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ABSTRACT

This study was made in collaboration with personhel
from vthe' Museo del Banco Central del Ecuador. Neut;oﬁ
activation analyses and x-ray fluorescence measureﬁents
strongly suggest that thé Mullumica obsidian deposit is
variable in composition with linear or nearly 1linear rela-
tionships between all measured elements. This behavior is
very similar to that of obsidian from Borax Lake in Califor-

nia in the United States. Two other sources near the vol-
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cano Antisana, Yanaurco Chico and Quiscatola, have identical

and nearly homogeneous chemical abundances.

The two composition patterns, Mullumica and Yanaurco. -
Quiscatola aécount for nearly all (96%) of a group of 126
obsidian artifacts measured in this and a previous study.
The #tullumica source is the most prominent of the two and
accounts for about 757 of the artifacts.‘ The sources are
adequately distinguished by inexpensive non-destructive x-
ray fluorescence measurements of Sr and Zr as well as. the

more definitive neutron activation analyses.
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I. Introduction

In an earlier study it was shown(l) by x-ray fluorescgnce (XRF)
measurements and a few high-precision neutron activation analyses (NAA)
that obsidiaﬁ_artifacts from Quito, Cotocollao, La Chimba and La Tolita

KJ ' - island had chemical compositiéns which could be divided into two princi—
pal chemical groups (called Ecuador A and Ecuador B) containing most of
the artifacts. Four other groups (éalled Mullumica, Cotocollao A, Coto-

collao B and La Chimba) contained all but one of ' the remaining

artifacts. - One of the two major groups (Ecuador A) matched the



composition of obsidian from Rodeo Corrales which has been called a
secondary source. Only one artifact had a composition which matched
that of Mullumica, which has been called the most massive Ecuadorian

(2)

obsidian source. The suggestion was made, however, that the Mullum-

ica source might be variable in composition and actually encompass some

(1),

cf the other cnhemical groups In an earlier unpublished study of 43

artifacts from E1 Inga, Guangala and Chobchi Cave, over 90% of the

(3)

artifacts were assigned to two chemical groups wnich were later féund

to be thg same as Ecuador A and Ecuador B.(l) In the present work a

detailed study has been made'by high precision neutron activation ana-

lyses of 24 additional primary source and artifact samples in order to

determine 'the origin of the various chemical groups previously identi-
(1)

fied . The suggestion that Mullumica might be an obsidian source with

variable composition has also been considered.

I1 Sample Sites

Primary source samples were obtained from Quiscatola, Yanaurco

Chico and Ullos. Quiscatola 1is a mountain peak with an elevation of

4200 meters ~50 km southeast of Quito near the volcano Antisana. Quis-
catola obsidian used in this work was obtained from the site called

(4)

Quiscatola 2 (elevation 4120 meters) as defined by Salazar Yanaurco

Chico 1is a mountain peak with an elevation of 4228 meters(s)
northeast from Quiscatola. Obsidian was obtained from two sites on
Yanaurco Chico, Yanaurco 1 and Yanaurco 2. Ullos is a primary source in

the Andean mountain range east of Quito. The obsidian samples from

Ullos all contained copious inclusions, and their wusefulness for

about 5 kn
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archaeological purposes is perhaps questionable.

Although lMullumica séurcevsamples were not measured in the present
work, a description of the source is pertinent since Mullumica may be
the source of many of the artifacts studied -here. In Séptémber of 1977,
E. Salazar discovered the lérgest known outcrop of obsidian in Ecuador.
The layer is 5 km long and runs along the flaﬁks_of the glacial valley-
of Mullumica at approximately a 4000 meter elevation. Its thickness
variés from 70 to 100 meters and gradually thins and éhen disappears at
the extremes of the valley.  The entire layer, however,_is not obsidiaﬁ.
Obsidianvgenerally appears in the lower part with a thickness of 15-20
meters. It ié blaqk and brown with striped configuration in its upper
part. One top of this age lava flows of vérying -thickness with occa-

2

sional mixing of obsidian flows

Emil Peterson provided the descriptions of the archaeological'sites
and 'priméry sources from which the obsidian samples used in the present

work were obtained, and these are shown in Table I.

III. Sample preparation.

Samples for neutron activation analysis were prepared as previously

described.(l)

X-ray fluorescence analyses were made in a non-destructive
mode which requires no sample preparation, except, occasionally, ultra-

sonic cleaning.

IV. Measurements



A. Neutron Activation Analyses

High precision measurements were made by the methods shown in

(1)

the Appendix of the previous study. Two neutron irradiations and five
gamma-ray measurements were made on one sample from each group shown in
Table 1I. The measured elémentvabundances and estimated standard devia-
tions are shown for each sample in Table II. Included in Table II are

(D

four of the nine previously feported complete sequence NAA measure-
ments.on samples which belong to the two main chemical groups Ecuador A
and Ecuador B. The data: in Table IT are arranged in groups with
decreasing iron content. The group Ecuador. B was divided into sub-

groups, in order to keep the standard deviation in a group roughly com-

parable to the precision of the measurements.

B. X-ray fluorescence

The samples were mounted in a 48 position automatic sample changer

Ny

and generally analyzed by the procedure previously reported The
samples is this work, however, were measured non-destructively, i.e.the
artifacts were mnot broken and ground. The abundance measurements are
not as accurate in this method as with specially prepared samples.
Errors are a function of sample thickness and shape. The Compton
backscatter-peak intensity varies with sample thickness and can be used

(6)

to monitor the thickness. Corrections of a type previously discussed

can be made to reduce the errors due to this effect. Errors due to sam-.

ple shape will also affect the intensity of the backscatter peak which
not onlytmmnitorsSémple thickness but also determines the efficiency of

the measurement. By taking ratios of abundances, e.g., Rb/Zr



and Sr/Zr, sample shape errors will cancel.

Measurements were made on the 107 samples shown in Table 1I.' The
samples were divided into chemical groups with previously developed cri-

(1)

teria and the groups-and their distinguishing characteristics are
shown din Table III. The data for three Ullos source samples are shown

separately in Table IIIL. The provenience assignments for the 99

artifacts are shown in Table IV.

Two artifacts have compoéitions which could be either Cotocalléo A
or Ullos. Neither artifact has the large number of inclusions charac-~
teriétic of the three Ullos samples Fhat were studied, so- the Cdtocdllao
A assignment is considered more likely. Neutron actiQation analyses on
the two artifacts could make a conclusive distinction between Cotocoliao

A and Ullos.

V. Discussion and Conclusion

In Figures 1-3 are piotted the element abundances of the Ecuador B
subgroups shown in Table I as a function of the iron content of the

(1) for the Coto-

group. Also plotted are NAA data from the first report
callao A, Cotocollao B and Mullumica 8roups. wﬁen more than one sample
comprises a group, the standard deviation in the mean is wused as the
error. With few exceptions (wﬁich may not be significant)'the data are
consistent with straight line dependencies for all of the elements. . One
of the most precisely measured elements, Na, seems to have.small varia-

tions from linearity, and sample 1085 X, appears to have abundances

lower than the line for many elements.
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Thus a geochemical relationship between the chemical groups iMullum-
ica, Cotocallao B, Cotocollao A and the sgbgroups oflEcuador B exists.
This behavior is unusual for obsidian flows gs'they are normally vhomO—
geneous. A very ;imilar example, however, was found in a study(7) of
obsidian from near Borax Lake in the central part of California in the
United States. There not only obsidian but an underlying dacite layer
were found to exhibit linearvrelationships in all measured element abpn-
dances. The Borax Lake phenomenon was attributed to a mixing of magmas

(7

prior to or during eruption.

The Mullumica linearity has so far ohly been detected in obsidian.
Although the geochemical relationshib is obvious from Figures 1-3, with
only the existing qhemical data it is not yet possible to distinguish
with certainty between the mixing of magmas prior to or during an erup-
tion and the differentiation of magma with periodic eruptions. It would
be desirable to confirm thié relationship with source samples of obsi-
dian and also the intermixed flows of other lavas selected from a number

of well-documented parts of the Mullumica deposit.

(L

The previously reported Ecuadof A chemical group agrees exactly
in composition with Quiscatola and Yanaurco Chico source obsidian, and
the latter two sources are indistinguishable from each other. The Rodeo
Corrales secondary source, which also has the same composition, is in

8)

the drainage area of these primary sources( and may have resulted from

natural transport of obsidian.

Of 20 archaeological objects measured in this work by NAA and 30
previously measured principally by XRF,(l) thriteen match the

Quiscatola-Yanaurco primary sources, 32 may be part of a variable

2
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Mullumica source, four belong to a La Chimba chemical group and one is

(7

different in composition from any Ecuadorian or Peruvian obsidian

measured at the Lawrence Berkeley Laboratory. Of 76 other artifacts

analyzed in this work by only non-destructive XRF, 14 match the
Quiscatola-Yanaurco primary source, 60 are very likely part of a vari-

able Mullumica source and two others may be part of the latter source.

vathe strong implications of a variable Hullumica source can be
verified on more source samples, nearly all Ecuadorian obsidian studied
in this wqu arises from two sources, Quiscétola—Yanaurco and Mullumica,
with the latter being more prominent. Hullumica has also bgen cited as
the most prominent source of obsidian in in northern Ecuador in earlier

work-‘g)
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TABLE I

Designations and descriptions of
~ obsidian samples studied in the present work

Sample designation : No. of Location ) Description
: samples
Cotocollao No. 1 4
No. 2 4 .
No. 3 5 Outside of Formative
No. &4 5 Quito v Period
No. 5 5
No. 6 5
Nayon Sur © No. 2 5 In Quito Formative Period
Ullos 3 In Aundes Primary source

east of Quito

La Ponga LP-D109 10 Y
D120 -
D135
D142 ‘
D147 . _ Quito Pre-ceramic
D160 ' L Valley sites
D163

La Ponga LP~-A7,-D7 10
-D9 '

Santa Marta ’ 6 J

Yanaurco #1 : ‘ ‘ 2
i In Andes

Yanaurco #2 -3 ’ southeast of Primary sources -
Ouito

(W8]

Quiscatola #2
Chacachupa ' 5 uito Valle Pre—ceramic site -
p . y

Quito Valey FO87
' 170-1
082-2
127-1
130-1
058-2
104
129-1
034 B4

g . Quito Valley Controlled surface
' - survey

WWHEWN WO W,



Sample
Name

ECUA-67

ECUA-77

ECUA-61
ECUA-64
ECUA-66
ECUA-70
ECUA-79

ECUA-31

ECUA-60
ECUA-63
ECUA-68
ECUA-T8
ECUA-81

ECUA-27

ECUA-69

ECUA-62
ECUA-65
ECUA-71

ECUA-72
ECUA-73
ECUA~74
"ECUA-75
ECUA-76
ECUA-82
ECUA-83
ECUA-13

ECUA-5
ECUA-80

NAA
Name

1085 N

1085 X

1085

1065
1033

MM NO G

Mean* -
RMSD*
Average’

" Counting Error*

1085

1086
1065
1033

OcCTeY O m

Mean*
RMSD*
Averace
Counting Error*

1085 p

1085 G

-

1086

1065
1033
1061
1033
1086

mMLuocEKITOESC

Mean*
. RMSD*
Average
Counting Error*
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TABLE 11

Element abundances of Feundorfan ohsldian

nearured by neutron activatfon analyuses

Abundances and crrors* in parts—per-million or percent {(for Al, Fe, K and Na)

Sampling
Site

Ullos (primary
source)

Quito Valley

Cotocollao 2-10
Cotocollao -5-24
Nayon Sur 2

Santa Marta 116/5
Quito Valley 130-1

} La Tolita

Cotocollao 1-2
Cotocollao 4-18
La Ponga LP-D147
Quito-Valley 127-1
104 Quito Valley

} Quito

La Ponga LP-D7

Cotocollao 3-11
Cotocollao 6-29
Yanaurco 1 (primary
source) -
Yanaurco 2 (primary
source)
Quiscatola 2 (primary
. source)
Chacachupa
Quito Valley FO087
Quito Valley 170-1
129-1 Quito Valley
034-B4 Quito Valley

} Cotocollao B-6

} Cotocollao PHD
058-~2 Ouito Valley

AL(%)
6.61+.14

6.44+.14

6.70+.13
6.81%.26
6.37%.11
6.46%.10

6.39%.21

6.60+.09

6.55
© .20
.15

6.40+.12
L21%.18

. 6.14%.16

6.52%.16
6.46%.11

6.35+.21
6.35

.15
.16

6.51+.20

'6.60+.15

6.47%.10
6.60+.12

6.54+.17

6.52+.22
6.22%.10
6.48F.12
6.53%.13

6.67+.13

6.37+.09

6.50
.13
W14

Ba

1072422

1007436

1055430
1017%32

105932

1011%32
103816

1056+19

1039
21
27

1047420
1041¥32
1003¥32
1016+36
1036%16

1033+19

1029

17
26

1043+34

896+28
a17%29
900735

933432
880+14

865+39
867+33
8B6F34
929+32
895431

866+16
934420
885%31

806
25
29

Ce
48.7+1.5

46.7+1.7

49.9+1.4
47.1+1.5
50.5+1.5
47.5%1.5
49,4%0.8

49.130.6
48,

1.

1

~N W

48.741.0
48.041.5
46.5+1.5
46.641.7
47.730.8

47.240.6

45.741.5

32.0+1.1

33.041.1
32.5%1.4

33.0t1.2
33.040.7
30.0+1.4
29.9%1.2
32.4%1.3
33.1%1.2
32.8%1.3
32.740.5

32.240.6

32.8%1.2

Co

1.32+.07

.61+.06

.39+.06
L41¥.06
L4BF.06
.42+.06
L47%.06

.36+.05

W42
.05
.06

.364+.06
.34%,06
.40F.06
.29+.06
.31%.05
.31+.05

.33
.04
.06

414,06

L23+.05
.19%.05
.13%.06

T 134,05

.214.05

. 14+.06
.13%.06
L184.05
.22%.05
.18%.06

.18+.05
174,05

.79%.06

174
036
.053

Cs

7.50+.23

6.90+.25

7.23+.20
7.11%.22
7.69+.23
7.33+.23
7.50+.11

7.67+.11
7.42

.24
.18

7.48+.14

7.68+.23
7.22%.23
7.48%.26
7.56%.11

R.01+.12
7.57

.26
.18

7.72+.24

10.88+.32
11:35%.33
11.10%.41

11.404.37
11.29+.15

10.52+.45
10.60+.39
10.99%.40
10.56+.36
10.92+.36

10.87+.14
10.84+.15
10.80%.36

10.96
.27
.32

Dy

1.47+.07

1.50+.09

1.54+.06
1.55+.07
1.524.07
1.51%+.08
1.43+.10

1.68+.06

1.50
.04
.07

1.50+.06
1.50%.07
1.39%.07
1.48%.09
1.48%.08

1.514.06

1.48
.04
.07

1.41+.07

1.37+.06
1.42%.06
1.343.08

1.30+.08

1.34+.09
1.32+.08
1.35+.08
1.19%.08

1.27+.09

1.32+.09
1.33%.08

1.32
.06
.08

Fu
+451+.015

417+.015

<421+.012
L411%.013
.432%.013
.399%.013
.420%.007

.413+.008

416
.011
.011

.396+.008
.379%.012
.386+.013
+399%,015
.395%.007

<400+, 007

.393
.008
010

.372+.013

< 281+.009
.2887.010
. 290%,012

.295+.011
.297+.006

$268+.013
.284%.012
.279%.012
.295%.011
.298%.011

.284+.007
.302+.008
.291%.011

.289
.009
.010

»

¥
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TAPLF 11
Flemient abundances of Ecuadorian obsidian
measured by neutron activation analyscs

Abundances and errors* in parts—~per-million or percent (for Al, Fe, K and Na)

Sample NAA Sampling . Fe(?) HE K(2) la Mn “Na(X) Rb
Name Name Site .
ECUA-67 1085 N Ullos (primary JJROH.022 3.59+.12 3.35+.16 . 30.141.2 37147 2.974.06 14846
' source) :
ECUA-77 . 1085 X  Quito Valley L576+.020  2.95+.11  3,24+.25  25.2+41.2 36547  3.10+.06 13947
ECUA-61 1085 F - Cotocollao 2-10 554015 3.14+.10  3.44+.16  28.8+1.1 36447 3.19+.06 15346
ECUA—64 J  Cotocollao 5-24 .550%.017  3.00%.10 - 3.20%.16  26.9%1.2 36637 3.19%.06  142%6
ECUA-66 M Nayon Sur 2 J5697.017  3:20%.10  3.53%.16  27.4¥1.2 35937  3.08¥.06  159%7
ECUA-70 Q Santa Marta 1165 .528%.017  2.88%.10  3.69%.22 - 24.8%1.0 352%7 3.07%.06  143%6
ECUA-79 Z  Quito Valley 130-1 .545F.008  2.94%.06 3.43%.27 2.7.5+.9 348%7  3.02%.06  145%5
1065 X : _ ,
ECUA-31 . 1033 E }_La Tolita . .536+,008  2.97+.05  3.50+.17 . 28,1+.9 34943  3.08+.03 15646
Mean* 547 3.02 3.48 27.2 356 3.10 150
RMSD* 014 .12 S 13 1.4 8 .07 7
Average T . .. .014 .08 .19 1.0 6 .06 6

Counting Error*

9+.06 15145

ECUA-60 1085 E " Cotocollao 1-2 ) L498+.010  2.91+.07  3.67+.16 28.040.9 35547 . 3.09+ +
ECUA-63 " H  Cotocollao 4-18. L4R1+.015  2.R6+.10  3.68+.18  26.3%1.0 35547  3.04+.06 15146
ECUA-68 0 La Ponga LP-D147 L480+.017  2.74+.10  3.18+.18  25.5F1.1  348+7  3.07+.06 15246
ECUA-78 : Y Quito Valley 127-1" = .495+.018  2.77+.11  3.14+.25 24,241,2 35747  3.05+.06 14447
ECUA-81 1086 F " 104 Quito Valley L493%.008  2.91%.06°  3.46+.22  26.4¥1.0 34247 - 3.06+.06 15235
. 1065 U - - - = -
ECUA-27 - 1033 c} Quito ~ .485+.008  2.874.05 3.37+.16  26.040.8 34443 2.98+.03 15846
Mean* ' . .489 2.84 3.42 . 2641 350 3.04 151

RMSD* 008 .07 .23 1.2 6 046 4

Averaca . Coum2 .08 .10 1.0 € .NE 6

B Counting Frror* ’
ECUA-69 1085 P La Ponga-LP-D7 L457+.015 - 2.83+.10  3.36+.16  27.1+1.2 35447  3.00+.06 16647
ECUA-62 1085 G Cotocollao 3-11 .380+.012  2.66+.09  3.97+.16 17.8+0.8 34247  2.98+.06 18748
ECUA-65 K  Cotocollao 6-29 L4154.013 . 2.64%.09  3.53%.16  18.3+0.9 34347 2.91%.06 19448
ECUA-71 R Yanaurco 1 (primary L398+.015  2.47+.10 3.90+.22  17.541.0 34447  2.99+.06 17949
source) : -
ECUA-72 S  Yanaurco 2 (primary 403+.014  2.60+.10 - 16.240.9 - — 190+8
’ source) . -
ECUA-73 - T Quiscotola 2 (primary  .407+.006  2.66+.06  4.04+.21 16.040.7 33447  2.82+.06 18246
source) :

. ECUA-74 U Chacachupa i ©S3RLH.017  2.414.11 3.58+.21  14.8+1.0 32847  2.87+.06 17049
ECUA-75 ’ V  Quito Valley F087 JIR2FINIG 2.46+.10  3.64+.23  16.240.9 33537 7 2.80+.06 17448
ECUA-76 W Quito Valley 170-1 J3RTELO15 2.55+.10  3.82+.23  16.2+1.0 34347 2.95+.06 17948
ECUA-82 1086 G 129-1 Quito Valley .393F.014  2.67%.10  3.45%.21 18.541.0 32146 2.824.06 17948
ECUA-83 K 034-134 Quito Valley .396%.014  2.59%.10 - 18.1341.1 - = 185+8

1065 Y : '
ECUA-13 1033 n} Cotocollao B=6 S 43924.007  2.53+.05  4.05+.27  16.240.7  333+3°  2.88+.03 18547
1061 U
ECUA-5 - 1033 .1} Cotocollao PHD .3754.007  2.504.05  4,06+.27 17.340.5 33543 2.72+.03 17546
ECUA-80 : 1086°E  058-2 Quito Valley L384+.014  2.60+.10  3.83+,22  1R.PHI.]1 - 32847 2.8R+.06 18318
Mean* _ .392 2.56 3.p1 17.1 335 2.87 182
RMSD* : .012 .09 .22 1.2 7 .08 7
Average o ToW012 .09 .22 0.9 6 .05 8

Counting Error*



Flement abundances of Feuadorian obstdians
measured by neutron activiation analyses

-12-

TABLE 11

Abundances and errors* in parts-per-million or percent (for Al, Fe, K and Na)

Sample NAA Sampling Sh
Name Name : Site
ECUA-67 " 1085 N Ullos (primary 1.19+.10
source) ’
ECUA-77 1085 X Quito Valley . 1.381.12
ECUA-61 1085 F Cotocollao 2-10 1.33+.11
" ECUA-64 J Cotocollaoc 5-24 1.23+.10
ECUA-66 M  Nayon Sur 2 1.30+.11
ECUA-70 Q Santa Marta .116/5 1.34i.11
ECUA-79 Z_  Quito Valley 130-1 1.42+.11
1065 X :
ECUA-31 1033 E La Tolita 1.58+.11
Mean* . | ) 1.37
RMSD* . <12
Average S B

Counting Error¥

ECUA-60 1085 Cotocollao 1-2 1.38+.10

E
ECUA-63 H Cotocollao 4-18 1.24+.10
ECUA-68 0 La Ponga LP-D147 1.19+.10
ECUA-78 Y OQuito Valley 127-1 1.40+.12
ECUA-81 1086 ¥  1u4 Quito Valley 1.423.11
1065 U
ECUA-27 1033 ¢ ] Quito 141,11
Maan¥ ’ 1.%4
RMSD* .10
Average B § }
Counting Error*
ECUA-69 1085 P La Ponga LP-D7 1.26+.10
" ECUA-62 1085 G Cotocollao 3-11 1.73+.12
ECUA-65 K  Cotocollao 6~29 1.67+.13
ECUA-71 R Yanaurco 1 (primary 1.84%.15
source) :
ECUA-72 S Yanaurco 2 (primary 1.72+.14
) source)
ECUA-73 T Quiscatola 2 (primary 1.94+.14
. source)
ECUA-74 U  Chacachupa 1.714.15
ECUA-75 V  Quito Valley F087 1.65%.14
ECUA-76 W Ouito Valley 170-1 1.06+.15
ECUA-R2 1086 G 129-1 Quito Valley 1.78%. 14
ECUA-83 H_ 034-134 Quito Valley 1.77%.14
1065 Y} -
FCUA-13 1033 H] Cotocollao B-6 1.794.12
1061 u} -
ECUA-S 1033 71 Cotocollao PHD 1.78+.13
ECUA-80 1086 £  058-2 Quito Valley 1.84+.14
Mean#* 1.78
RMSD* .09
Average .14

Counting Frror*

*Frrors are estimates of the standard deviations (counting
errors).Mean 1s the average abundance of an c¢lement for a
piven chemical group. RHSD {8 the root-mecan-square devia-
“tion for an element in a piven proup. Tvpical counting error
is the average counting crror of an element fn a group.

Sc

2.060+.055

1.482+.049

1.520+.036
1.466%.040
1.555%.040
1.464%.040
1.530+.015

1.530+.015

1.511
.037
.031

1.480+.020
1.486+.,041
1.424%.042
1.459%,.048
1.520+.015

1.534%.015
1.484

. 040
.030

1.472+.043

1.351+.037
1.412%.039

1.366+.048 .

1.394+.043
1.393+.014

1.295+.054
1.338%,047
1.355+.048
1.367%.042
1.361%.042

1.365+.014
1.393+.014
1.392%.043

1.36R
.030
.02R

2.428+.066

2.289+.076

2.390+.059
2.326%.067

| 2.4R1F.067

2.325¥.067
2.368%.024

2.424+.024
2.38

.06
.05

1 2.329+.031

2.316+.063

2.241%.066
- 2.336+.077

2.346+.023
2.382+.024
2.325

<047
047

2.310+.068

1.700+.047
1.791%.050
1.743%.064

1.746+.056

1.7414.018

1.624+.069
1.655+.056
1.6R1F.061
1.742+.057
1.702%.055

1.697+.018
1.753+.018
1.750%.057

1.717
046
047

Ta

. 908+.025

.901+.030

. 967+.024

.904%.026

< 969+.026
.922%.026
+983%.010
.966+.010

- 952

.031

.020

+944+.012
.943%.026
.897%.026
.§33%.031
.953%.006

.975+.006

. 941
.026

JO1R -

.948+,028

1.153+.031
1.174%.032
1.163F.041

1.172+.036

1.156+.012

1.068+.044
1.091F.038
1.124%.039
1.169+.036
1.141%,035

1.134+.011
1.1594.012
1.150%.072

1.143
.032
.031

19.13+.51

18.47+.60

19.33+.46
19.06+.53
20.03+.52
19.04+.53

19.46%.19 -

20.00+.20

19.49
44
W40

19.43+.29
19.38+.51
18.63+.53
19.18%.64

19.38+.19 .

20.03+.20

19,34
W45
.39

19.22+.58

20.36+.55

21.24%.57

20.81%.73
21.13+.64

21.07+.21

19.73+.82

19.78+.68
20.29%.70
20.59+.63
20.70%.63

20.71+.21
20.74+.21
20.65%.63

20.60
W46
.55

u
7.64+.21

7.26+.25

7.70+.20
7.39+.22
7.94%.22
7.50+.22
7.72%.08

7.87+.09

7.69
.21
.17

7.78+.12
7.92%.22
7.417.22

7.48%.25

7.70%.09
8.05+.09
7.72

.25
.16

8.00+.24

9.60+.27
9.82%.28
9.61%.35

9.91+.31

9.56+.09

9.00+.38
9.05%.32
9.01%.32

. 9.74%.31

9.58+.31
9.50+.10
9.73+.07
9.67+.31

9.52
.31
26

Yb

.878+.035

.891+.038

.954+.034
.913+.036
.973+.037
.882+.035
.918%.026

.881+.020

.920
.037
.031

.892+.028
.893+.035
.8204.034
.£81%.039
+899+.026

+894+,020

.880
.030

.030 .

.905+.036

.922+.036
. 900%. 036
.8417.040

.904+.038
.896+.026

L822+.044
. 840+.039
.830+.039
.910+.040
.892+.029

-881+.020
-896+.022
LR57+.037

.876
034
.Q35

»



TABLE III

Distinguishing characteristics of Fcuadorian
obsidian chemical groups as measured by XRF*

Present study by non-destructive XRF

Previous study by destructive XRF(I)

No. of XRF No. of

Group Assignments samples Sr(ppm) Sr/7r No. sampleés S¥(ppm) Sr/Zr
Fcuador A 30 84+4  1.179+.038 9 86.042.5 1.126+.040
Ecuador B 58 128+11 1.339+.070 13 13348 1.330+.055
Cotocollao A 10 163+6 1.399+.022 4 17448 1.320+.060
Cotocollao B » 1 20543 1.446+.032 3 210+10 1.390+.035
Mullumica 3 240%10  1.413%.026 6 253%14  1.367%.028
La Chimba -4 167+9 1.752+.098
Cotocollao A or possibly Ullos
Cot. 3-13 1 181+2 1.392+.027 8102-L
Q.V. 082-2 , 1 17843 1.367+.032  8102-.
Ullos source samples :

1 20748 2+15+.13 8104-0

1 205+6 1.85+.10 8104-P

1 1847+4 8098-K

1.43+.04

* Errors are the larger of the root-mean-square deviations or the statistical errors in
counting x-rays. - The accuracy of the non-destructive measurements should ‘generally be
about 10%, but may be considerably worse for occasional samples.

_E'[_
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TABLE 1V

Provenience assignments of FEcuadorian archaeological obsidian

Sample and site ECUA- ECUA- Coto- Coto- Mullu- Uncer-
designations DOR -  DOR collao collao nica tain or
' A B A B , Ullos
Cotocollao No. 1 4
No. 2 3 1
No. 3 1 3 1
No. &4 1 4
No. 5 1 1 2 1
No. 6 2 3
Nayon Sur No. 2 4 1
Chacachupa 5
Quito Valley F087 5
170-1 2 1
082-2 1 1 3 1
127-1 ' 3
130-1 2
. 058-2 1 1 1
104 4
129-1 1 A 1 ,
034 B4 1 1. 1
La Ponga _ LP-D109, .
: D120,D135,D142 | 9 1
D147,D160 : i
LP-A7,D7,D9 9 1
Santa Marta 1 5

Total numbers
of artifacts 22 58 10 1 3 2
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Captions
1 - Plot of Ba, Na, Sc, Mn and Co versus Fe for Ecuadorian obsidian
groups measured by NAA.

2 - Plot of Hf, Sm, Ce, La, Eu, Dy.and Yb versus Fe for Ecuadorian
obsidian groups measured by NAA.

3 - Plot of U, Th, Cs, Ta, Rb, Sb and K versus Fe for Ecuadorian
obsidian groups measured by NAA. N



-16-

b
H
A,

1 814
eP0I-418 18X ‘
| (4u80 Jad) 8duUDPUNQD UOJ|
ol 60 80 20 90 GO0
I T _. T T T ﬂ. T | . T _. T
- (Gx)00 \W\% : .
I =3 E\\.Q\nﬂ..
. IR
—_— e
=0
e _
| (S10°0 X) U
5 5 Wlloll\\olw.wl
- (6x)os—¢% 5
O e L
- )
..0\
(£2%)(% Ul)oN
M
&x)08 %
\_r 1 _ L _ i ] _ L — i

(wdd) sjuswald JO dduUDPUNQY




- 17 -

T T T [ '
o i 1
b
% 4r /§ B
)
S 3t 1 .
2 ] =
c
g / ‘ o—Sm
(3} i . ' o 7
© —_§____°_______—O——"§'—_—‘_——_
“— L
8 3 ) . hﬁ/':ﬁ._—-l-ﬁ-_i Cex 5
c —F0d '
_§ == ——
S
g B ) 5_____________o-———-§--L(] X-lé- E
;_§_—n———4—-5-"§*‘”/ /o/ﬁ— Eux 25
. /0 .
= ﬁ_____.o——---""‘""o—___§ ' ‘ -
| —g—=° o—2 2 § 2Dy
I~ —o—;o o—o o o o—-Yb xé -
0] i | 1 1 1 | 1 ! 1 i
04 ~ 05 06 o7 08 09

o

Iron abundance (per cent)

Fig. 2

XBL 8I17-1044
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