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Principles and Technologies of Early Metallurgy in Ancient West Asia
Minoru SASAKI
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Copper, tin, lead and iron were principal metals utilized in antiquiry. To promote a better archaeological understanding, the
depositions and properties of these ores are described in details. It seems likely that these rich metal ores were exploited as
precious stones in the initial stage. In the course of handling these ores, early metalsmiths might have learned empirically
how to extract metals from them. The structures of copper smelting furnaces, which were attested at two Chalcolithic sites in
Anatolia, are examined in reference to the examples in ancient Japan. The results of the trace element analysis on
archaeological remains, derived from three copper and one iron producing sites, are discussed to identify original ores and
reconstruct the smelting and refining process. The raw metals or ingots which were widely distributed in the trading

networks were not always well purified. It is quite likely that these ingots of poor quality need to be refined before casting

or forging.
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(i) BEfbsRsL. BYLMRL. GRKAOBE:L RE
(i) BB L (SR DESSs (Hitho—52#58)
(m) AERAOERSE (REEHK)
CaCDs —Ca0 +C0: %
(iv) REKIC X 30N L SHEO 2B
Fdli Fel -+ BRTGRESY + T K—Fe0-Ca0-A1:05-5i0, % (F5Miie)
Cus§+FeS —Cu-Fe-S Btk (GAHD
"W ; Cu-Fe-S FMHAK+0,—Cu;0-+Fe0 +S0; 1
Fe0 +#RREDM 4R —Fel-A1,0,-8i0: 5% ( “BBA" )
CusS +Cu 0—Cu+50, 1 (HIE)
(v) ACREREHE > TOMMOME (Hi#E)
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Na i B £/ € F &k 4 (%) S DSYH
T.Fe Fe0 Fe:0s 8i0: Al:0s Cal  Cu $ GRHIZLD)

1| O =8 Lk | 8C4R 36.4 42.0 537 27.9 4.42 10,03 0.006 0.087 i e

2 | dehuHT s 9CHIY: |44.9 49.7 9.02 31.6 8.12 0.52 0.010 0.20 "R A

3 | EEUELE M LT | 14C $% |36.6 27.6 21.6 31.4 11.4 nil 2,21 1,42 TR A

) nilkEHFahd,

23 EREMME S M U7z & B SR (kALK

Na it b B U5 ®W ft % B & (%)
Cu S Fe As Sb Sn Pb Zn

IO ESSLEE |25 B | #%  |74.85 22,73 9.87 0.21 0.11 <0.01 <0.01 0.06

” # | 3#EH [81.61 0.96 6.45 9.68 0.28 0.19 0.19 0.08
ESUMT R BN | Z5BE | B4@E4 | 97.2  0.007 0.005 2.29 0.008 —— 0.12 0.000
FETTHASS #Z Bl ¥E 96,39 0,01 0,074 1.77 0,006 <0,05 0.12 0.009
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~5mm) OFOiE. REHE (blow pipe) %

WHCI D b D EHEE L TV A,
SRS 36 MO LES A S, 7R R

F4 FVIETA VA 2T AGEER SRR Y O bR (k)
Na S EE it % K 4 (%)
Cu Fe Zn Ni Co As Pb Sb Sn
19 Filiz 31.7 0.46 0.009 0.007 0 0.002 0.011 0.050 0
198 Kiilge 98,2 0.41 0.015 0.005 0 0.013 0.44 1.43 0
20 Ciiruf 0.02 1,37 0,006 0,011 0 0.004 0.001 0.005 0
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DI EN TV A (Z552001: 13), [F 5 12 4EHA
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rg1 18F2 BT/323,Kalk) &b EhTW3,

LTEY, BHLEATEIVTHA I, Na28
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B 5

#5 PN ITEANY 2 G CREFH Y O bR (Hok)

Na o B OH £t % B’ & (%)

ke 5 W OH Cu Fe Zn Ni Co As Sb Pb  Sn Ag Bi
2 | HN- 6561, 2 | Copper Chisel 90.5 0.56 0.09 1.24 ond 0.14 028 0.05 nd 0.03 0.18
6 | IN-15882.1 | Pin fragment 94,5 0.04 nd 1.32 nd 1.37 0.26 nd nd 0.36 nd
10 | EN-12939 Polymetallic ore 30.2 2.3 4.27 0.02 — nd nd 43.1 — nd nd
11 | HN-12285 Malachite in BRB 22,1 2.98 0.01 298 — 0.29 nd 0.04 — nd nd
19 | EN- 8061 Crucible fragment 8.29 4,71 001 0.2 — 0.33 nd 006 — nd nd
27 | IN-15534 Slag 12.3 5,47 0.02 0.5 nd 0.59 0.14 0.06 nd 0.0l nd
28 | EN-16010.1 | Prill from slag 88.4 0.99 nd 0,59 nd 0.75 2.89 nd nd 0.03 nd
31 | EIN-15533 Prill from slag 91.5 0.37 0.09 0.69 nd 1.88 0.12 nd nd 0.12 nd
#) dizBRHaIhT., — BAFES, prill@ X5 7ot LA &ERN, tidEXER., Al LAND

Fe,Ni. As. SbOEHRICHEE.
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Fe NY2HEHRHE N 19 501FHEEFHO S EMIC
X537 oS IER (%)

a) A3 YhEEHANT b)AT

TR aEm | KEs | Ky 4t Hr el
S — [ 29.1 S0, 0. 45
Fe 0. 08 0. 07 Fel 5.69
Cu 98.8 | 70.4 Cul 0. 48

As 0.6 0.31 Hg0 17.6
Ca 0.38 0,06 Cal 15.7

Ti0:2 0. 62
K10 1.11
§i0: 61
Al0s 1.08

i) S EMitScanning Electron Miroscope
GERMBFHEEB) O, fTHOoxF
L — S X S I R T & SRR ST T
HRESEIMEVLD, BEROPRHOM
TRYERMELTHEDOLTV S,

25, AOIZIEHMEDHER - kbbb O LR
BHEET Do N2TOATZLEMTHD, AT TS
(Si0z, Al:Os, Ca0,MgO 7 &) i (S) DALl
XNTHEWOT, No19 520FIT45 Lz A T ¥ Dk
T WG R O XTI L 2 00 RE 21T L
THETLH (72 LoMiudLEERiis LTibiirhid
b, 6 b) I8 L& 92 CaO, MgO #25%
WODT, T 2 5% G0 S hDOMED A F 7 OHE)
PR 720Ilcmz bhizATI v, 22028 AETH
T <, HSoFRGIEbRTHEEITKEV, —7,
AT FHORNTIHRIRO BB R FH a3 h Ty, #*
6 a) WRTHER» LM IEHE L HLEFEE LT
BIENGH D EEEHEIMACEHLEA L 203 TR
L E Z 2 T AAY (Ozbal et al. 1999: 63). FifbLic &
CaO. MgO ¥ 2 #HMmL TRT 2012, HLrbfEo
250X MH) T LIITELY, HHA T 7 EFESICHG
LT, 323BhTLEINETH S,

No 10 128 - & - Migh7e X oWy, BEFL SRR S
NEHHATH B, FIRTIEZ OB QMO ERELTHS
W AT oMM LT WD, LA L, @D nizoflib
NFICBEE I NZOh ANV, T2, N1l OfLER
i3 “Malachite in BRB" &i#lMlEhTHEH, ZOBRB L
X Beveled Rim Bowl D Z & T, fHitE#FTHoET 5
RBEDALNDLEW) EEHEROTHRICLES). HE
DAL LA O WM T O MRoILEAPH L L Tw
T, Zhw (1) SMeUH EURE A, (2) BB~ LH & F
B, ZODORBEH L, NY 2R EMEAE A E S
200km HEENHAICH LT LI BT L 0E. EH
V23 VST TR LS RIS I R L, FIRCIRLE LB TL
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a) 314 BIEERR, b) b CoRR
E6 Fdv—E~A Yl 1 R S g = )
(Hi 3 T-4Edd, 2R 1997)

®7 Av—VESA IV BIEOTTHE RO S B+
o sk it 3 F45)

Na | SAMEBEA £ % m & (%) GH)

F= Cu Sn Pb Fe As Sb Ni S
1 |DA-4840B | 96.99 — —— 0.51 0.142 (13) 0.286 1.07
2 | DA-4840F | 93.80 — —— (417) 0,391 (33) 0.231 4.14
3 | DA-4008 96.56 — —— 0.144 0.341 ( 3) 0.241 5.33
4 | DA-4033 |100.00 —— (21) (280) 0.108 ( 9) 0.194 0.68

L) Nal, 231184 S{EREHE. 3, 4RbIRTD
2 i TR
H2) ElMEee . — WaHrEd.

HERTBEY R KE SITHM LT, AP —#HICZ oMt
THIENTE WA D 5. £BENLTD 6 FFANIIH
AT HLENRH L EEDNS,

(3) d=—rE<A%N (Maysar) 1B

Fv— P ROS AR I A BIRASRTIE, v
H (T3 TAER) OTLEOFMOE, S, OB
6kg AIEMFE D IZh o TH A Lizo Al TERIMIRAL S
Nizb D& EbE T i 2 RodHil %M 6 (25 H L7z,
b DALMY » KT, WL 6 ~ 22cm &5 S
NTwa (i 1997 70)
{LZEHHlIE. 4 HOBEREBATETISRLZ, Nod
FEHEH (Cu) AT100 % T, MEEIFIEFICH V. S5
OREEEMICE MF#E (As) &E# (S) L. ThZFh
0.108, 068 (%) 2T &% v (RIEOMEIZH~E %5
MBICTHWEETH D)o No 1 EETIZ, ThHo 25
BETHMITWSE, LZAHN2. 3ERTIE, Asf
0.391. 0.341. S 4.14, 533 (%) EXKIRERICHIML., SR
mOEEZIRbEAA, HHEEOEEE LTHEZSL L)
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AT o/l v ) X9 &, FEIAT R @RS 2 1T
I Ly,
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2. “IITERET ~ ORI & Hi 40 iE

ROEEETIZ, 220 3FEICE<TL Y LRIk HA
PPICE 5, BEEE M - el (HAERSES
1964; 430 1979) AMTbh 7zl &£z 605, TOTH
FEHLIZONPES TH D, RO THOEROEELRL
X9, EERIIEAOREE KFEOWE - FEIES R
WA TORY (SELOWREETW) “IelE")
b, TOBBELIK L TIT 272D TR L2599 &

#8  HEE S MDA LT O SR T 42

BTk
AR - Bk & LTl
BUG#E ;
Sn0 +C0—8n +C0,
P (B
BAEEMH, FOLOVEEEARER
ALT. HOb S5ER.
SniEAS FEADPTL., EhFelDd
SLLTIREE TS5, BEERC
LEX¥5 &, Sn0 k- THRT 5,
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fitfbsnd X7z LS & FRROREBERIGIC X - TERE
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SRHERH SN - ATHT A 124, MAMO ST %A
RTLEH. LL, RS TRTH XL THES P OH
TeitT i, SEORMICFEEELLZ->TEREL, &
T AZENTEL, HOENZIE, S9% 80N
BITS 25422 B Lo bani v,
CCECRBAEDIE, JTEEE W LT & s
THOEERHTHDH, Larl, EEMBICED XS AR
PRWELTHEEOERZ/R LS L Lzoh, HFHULO
KMMMBITIRE > oD EZ oMb, BRE LDl 4
FIHE W E N,
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BEFEORBIIHOZIIZ L PMTWE, FI2FDB
HERYT (HAREESE 1964; #30 1960) . &R % FIH
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YHEEICR DMV, FORE - BREIZE LW
b DTIER W,

#9 g SN BT oSk TR
TEBEEOGHEE)
ke & Bt ERGE A
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PbS -+0,—> Pb0 +50,
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