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An Experimental Approach to the Drilling Technology in the Predynastic Period:
Cutting Capability and Reduction Patterns of Flint Micro-drills

Kazuyoshi NAGAYA*

Abstract

Drilling technology is one of the most common methods using in craft production during the Predynastic
and Early Dynastic periods. There is no doubt that the holes made in beads and palettes, the handles of stone
vessels and in fittings for wooden furniture were by perforation. The flint tools used in this technology are mainly
represented by micro-drills which are small drills mainly made from bladelets. They appear to be well-developed
by the mid Naqada II period. Hundreds of the micro-drills were found around the ceremonial courtyard of HK29A
at Hierakonpolis and in caches in the Early Dynastic town mound of Nekhen.

While both the final products and the tools for making the perforations are well-known in the Predynastic
contexts, the actual function of micro-drills has not been adequately discussed so far.

In this paper, I conducted an experiment aiming to reveal the perforation method of micro-drills, and to
evaluate materials, such as stones, bones, wood or leathers, on which micro-drills might work, and how they
would morphologically be changed through perforation.

As a result of the experiment, the flint micro-drill with bow-method demonstrated its cutting capability for
any materials which have been used in the craft productions in the Predynastic Period. Moreover, microscopic
observation on the surface of drills detected several negatives of removal (damages), which might be caused by
particular actions or bow operations, and due to the particular hardness of materials. Coincidence of the damages
observed both on the experimental and the archaeological samples may indicate that the micro-drills found from

Hierakonpolis were actually used for perforation works on hard stones, such as carnelian beads.
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L. #7553 F LERARSNTHREN, 7RZy hof flids 2 25 Hean, 2R SBTRL0H
1000 f‘ i <#Fr LWy (Quibell and Green 1902: 12),
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PL.1 Dimensional and morphological features of micro-drills (HK29A, Hierakonpolis)
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Fig.5 Flint micro-drills found from HK29A at Hierakonpolis

2P P ESZFICLTREIN, BRIV ORNEEE % &7 (Holmes 1992:
191, FH NPT 8 R TIE, 9% 0 T, o PN 1%7Eo7=,

41; Hikadde 2004:

DT HNTIE, T. BT (2004) 78 IONSW 2% Fi- R JLER W28 20 > TWwa, BTy




I2T b2 S O R AICH 23 8T o e
A3 ZEL, 1) Kk T4emi
MBI LD, AT

65
THRTBHERVLO, 2) ABNALD, ZBAELOBO, 3)
KRS TIED OHMER LD, ELTWD, Him. £0ME L THES

(Hikade 2004: 191) . 7
BT LTS, £z, FA4
LA LART
b,

hEXIT TS
EUSENRES- S Py AR GLRVAN BN
IO L RUIVRBONY =23 2R
NPT EVOARILD EER D, T

72720, EATOREIZIBICR Y LAabDTIEARL, DLATADMETOR—2 3
BT E Y
o ZiZ
D) bEEND, QAN R TR
T IR D

CEBRB7ER RTHEDLALOD
3. BTN TZ20M]) ET 588 (REYTRNLD
1 VL) RFEFENLENAETITLHHO, 2) R /A
WZEL<HO, 3) B /A IR DAICEIHO, T3 28T,
5B LNDIFLTEILT, 682% %005, & &1 713,
257z,

A118.2%. % H113.6% T, & DY T 31.8%
(4) TANER

&
TEGER B G, RO ENFHIR 0L P AE) KHDZ0H, FERSTEFNEICH DO
MICk2 5 THS
PP EREDOHONE AL 812%E 05,
ELT, HELABWERDISE OF T LaE7S
2 5005 B

I275%, "wasiEic
BOTHIMNLETALND

- P, EZ3%ENT 18.8% TH D, K #
T ED
(5) K= oo
fEC K2 2OV TIE, (25T
OB DHZHHD, 4) A2 OHD
R

1) W& OHdHHD, 2) 4
RN ® %< 47.5% % 00D,

HHEDR 2
MERSINDDIF, TNZZDERXT S

(=1

V24

U )

0 Feonh
R Uesm s O i ElIREIE N TN RN,

DA DHBHHD, 3) A
228 LT,
Bk 16.1% . A P& 59%. AT 30.5% &7 o 7=,
(6) ~'1x
RUJLS 703, AR 3 17-21lmm, " 7-9mm, & X 3-4mm OEEE 25 Y 95
() 70> AR ) LI
o AR DE %ﬁ\b ET TR AR HK29A 2% [ D7 Y > MREAE R Y )L 3 A 7270803
1) OfWTY >R, 2) #@a T, 3) REVOIHNIEI 4) ZHHRIIAOTENEL], 5) w
BRADZ KT 6) K& 17-2lmm, *§ 7-9mm, B X 3-4mm OY A X, THD I EMa I/,
4 S EEAONE - W LB EOWEL ST RO @
I2T b5 2 % lﬁ@n%esﬁ”%"‘fbi FHMDOZEEZDARITITREEZNL DN, - HTa RO B9
1L TR AN g9 HRAATARD T RN
RN S T 2 REAVRYJVIZDONTIE, TR -5n s 220G ARSI NTNREHOD, R
WEDHDNDEFE I2E %"liﬁbﬂfa%%f K INER WA TFH R0 THEY | 2 BRI ONT
BIEEAEFSNITES THRN, KEFEFIZOVTS, 5 X AA2 50w
BEIhTnd- » T, TOHRDHE, |
ELIa2RY AL @07 2 AR RY)ILIZ

(BIZBIT2FA N
MERCE T S, Bt TH IS

2D I3



66 IVT bRy #2075

E.RENEZFNSE T2EKAMTHD, £/ TNEA WTREINAZEBIFLER S (U 2
E—=ZXOXRY 2 R) NMIYU—FE*RNSFE LTWS, ZOXS7/EL, PR 850, 2% 250N
MOIE, A PR FYRAICBIDRAEH HDVEF LR EL THORNBLTZOTHITH D4 £ O
EELRTDH-THT L EF X 5D,

- %, RUJLE AICT 2% I35 &, TOMERZSRTH S, ZOMEANY T -2 3203, OAER &,
QP ET DEHD, @FFS - KL () Enof, REZZTTIRABAM DL & LT X515,
T AT EDQL D BRI iz, WhH) ICXOTRYINDRETTNEHZ5SNDDTH A DM,

DOBANS, AHTE MR EUIVER WEFTLHRER L. 1) U MRAERYVER DR
T’“’v?z\t%@iﬂ’a"a‘ﬁ L 2) D WHEM QP ETOENZE D RY DR [(7)NE — 2 3) FRERIOFR .
HEEZOHZE, NS 3 LEREL., 70 B0 BICHORERES 2525 5

5. ZUZREARIRYILZR WA= B
(1) $.3D*

EIFETRPONILAZD T R 2 SO "2 RYNOFLEEZDEIT, RUNNERRIET D,
IR ELTR, 2 PR HOY EBRULZ RS RETEINDS #EZ 2R WD, IN5ER WT, »#
2w HZE LT B,

H,OREQPESA 0T PRE- TICT 50T, RUNNRIENSFITHIZ 20 To2 (BEFF- 0
TTholk.

2) 472 g iE )
4ETE BRI KT D R UL, S, BERICON TN 123

3
%
<l
N

D7V > hEARTRY DR E
<uH>

BRI IVTPEOTYCMER VS, U MEL T 2OTTYA b GREE PREAY) L0
) Lize YA MckB e, JU S NI OO 150km THRE SNF A 0&En Ea3nb, +X
TRFEFT, ERIATI AL B, VLA THD, TRH? ORVHANSHTNRODOETERLD D, b
HOFEET, BREA 10cm ~ 15em B TH DA, 0 ? 23T 52000 % E LTI »ICE L0 35,
TENZOWTIE, TERRVABMETTO? O WRGE T > hEBAL,
<GHFR OFTEE> (Y 6)

IR OFBET, ST T RTEFH R REEFL, FAEACEY LTINS T —2F 0T
EBHERT L5 TH o,

AR YLD EFRHFE T, ﬂ%w@hrawaRTWthgﬂﬁéﬂ SMBFATONTIE, H3F ()
Ta L3 fw%??ﬁbf%#}h%gwﬁéw(%n FE3, 252 BEURP BT vrnhsd
ROT DD, HHADO%ET20mm ) -0bOEER, FIZONTIET JI Kk oMBE g0 T
ﬁp@#otoii\t173/$UX£WH:§w®d ZiE. RS O RS Nz b oh- Tk
BT 5, BEE, 2mm ) - 6mm A FDHDITR D,

»gu

0



67

T2 92 R A OFTRANMCRIT 2 B evE g

o Scale:2/3 3¢y

Y6 AREIS RN LY

Fig.6 Replicated blanks



68 IS RPPY 2048

<ABTRYJLQENE (C k) >
TR AMOEENSESNLTY S MRSV RYNOFLEESTIC, 2240 KUV EERLE (Y
7. fIEICIR, #EF 2T IAF v VEOMICE ELENE 220 We, Y25 TL5E, EhF (Hikade
2004) DE3F DEDLIIC, RUNOI R I3 AN 458 TE5, LL, RULIT ORZ %0
KT oL, EXHEDOEDE NWEFAONDIOBATEYTH D, MR LAY B R3@ P Ick-> TS
HZRTHBHETEIND, THLELT TOBE, 2FIRTRALTEY A T2 0Wa D, T EVERTIR. %
WEERDDONE B G0N, FEEHRBOL 2B T 22OFE RTINS $H50N02TANLLD
N, EoT, 29 HTIE, WBETINI TH2EEF L, AL, 2 09 1THF i (4 %)
LEZBITE., 322 L TEBEE2 3 LY, RERADITT OF 2020 TR, 234 R TiE
HAF I DOFK B R NHZHICEATVNS D, 24 DD H DM RATE L 7=,

) W
= Oy 781
1R I\ 4%
£\ i\ A
(o A F R
\ 1) b

D o
-

w a..l;- ‘
N

=

e

—

N

TN =2
e

AN

D)
o0

oz

—

Bz

(& ¢4
- g s
i {H A ;‘ (
DY i N g’:\: g’&‘" ‘l.l,.‘?

\2

P - “I -
I\,.

i i,

T P

|
." “)‘—:. 8 1‘:‘-:
|
e
e 4T >
= \‘JW\BGIM“V‘\\-
S \‘Q_‘—
7 b S T
) Gl D

=S,
" >
) e,
b A e

Q)

DA

L

SR>

2

¢
)|

7]
P

o Scale:2/3 3¢y
N .

v 7 AR U)LY
Fig.7 Replicated drills




TR PR RO R RCHT 59 R s PE 69

@FTHAPAE (M, 3, X TH) OfLE
W2H TALELDIC, TUTMIBITDHEEZR WD id, & 52 87 AiZEMhnTnss
B THD, 2L HITBNTHS HEE 2R WD,
%%%%ﬁa@“é%wf%ém&ﬂ FFEL LTS (N RE—R) 2ZNTREELL (Y 8), M
21, f & 30cm, & 2cm O O)Fﬂ%”%}ﬂ Wizo S ABSICIE RV ZZ IR DD D 21T 7z,
ZTOR, 2RBHREIDORYINELER TEHXDIZ. BOESDE /2% 338 (1.0cm, 2.0cm, 2.5cm) %%
i L7ze OIS GETL EORME) 1, PELD
Tk W22 Lz, #ERYJVIK, R ¥ The

ATHEET S, 5 ICIE & 60em O L7+ 0k &

Fn, mugiciiion—>7 (3 5mm) Z56 00D

. ®iECHED, 5 1A RO—2 (1 £1) 12D -
ERULMI0BETHESICEFT Lz, 251017 e .
SOANO—s¥ENT SR, THREI0ELTE — ’

Va0 5, HFIC, ST IZEFRoAH
(B £ 6cm 5 3.6cm) & P W A & DB EZNTT A (B .
2 Tmm X Tmm) ZHL 7z, X TLNE, B Eg 5 V8 AT S

NEE A (3\% R P s Fig.8 Replication of bow-drill

4
z@w

L

REENT, THFBERRR 2/ 0W IR EOP BRIy R I B ZBBRO B OO (BE 772 548 1995:
63)] Thsd, B EIF. TS END [F B OERKELITIAKROMHE (BOE 12 524 1995: 164) |
EEL, 23T LENneyd5, PEWAEZR W THR 2, TBEVEGT RBZ2 2§25 80T
TN ORYET B &SR LAl 7 2 (230, Be 2% 1T RN 2E KT 5 (MED PR
1995:93) ] 2Lk B, TOZKIE T8 247 ¥ ) EWEND, T L0201, AN ZHDOED QR HTH
dl v ZE, 2R A DR (R—ZA MR) 2ETENILTH S, - HOILYT hia 50

®

EH TR, THEM=0 B3R (HEIVEFTITANENALED)] EVHRBN- BNV THD, ~FIIH
F"W@H’E]”ﬁw: A L7z& DT, PEMLFHERTHLN@ICZO8E? WEINS, TDkD, 7 LOF

TR DFERD =TI, ’E'”F}*}Z”O)#%"?D“‘E?f'ﬁ BE OMEIDBNICK D THET ZRE-T 5HH4E )
HBEAHD.

2B TI, N TS TR, %fm%§A THEMZERT S, WTNOHR H5 2 850
IVTSRTYTOERBDTH 5, %% \E# §éyzt3ﬁ%@m%Wéﬁﬁﬁé Thbb,
ALTHITHWE 10gTO1: 1 DL TERA LENEDOHLBEZE3I Y MR AL, ZREHICH L8
% 10g, 20g, 30g DR 5,

(3) =gt
IOV GMHEITIE, 4H (FRE L A B L oe) HEZEARE (Y 97%),
o3l & 28A7K, TO7 R 2 AR MUICR ST, REIE5 T RHOH 50K TREL LR EICH
RENeHETHLETZA5N%,
K7 A7, vFHF AFO3IHEEEALL. G FLTkdE, TPTME 2 2 AN HZE



70 ISRy 2%

WOTHAHICZLNRKTH D, 22T T g i3, YHI 7, ¥TURY, VFFEMFT N5,
dThE b B SN AHRT AT THhoRET AN, P REFLCEHBELRTHS, ¥
RUZZE, THITIRIRDEABORT, FAN G HTNTT 5, ZHRFHAELTER SnT, P&
RFBORPIFICRSN S, VIFOR RIFLICESN D, £ KORTOA (ZF, #2%) 7
[ S IND KD ICRDOIF SIS THS (Killen 1994: 7-9) TREH DA, 5 DL HRT
FAF B & LT,

BRI, P (AP SRV O2EEBAE, B P13, TR PEACRS T, 4<0
HHTH WEANSTR SNTERET HTHS,

BRCIE, BE L B E . RRE . P R B0 SHAEEAR., TASE AN, SLy b E—
ZENS A MO E SHGEDFHLERDEHDTH S,

INLVWEHE, BE 2~ 4mmE R 0K T L, F55 (Y 94),

W, FREE O Y DI, 4P NEAOFCEEEMEDR LBV, THTHEAEOH
foE A AQHEMOE P IFEHOLTEY LHRI LD, §5 ICBNTHID LAKEH 051 icw
Pt TR XN 3 W EF 2 D, PEMOTEET IOV TIE, PR L EER WK L2 Y
T (6-3) ICTCat T 5,

OB, QFFHME, OEM, T 77, OF ¥, @AF, O, @4 KE, OB, OfBS, AL EH
Y g
Fig.9 Workpieces before perforation

4) FHmDTE

N oI ETIER, BHER D,
D4 NHEOTEIZH L, RULHKEATHET GAREENAS D, 2HEBFTICIBYREOE &
2990O- DELTVSED, RUJNOTPEE 2136070, RUJLAEE - 3832/ E L TiEX Otk
MREEZ /2512351, P ERZFEELE - THLVBDIIR DA S,
@9 A%, FI=T AN (ME Imm OFTHIINND RU LB &) & RUJLOR D> E (P Imm Q47
LB RUILKR SOME) 20T 5,
@F PO RYIVER 2, EHEHOTVH)VEHAE, (Y2 2—4 & Dino-lite Basic DINOAM2001) #f 11,
30 BRE DB TES - S L, FrElci U RR-0? IFNONY — 2 2K,
@R EFVIC P RORBHERZLFEMEIAVRF L, s D AOTHE OB EE ST 5,



TUT N2 IS ROTH KT BI R | PP 71

6. F Fe
(1) 71U 2 AR RYJLDTHIFES

LHEDfEA, AF N HEIRTOE AT EPLE (72, 10,11), ZHCkD, 7Y REABRY L2
Bz 2 g% AT SIS SNt F OMITICH L THATH S Z LN SN, 51T, &
DFFAZDNTIES f;éii@?;{» SR DYE W,

IO Z N (ME Imm QAFTCY 95 RUILB ER) IZOWTIE, AR L, R & A RERT
OHFEFTEEL THO, - HTH roa REBHOHENNET Y BN DBETITHD I ENOND T,
DEO, FIIAAMIMT OB S ITHEIT L, BHITLDE, E-XDORHRTHDH D 2O A, Ilmm
ATEF H[2wIT 30000 B ELN) S EVWSRAGIRAA RBMM O Tz, A OT TAF T NG I LT
MoZ2Y I, AT DFHE OVRNG A TH oD R2NRENEL B> TWEIENT A 6N 5,

2 FRGI- %
P12 Experimental results: machinability of materials

RYJLEE (mm)
RS L | L= AR
= 55 I Hh ] S
ME | B (nm) EIETE s (7= 1) - | e T
(Imm&»7=0)
FEEE | A B 3.7 330 89. 19 25.6-25. 6 0.0 0. 00
THLT |HA 10.7 870 81.31 30.7-30. 7 0.0 0. 00
A |¥Frx H AR 14.0 720 51.43 « 72.7-70.0] 2.7 0.19
s HA 8.3 80 9. 64 40. 8-40. 7 0.1 0.01
. AR | AA 4.1 1240 302.44 36.3-34.8| 1.5 0.37
T T HAR 5.5 960 174. 55 39.6-39. 6 0.0 0. 00
b =7 bk 7.0 60 8.57 37.1-37. 1 0.0 0. 00
KA =7 K 4.4 1060 240. 91 38.3-38. 1 0.2 0. 05
a0 RS HAR 5.0 2680 536. 00 38.4-37.3 1.1 0.22
A4 W =7 b 4.4 17540  3986. 36 39.7-39.0 0.7 0.16
KBS ~ X AT 2.6 92220| 35469.23 |2 319.1-296.5| 22.6 8.69
10 RUJL2AMEH, *20 RFUVIIARMERAEA, Jeliil 2 % LicNo. 194 bR L CRtEL
(%) (mm)
40000
(£2) : BALa A b (FYVERES/ #4 1m)
T @ (F) BV RV ABDE/ FH 1m)
10000 - 10
8000 -8
6000 6
4000 -4
2000 r2

T S S S T SIS
O, @IV, QEA, DT 127, OF 7%, ©A X, Db, SO RPN R R RIS .
@F K, ORI, Of B, O ER 4 X

Y10 AROIER Y11 HETLRISOZ S E R YR

Fig.10 Workpieces after perforation Fig.11 Cutting capability and lost length of micro-drills by materials
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