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Fig.1. The earliest south east European copper-using horizon
with some of the important sites : 1 = Rudna Glava,
2 = Aibuna, 3 = Vel'ke Raskovce, 4 = Varna. The iso-
chron is covering roughly the area in which the
earliest European copper artifacts have been found.
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CLUSTERING ON 'HARD CORE' OF 28 SWISS FLAT AXES.
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ALL SWISS AXES WITH 5 ATTRIBUTES.
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CLUSTERING ON ALL AUSTRIAN AXES WITH 5 ATTRIBUTES.
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Fig.98. Calibration curve for the determination of tin (after

Corbin,1973). The standards were read in 1 cm cells _
at 660 nm against reagent blank set at zero absorbance,
using reagent containing 4o mg pyrocatechol violet/ |
100 ml acid mixture.
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Fig.99. Comparison of results of tin measurements obtained
by atomic absorption spectroscopy and neutron acti-
vation analysis (o) and by pyrocatechol violet method
and neutron activation analysis (e), on a double log-

arithmic scale.
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Fig.100. Comparison of zinc results obtained by atomic
absorption spectroscopy and neutron activation
analysis.
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Fig.10l1. Comparison of Ottaway's results (obtained by neutron
activation analysis (NAA) for elements Au, Co and Sb;
by atomic absorption spectroscopy (AA) for the -

elements Bi and Ni) with average results collated by -

Chase (1975) from interlaboratory comparison on
'Washington Standard Hp'.
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Fig. 103. Comnarison of Stuttgart's analyses (obtained by emission
spectroscopy (ES)) and Ottaway's analyses (obtained by neutron
activation anelysis (NAA) and atomic absorption spectroscony (AA)
on double logarithmic scale.
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Fig. 107. Impurity patterns of suk-clusters of cluster 1. The ordinates

represent log. concentrations starting from an arbitrary base
for easch element.
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Fig. 108. Impurity patterns of cluster 2 , 4.5 &nd 10. The ordinates
represent log. concentrations starting from an arbitrary base
for each element.
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Fig. 110. Impurity patterns of clusters 4 and 7. ‘he ordinates represent
log. concentratiors starting from en arbitrary base for each
element.
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Fige 111, Impurity patterns for clusters 8 and 9. The ordinates
represent log. concentrations starting from an arbitrary

base for each element.
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Fig. 114. Impurity pattern of group containing clusters 2, 10 and 1.5,
when arsenic is masked. The ordinates represent log.
concentrations starting from an arbitrary bsse for each
element.
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Fige116. Rankit test (plotting arsenic values agsinst expected
normal order statistics) for Clusterp 1.5 , 2 and
10 (see Chapter IV,p.205 zng Chapter V,p.230 ),
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Fig. 117. Rankit test (plotting silver values against expected
norral order statistics) for Cluster 10 ( for
discussion see Chepter IV,p.205 and Chapter V,p.2390),
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Fig.12L4,Impurity patterns of copper ore types suggested by Pel=-
issonnier & Michel(1972,p.226).The coding is theirs.
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Copper' ( Ostkupfer) (c); (&) = the average of ten

artifacts of 'Zast Copper' composition (after Fittioni)
analysed by Stuttgart. The ordinates represent log.
concentrations starting from an arbitrary bese for esch
element. The verticasl lines indicate the range within
which the element can fall.
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Fig. 126. Impurity patterns of bronze clusters A, B and C , where
tin was mesked before clustering. The ordinstes represent
log. concentrations starting from en arbitrsry base for

each elemente.
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Fig. 127. Impurity patterns of bronze clusters D,E and F, where tin

was masked before clustering. The ordinates rerresent

log. concentrations starting from an arbitrary base for

each element.




*000€000¢¢ :| aTmog
*9211S auwes ayy uo 8dLq aaddoo sues 3Y 3 JO 30BJT1aB

9UO urYq sJou 8310Uap sToquAsS paToatouy *( o )d pus( o )i

E R

£

(v )o( ¢ )e°( m )y asgsnro 9ZU0Jdq JO UoTINqraysI( *8gl =31y




=== hes

gl. 2



123

I

1

PL.3



LR

Pl

PIL5



125

PIl.6



126

P17



127

Pl.8




128

Bi.8



<

cm

_...__....."“7

PI. 10

PI. 1



L 4 =

12

AL

13

Pl



131

m

PI. 14



— CM

152

Pl.

Pl.



133

|7

PI.



134

— CM

PI. 18



135

19

PI.



1

Pl 20

=
&=
Q




1

Pl.

21



138

cm

Bl 22



139

Pl. 23

BN e e

Pl. 24



140

Pl. 26

PI.25



141

21

Pl



142

PI. 28



145

cm

Pl. 29



14l

Pl. 30



145

—_— CMm

Pl. 31



146

Pl. 32



147

Bl.33



148,

*Buray8romiano pIoOAB 03 STSATRUER 133SNTD U} Ppasn jou sem Ing ‘STqETIEAP ST IDBIT3IIE JO
sysATeue @23ed1Tdnp sajouap (SysATeue 3ISITJ yleauispun) sTssyjuszed uyl i3qunu STSLTEUBR pPuUODBS
*217s 3eyl je punoj ad43 eyl jo s3299[qo Jo Isqunu s2jousap IIFS I123Je STsayjuaied uy Iaquny

*sTsATeUR

193SNTO puB JUBUTWIIDSTP 10J Pasn asoyl aie eAl ® II *ddy ut sewmeu a31s Surpedaad sxaquny

. *$9TIIUNOD 221yl TTE
saaz9s anfoTeled 2uo uaym‘LTaAaridadsaifpuerisziTmg pue Luemis) ‘erilisny ajousq *gfrntey
*uasneyuaqoy adL3 jo saxy (11*ddy ur) ¥
*xteasg ad£l Jo soxy = (II*ddy ur) g
*uaBudey] 2d£1 Jo sexy = (11°day ur) L
*87sA{TeUE I331SNTD pUB JUBUTWIIDSTP £q pesaryou Surdnoad o3 saagyay (II+ddy ur) Supdnoiy meN
(8%zd‘H/61) wyerlg pue ieistewSueg 1233ye Surdnoaf o031 siaagoy (I11°ddy ur) Burdnoin pro
*uMowiun ST ¥3TS PUTF IOBX® Yl eyl Sajoua( ‘n*da
*Sputj peoleIoosse AT2andas sajoud( *

*s30fpuaddy uf posn SUOTIETAII|QY



1490

113 111
" " " " cved 02T~089%2
G i vheg 02T-0¥8
" " m a9z1d O._”H._. .
i =)
” I u m gel1d OAHHWNMM
" " “ i AL 00T=086%
m m m cecld ( 3
m m " " Te14d MMMHMMMM
v " " " oz1g 00120682
" m u g/611d Oﬂ.ﬂHCﬂmwN
“” m m " V/6114 OOHHCDmN
m m " g/8114 o8
" 08T=089%2
(1} -
. ; i W v/911d oam@vnm
. ) " " N\\@.M ._”m OOHHCOWN
" " @HHQ ONﬁIOm«mN
1] " p
m i I
. " " " " c/8114 omﬂ;uom
ST W STId 067000€
%3 30og=-IOT TN POTTTE}I0D puey ez ‘ o _
ITA -098 ;' :
* et > ™ms ‘pus Tyos RIang pI1d 08-0¥¥CT
e e oo g m m FOCPNID 09—=008¢
PUBTJIOZ)TMS ‘ TTMIODPIIN Z2OZYNJID z
m m ou m u m m ovd OMMHMMMM
B o o i i " i bha 08T=0VLT
6S6T DU m puUBTJIoZ]) ¢ $ . +
Thg ‘aoteopy ‘ualufe Lot
) ) . ) M 3 ur evd 0ET70VLT
g ; = .H m " - ..rlCm.wm"m
u - -
w oo " “ ‘11 . . +mwom
9L6T ‘uediny i ueBL IS ‘ * - S
u s, .. m TI9Z3TAMS ‘ITT JOFapN udeyuadoy - fo0L2
(+umoo *sxedy geSang °T Eﬂmsvﬂ< W:Nah@uuﬂam yoragz ‘ajsaadurjroug uxag ONﬂHOHNm
uewaean ‘Janqsuadoy ° s
q ¥ *au ‘uejosduag 09TZ IO oV WOQNm
ERLERCh It 2an3Tn)
Axjunod ‘8318 *ON *qeT (oq) s83ep O

a8

*epp pue 9 *sSfJ JOJ pesn sojep uoqxeoorper Jo 3sTT - I XIONIAdY



m i OH m m m 6LLE OmNHC.mmN
6,8 ‘0L6T ‘Ou ZIDUOSTT PUBIIDZITAS ‘ ZTBUTA 8LL8 08g702ee
u m m m m W m OLONLD mm.m.ﬂNmH A
€GGT “8G6T ‘oouardg " puBTJSZ) TAS ‘urBrRyD O9p OB 6F6NID 0L+28€2
T96T “Mo®aq Jusdxoy PUBTJIOZITMS ‘UOTanZz ‘*Ja3sedurjraag uJzeg 0gT70€EE
2LGT ‘OH " r 99T 2N 002-05¢2
cL6T ‘Aexyiny uapeg ! OVGINID 0v70LST
" oy “ " “ " 8SETUA 00T~00S2
u oH m " m " LSETUA Om._....Qmw@N
m J4 m " " m 9CETHA OOHCQN.N
9L6T ‘OH " " 9981933V ‘11 SUTTISIN SCEIUA 0870¥¥2
m o4 m m " m EEETUA OOHHvaN
_.nWJ m 24 m m m m CEETHA OQHC._.. £€c
= GL6T ‘Ou " " " TONUTMSOO[ TEETHA 0670072
P u“ o " m 0 AT m VPIETUA . OOHCmmN
“ oY " “ " 111 " ETETHA 0670TLT
" OH m " m II m CIETUA OQHHCNQN
182 ‘¥L61 ‘OH " era3sny ‘@aspuo)y 1 Surljreyosg TIETHA 02T~066¢
eer ‘eL6T Oy " BII3SNY ‘998I1233V ‘ [9UTMSOO} 0STIYA 01170192
8961 ‘aa3urjroy 998pUOH BIJI3 8Ny ‘oospuop ‘oog - 0£170962
m u " " " TO9S NJID DﬁuﬂC@@N
2L6T ‘3urpaeljrs “ XNBA S9p UOTTEA - 0g17002¢
. " " INSSSBYD 3T39d 11124 0L70STE
1L6T *T® 3@ Jojneg " STeTeA ‘pIBuced] *39 veed 00T7008¢
" m m m - OQHmeN
m " m m - D@NHC@@N
m u m m - ODHHOQH e
02L6T ‘Aerten POTTTE}I0D INSSSBY) 3T130d uxogy, 00T;08T¢E
20ouaJ9 Jay aJan3In) Axjunoo ‘83718 *ON *qe]

(1)

2q) s93¥p
(°D 3 Uwﬂ

*PJUOd 1 XIANIAAV



151

2INJIND SIBMN POPJIO) JOF

*(PEL6T) Aemel3o Aq pesn s

{(egLeT) Audnysnay Aq pe3sadsns sg 2anj3Ino udpeqg JoF 9 *ITJ J0J POSN S838p J8Y30

m u m u 069 9 OOHHQ@ON

" " " " 6894 OOHHO&HN

" m m m 8894 OﬁHHDmHN

m m " m L8941 OQHHCVON

" u " " 9894 OOHHO.H 2e

" " " , " cg9d ONﬂﬂquN

" " " ! M 9t 9d ONHHNﬁON

" " " " Svod ONHHO £ce

“ m " “ vrod OMHHOODN
o€ ‘L96T DY " w ‘aeruxsAny £vod 03170123
m m i " Ggogced OOHHQmON

m " m " vozged DOHHC {54 & A

M " " u goged OOHHDOON

1 i (1] " c0ccd O.n HHD@OH

" " " " TOgcd OHMHJ 154 A

u 8Jae) popJdo) puE |, m " 00gccd O0T50S6T

" m m m Liccd 00T ..”OBNN

" " " " 91ccd OﬁHHOm [

M " " M g1ced 0T 1708 gec

" M m m bPlccd OOHHCHMN

m m " m glccd 00T HG cO¢

M " M m ¢lccH OOHCH |44

M " " M TI1icecd DHHHONNN

" M " " Otccd OOHHDOHN

M " " u 60¢ccd OHHHOH A4

M " " u 80¢cH OOHHONNN

u " M M Lozged ONHHD@HN
cumoo *sJod ‘wyeI}sS JIOTUJISANY PUBTJIOZITMS *UOPJIOAX 90228 OTT=0S€T

ELVERChE eaxmIn) Axjunoo ‘*aj3rs *ON ‘qeT]

(2)

(oq) s23%p D

T

*Pjuod 1 XIONIddV



152,

THITT WVS

9982 WVS

LBLT WVS

8%22Z WVS
‘99uvd
€6ZL WVS

SH%8¢ WVS
1€ 9vd
082. WVS

6C dvd
BY6L WVS

%87 WVS

“ON
SISATVNV

(2)g

(L)g

(1)L
(2)e
(1)L
)d
(L)L

ﬁpwp
ﬁmwa
(ML
)1

(1)1
(1)L

(MEN)QTO
ONIdNo¥d

BIT1°949V ‘1061 ‘ITYAIZH

L1 €161 “YAWOMISSAW
2'1°99v°0L6T ‘9VMHOS

L°6Z°1°688T ‘VNDIINY
682 L 7E6T ‘VONOA
6°X"L€88[ SSOuD

1°8°1 #881°VNDIINY ‘IANY0LSO

G 1Z°1°G88T ‘VNDIINV

IT WVS

1°02°1°G6881 ‘VNDIINY
—Ns

0z
0Z°1°6881 ‘VNDIINY

-1-BGEET
88LY1

YITHIAVD *T1 110D

£006
81112

o,

(PTO)E00EXE " (M2u) /7 TXH

S8l

IT S%86.
199%%
0086

€vet

SovL

£L2¢

62S1 LD
££98

-1-® 9£€l
=11- €001
£eel

VAL

= 1= 69%

(#su)gee/9s “(P10)0009

WNISAW NI aNnod
ION 41 HDNFEIITY

*ON

KY0LNIANT

TYLSAIT NOIS
TYLSAIT AONUENAONVL
HOT¥NZ (TAAOW NICOOM) NASOVHNALOH ‘NONIZIAM
TALYHONAN SVE-AT-A110A
TALYHONAN ‘n+d
-TELYHONAN TVIA3Y.
TALYHONEN TVIAEEL
HO1¥NZ dSIVIE 1S
TALYHONAN nd
HOT¥NZ NYTIVH
HOT¥NZ NAONTANTUHA
HOT¥NZ e'V19 *914 XIVAZE “TVIXAYL
HOTH¥NZ (HOI¥NZ *IX NI) *n°d
4IS-HOT¥NZ

onz TIMSHILLO-ONZ

OUNAT AN SYH-TT-XTTNA
Nyad q09 ‘914 ZTANIA
LAVOLLOLS ANVIEEO ‘NHONI1ddIS
= NISOVHIES
TALYHONAN XIVAZd
HOWINZLIH ®09 °*9I4°Z*7Td HLLVWAES ‘HOYIIZITH
ANNVSAYT ‘€'1d XNOYATHO
HOTH(Z P6S *91d AYOQLTYHONOH
oNZ 28¢*9IA‘T‘Td “HOVEZYVMHOS-HOSIY
HOT¥NZ 265 914 LVRWIT
VAINED ¥ATSA0D
HOTUNZ q6S *9Id ANNAFS ‘NOMI1L1d1a
ANNVSAVT xad
VAINED VAINED
HOT¥NZ NILN¥OA
HOTHNZ P8S *OI4  EZNVHOSAVE ‘HOI¥NZ
HOTH(Z 98¢ 914 ‘NAJIOHSITION ‘HOTUNZ
HO1UNZ 986 *HId ‘NHIOHSITION ‘HOIMNZ
HOT¥NZ €86 D14 NASNVHNHEOH ‘ NOAIZLAM
oNz B6S *OId SVIYANY * LS ‘WVHO
WNASAW  NOILVALSNTII 4LIS

*IONVISNOD IAVT ANV ONVIYAZIIMS ‘SEXV LV1d 40 ILSIT - II XIANAIdY

xET
¥l
¥IT
01
x60
80
L0

%S0
70
*£0
¥20
¥»10



153.

- WHVYLS °*D °"HWOD "S¥3d AVVIS-NYOH{ONVT *110D
6L7L WVS II WVS LLLT/ID ANNVSNVT
£L98T WVS II WVS L818T faptict:d
€L0L WVS I1 WYS 0gLsd VAANTO

i 9799y 0L61 “AVMHOS - N¥Tg

- €249V 0/61 “4VMHOS - Nudg

- 24T°49v ‘0L6T ‘4VMHOS - NuEg
0987 WVS q 1°2°99V ‘061 “4AVMHOS - NyAg

- () €IZT*L°€88T ‘vnNDILINV (NZENAW * 1700 )ISIONOD
- .d Gz gdv ‘0/61 ‘AVMHOS - Naqq
- (1)g 0568 Ngad
- (4)d 97617 ‘HIMANIZY - HONVISNOD
00991 WVS  (4)d¥ 99€6 QTAANIANVIA
%811 M30 (a)dg €706 ANDOTOD
€Y2IT WYS  (d) - (avags ASNIEY * 1100 ) 78  TALYHONIN
68.7 WVS (4)d %966 Ngdd
- (€)g LLLT 1D ANNVSNYT
- (L)L %61 WHVYLIS % YALSTAWONYS - N¥AZNT
ol (L)L 1€°99V “6€6T ‘NITIWY ONVT NOILOATI0D
66 M30
660 WVS ZS6T¥ALLIM ® OLLO‘I WVS - -
- ()1 Z°12°1°6881 ‘VNDIINY - -
- (L)X £8%6 HOT¥NZ
%9Z7Z WVS (1)1 60ST  TALYHONIN
19 ¥vd
‘89727 WVS  (d)d ov4s  TALYHONAN
8z dvd .
‘L0t WVS 9€£98 VAINED
- £8°688T ‘VNDIINV - NASNYHAIVHOS
- 1006 2¥Ng1T9d
7987 NVS 97681 NI g
- 8816 Nddg
LOEMBO T60EV  I¥VOLINLS
66M7%0 (*9Id ONOUM)9‘ST €4V 6961 ‘MOVIQ - NASOVHAIVHOS
0ZTM%30 €60EV  IYVOLLALS
86M%0 1606V IMVYOLLALS
- (1S0T MON) 00667 Nuad
*ON (MAN)QAT10 WNASAW NI aNnod *ON
SISKIVNY ONIJNO¥S  ION AT FAONTIHITH AYOINFANI WNASAK

279
qz9
P‘419

2419
U919

P29

209 *914

®Z9

(IONVISNOD MIVT) *n°4
LNOH

NYALTOIIVSS0¥D

ATInd

ONTYO

ONEYO

ONTHS

ONTHD

*914 YATOEVAddd
ONAYD

*o0I4d YIAVAVLSE
ANVIREED  NEONTITZOAUN

*914 ZNIHDSd
dSTONOD

*OId THALYHONAN HAVT B
"0I1d ANIZWVTIVA
dT10¥-4NS-INOH

“0I1d % TIMZT1003
MYOH

NIONAVHL

FASNAZLVA
DIDMIAIVAD I HOIUNZ
YAINGIAOV

) I gsIvid *1S

VAINED
NIZHY WY NIZLS
SVg-AT-AT10A
ATVMTISHOVYL

ZTANIA

9 ‘HOVENVW-HOVESSAN
NIONAVHL

*9¢ HOVENYH-J90aSSNN
9 ‘HOVNVH-IMOASSAN
ZVAHON-S¥TA-ZTdd

NOIIVELSATII q1IS

*HONVISNOD MAVT NV ANVTYHZIIMS ‘SAXV ILV1d 40 ISIT - (PIuod)II XIANIAJY

99
<9
%9
£9
29
09
65
8%
LS
9¢
(19
%S
£G
¥C6
16

¥0S
*6Y
¥8Y
¥LY

9y

cY
vad
£
Y
x1Y

6€
8¢t

9¢



154,

APPENDIX III

DATAFILE OF MEASUREMENTS OF ALL SWISS FLAT AXES

NO L Wl w2 W3 T WEIGHT
01. 9.50 1.80 2.40 4.10 14.10 199.00
02. 6.90 2.10 2.55 3.40 5.50 78.20
03. 7.60 2.40 2.70 4.00 7.00 122.10
04. 8.00 2.20 2.80 3.40 6.00 128.20
05. 5.90 1.90 2.60 3.40 6.00 81.80
0é. 23.70 2.70 4.05 9.00
07. B.86 2.90 3.20 4.60 13.70 303.10
08. 12.90 3.40 4.25 6.40 11.80 437.40
09. 10.00 1.90 2.50 4.00 11.00 183.60
10. 10.44 2.30 3.25 3.90 10.00 191.90
11. 10.25 1.90 2.50 4.00 12.00 219.20
12, 8.70 2.40 3.00 3.70 8.20 134.00
13. 12.90 1.80 2.90 5.30  14.80 349.60
14. 10.77 2.34 4.30 5.70 13.10 307.7

5. 8.20 2.00 2.40 3.85 12.10 150.00
16. 9.30 4.10 4.50 5.10 13.00 370.00
17. 9.50 2.80 4.20 6.00 10.01
18. 8.20 1.40 2.60 3.00 10.01
19. 12.00 2.20 3.20 4.35 10.50
20. 12.30 2.20 4.10 5.50 10.00 367.50
21. 10.77 1.50 3.21 4.74 9.00 36.00
22: 8.20 2.90 3.90 4.90 9.00
23. 8.50 1.50 3.00 4.50 10.50 393.00
24, 13.80 2.63 3.95 4.80 11.80
25. 12.85 2.25 3.90 7.20 10.50 393.60
26. 11.60 4.20 6.00 7.00 0.00 0.00
27 16.50 2.60 4.40 8.50 9.00 0.00
28. 6.00 2.80 3.40 5.00 0.00 0.00
29 8.60 3.80 4.20 5.20 10.00 0.00
30. 0.00 0.00 4.05 5.85 0.00 0.00
31 17.60 4.40 6.00 §.50 10.00
32. 17.80 3.80 5.00 8.00 10.00 0.00
25 13.80 3.00 4.00 5.00 0.00 0.00
34. 9.10 2.0n 3.10 4.00 9.00 0.00
35 12.20 1.20 1.20 4.20 0.00 0.00
36 8.00 1.60 2.20 3.40 0.00 0.00
37 7.50 2.70 3.90 4.80 15.00 0.00
38. 6.60 1.50 225 2.85 12.00 0.00
39 21.80 2.00 4.20 7.20 0.00 0.00
40. 6.20 1.00 1.60 1.80 6.00 0.00
41. 10.20 1.90 2.40 2.90 1.30
42, 14.30 2.00 2.70 4.00 11.00
43. 18.00 3.90 5.10 8.20 9.50 727.50
44, 16.70 1.60 4.10 6.50 6.00 y
45, 23.00 5.13 3.21 10.70 12.00 447.90
46. 8.40 2.20 3.60 4.20 10.01 220.00
47. 10.70 1.9¢ 3.00 4.30 11.50
48. 12.40 2.30 2.80 3.80 10.01
49. 12.30 1.80 2.40 3.98 10.50
50. 10.90 1.00 2.10 3.60 10.01
51. 10.20 1.00 1.90 3.10 11.00
52. 12.95 2.35 3.00 4.70 15.00
53. 10.10 2.70 4.15 5.85 9.50
54. 16.30 3.10 4.35 6.25 13.00
55. 11.35 2.40 3.60 5.40 11.50
56. 6.40 2.20 3.00 3.60 6.00
27 10.30 3.30 4.25 5.50 9.50
58. 10.60 2.50 3.20 4.40 7.00
59. 6.20 3.10 3.60 4.30 6.50
60. 14.80 2.30 4.00 5.60 10.01
62 7.35 2.5v 3.40 3.85 10.01
63 7.50 1.60 2.40 2.60 7.00
64. 7.40 2.0C 2.40 3.40 10.01
65. 10.80 1.60 .60 4.10 10.01
66. 12.20 1.80 3.40 5.60 8.00
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APPENDIX V 158,

DATAFILE OF MEASUREMENTS OF ALL AUSTRIAN FLAT AXES

NO L Wl w2 w3 T WEIGHT
A0l 10.50 2.65 3.50 4.90 10.00 0.00
A02 9.50 3.00 3.70 5.00 8.00 0.00
A03 11.50 2.60 3.40 4.40 8.00 0.00
AD4 9.00 2.70 4.00 4.70 7.00 0.00
A0O5 13.00 2.80 4.10 4.60 8.00 284.00
A06 9.20 2.60 3.30 4.20 7.50 160.00
A07 18.50 3.91 5.00 5.61 13.20 790.00
A08 13.80 1.95 3.00 6.15 14.25 400.00
A09 18.15 1.45 2.70 3.90 13.00 370.00
Al0  6.40 2.20 2.90 3.85 6.80 0.00
All 5.70 1.65 3.15 3575 0.00 0.00
Al2 5.70 1.80 2.70 3.45 0.00 0.00
Al3 4.93 1.80 2.53 3.13 0.00 0.00
Al4 8.80 3.40 4.00 5.03 8.50 200.00
Al5 5.30 1.90 2.90 3.80 7.20 0.00
Al6 8.38 3.90 4.05 4.30 3.60 70.00
Al7 7.00 2.30 2.90 3.30 5.20 57.00
Al8 7.66 2.40 2.80 4.85 9.90 160.00
Al9 7.00 2.65 3.60 4.57 7.70 115.00
A20 7.80 2.60 3.00 4.00 0.00 0.00
A21 12.40 2.60 3.00 4.60 7.00 247.00
A22 7.60 2.40 2.20 3.05 6.40 70.00
A23 5.65 2.20 2.70 ) 7.50 84.00
A24 11.70 3.30 3.90 4.40 5.00 147.00
A25 9.50 3.25 4.35 5.40 7.00 0.00
A26 14.60 2,12 2.80 4.40 12.00 0.00
A27 15.00 2.20 3.20 4.40 12.00 0.00
A28 8.40 2.00 3.40 4.00 4.00 0.00
A29 7.20 2.30 3.70 4.70 7.00 0.00
A30 9.45 2.85 3.60 4.80 0.00 0.00
A3l 5.78 1.80 3.08 3.60 0.00 0.00
A32 8.70 2.55 3.45 4.35 0.00 0.00
A33 7.60 2.60 3.20 4.20 6.00 0.00
A34  14.00 2.10 3.70 5.40 16.80 527.00
A35 16.60 2.20 3.40 4.00 22.30 744.00
A36 8.60 1.65 3.55 3.60 9.10 0.00
A37 8.71 2.50 3.40 4.40 8.80 163.00
A38 8.70 2.70 3:715 4.58 0.00 0.00
A39 7.00 1.80 2.60 3.40 0.00 98.00
A40  13.90 4.40 5.40 5.50 13.50 602.00
A4l 12.30 3.40 4.10 4,60 11.80 372.00
A42  13.00 2.40 3.006 5.70 13.60 423.00
A43  14.50 1.60 2.65 5.50 15.30 288.00
A44 12.50 2.00 2.40 £.10 6.80 145.00
A4S 18.90 2.40 3.70 4.40 21.30 882.00
A46 6.63 1.80 2.40 2.75 7.40 64.00
A47 7.95 3.80 4.20 4.70 3.00 95.00
A48 12.20 2.80 4.15 4.50 12.00 0.00
A49 15.65 7.80 9.00 10.00 11.50 0.00
A50 9.45 3.80 4.50 5.10  12.40 335.60
A51 12.20 6.10 6.90 7.40 9.00 580.00
A52 5.80 1.80 2.40 3.60 6.00 0.00
A53  13.40 1.95 3.35 5.50 15.00 467.00
AS4 9.15 2.10 2.48 3.75 5.00 0.00
A55 11.60 3.45 4.60 5.40 12.50 590.00
A56 12.60 2.90 3.9 3.60 4,00 110.70
A57 9.40 1.50 3.20 3.60 9.00 0.00
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Swiss Neolithic copper beads: currency,
ornament or prestige items?

Barbara Ottaway and Christian Strahm

Archaeological background

Before analysing in detail the copper objects which provide the basis for this paper, it
is desirable to give some background information on two relevant Swiss cultures belong-
ing to the end of the early Neolithic period, which may be unfamiliar to some of our
readers. These are the Cortaillod and the Pfyn cultures. More detailed descriptions
than those that follow can be found in Drack (1969) and Winiger (1971).

The Cortaillod culture is found in western and central Switzerland, as far north as
Lake Ziirich (plate 7). In the south-west there are a few settlements around Lake Geneva
which have not been thoroughly investigated. The Jura mountains bound the culture
on the north and west, although it is often difficult to say where the Cortaillod culture
ends and the Chassey begins (see below). The main concentration of known settlements
is around Lake Neuchitel, but this is mainly due to the active period of excavations
following the ‘correction of the Jura waters’ in the last century. Cortaillod settlements
are found in forest-free zones or near transport routes, i.e. in moorland, or lake-sides
or on the banks of rivers. A few hill-top sites are known, but none away from water on
cultivatable land.

This distribution of settlement sites is also characteristic of the Pfyn culture, which
is found in northern Switzerland, from Lake Ziirich to Lake Constance, and along the
upper Rhine (plate 7). On the north the Pfyn culture was limited by the Michelsberg
culture. The Pfyn culture was indeed for long thought to be part of the latter, but is
now recognized to be of local development, influenced from the east, in particular by
the Lengyel group of cultures.

The origin of the first phase of the Cortaillod culture is as yet unknown, but it deve-
loped before the major northward spread of the Mediterranean influence which culmin-
ated in the Chassey culture of south-eastern France. However, during the maximal
spread of the latter, it infiltrated the western part of the Cortaillod area (Sauter and
Gallay 1969), giving rise to the large west European cultural group known as the Almeria—
Chassey—Cortaillod-Lagozza. The Cortaillod culture is stratigraphically found above
the Egolzwil III and below the Liischerz culture, although it is so closely followed by
the latter as to form a continuum. It has contacts on the east with the Pfyn culture,
and the way in which it merges on the west with the Chassey has already been mentioned.
The main contacts of the Pfyn culture are with the east (Altheim, Lengyel). Strati-
graphically the Pfyn culture lies below Horgen and the Corded Ware cultures.
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Agriculture played an important part in the economy of both Pfyn and Cortaillod
cultures, but the former appears to have developed it more intensively, particularly
with respect to animal husbandry. The ratio of domestic (mostly pig and cattle) to
wild animals estimated from bones is commonly 75 : 25 in Pfyn settlements where
animals were clearly kept within the settlements. In Cortaillod settlements the ratio
is more normally 50 : 50, At Burgischisee-Siid it was as low as 15 : 85, although the
domesticated animal remains at this site included highly domesticated cattle, as well
as ovids. Few cattle in Cortaillod sites were over-wintered.

Cereal-growing was conspicuous in both the Cortaillod and the Pfyn settlements,
and several highly developed cereals have been distinguished (Bandi and Miiller-Beck
1967). A plough has been found at Burgischisee. Apart from this, however, there was a
very intensive collection of wild foods and plant material particularly well illustrated at
Burgischisee-Siid (fig. 13). Although both cultures lived by the waterside, and harpoons,
fish-hooks, fish-nets, net sinkers and floats as well as boats and paddles have been found
(Wyss 196g: Abb. 8), fish remains are very scarce.

Cortaillod villages were made up of three to eight houses; assuming an extended
family unit in each house, the village might typically contain fifty people. The villages
were always surrounded by a palisade or fence, as were those of the Pfyn culture, but
too little is known of Pfyn villages to speak of the number of houses. Cortaillod houses
were rectangular and constructed of wattle and daub, or thin logs sometimes daubed
with clay. They contained a single central hearth. We know that the Cortaillod houses
built on smaller lakes had floors separated from the damp ground either by a single
layer of logs, or by several layers of logs and branches. No floors survive from houses
built by the larger lakes, so we cannot be sure that they were above ground (or water)
level. Some Pfyn houses (e.g. at Thayngen) were, however, built on stilts, but others
(e.g. at Niederwil) were large longhouses built with planks, partitioned inside, and with
a hearth in each section which was continuously renewed (Waterbolk and van Zeist 1966).

Both Pfyn and Cortaillod pottery was of very good quality. The latter was thin
walled, smooth, often polished and well fired. Decorations were few, usually incised
geometric patterns. White birch-bark decoration, in strips glued to the vessel with
birch-bark tar, is characteristic. The number of pottery types found is limited (fig. 10)
and the forms often seem reminiscent of a leather sack filled with water. Pfyn pottery,
on the other hand, has a large variety in forms (fig. 11), but decoration is very rare.

In the Cortaillod area, white flint from the Jura was extensively used for tools. Axes
made from stones from the surrounding moraines had no characteristic shape, while
stone battle-axes are typical of the Pfyn culture. Bone and antler tools were common in
both cultures, but in the Cortaillod culture wooden vessels and tools were particularly
numerous, and ornaments such as stone or antler pendants, usually rod-shaped, are
found. A very important difference between the two cultures is that there is good
evidence in Pfyn settlements for copper working in the form of crucibles (Wyss 1969),
droplets of spilt metal and numerous flat axes. It is not known from where the copper
came, and there are no ores in eastern Switzerland. While in the Cortaillod area, apart
from the copper beads to be discussed, copper objects are fewer, they often cannot be
positively identified with Cortaillod sites. It is remarkable that cultures succeeding the
Cortaillod and the Pfyn cultures have practically no copper finds.
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Figure 10 Representative pottery of the Cortaillod culture. (After Sauter and Gallay, 1969,
fig. 9)
Ewa
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Figure 11 Representative pottery of the Pfyn culture. (After Winiger, 1971, plates 73 and 74)
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The two cultures flourished coevally. This can be seen by the frequent finds of
Pfyn objects, such as battle-axes, handled jugs and the typical ‘Backteller’ in Cortaillod
settlements and, to a slightly lesser degree, Cortaillod objects in Pfyn sites. Direct
proof of the contemporaneity between Burgischisee-Siid, Thayngen and Niederwil has
been shown by matching tree-ring chronologies (Bandi and Miiller-Beck 1967). The
only radiocarbon dates available at the time of writing are from Burgischisee (Bandi
and Miiller-Beck 1967) and provide an interquartile range (Ottaway 1973b) of 2850—
2570 B.C. (uncorrected) or of 3630-3250 B.c. when corrected to calendar years by the
MASCA curve (Michael, Ralph and Han 1973). Dates from the Pfyn sites are expected
in the near future.

The find of copper beads at Burgischisee-Siid focused attention on the fact that it
is the non-metal-working Cortaillod culture which had a considerable number of bead
finds. The way in which the Burgischisee-Siid beads had been carefully deposited
in the ground and a detailed technological study suggested that they were more than
mere ornaments and the possibility that they were a kind of currency or basis of exchange
is investigated here.

Cortaillod copper beads

Before the reasons for these suggestions are discussed, the Cortaillod beads will be
described in some detail. During the 1967 excavation of the settlement of Seeberg,
Burgischisee-Siid, a total of fifty-six copper beads was found north of the north wall of
house 2. They had been carefully deposited there in a shallow pit in the soil without
container or sack. Thhe beads were strung on two separate rough cords, whose ends were
simply knotted to prevent them from sliding off. They could not have been used
as necklaces at the time of the deposition, for there was no mechanism of fastening
them round the neck. The beads were well preserved, yet had differing kinds of verdi-
gris, indicating that varying groups had been at some time under varying atmospheric
conditions leading to different stages in oxidation. In other words, they had not always
been together as two strings. It is possible that there had been other smaller beads
such as the two very small loose beads which were found in a bad state of preservation
on the top of the two strings.

String I consists of eighteen irregular round and heavy beads. Their inside is flat,
their outside strongly rounded mostly with faint grooves. All have seams indicating the
way in which they were produced: indentations were made at intervals along a bar, and
small pieces were then broken off. These short pieces were then bent round until their
ends met or even overlapped. The seam was often smoothed by hammering or polishing.

String II consists of thirty-six beads and their method of production is the same as
for string I (although the original metal bar was probably flatter). However, the beads
are more cylindrical and broader than those of string I and their sides are usually
flattened. Most of the seams have not been smoothed or worked over. Two of these
beads had blobs of metal added to them.

From a detailed study of the Burgischisee beads (Sangmeister and Strahm 1974) we
can deduce that these are ring-beads, which were not ornaments at the time of deposition,
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Figure 12 Some of the copper beads from Seeberg, Burgischisee-Siid (cf. figure 4): A. string I,
bar 1; typologically and by DFA (discriminant function analysis) ; B. string II, bar 4; typologically
and by DFA; C. string II. Both from bars 2 or 3 by DFA; typologically 1, from bar 4 and e,
from bar 3; D. beads from string II, fashioned from end pieces of bars (not chemically analysed).
(Based on Sangmeister and Strahm, 1973, figs 8, 9 and 10)

although some of them had traces of wear. We can be reasonably sure that all the beads
of strings I and II survived since they were found on their original cords. The beads
on each string are not of any precise unit value in breadth, thickness or weight, the
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beads of string II ranging in weight from o-57 to 879 g. and those from string I ranging
from 8-05 to 17°32 g. (with a median of 4-25 and 1332 g. respectively). It has been shown
that the beads were made from five different bars, four of them approximately of
standard length (30 cm.). It could also be shown that string I incorporated some of the
beads from a bar which had been used mainly for string II (i.e. beads were changed around
and rearranged). Further, it has been shown that some beads show signs of wear, while
others which seem to have been made by the same person do not, suggesting that they
have been separated at some time, Two beads from string II have metal pieces added
to them, presumably to make up a certain weight, since repair was not necessary. The
impurity pattern of the copper used for the beads varies somewhat but within a limited
range permitting the assumption that the raw material came from the same copper ore,
although probably from different smelts. Statistical examination of the forty analytical
results by discriminant function analysis (Hoel 1962) showed that bar 1 (ten beads in
string I, fig. 12A) was different from bar 4 (ten beads in string II, fig. 12B) and from the
copper of bars 2 and 3 (fig. 12C, strings I and II). The latter, however, could not be
distinguished from one another. Thus the evidence suggests that the bars came from a
similar source, but from at least three smelts. The fifth bar and some end pieces have
not been analysed, since beads made from it are too small (fig. 12D). The overall char-
acteristic impurity pattern of the beads is of high As (or19-1-15%,), low Sb, low Ag
and sometimes traces of Bi or Pb. The chisel-shaped implement which has been found
at Burgischisee-Siid as a single find, but within the settlement, has a similar impurity
pattern to the beads, but with a higher arsenical content (2:5%), which could make it
capable of cutting the arsenical copper bars from which the beads were produced.

The distribution map (plate 8) shows that beads come only from a limited area around
Lake Neuchitel within the Cortaillod region. There are eighty beads beside those at
Burgischisee-Siid; all have been made by a method similar to that described above.
The variation in width of the original copper bars is greater than at Burgischisee, ranging
between 2 to 12 mm. It can be estimated that for these known examples at least a
further seven to eight copper bars had been used. Only eight beads other than those
from Burgischisee have been analysed. Their impurity patterns show that they are all
similar enough to assume the same source of copper, but the sample is not big enough
to draw conclusions from. The other beads have been found in groups of between one
and four (cf. plate 8) with the exception of one string — depicted as a necklace in the only
surviving illustration (Forrer 1884) from Préfargier — which is now unfortunately lost,
and probably another one from Gerolfingen. A chisel of similar type and appearance as
that of Burgischisee-Siid has been found at Gerolfingen and it too has the same high
As, low Sb, low Ag pattern as the beads. We have therefore tentative evidence of at
least two sites where bars for the beads could have been cut.

Some ethnographic paradigms

Before examining ethnographic data which provided the ideas and possible parallels
for our material, we would like to state our definition of currency and some other
technical expressions. We agree with Einzig (1949) that currency is ‘current money, i.e.

K L___'I
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money actually in physical circulation or capable of being put into circulation’, where
money is ‘a unit or objects conforming to a reasonable degree to some standard of uni-
formity which is employed for making a large proportion of the payment customary
in the community concerned, and which is accepted for payment largely with the in-
tention of employing it for making payments’ and where payment includes payment of
any kind, not just commercial payment. We disagree with Godelier (1971) whose defini-
tion (‘in order for a commodity to function as money, it must be possible to exchange it
for the totality of other commodities, it must work as their general equivalent’) would
seem to exclude even coins in the Dark Ages, when they were at times so scarce that the
communities reverted to barter.

It is important to remember that ‘[primitive] currencies were in most cases never
exchanged for land or labour and that their accumulation and circulation among the
individuals and groups did not entail a general development of production forces as is
the case with the accumulation of capital in capitalist market societies’ (Godelier 1971).
A market economy cannot automatically be assumed. Highly civilized ancient cultures
as well as contemporary primitive communities have lived well on non-marketing (or
market-less) economies. Such non-marketing economies have been found to be insti-
tuted in two basic patterns: either reciprocity or redistribution, or sometimes a combina-
tion of the two (Polany 1971; Sahlins 1974). One must be careful to free oneself from
modern implications of certain words and expressions. Even Malinowski and Firth
used bundles of attributes which money has in industrialized market-economies in an
attempt to find a true model (Dalton 1971). In the absence of written information finer
determinant factors such as kinship systems, or phenomena such as the Maori hau — the
spirit of the gift (Mauss 1950, but see also Sahlins 1974) — may never be identified. Nor
will one ever be absolutely certain whether all facts have been taken into account which
could influence the distinction between currency, favourite medium of barter, medium
of exchange or store of value. The latter by its very nature, cannot be currency in the
sense as defined above. The favourite medium of barter is generally said to precede the
medium of exchange. It is some object accepted in return for goods or services. It is
not for direct consumption, and because the recipient expects to be able to obtain for
it the goods and services which are required and because there will be no difficulty
in passing it on, it becomes a favourite medium of barter. The medium of exchange may
be accepted in payment for a limited number of goods only and may as such not rate
as currency. However, one must be aware that one is dealing basically with a self-
sufficient economy and therefore the number of categories of goods and services to
be paid for is apt to be very small.

There is a wealth of different ‘models’ of primitive currency since each system studied
differs in significant details from all the others. We have isolated two or three concepts
or models from this mass of ethnographic information which seem to be particularly
useful in interpreting our data.

A A concept which takes into account the self-sufficiency of the Cortaillod culture,
is that of special purpose money illustrated here by the Zande of central Africa (Reining
1959). In pre-European days each family, consisting of one man, his wives and depen-
dants, was largely a self-sufficient unit. There seems to have been little exchange amongst
the households, although a limited number of items — such as iron tools and spears
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made from locally smelted ore — had a limited application as a medium of exchange,
mainly for marriage payments and social services. Even after the introduction of money
by Europeans it was only treated as a special commodity associated with imported goods
which it alone would buy. Nothing of it was spent on daily subsistence, i.e. on food,
since this would be regarded as ‘wasting’ the special purpose money. This non-use of
money — in whatever form — for acquiring food is very common in primitive societies
(Sahlins 1974).

Other self-sufficient, usually market-less, economies regarded transactions of labour,
resources, material goods and even services as non-commercial. They used special
purpose money (e.g. pigs’ tusks, cattle, spears, yap stones) for obligatory gifts to kin
and friends and obligatory payments to chiefs and priests, for bridewealth, bloodwealth
and mortuary payments, etc. (Dalton 1971).

B The idea of the dual nature of the material can best be illustrated by the ‘salt-
currency’ of the Baruya of New Guinea (Godelier 1971). The main economic activity of
the Baruya is agriculture, together with pig husbandry and a considerable production of
vegetal salt. The circulation of this salt among the Baruya takes two forms: (1) redistri-
bution amongst relatives and friends, exchange in payment of services, occasionally
exchange for goods bartered within the group, and (2) commercial exchange within the
group. The salt is, however, also exchanged for goods with strangers. The double
nature of the Baruya’s wealth item is illustrated by the fact that the salt is at one and
the same time commodity and non-commodity, currency and gift, depending on whether
it is being bartered between the groups or being circulated within the groups.

This idea — from the customer’s point of view — could be applied to copper imported
for beads by the Cortaillod societies. First it functions as a commodity which must
be imported, then it functions as a prestige item, or object of social exchange circulating
within the group through the mechanism of gift and of other forms of redistribution.
(The exchange of gifts in prehistoric societies, i.e. late Hallstatt and La Téne, has been
discussed recently by Fischer (1973).) The same object or material therefore changes its
function. As Godelier points out the function as prestige item is the dominant one,
‘since its roots and meaning spring from requirements of the dominant structures of
the primitive social organization’. However, he also points out that it is not sufficient
for a wealth item to circulate as a commodity to be a currency. For this, one further
condition is necessary: it must be possible to exchange the item for several commodities
of different type (otherwise it would be a medium of barter). Unfortunately, this is
almost impossible to establish for prehistoric societies and we are left to see how the
rest of the model fits the data.

The Baruya may, in fact, throw important light on this question, since they too have
a basically Neolithic economy. Many of these Neolithic societies had to import the raw
material for some of their tools. The Baruya were able to do so. Their salt had an
exchange value, because it has a use-value to begin with (it is interesting that in the
society of the Baruya as well as in that of their customers the use of salt is minimal; it
is only used for ritual consumption such as at ceremonies of birth, marriage, initiation
etc.) The salt certainly functions as money because it can be exchanged for other com-
modities, such as stone axes and the service of a sorcerer, it is therefore a general equiva-
lent. Furthermore, salt in the form of bars, is divisible and careful packaging makes it
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easily transportable and allows it to keep for many years. Godelier further found that
the basis of exchange value of salt money is not based on exchange of labour equivalents.
Salt is expensive because it is a luxury item and its production requires both technical
skill and ‘magical’ knowledge which neighbouring tribes do not possess. Thus the
Baruya request payment for their monopoly of a scarce product and secret knowledge
and their partners are usually willing to pay.

The parallel with our Neolithic culture need hardly be pointed out; in our case the
Cortaillod society was the one which had to satisfy the exchange partner, although we
cannot say whether he was the specialist himself or a middleman.

C The MNA system (Codere 1968) is a more sophisticated model, but it is useful to
discuss the Cortaillod beads in terms of it. It may be most simply defined in terms of
three symbols:

M =money stuff
N =number or counting system
A =amounts system.

In terms of such a model, the beads are M; it can be assumed that the people were
capable of enumerating the beads, judging by their competent way of building, for
instance. The fact that string I has exactly half the number of beads yet twice the weight
of string II, and furthermore that two beads had metal added to them (to make up
some particular weight?) could be taken to indicate that they had set up an arbitrary
weight or amounts system. The smaller beads would then have a lower denomination
than the larger beads. Whether there were enough beads available in prehistoric times
to fulfil the needs of commerce or transactions or other forms of payment is impossible
to say. The 116 beads which have been found in Cortaillod associations were probably
not enough — even allowing for the unknown percentage of beads undiscovered or
destroyed by adverse soil conditions. It is possible that beads served as a principal
monetary unit or standard of value or unit of account. This would have facilitated the
transactions of goods or services by barter, since all objects could be reduced to a com-
mon denominator. Thus, without having to use the (monetary) metal a fair exchange
could be ensured. This sytem of unit of account is illustrated by the Egyptian deben
and chat, which are units of weight of copper in the form of rings.

Qutside parallels to the Cortaillod beads

As mentioned above, there are no coeval cultural groups in Switzerland where similar
copper beads have been found. In fact, in the whole of Europe during the period under
consideration, i.e. 2850-2570 B.C. (interquartile range of uncorrected Ci4 dates for
Burgischisee), the only beads which can be found are those from Gérmigk (Germany)
belonging to a Baalberg culture burial.

Copper beads were used in preceeding periods: by the Early Copper Age Tisza-
polgar culture of Hungary (e.g. at Deszk A), by the Cucuteni A culture (e.g. at Hiba-
sesti) and by the Polish Late Lengyel culture. All these cultures used smaller beads and
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used them in a clearly different context from the Cortaillod culture, since they were all
found in graves. Furthermore, the Hungarian beads do not seem to be ring-beads
but were made by piercing through the middle (Bognar-Kutzidn 1972: 23). It could
also be shown (Ottaway 1973a) that at Brze$¢ Kujawski in Poland the burials containing
copper beads — often in some profusion — were in no way distinguished from other
burials. It seems therefore unlikely that beads represented wealth items in this group.

Beads are found associated with later cultures such as the Corded Ware cultures
of central Germany and Bohemia. In Switzerland the distribution remains as in late
Cortaillod times: around Lake Neuchitel. Beads also occur then in France, but are all
of a different (biconical) type.

Copper flat axes

Other copper objects existed in Switzerland at this and slightly later times. Thirty-
three copper flat axes which are usually on typological grounds termed as belonging
either to type Thayngen (closely associated with the Pfyn culture) or to type Bevaix
have been found. These were grouped by discriminant function analysis. Figure 14
shows the distribution of the resulting three groups. Group 3 was used by both Pfyn
and Cortaillod cultures, giving thus further evidence for contact between the two groups.
It is, however, interesting that the copper used for this type of axe is quite different
from that used for the Cortaillod beads, although there are not enough analyses to
allow a generalization about the type of copper ore. The axes have very clear marks of
wear, usually all in one direction, indicating their functional use. Even within the
homogeneous groups 1 and 3 there are considerable variations in dimensions, particu-
larly in length and thickness, for example, the mean length is 8-36 cm. but with a
standard deviation of 35 cm., and the mean thickness is 7:68 mm. witha standard devia-
tion of 3-67 mm., although the mean width at the butt is 2-2 cm. with a standard deviation
of only o1 cm. These axes cannot therefore be regarded as standard units. Moreover,
all group 3 axes have been found as stray finds and not carefully deposited or buried
(i.e. destroyed, cf. Binford 1963). Thus flat copper axes cannot be considered as anything
else but functional tools.

A further point must be mentioned here: it is usually assumed that the Cortaillod
culture obtained its copper from the metal-working Pfyn culture and although influences
in the early Cortaillod period came from a general eastern direction, it is precisely during
the late Cortaillod phases that the Mediterranean middle Neolithic (Lagozza-Chasseen)
expanded and made itself felt in Switzerland for the first time.

Conclusions

We conclude that the communities usually grouped together under ‘Cortaillod culture’
which were settled in the Swiss lake district and especially around Lake Neuchitel,
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were the only people at this time in Europe who had the idea of forming the relatively
new and exotic material, copper, into beads. It could be simply an expression of their
desire for ornamentation, but we feel that the evidence laid out above points towards
a different direction.

The model (fig. 13) illustrates our idea of the social unit as found at Burgischisee-
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Figure 13 Model of the social unit at Burgischisee-Siid, Switzerland

Siid. It may represent most of the later Cortaillod lake-side settlements, although the
pattern probably differed considerably for the contemporary terrestrial settlements.
Into the basically self-sufficient agricultural economy (i.e. growing mainly wheat, but
also barley, emmer and einkorn; collecting/cultivating opium poppy, apple, sloe, pea,
flax, nightshade, rowan, cherry, fungi, nuts; domesticating cattle, pig, goat/sheep and
dog (15%); hunting aurochs, bison, red and roe deer, boar, wolf, fox, bear, wild cat,
rabbit, bird and hedgehog (85%,) but also supplementing their diet with frogs and fish),
a luxury commodity, copper, was imported. Once it was inside the communities a part
of this material changed to a non-commodity, in the form of beads. It thus became a
prestige item, such as would be used to indicate a certain social status and would then
be used for payment of social services, marriage payment, possibly bloodwealth (e.g.
after fatal accidents), and generally act as a coveted and highly sought-after gift, since
its social exchange value was high.
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The reason why this combined model has been chosen is that there is clear evidence
that the communities as illustrated at Burgischisee-Siid were self-sufficient. Moreover,
although there was probably an exchange mechanism of surplus harvest or hunting and
fishing expeditions amongst the communities around Lake Neuchdtel, they constituted
basically a non-marketing society. At Burgischisee, which is the only site not directly on
Lake Neuchitel, there is further evidence that not all livestock was exchanged with neigh-
bouring groups: the goat/sheep there is noticeably smaller than in other coeval lake-
side settlements, a trait which would have been lost had the animals come from a joint
pool of livestock. A self-sufficient non-marketing economy has no need for money for
commercial purposes. It seems to us that the MNA system is basically market-
orientated and although the basic ingredients of MNA could easily and attractively be
incorporated into our model, it does not by itself fit the facts in their entirety. It does
appear, however, that the copper beads are ideally explained in terms of their dual
nature of commodity and non-commodity, whose production from the ore needs special
skill, which the Cortaillod society clearly did not possess, and thus they must have
valued it highly. This imported material had scarcity value and objects not needed
directly as tools, such as axes, would tend to become the favourite medium of barter.
In the non-market economy with which we are dealing, it would then tend to become
means of non-commercial payment and prestige items. The beads were therefore
automatically valuables such as were used by the Zande for payments of obligatory
gifts and other social commitments.

It could be shown that the beads which are together on one string now have not
always been together. Thus individual beads and not whole sets had changed hands.
This does not agree with a hypothesis that beads were purely ornamental, but rather
supports the special purpose money/gift model.

The fact that no such beads are known by any of the neighbouring cultural groups,
with which the Cortaillod peoples are known to have had contact, almost automatically
excludes their use for external commercial activities.

Finally there are numerous similarities for ring-beads, beads or rings used as currency
or in social exchange systems in prehistoric (e.g. Egypt) as well as in primitive present-
day societies (e.g. manillas in West Africa’s currency). This lends additional circum-
stantial evidence to our model.

We should not like to say that the Cortaillod beads are the first value-items in pre-
historic Europe. Marine spondylus shells were particularly popular during the beginning
of the Neolithic in central Europe; banded flint was exported during the Mesolithic
and the Neolithic period from Kielce in Poland to places such as Hungary; while
Jjade axes, whose source has yet to be found, are distributed widely over central western
Europe and Britain (see Smith 1965).
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Abstract
Ottaway, B. and Strahm, Ch.
Swiss Neolithic copper beads: currency, ornament or prestige items?

The Cortaillod culture, settled around the lakes of west Switzerland, is the only culture in this
part of Europe of its time (mid-fourth millennium B.c.) known to have accumulated copper
beads, although it did not itself work copper, unlike the contemporaneous Pfyn culture of
nothern Switzerland. The possibility that these beads were a form of currency or basis of
exchange is examined in the light of several ethnographic examples. Using the detailed excava-
tion results from the settlement at Burgischisee-Siid, a model of the economic relationships
of the Cortaillod village is proposed in which the beads might have been used for social exchange
or functioned as a special purpose money.



Trade patterns in the Central Highlands
of Peru in the first millennium B.C.

David L. Browman

In reconstructing the development of the pristine state in Peru, a number of basic
assumptions have been made. After consideration of the economic interactions of the
Jauja-Huancayo polity in the Central Andes during the first millennium B.c., I would
propose modifying two of these assumptions. In simple terms, the two are, first, that
with the advent of a suitable number and range of domesticated plant species, the Peru-
vian populace inexorably adopted patterns of settled agricultural village life; and second,
that the Chavin religious cult (here used synonymously with the pristine Peruvian state)
extended throughout Peru, following its first major expansion of approximately rzoo-
1000 B.C. (uncorrected radiocarbon years).

In many areas of Peru, agriculture did begin to play an increasingly important role
between 3000 and 1500 B.C., with greater quantities and varieties of domestic plants being
exploited, and with a general increase in the tempo of cultural change (MacNeish and
others 1970; Moseley 1972; Patterson 1971a). Since food production required inhabi-
tants to spend more time each year in one place than they had previously, permanent
settlements eventually emerged in many areas. In return for a dependable food supply,
the early Peruvian agriculturalist sacrificed mobility and variety of diet; he traded his
role as a generalist in the acquisition or production of food, for that of a specialist. To
provide the power and the complex technology (such as elaborate irrigation works that
involve skilful engineering, or agricultural terracing that requires careful construction
and yearly upkeep), the agricultural society needed a much more sophisticated political
structure than was previously required.

It is proposed that one measure of increasing sedentism should be increasing trade.
The sedentary agricultural communities would no longer have direct access to certain
resources utilized under their previous more nomadic hunting and gathering regime.
Trade is a major mechanism by which former ecological zones could still be exploited
by increasingly sedentary agriculturalists. Economic dependence on trade and the re-
distribution of food would encourage a more sophisticated political system, which could
provide stability for economic growth and mobilize the populace for the successful
exploitation of resources within the trade complex. The location of such developing
political centres and their spheres of influence should help us to understand the develop-
ment of the pristine state.

Twelve months of fieldwork in the Peruvian Andes by this writer provide the data
against which our basic assumptions are compared. The locus of research was the Jauja-
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Plate 7 Distribation cf the Cortalle

7. Lischerz; 8. Gerolfingen, Oefeli;

\larn-Epargnier, Préfargier;

Font; 9.

Cortaillod; 4. Estavayer; 3.

1. Baulmes, Abr: de la Cure; 2. Concise; 3.
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Plate ¢ Bent bars from Taxila




Print-Qut A. Run on 362 Copper Objects.

0.000
0.000
0.000
-0.000
0.000
-0.000
-0.000
-0.006
0.000
0.000
0.000
0.000
0.000
-0.002
-0.000
-0.027
-0.057
0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.005
0.000
0.000
0.000
-0.000
-0.000
0.000
-0.000
-0.000
-0.002
0.000
-0.000
-0.000
-0.000
-0.023
-0.077
-0.149
-0.000
-0.001
-0.005

34
35
68
70
32
75
16
67
40
63
66
69
73
78

140

143
10
47
50
43
45
42
48

146
33
38
46
55
56
57
60
59
61
49
44
54
62
37
51
58

289
88
19
23

256

144

SAM 2879-.
SAM 2880-1
SAM 2914-1
SAM 2916-"-.
SAM 2877-. k=
SAM 2921-'-. I
SAM 2833-"-. I
SAM 2913-'-'
SAM 2885-.
SAM 2909-1
SAM 2912-1
SAM 2915-1
SAM 2919-1
SAM 2924-"-,
SAM 3049-. I-
SAM 3086-"-°
SAM 2776-"-.

SHHHHHHHHH-
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SAM 2893-.
SAM 2896-"-.
SAM 2888-. I-.
SAM 2890-"-" I
SAM 2887-. I-.
SAM 2894-"-" 1
SAM 3089-"-.
SAM 2878-. I-.
SAM 2883-"-"
SAM 2891-.
SAM 2901-I
SAM 2902-1
SAM 2903-‘-.
SAM 2906-"-
SAM 2905-.
SAM 2907-"-.
SAM 2895-"-.
SAM 2889-"-
SAM 2900-.
SAM 2908-'-.
SAM 2882-"-., I
SAM 2897-. I-°
SAM 2904-"-"
0&W 1184-"-
SAM 2962-"-.
SAM 2836-. oy
SAM 2841-"-, I
SAM22236-"-. I
SAM 3087-"-'

=
|

S e
sHHMHHHHHHHH

I
1k
I
I-
38
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Clustering Type 7.

Copper Clusters

1.1
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Boundary Value



-2.298
0.000
0.000
0.000
0.000

-0.000

-0.000
0.000
0.000
0.000
0.000

-0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.000
0.000
0.000

-0.000

-0.000
0.000

-0.000

-0.000

-0.001
0.000

-0.001

-0.002

-0.004

-0.000

-0.000

-0.000

-0.000

-0.003

-0.021

-0.003

-0.039

-0.043

-0.000

-0.001

-0.001

-0.007

-0.134

-0.021

-0.294

-0.087

41
52
53
65
74
31
39
64
71
72
166
170
173
183
204
210
213
214
216
226
161
212
217
227
215
218
220
219
206
207
265
224
27
133

164
211
266
163
171
264
168
208
209
202
221
165
199
270
321

SAM 2886-.

SAM 2898-1

SAM 2899-1

SAM 2911-1

SAM 2920-'-.
SAM 2876-"-.
SAM 2884-. I-.
SAM 2910-I I
SAM 2917-1 1
SAM 2918-1 I
SAM 3660-"-"°

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

I
I
I
I
3690-. I
3793=1 1
3780-1 I
4925-1 1
4931-1 1
4934-1 1
4936-1 I
4938-1 1
6643-"="

SAM 3638-.
SAM 4933-1
SAM 4939-'-.

SAM 6644-"-,
SAM 4937-. I-.
SAM 4940-'-, I I

SAM 4942-'-" 1

SAM 4941-"-

SAM 4927

SAM 4928-"-

0&W

SAM 6080-"-

SAM 28

SAM 3033-"-.
SAM 2474-., I-.
SAM 3642-"-. I I

SAM 4932-'-" 1

O&W  87-'-
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I
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45-1
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SAM 3641-. I-.
SAM 3730-"-" I
SAM23056-"~-.
SAM 3667-.
SAM 4929-'-.

SAM 4930_!_ .

SAM 4896-"-. I
SAM 4943-"-"

I-o
I
I

S A HHH

SAM 4638-"-" 1

0&W
BAR

155-- I-o
29-'=" 1
T
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-0.536
-0.001
-0.006
-0.019
-0.096
-0.051
-0.134
-0.061
-0.213
-0.089

-0.676
-0.007
-0.017
-0.048
-0.013
-0.030
-0.163

-0.862
-0.000
-0.000
-0.002
-0.008
-0.001
-0.004
-0.012
-0.003
-0.017
-0.052
-0.001
-0.004
-0.001
-0.007
-0.001
-0.003
-0.011
-0.065
-0.000
-0.001
-0.002
-0.011

197
205
198

36
314
338
255
316
353
359

257
267
232
192
268
280
139

190
237
185
238

91

99
189
186
279
111

235

98
203
108
172
275
273
102
103
101
105
128

—

SAM 4636-.
SAM 4926-"-.
SAM 4637-"-.
SAM 2881-"-.
BAR  15-. I-.
RAR: 64="="T
SAM22235-. I-.
BARY " 20-/=% T
BAR 96-. I-
BAR 102-"-°

S HH A
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StHHHHHHH A HHHHHHAHHHARAFHRHS S HH e

SAM22240-.
0&W  98-"-.

SAM 7280-"-.
SAM 4348-, I-.
O&W 99--. I I

O&W 307--" 1

SAM 3046-"-

SAM 4346-.
SAM14467-"-.
SAM 4341-'-.
SAM14469-"~,
SAM 2988-. I-.
SAM 2996-'-. I I
SAM 4345-"-' I
SAM 4342-. I-.
O&W 278-'-"1
SAM 3008-'-
SAM 8-.
SAM14465-"-.
SAM 2995-. I-.
SAM 4897-'-' 1
SAM 3005-. I-.
SAM 3731-'-. I I
0&W 253-'-" 1
0&W 234-'-
SAM 2999-.
SAM 3000-°-.
SAM 2998-"-,
SAM 3002-"-.
SAM 3025-"-
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-16.573
-0.000
-0.001
-0.004
-0.019
-0.004
-0.015
-0.034
-0.006
-0.117
-0.001
-0.003
-0.002
-0.014
-0.021
-0.003
-0.872
-0.000
-0.003
-0.001
-0.020
-0.006
-0.032
-0.005
-0.011
-0.168
-0.000
-0.003
-0.000
-0.001
-0.007
-0.001
-0.012
-0.081
-0.005
-0.267
-0.075
-5.025
-0.061
-0.136
-0.334
-0.074
-0.367
-0.085
-0.595

-84.869
0.000
-0.000
-0.005
-0.002
-0.015
-0.036
=0:195
-0.076
-0.436
-0.045
-0.069

109
123
122
247
107
118

95

92
167

29
120
121
241

90

28
187
110
169
156
191

85
239

100
119
114
116
115
117

86
112
113
243

230
240

15
184

76

80
162
249
342
358

18
234
20
251
262
200
22
87
341
288
307
299

SAM 3006-.
SAM 3020-"-.
SAM 3019-"-.
SAM18029-"-.
SAM 3004-. I-.
SAM 3015-"-. I I
SAM 2992-"-" 1
SAM 2989-. I-.
SAM 3661-"-" 1
SAM 2860-. I-
SAM 3017-'-. I
SAM 3018-. I-. 1
SAM14473--" 1T 1
SAM 2987-'-. 1
SAM 2846-. I-'
SAM 4343-"-°
SAM 3007-.
SAM 3669-"-.
SAM 3612-. I-.
SAM 4347-"-" 1
SAM 2941-. I-.
SAM14470-"-" T
SAM 2994-, L=
SAM 2997-"-. I I
SAM 3016-"-" I
SAM 3011-. I-.
SAM 3013-"-. T T
SAM 3012-. I-. D I
SAM 3014-‘-. I I LI
SAM 2953-'=" I E I
L L
I I
i |

SAM 3009-. I-.
SAM 3010-"-" I
SAM14477-"-.
SAM 2475-. I-" I
SAM 2477-"-° I
SAM 7108-. I-*
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SAM14472-"-"
SAM 2832-. I=
SAM 4340-"-, I
SAM 2922-'-. I
SAM 2926-. I-. L
SAM 3640-"-" 1 I
SAM22141-. I-. I
BAR 68-'-" I I
BAR 101-"-"
SAM 2835-.
SAM 7790-"-.
SAM 2837-'-.
SAM22228-., I-.
SAM22249-°-" 1
SAM 4639-"-,
SAM 2839-"-.
SAM 2954-. I-.

BAR 67-"-" 1
0&W 1183-. I-.
0&W 1321-'-. I I
0&W 1300-"-" I
I
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-6.187
-0.015
-0.072
-0.032
-0.320
-0.460
-0.141
-1.427
-0.054
-0.274
-0.084
-0.308
-0.130
-1.854
-0.028
-0.066
-0.143
-0.036
-0.603
-0.071

-15.675
0.000
-1.415
-0.028
-0.125
-1.514
-0.036
-4.500
-0.019
-0.263
-0.576
-1.118
-0.048
-0.226
-0.327
-3.111
-0.038
-0.107
-0.313
-0.157
-0.402

-6.738
-0.008
-1.267
-0.084
-0.206
-0.301
-4.003
-0.019
-0.053
-0.196
-0.416
-0.046
-0.145

25

83

89
145
309

17
130
141
296
310
348

84
294
313
337
350

21
344
295
326

308
311
346
351
315
318
357
212
347
361
355
331
334
325
319
329
330
332
317
333
336

155
245
246
339
242

30
290
135
335
136
137
134

SAM 2843-.
SAM 2931-'-.
SAM 2963-. I-.
SAM 3088-'-" I
BAR 7="-.
SAM 2834-. I-
SAM 3027-'-"
SAM 3063-.
0&W 1297-'-.
BAR 8-. I-.
BAR 89-'-"1I
SAM 2939-. I-
0&W 1269-"-"7
BAR  13-.
BAR 63-"-.
BAR 91-'-.

I

S

I
5
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BAR 70-'=" 11
0&W 1296-. I-°

BAR 36-'-

BAR 2_ .

BAR 9-'=.
BAR 86-. I-.
BAR 93-'=-, I 1

BAR 17-'-" 1

BAR  26-. I-
BAR 100-"-°
BAR  10-.
BAR 88-"-.
BAR 104-"-.
BAR  98-"-.
BAR  45-. I-.
BAR  48-'-. 15 ¢
BAR 34-'-. 11
BAR 27-'-'1
BAR  43-. I-
BAR  44-"-, I

BAR  46-"-. I
BAR 25-. I-. I
BAR 47-"-" 11

BAR 62-"-°

SAM 794-.
SAM 3150-"-
SAM14479-.
SAM16600-"~-.
BAR  65-"-.
SAM14475-"~
SAM 2862-.
O&W 1207-"-.
SAM 3037-'-.
BAR 53-'-,
SAM 3041-. I-
SAM 3042-"-. I
SAM 3036-"-°
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-10.265
-0.007
-0.129
-0.021
-0.065
-0.079
-0.473
-0.015
-0.030
-0.094
-0.777
-0.187
-2.406
-0.016
-0.042
-0.141
-0.237
-0.482

-22.196
-0.003
-0.067
-0.009
-0.362
-1.026
-0.005
-0.121
-0.022
-0.053
-0.646
-0.122

-6.693
-0.006
-0.029
-0.120
-0.059
-0.218
-0.408
-0.013
-0.018
-0.065
-0.024
-0.169
-1.311
-0.169
-1.665
-0.013
-0.034
-0.106
-0.358
-0.020

297
304

12
306

81
142
300
303
305
352
131
349
291
292
302

11
301
293

222
223
196
285

26
180
182
178
181
179
160
225

340
345

14
244
362
250
252
263
253

13
323
254
132
269
176
177
287
286
322
324

SAM 4439-. I-.
O&W 446-"-" 1
SAM 2844="-.
SAM 3774-. I=
SAM 3776-"-. I
SAM 3772-. I=. I
SAM 3775-'-. I I 1
SAM 3773-'-" 1 1
SAM 3633-. I-*
SAM 6373-"-'

I L1

0&W 1298-. I-' I
0&W 1315-"-. I~ I
SAM 2778-. I-. I T
O&W 1319-'-. II I I
SAM 2927-'-. I 1 I I
SAM 3066-"-" I I I
0&W 1311-. T=: I I
0&W 1314-"-, IT I I
O&W 1316--. I I I I
BAR 95-'-‘ I I I
SAM 3028-. I-. I I

BAR 90-‘=" 1 1 I

0&W 1242-, - I
O&W 1248-"'—. I I
0&W 1313-"-. I 1
SAM 2777-'-. I I

0&W 1312-"-, I I

0&W 1249-"-1 T

I

I

I
SAM 5190-. I-

SAM 5191-'-, I

I

I

I

I

I

I

I

I

I

I

I

I

I

BAR  66-.
BAR 77-"-..
SAM 2787-'-,
SAM14478-. I-.
AXX: “1="=°1
SAM22223-"~-.,
SAM22229-. =
SAM22264-"-. I
I
I

SAM22233-"-,
SAM 2785-. I-.
BAR 31--"I1ITI
SAM22234-"-' 1
SAM 3032-. I-. I
0&W 120-'-" I I
SAM 3770-. I-*
SAM 3771-'-. I
O&W 634-"-, I
0&W 465-"-, I
BAR 30-. I-*
BAR 32-'-°
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=53.010
-0.000
-0.000
-0.001
-0.005
-0.001
-0.011
-0.001
-0.045
-0.003
-0.010
-0.004
-0.271
-0.081
-0.423
-0.198
-0.282
-1.226
-0.014
=0.105
-1.780
-0.004
-0.014
-0.051
-0.216
-0.009
-0.040
-0.456
-0.033
-0.310
-5.458
-0.000
-0.003
-0.015
-0.032
-0.001
-0.013
-0.165
-0.001
-0.002
-0.009
-0.002
-0.004
-0.002
-0.060
=0.002
-0.005
-0.023
-0.008
-0.043
-1.176
-0.001
-0.012
-0.088
-0.006
-0.009
-0.041
-0.007
-0.011
-0.018
-0.159
-0.004
-0.029
-0.005
-0.326

79
154
276
175
158
233
174
236
147
281
278
327
231
354
320
328
298

24

82
261

258
195
343

188
282
356
360
283
148
150
277
153
151
260
228

i
149
159
248
271

194
125
127
193
129
138
284
152
274

157
201
272

93

94
124
106
104
259

96
126
229

SAM 2925-,
SAM 3115-‘-.
0&W 254='-,
SAM 3757-"-.
SAM 3615-. I-.
SAM 7293-'-" 1
SAM 3754-. I-.
SAM14466=-"-" T
SAM 3090-. I-.
0&W 315-'-. I I
0&W 256-. I-' I
BAR 37-"-" 1
SAM 7279-. I-.
BAR 97-'-" 1
BAR  28-. I-.
BAR 42-'-. 11
0&W 1299-‘-' I
SAM 2842-. I-.
SAM 2929-'-, T I
SAM22244="=" 1
SAM  10-.
SAM22241-"-.
SAM 4351-"-.
BAR 69-"-.
SAM 9-, I-.
SAM 4344-"-, 1 1
O&W 334-"-" 1
I_..
1

(=
I

BAR 99-,
BAR 103-‘-.
0&W 335-"-7
SAM 3092-.
SAM 3094-'-,
0&W 255-="-.
SAM 3100-'-.
SAM 3095-. I-.
SAM22243-"-, T I
SAM 7046-"-" 1
SAM 2923-,
SAM 3093-"-.
SAM 3617-"-
SAM21674-. s
0&W 232-'-. I I
SAM 2481-. I-" I
SAM 4350-'-"* I
SAM 3022-. I-
1
1
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SAM 3024-'-.
SAM 4349-"-.,
SAM 3026-. I-. I
SAM 3044-"-" 1 I

0&W 352-'-'
SAM 3096-.
0&W 235-"-.
SAM 2478-"-.
SAM 3613-. I
SAM 4895-"-. I
I
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I
O&W 233-'-, I
SAM 2990-. = iF
SAM 2991-‘-. I I
SAM 3021-‘-. I I
SAM 3003-"-° I
SAM 3001-. I
SAM22242-"-, 1
SAM 2993-, I-°
SAM 3023-'-°
SAM 7073-"-
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S e

S H

10



Print-Out C. Run on 81 Bronze Objects, all Elements used.
1:3 SAM 3038-. Bronze Clusters
-0.015 23 SAM 3099-'-.
-0.067 48 o&W 177-"-.
-0.094 11 SAM 2975-. I-.
-0.031 40 SAM 4901-'-" I
-0.235 29 SAM 3153-"-.
-0.528 27 SAM 3151-. I-.
-0.084 36 SAM 4635-"-. I 1
-0.110 38 SAM 4899-'-" I
-0.793 21 SAM 3097-. I-.
-0.060 22 SAM 3098-"-. I I
-0.276 43 SAM 6089-"-" I
-1.105 3 SAM 2831-. I-.
-0.019 9 SAM 2943-"-. 1 L
-0.117 6 SAM 2932-"-. I I d
-0.512 77 BAR 75-. I-' 1
-0.025 78 BAR 76-'-' I
-3.051 24 SAM 3112-. I
-0.018 49 0&W 401-"-. LI
-0.026 14 SAM 3039-"-. R ¢
-0.075 5 SAM 2867-"-. I E
-0.176 51 0&W 1209-"-. I T
-0.502 15 SAM 3040-. I-. E: E
-0.216 73 BAR 71-'-" 1 Ll
-0.809 60 BAR 16-. I-. I I
-0.437 66 BAR 24-'-" 111
-0.975 39 SAM 4900-'-" T
% khkkkhkkhkhhhkhhkhhhrhhkhrhdhrhhk
i
13.597 4 SAM 2848-. I-
-0.032 10 SAM 2974-"-. I
-0.250 1 SAM 7-'-. I
-0.516 74 BAR 72-'-. I
-0.859 52 0&W 1273-. I-. I
-0.050 53 BAR 3-'-"1 E
-1.240 2 SAM 2820-. I-. I
-0.102 46 SAM 7104-'-" 1 I
-4.336 8 SAM 2940-. I-, 1 e
-0.038 35 SAM 3616-"-. T F I
-0.146 50 0&W 1049-"-. o I
-0.232 20 SAM 3078-"-. I1 I
-0.451 59 BAR 14-. I-. I I I
-0.318 75 BAR 73-'-"I1IT1 I
-3.364 64 BAR 22-. I-" I I
-0.068 68 BAR  35-"-. I I 1
-0.126 65 BAR 23-'-. 1 I I
-0.304 67 BAR  33-'-' I T
I I

OHuwy
FL.}_) iy \_

§i%2

w2, ~

Clustering Type 7

Boundary Value

.1



-5.304
-0.039
-0.072
-0.161
-0.966
-0.274

-7.431
-0.041
-0.094
-0.079
-0.505
-0.227
-0.901
-0.180
-0.263
-1.376
-0.161
-0.335

-8.359
""00051
-0.093
-0.341
-0.502
-0.095
-0.660
~2x 128
-0.112
-0.453

-5.143
-0.077
-0.125
-0.235
-0.508
-0.817
-0.179
-1.398

71
72
70
79
62
69

37
44
33
34
16
41
12
80
32
45
81
42

17
19
18
26

47
28
25
30
31

55
56
58
76
54
61
63
57

BAR  60-.
BAR 61-"-.

BAR  50-"-.
BAR 78-'-.
BAR 19-. I-
BAR  49-"-"

S H H

SAM 4898-.
SAM 6090-"-.
SAM 3157-. I-.
SAM 3614-"-" 1
SAM 3043-. I-.
SAM 6087-"-" 1
SAM 3031-. I-.
BAR 87-'-. I1
SAM 3156-"'-" 1
SAM 7051-. "
BAR 92-'-, I
SAM 6088-"-"

HHHH G H HHHHHH H H o

SAM 3054-.
SAM 3058-"-.
SAM 3055-"-.
SAM 3149-"-.
SAM 2937-. I-.
SAM 7164-"-" 1
SAM 3152-'-.
SAM 3113-. I-.
SAM 3154-"-. I 1
SAM 3155-"-" 1

SHHHHHHHHHHEHMHHHHHHHHHHH H H HH e

BAR 5-.

BAR 6-"-.

BAR  12-'-.
BAR  74-'-.
BAR 4-"-,
BAR  18-. I-
BAR 21--" 11

BAR 11-'-"

.
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fld. 142
fh S i
Print-Out B. Run on Bronze Objects,Sn masked. Clustering Type 7
Bronze Clusters Boundary Value
37 SAM 4898-.
-0.002 44 SAM 6090-"-.
-0.007 41 SAM 6087-"-.
-0.048 45 SAM 7051-"-.
-0.100 33 SAM 3157-. I-. =5l
-0.079 34 SAM 3614-"-" 1
-0.528 16 SAM 3043-. I-.
-0.272 81 BAR 92-'-' 1
-0.869 12 SAM 3031-. I-.
-0.148 32 SAM 3156-"-. I I A
-0.227 80 BAR 87-'-" 1
-4.721 4 SAM 2848-. I-.
-0.027 10 SAM 2974-"-, I1I
-0.161 42 SAM 6088-"-., I I
-0.802 2 SAM 2820-. I-" I
-0.102 46 SAM 7104-"-. I &
-0.242 1 SAM 7-'-. 1 1
-0.480 74 BAR 72-"-' 1
i kkkkkkkhhkkhkhkhhhhhhhhhhhhhds
1
-8.276 17 SAM 3054-. I-.
-0.030 19 SAM 3058-"-. II
-0.076 18 SAM 3055-"-. I T
-0.333 26 SAM 3149-"-. I1I
-0.509 7 SAM 2937-. I-. 11T
-0.093 47 SAM 7164-"-" 1 I1I B
-0.668 28 SAM 3152-"-. I1
-2.212 25 SAM 3113-. I=: L. 1
-0.040 30 SAM 3154-'-, I I 11
-0.437 31 SAM 3155-'-" 1 11
T I
II11I dkkkkkkhhkhhhkhkkhhrhhihrrhhhk
ITITI
-5.513 55 BAR 5-. I-" I
-0.056 56 BAR 6="-. T. E
-0.112 58 BAR 12-"-, I I
-0.200 76 BAR 74="-, T K &
-0.478 54 BAR 4b='-, 1 1
-0.827 61 BAR 18-. I- I
-0.171 63 BAR 21-"-7 I
T



-16.363
-0.003
-0.008
-0.013
-0.036
-0.047
-0.026
-0.137
-0.007
-0.022
-0.038
-0.495
-0.060
-1.216
-0.023
-0.382
-0.140
-1.691
-0.025
-0.066
-0.085
-0.589
-0.026
-0.088
-3.023
-0.115
-0.266
-0.558
-1.191
-0.379
-2.082
=157

-7.686
-0.031
-0.068
-0.247
-0.218
-0.373

-5.314
-0.036
-0.073
-0.151
-0.732
-0.132
-0.986
-0.270

3 SAM 2831-.
13 SAM 3038-"-.
14  SAM 3039-'-.
23 SAM 3099-‘-.
9 SAM 2943-"-.
24 SAM 3112-. I-.
49 0&W 401-'-" I
11 SAM 2975-. I-.
48 0&W 177--. I 1
40 SAM 4901-"-. I I
5 SAM 2867-'-" I
21 SAM 3097-. I-.
22 SAM 3098-'-" I
77 BAR 75=-. I-.
78 BAR 76='-. 1 1
43 SAM 6089-., I-" I
68 BAR 35-'-" I
6 SAM 2932-. I-,
27 SAM 3151-'-. Iy
36 SAM 4635-"-. g &
38 SAM 4899--, I I
51 O&W 1209-. I-" 1
52 O&W 1273-'-. 1 I
53 BAR 3-=7 I
29 SAM 3153-. I-.
73 BAR 71-'-. 1
15 SAM 3040-'-. I1
39 SAM 4900-"-. I T
60 BAR 16=. I-. I I
66 BAR 24-'-" 111
57 BAR 11-. I-" I
67 BAR  33-'-' I
I
I
1
8 SAM 2940-. I-
35 SAM 3616-"-. I
50 0&W 1049-'-. I
20 SAM 3078-. I-. I
59 BAR 14-"-"1 1
75 BAR 73=-'-. I
1.1
I I
11
71 BAR 60-. I-°
72 BAR 61-"-. I
70 BAR 50-"-. I
79 BAR 78-"-. I
64 BAR 22-, I-. I
65 BAR 23-'-" 11
62 BAR 19-. I-*
69 BAR  49-"-'
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A Sear. 2.

Print-=Out D. Discriminant Analysis on 362 Copper Analyses, grouped,a priori, by Cluster Analysis.

ARRAY
LINE

1 10

2 16

3 19

4 23

5 32

6 33

7 34

8 35

9 37

10 38
11 40
12 42
13 43
14 44
15 45
16 46
17 47
18 48
19 49
20 50
21 51
22 54
23 55
24 56
25 57
26 58
27 59
28 60
29 61
30 62
31 63
32 66
33 67
34 68
35 69
36 70
37 73
38 75
39 78
40 88
41 140
42 143
43 144
A 146
45 256
46 289

PERCENTAGE
PROBABILITY

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.6
100.0
100.0
100.0
100.0

99.8
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

OPTIMAL

OF GROUP ONE

I—‘i—-l—-I-'I'—‘l—'b—‘)-‘l-—'I—'I—'I—‘i—'l'—'i—'l—'b—"l—-P—-I—'l—‘l—'l—‘!—‘l—‘b—'P—'l—‘l—-P—‘i—'r—‘l—‘l—'i—‘P—‘l—‘l—'l—'i—‘I’"‘P—'r—'l—'l—'l—-

USERS
SUB-GROUP CODE

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

2776
2833
2836
2841
2877
2878
2879
2880
2882
2883
2885
2887
2888
2889
2890
2891
2893
2894
2895
2896
2897

2900 .

2901
2902
2903
2904
2905
2906
2907
2908
2909
2912
2913
2914
2915
2916
2919
2921
2924
2962
3049
3086
3087
3089

SAM22236

0&W

1184

CLUSTER NUMBER

1.1



47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

97

98

99
100
101
102
103
104
105
106

27

31

39

41

52

53

64

65

71

72

74
133
161
163
164
165
166
168
170
171
173
183
199
202
204
206
207
208
209
210
213
212
213
214
215
216
217
218
219
220
221
224
226
227
264
265
266
270
321

36
197
198
205
255
314
316
338
353
359

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

84.7
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

98.9
100.0
100.0
100.0
100.0
100.0
100.0
100.0

71.2

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

l_nMMl\JNN[\Jl\JMNNMMbJMNNNMNMMNMMNNNNMMMNNMNMMMMMNMNMNNNNN
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SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

2474
2845
2876
2884
2886
2898
2899
2910
2911
2917
2918
2920
3033
3638
3641
3642
3659
3660
3667
3690
3730
3753
3780
4638
4896
4925
4927
4928
4929
4930
4931
4932
4933
4934
4936
4937
4938
4939
4940
4941
4942
4943
6080
6643
6644

SAM23056

0&W
O&W
O&W
BAR

SAM
SAM
SAM
SAM

6
87
155
29

2881
4636
4637
4926

SAM22235

BAR
BAR
BAR
BAR
BAR

15
20
64
96
102

1.3




107
108
109
110
111
112
113

114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

139
192
232
257
267
268
280

91

98

99
101
102
103
105
108
111
128
172
185
186
189
190
203
235
237
238
273
275
279

15

28

29

76

80

85

86

90

92

95

97
100
107
109
110
112
113
114
115
116
117
118
119
120
123
122
123
156
162
167
169
184
187
191
230
239
240
241
243
247
249
342
358

100.0
100.0
100.0
100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0

99.9
100.0
100.0

99.5

93.5
100.0
100.0
100.0
100.0

98.7

99.9
100.0
100.0
100.0

99.0
100.0

58.7
56.4
49.8
65.0
65.0
60.1
60.7
55.7
59.42
64 .2
63.7
63.4
54.2
51.1
63.0
62.4
53.5
59.6
59.6
60.4
59.6
60 .4
58.7
61.8
55.5
64.8
64 .5
61.8
62.4
52.4
63.3
63.2
53.9
60.7
64.9
51.4
59.8
56.7
56.2
64.6
60.5
62.8
65.4
65.3
66.0

S N N N

bpmunbtnbniinbnbtnunbnnn bt it Ln i b n b i in

OPTIMAL
GROUP

PN NN RN RPN RO RN RN R DR

SAM
SAM
SAM

3046
4348
7280

SAM22240

0&W
O&W
0&W

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

98
99
307

8
2988
2995
2996
2998
2999
3000
3002
3005
3008
3025
3731
4341
4342
4345
4346
4897

SAM14465
SAM14467
SAM14469

0&W
0&W
O&W

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

234
253
278

2475
2477
2832
2846
2860
2922
2926
2941
2953
2987
2989
2992
2994
2997
3004
3006
3007
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3612
3640
3661
3669
4340
4343
4347
7108

SAM14470
SAM14472
SAM14473
SAM14477
SAM18029
SAM22141

BAR
BAR

68
101

104

1.5



182
183
184
185
186
187
188
189
190
191
192
193

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

235
236
237
238
239
240
241
242
243
244
245
246
247

18
20
22
87
200
234
251
262
288
299
307
341

17

21

25

83

84

89
130
141
145
294
295
296
309
310
313
326
337
344
348
350

308
311
312
315
317
318
319
325
329
330
331
332
333
334
336
346
347
351
355
357
361

30
134
135
136
137
155
242
245
246
290
335
339

95.6
94.5
83.7
39.2
86.5
95.6
91.8
93.3
93.4
63.9
93.3
63.4

98.3
100.0
100.0
100.0
100.0
100.0

95.1

94.7
100.0

99.8

90.2

87.3

76.3

92.4
100.0

75.5
100.0

93.6

70.8
100.0

95.1
99.8
49.0
100.0
100.0
61.3
79.2
63.3
90.5
100.0
100.0
100.0
100.0
79.6
100.0
99.8
44,2
100.0
62.5
61.6
65.3

100.0
100.0
100.0
39.6
100.0
100.0
100.0
57.3
63.4
62.7
99.4
100.0
61.0

W wwwwwwwr Wwww
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SAM
SAM
SAM
SAM
SAM
SAM

2835
2837
2839
2954
4639
7790

SAM22228
SAM22249

0&W
O&W
0&W
BAR

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
0&W
O&W
0&W
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR

BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR
BAR

SAM
SAM
SAM
SAM
SAM
SAM
SAM

1183
1300
1321

67

2834
2838
2843
2931
2939
2963
3027
3063
3088
1269
1296
1297
7

8

13
36
63
70
89
91

2
9
10
17
25
26
27
34
43
44
45
46
47
48
62
86
88
93
98
100
104

794
2862
3036
3037
3041
3042
3150

SAM14475
SAM14479
SAM16600

O&W
BAR
BAR

1207
53
65




248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

266
267
268
269
270
271
272
273
274
275
276
277

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

11

12

81
131
142
291
292
293
297
300
301
302
303
304
305
306
349
352

26
160
178
179
180
181
182
196
222
223
225

285

13

14
132
176
177
244
250
252
253
254
263
269
286
287
322
323
324
340
345
362

62.9
100.0
100.0

58.2
100.0

61.1

97.3

86.6
100.0

99.4

49.0

62.6

94 .4
100.0

93.4

99.8

62.2

44.6

100.0

66.8
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

70.2
100.0

100.0
40.9
63.6

100.0

100.0
51.6
43.6

100.0

100.0

100.0

100.0
63.0
64.5

100.0

100.0

100.0

100.0
85.2
90.2
97.9

00— 00 0O 00 0000 00 CO0oD — 0 b I L I I e e B R [ [ i e e Oy

LCOYLOVOYWOYLHH OO OOHFHWOUYHHFWY

SAM
SAM
SAM
SAM
SAM
0&W
0&W
0&W
0&W
0&W
0&W
0&W
0&W
0&W
O&W
0&W
BAR
BAR

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
0&W

SAM
SAM
SAM
SAM
SAM

2777
2778
2927
3028
3066
1242
1248
1249
1298
1311
1312
1313
1314
1315
1316
1319

90

95

2844
3633
3772
3773
3774
3775
3776
4439
5190
5191
6373

446

2785
2787
3032
3770
3771

SAM14478
SAM22223
SAM22229
SAM22233
SAM22234
SAM22264

0&W
0&W
0&W
BAR
BAR
BAR
BAR
BAR
AXX

120
465
634
30
31
32
66
77
1



298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
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24

7

79

82

93

94

96
104
106
124
125
126
127
129
138
147
148
149
150
151
152
153
154
157
158
159
174
175
188
193
194
195
201
228
229
231
233
236
248
258
259
260
261
271
272
274
276
277
278
281
282
283
284
298
320
327
328
343
354
356
360

51.0
98.1
61.0
56.9
100.0
52.4
99.8
100.0
64.5
64.8
62.9
61.4
63.9
63.8
47.3
62.5
47.0
52.3
66.1
99.9
80.3
59.3
80.4
93.6
50.8
84.5
99.8
64.2
98.4
52.0
99.9
99.4
77.0
50.8
48.8
99.9
63.4
87.8
61.5
70.5
99.3
99.5
65.4
99.7
58.8
95.0
100.0
57.8
61.8
54.9
99.7
69.7
100.0
100.0
92.6
55.2
49.6
1539
100.0
99.9
100.0
100.0
53.8
99.9
91.1

SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM
SAM

9

10
2478
2481
2842
2923
2925
2929
2990
2991
2993
3001
3003
3021
3022
3023
3024
3026
3044
3090
3092
3093
3094
3095
3096
3100
3115
3613
3615
3617
3754
3757
4344
4349
4350
4351
4895
7046
7073
7279
7293

SAM14466
SAM21674
SAM22241
SAM22242
SAM22243
SAM22244

0&W
0&W
0&W
O&W
O&W
O&W
0&W
0&W
0&W
0&W
0&W
BAR
BAR
BAR
BAR
BAR
BAR
BAR

232
233
235
254
255
256
315
334
335
352
1299
28
37
42
69
97
99
103
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