A 1
anda

perforations observed coulc

: : : e
Indeed, bes k-\ constraints of materials

}

shapes, the vari
also reflect \lillLl 1| xh[ll\t\ as shown for example
by the exclusive use of type 3 borings for all small
hard stone beads from the Pre-Indus Period on-
wards. One may ask oneself, why these small beads
were not dnlled by type 2 borings, which was used

for most of them \illllﬂ:_" the previous Chalcolithic

. 1 1
and as it w tor the long beads.
his technical

l'L‘]'il li_l,
\\E]]

and long carnelian beads mean? As it cannot be

as the case

does t difference between small
explained by material constraints, one may suppose
a socio-economical factor related to the emergence
cultural
and to

ot a specialized craftsmanship, or/and a
factor
000)

small beads (Roux 2000

that attributed different values to long
The

sample of beads, i'l‘i_\l‘L"ul(L‘Ll with some experimen-

analysis of a larger

tations and the micro-wear analysis of stone drills,

would, however, be necessary to improve these

first results,
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