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APPENDIN C - The Sources of Copan

Valley Obsidian

Garman Harbottle, Brookhaven National
Laboratory; Hector Neff and Ronald L.
Bishop, Conservation Analytical Laboratory,

Smithsonian Institution

One hundred thirty-nine obsidian samples  Mesoamerican obsidian artifacts and source sam-
from the Copan Valley were subjected to neutron ples has produced reference groups representing

activation analysis at Brookhaven National Lab- many of the sources, including Ixtepeque, San
oratory (BNL) (analyzed specimens are listed in Martin Jilotepeque, and El Chayal, the three
table C-1).1 The samples were prepared by cut-  sources closest to the Copan Valley and therefore

ting small wedges with a diamond saw, then  most likely 10 be represented in the analyzed sam-
labeling, washing, weighing, and packaging them ple (see map, fig. C-1).

in aluminum foil. Sixteen packages and six stan- Reference groups for most obsidian sources are
dards were included in each irradiation. Irradia- characterized by extremely high correlations
tion in the BNL High Flux Beam Reactor was for among the elements. Due to these extreme corre-
7 1/2 hours (nominal) at a flux of L8 X 10 lations, the dimensionality of the dara can be
n/em? sec. Samples were allowed ro decay for 16  reduced dramatically without significant loss of
days (nominal), after which gamma-ray counting  information, Thus, in a data set consisting of all
for 2,000 seconds per sample was carried our reference 8roup specimens from the three
using a Ge(Li) detector with 1.7 KeV resolution Guatemalan sources, nearly 90 percent of the
at 1332 KeV. The gamma spectra were reduced  total variation in the 14-dimensional data ser can
to elemental concentration data using standard be represented in just two dimensions (the first
BNL techniques (Abscal-M, Harbottle, and Sayre two  principal components), Furthermore, as

1974; Harbottle 1976; Bieber Jr. et al. 1976). shown in figure C-2, the reference groups are
Obsidian sources from Mesoamerica have been completely separable in these two dimensions
characterized by a number of different laborato-  alone, As indicated by the principal component

ries using several techniques (e.g., Hammond coefficients listed in table C-2, component 1,
1972). Over 1,800 samples from Mesoamerica which clearly separates the source groups, is
have been analyzed by neutron activation ar BNL  attributable primarily to difference in Cs values,
(Boksenbaum er al. 1987; Hammond, Neivens,  with moderate contributions from Fe, Gd, Hf,
and Harbortle 1984; Spence, Kimberlin, and  and Se. Component 2 is a positive interelemental
Harbottle 1984; Neivens, Harbottle, and Kim.- correlation vector, on which all elements haye
berlin 1983). These data are now housed both at positive coefficients of roughly the same magni-
BNL and in the Smithsonian Archaeometric tudes (see table C-2). The ellipses drawn og the
Research Collections and Records (SARCAR) plot {fig. C-2) enclose the 95 percent confidence
data base. Previous statistical analysis of the region for each group in the two-dimensional
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principal components space, as calculated using
Hotelling’s T2

When the 139 obsidian samples from the
Copan Valley are projected into the principal
component space defined by the source reference
groups (fig. C-3), the affiliations of all specimens
are easily inferred by visual inspection alone. All
but seven apparently pertain to the Ixtepeque
source, the seven remaining showing El Chayal
affiliation. A number of specimens fall outside
the 95 percent confidence ellipse for the Ixte-
peque source, but there is little doubr that they
fall on the same correlational axis. When the full
dimensionality of the dara is taken into account
by calculating Hotelling’s T2 based on all 14
dimensions of the data, all but 14 of the puta-
tive Ixtepeque specimens from the Copan Val-
ley show above 5 percent probability of member-
ship in the Ixtepeque reference group (table C-1).
The low-probability specimens probably reflect a
slight bias in the Ixtepeque reference group as

originally formulated. With the new Ixtepeque
specimens from the Copan Vallev, some of this
bias in our reference group is eliminated.

Table C-3 lists the elemental concentration
means and percent standard deviations for the
three reference groups, along with those for the
Copan Valley specimens attribured to El Chayal
and Ixtepeque, respectively.

As anticipated, the overwhelming majority of
obsidian recovered in the Copan Valley comes
from the closest source, Ixtepeque. Of the seven
El Chayal specimens, four pertain to CV-43 and
three pertain to CV-20. These data provide no
evidence of a difference between the two locali-
ties in external obsidian exchange relations.
Thus, we find no grounds for questioning the
assumption that the minor quantities of El Chay-
al obsidian that reached the Copan Valley wese
distributed through the same channels responsi-
ble for distribution of the more common Ixte-
peque obsidian.

NOTE

i

1. The authors wish to acknowledge the analytical
work of Jerome Kimberlin and Mary Neivens.
Neivens’s work resulted in the original definition of
reference groups for the three Guatemalan sources.

The neutron activarion analyses were undertaker at
.

BNL under the auspices of the U.S. Department of
Energy.
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Tasre C-1
Copan obsidian sources
Probability of Probability of

Analytical Membership in Membership in

1D. Context Description El Chayal Core Ixtepeque Core Source*
JK1571 Cv-43 Bladelet 0.00000 74.77106 Ixtepeque
JK1572 CVv-43 Bladelet 0.00000 90.19050 Ixtepeque
JK1573 Cv-43 Bladelet 0.00000 72.23039 Ixtepeque
JK1574 CVv-43 Bladelet, proximal end 0.00000 60.02236 Ixtepeque
JK1575 Cv-43 Bladelet 0.00000 58.22679 Ixtepeque
JK1576 CV-43 Bladeler 0.50846 0.00000 El Chayal*
JK1577 CV-43 Core fragment 0.00000 92.18464 Ixrepeque
JK1578 Cv-43 Bladelet 85.39511 0.00000 El Chayal
JK1579 CVv-43 Bladelet, proximal end 0.00000 95.21930 Ixtepeque
JK1580 CVv-43 Bladelet 0.00000 5.99356 Ixtepeque
JK1581 Cv-43 Bladelet 0.00000 0.00325 Ixtepeque*
JK1582 Cv-43 Bladelet 0.00000 0.00000 Ixtepeque*
JK1583 Cv-43 Bladelet, flake 0.00000 0.00001 Ixtepeque*
JK1584 CV-43 Bladelet, proximal end 0.00000 84.32801 Ixtepeque
JK1585 CV-43 Bladelet, proximal end 0.00000 87.47293 Ixtepeque
JK1586 Cv-43 Bladelet 0.00000 98.29251 Ixtepeque
JK1587 Cv-43 Bladelet 0.00000 82.87660 Ixtepeque
JK1588 Cv-43 Bladeler 0.00000 87.52565 Ixtepeque
JK1589 Cv-43 Bladeler 0.00000 68.68499 Ixtepeque
JK1590 Cv-43 Bladelet, proximal end 0.00000 0.00000 Ixtepeque*
JK1591 Cv-43 Bladelet 0.00000 95.85444 Ixtepeque
JK1592 Cv-43 Bladelet 0.00000 96.18010 Ixrepeque
JK1593 CV-43 Bladelet 0.00000 40.82624 Ixtepeque
JK1594 CV-43 Bladelet 0.00000 97.85866 Ixtepeque
JK1595 Cv-43 Bladelet 0.00000 78.90781 Ixtepeque
JK1596 Cv-43 Bladelet 79.45616 0.00000 El Chayal

*Asterisk followin

g entry for “source” indicares that specimen showed lower than S
In these cases, specimens are assigned to the reference group for which Mahalanobis

% probability of membership in all source reference groups.
distance from specimen to centroid is minimized.
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Tasre C-1 (continued)

Copan obsidian sources

Probability of Probability of

Analytical Membership in Membership in
L.D. Context Description El Chaval Core Ixtepeque Core Source*
JK1597 CV-43 Bladeler, proximal end 0.00000 79.93271 Ixtepeque
JK1598 CV-43 Bladelet, flake 0.00000 54.87824 Ixtepeque
JK1599 CV-43 Bladelet 0.00000 12.62694 Ixtepeque
JK1600 CV-43 Bladelet 0.00000 61.96738 Ixtepeque
JK1601 CV-43 Flake 0.00000 0.40591 Ixtepeque”
JK1602 CV-40 Debris 0.00000 8§2.168%¢ Ixtepeque
JK1603 CV-43 Flake 0.060000 48.15933 Ixtepeque
JK1604 CV-43 Flake 0.00000 15.09087 Ixrepeque
JK1605 CV-43 Flake 0.00000 42.64914 Ixtepeque
JK1606 CV-43 Flake 0.00000 0.00000 Ixtepeque”
JK1607 CV-43 Flake 0.00000 72.35548 Ixtepeque
JK1608 CV-43 Flake 0.00000 86.28487 Ixtepeque
JK1609 CV-43 Flake 0.00000 77.86607 Ixtepeque
JK1610 Cv-43 Flake 0.00000 0.00000 ???—bad data
JK1659 CV-43 Exhausted? Broken core 0.00000 0.00000 Ixtepeque™®
JK1660 CV-43 Broken exhausted core,
distal end 0.00000 33.0194¢ Ixtepeque

JK1661 CVv-43 Broken exhausted core 0.00000 73.20115 Ixtepeque
JK1662 CVv-43 Exhausted core, distal end  0.00000 85.22125 Ixtepeque
JK1663 CV-43 Bladelet, proximal end 0.00000 45.87993 Ixtepeque
JK1664 CV-43 Bladelet, proximal end 0.00000 70.78660 Ixtepeque
JK1665 CV-43 Bladelet, proximal end 0.00000 14.87786 Ixtepeque
JK1666 CV-43 Bladelet 67.90371 0.00000 El Chayal
JK1667 CV-43 Bladelet 0.00000 26.00464 Ixtepeque
JK1668 Cv-43 Bladelet, flake 0.00000 0.2529¢ Ixtepeque™
JKW472 CV-20, Bladelet, distal end 0.00000 62.13664 Ixtepeque

Op. 19(C),

Level 2,

Structure A
JKW473 CV-20, Bladelet, proximal end 0.00000 §1.63631 Ixtepeque

Op. 19(B)
JKW474 CV-20 Bladelet, proximal end 0.00000 93.42983 Ixtepeque
JKW475 CV-20, Bladelet clearing 0.00000 8§2.79619 Ixtepeque

Op. 19(A), structure addition

Structure A
JKW476 CV-20, Bladelet 0.00000 27.69419 Ixtepeque

Op. 20(A),

Level 5,

Structure D
JKW477 CV-20, Bladelet, proximal end 0.00000 §.59598 Ixtepeque

Op. 5(B}

“Asterisk following entry for “source™ indicates that specimen showed lower than 5% probability of membership in all source reference groups.
[n these cases, specimens are assigned to the reference group for which Mahalanobis distance from specimen to centroid is minimized.



JRW47S

JKW479

JKW480

JKW481

JKW482
JKW483
JK\W484

JKW48s

JKW486
JKW487
JKW488

JKW489

JKW490

JKW491
JKW492
JKW493
JKW494
JKW495

JKW496

JKW497

*Asterisk followin

CV-20,
Op. 201Ay,
Level 3,
Structure D
CV-20, Op.

19(C), Level 3

Structure A
CV-20,
Op. 4(R)
CV-22,
Op. 14(Ay,
Level 2
CV-20,
Op. 4(F)
CVv-20,
Op. 6(C)
CV-20,
Op. 6(N)
CV-20,
Op. 19(Q),
Level 3,
Structure A
CV-20,
Op. 6(M)
CV-20,
Op. 19(B)
CV-20,
Op. 2(H)
CV-20,
Op. 19(C),
Level 4,
Structure A
Cv-20,
Op. 1(A),
surface
Cv-20,
Op. 2(C)
CV-20,
Op. 6(J)
CV-20,
Op. 19(B)
CV-20,
Op. 6(H)
CV-20,
Op. 4(D)
CV-20,
Op. 20(A),
Level 3,
Structure D
CV-20,
Op. 6{C)

g entry for “source” indicates that s
In these cases, specimens are assigned to the reference
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Bladelet
Bladelet

Bladelet, proximal end

Bladelet, proximal end

Bladeler
Bladeler
Bladelet, proximal end
Bladelet, proximal end
Bladeler

Bladeler

Bladelet

pecimen showed lower than 5% probability of membership in all source reference groups.

group for which Mahalanobis distance from specimen to centroid is minimized.
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36.65648

71.43965

99.38989

13.56430

99.99820

68.7411¢6

89.10064

20.98605

11.92953

96.93866

6.51298

1.02498

0.00013

356.18511

93.76178

49.18015

92.16227

[xtepeque

I[xtepeque

Ixtepeque

Ixtepeque

Ixtepeque
Ixtepeque
Ixtepeque

Ixtepeque

Ixtepeque
Ixtepeque
Ixtepeque
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Ixtepeque

Ixtepeque

Ixrepeque*

Ixtepeque*

Ixtepeque
Ixtepeque

Ixtepeque

Ixtepeque
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Tasre C-1 tcontinued)
Copan obsidian sources
Probabilitv of Probability of

Analytical Membership in Membership in
1.D. Context Description El Chaval Core Ixtepeque Core Source™

JKYC498 CV-20, Bladelet, proximal end 0.00000 8§7.71144 Ixtepeque
Op. 1{B},
surface

JKW499 CV-20, Bladelet, proximal end 0.00000 23.91326 Ixtepeque
Level 4,
Structure A

JKWs500 CV-20, Bladelet, proximal end 0.00000 99.2937 Ixtepeque
Op. 4(L)

JKW501 CV-20, Bladelet, proximal end 0.00000 99.00968 Ixtepeque
Op. 19(Q),
Level 4,
Structure A

JKW302 CV-20, Bladelet 0.00000 93.64178 Ixtepeque
Op. 19(C),
Level 4,
Structure A

JKWs03 CV-20, Bladelet, proximal end 0.00000 55.40459 Ixtepeque
Op. 18(A)

JKYWs504 CV-20, Bladelet 0.00000 26.54039 Ixtepeque
Op. 2(B)

JKW305 CV-20, Bladelet 0.00000 14.79697 Ixtepeque
Op. 4(N) )

JKW3506 CV-20, Bladelet, proximal end 0.00000 58.58039 Ixtepeque
Op‘ 7(F)7
Structure B

JKWs507 CV-20, Bladelet, proximal end 0.00000 6.71915 Ixtepeque
Op. 6(I),
Structure A

JKYW308 CV-20, Bladelet 0.00000 57.98833 Ixtepeque
Op. 18(A)

JKW509 CV-20, Bladelet 0.00000 69.81519 Ixtepeque
Op. 21(A),
Level 2,
Structure B

JKW510 CV-20, Bladelet, proximal end 0.00000 47.
Op. 12(B),
Structure H

JKWs11 CV-20, Almost whole bladelet, 0.00000 99.01902 Ixtepeque
Op. 19(H), proximal end
Structure A

JKW3512 CV-20, Whole bladelet, 0.00000 74.99703 Ixtepeque
Op. 6(M), proximal end .
Structure A T

)
N
9%
\O
98}
—

Ixtepeque

“Asterisk following entry for “source™ indicates that specimen showed lower than 57 probability of membership in all source reference groups. o
[n these cases, specimens are assigned to the reference group for which Mahalanobis distance from specimen to centroid is minimized.




JKWS13

JKWS 14

JKWS 15

JKWS516

JKW517

JKWS18

JKW519

JKWS520

JKW521

JKW522

JKW523

JKW 3524

JKWS525

JKW526

JKW

[
2
~1

JKYW528

JKW529

“Asterisk following entry for “source” indicates that specimen showed lower than 5% probability of memb
In these cases, specimens are assigned to the reference group for which Mahal

CV-36,
Op. 171
CV-20,
Op. 191A},
Structure A
CV-13,
Op. 11(A),
Level 2
CV-13,
Op. 11(A},
Level 3
CV-20,
Op. 1(A),
surface
CV-20,
Op. 4(M),
Structure D
CV-20,
Op. 5(0),
Structure C
CV-20,
Op. 7(F),
Structure B
CV-20,
Op. 1{A),
surface
CV-20,
Op. 5{M),
Structure C
CV-20,
Op. 20(A),
Level 5,
Structure D
CV-20,
Op. 6(]),
Structure A
CV-20,
Op. 4(M),
Structure D
CV-20,
Op. 19(C)
Level 3,
Structure A
CV-20,
Op. 20{A),
Level 4,
Structure D
CV-20,
Op. 5(H),
Structure A
CV-20,
Op. 19(D),
Structure A
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0.00000

0.00000

0.00000

0.00000

0.00000
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0.00000

0.00000

10.292%6

30.12034

1.73081

59.16899

(93]
o
O
[o2e]
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19.49713

40.19181

8§4.81014

59.09388

81.09756

61.98290

79.6356

V5]
(2
19}

98.87136

99.13959

62.91702

60.14785

59.42862

[xtepeque

Ixtepeque

Ixtepeque™

Ixtepeque

Ixtepeque”

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

anobis distance from specimen to centroid is minimized.

ership in all source reference groups.
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Tasre C-1 (continued)
Copan obsidian sources
Probability of Probability of

Analytical Membership in Membership in
LD. Context Description El Chayal Core Ixtepeque Core Source”

JKW330 CV-20, Bladelet 0.00000 64.94624 Ixtepeque
Op. 19(C)
Level 4,
Structure A

JKY331 CV-17, Bladelet, proximal end 0.00000 97.27954 Ixtepeque
Op. 10(A),
Level 3

JKW332 CV-48, Bladelet 0.00000 38.59661 Ixtepeque
Op. 22{4),
Level 1

JKW333 CV-20, Bladelet 0.00000 4.68300 Ixtepeque™
Op. 19(C}
Level 3,
Structure A

JKWs34 CV-20, Bladelet, proximal end 0.00000 3.03079 Ixtepeque™
Op. 2(B),
Level 2

JKWs535 CV-20, Bladelet 0.00000 30.87996 Ixtepeque
Op. 12(A),
Structure H

JKW336 CV-20, Bladelet, proximal end 0.00000 17.81888 Ixtepeque
Op. 6(H),
Structure A

JKW337 CV-20, Bladelet 0.00000 98.66329 Ixtepeque
Op. 5(J),
Structure C

JKW538 CV-20, Bladelet 0.00000 23.61385 Ixtepeque
Op. 24(A)
Level 7,
Structure C

JKW339 CV-20, Bladelet, proximal end 0.00000 86.37277 Ixtepeque
Op. 6(K),
Structure A

JKW540 CV-20, Bladelet 0.00000 88.64724 Ixtepeque
Op. 2(C),
Level 3

JKWs41 CV-20, Bladelet 0.00000 98.00693 Ixtepeque
Op. 4(0),
Structure D

JKWS542 CV-20, Bladelet, proximal end 0.00000 93.73450 Ixtepeque
Op. 19(A),
Structure A

JKW543 CV-20, Bladelet, proximal end 0.00000 81.83134 Ixtepeque
Op. 15(A),
Structure B

JKW 544 CV-20, Bladelet, proximal end 0.00000 13.24560 Ixtepeque
Op. 5(H),
Structure A

*Asterisk following entry for “source™ indicates that specimen showed lower than 5% probability of membership in all source reference groups.
In these cases, specimens are assigned to the reference group for which Mahalanobis distance from specimen to centroid is minimized.



JRWS45

JRKWs46

JKWs47

JKW548

JKW3549

JKW550

JKW5S1

JKWs52

JKW3561

JKW 562

JKWS63

JKW364

JKWS6S

JKW3566

JKW567

JKWS568

*Asterisk following entry for “source™ indicates that specimen showed lower than 3%
In these cases, specimens are assigned to the reference group for which Mahalanobis di

CV-20,
Op. 19(B),
Structure A
CV-17,
Op. 10t4),
Level 2
CV-20,
Op. 7{(F),
Structure B
CV-20,
Op. 2(L),
Level 1
CV-20,
Op. 5{A)
CV-20,
Op. 1{A),
surface
CV-18,
Op. 9{A),
Level 3
CV-20,
Op. 6(K),
Structure A
CV-20,
Op. 13(C),
Structure F
CV-20,
Op. 4{H),
Structure D

CV-20,
Op. 20(A),
Structure D
CV-20,
Op. 8(B)
CV-20,
Op. 1{A),
surface
CV-20,
Op. 2(A),
Level 2
CV-20,
Op. 2{C),
Level 5

CV-20,

Op. 2(C),
Level 5

Appendix C: The Sources of Copan Valley Obsidian

Bladeler

Bladelet

Bladelet

Bladelet

Bladelet

Bladelet

Bladelet, proximal end

Bladelet

Core

Core

Core

Core

Core

Bladelet

Bladelet

Bladeler

36.54703

0.00000

0.00000

0.00000

0.00000

0.00000

91.58026

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

49.14712

0.00000

0.00000

0.00000

39.70660

17.30260

99.83344

§2.04976

29.86172

0.00000

92.92833

94.83098

69.55613

78.08021

96.70832

97.73327

0.00000

43.01041

81.13376

El Chayal

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

El Chayal

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

Ixtepeque

El Chayal

Ixtepeque

Ixtepeque

probability of membership in all source reference groups.
stance from specimen to centroid is minimized.
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Ceramics and Artitacts from Excavations in the Copan Residential Zoie

Tasre C-2

The first two principal components of the data set
consisting of members of the Ixtepeque, El
Chaval, and San Martin Jilotepeque
reference groups

Principal Principal
Element Component #] Component #2
Rb -0.2851 0.1741
Cs -0.7790 0.1524
Ba 0.0782 0.2230
Sc 0.0921 0.2049
Fe 0.3011 0.3036
Ce -0.0749 0.2128
Nd -0.1014 0.2435
Eu -0.0614 0.2137
Gd -0.2737 0.2323
Yb -0.0593 0.3047
Zr 0.1236 0.3825
Hf 0.2035 0.3015
Os -0.0660 0.2730
Se 0.2159 0.3895
Eigenvalue 0.0730 0.1012
% Variance 77.8892 10.9142
Explained
Cumulative % 77.8892 88.8034
Variance
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Ceramics and Artifacts from Excavations in the Copan Residential Zone
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Figure C-1.  Map showing the Guatemalan obsidian sources and Copan



Appendix C: The Sources of Copan Valley Obsidian
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Figure C-2.

Reference groups for three Guatemalan obsidian sources, with data points plotted rela-

tive to the first two principal components calculated for the data set consisting of specimens in all

three reference groups. Ellipses indicate 95% confidence levels for each group in the two dimensions
group p group

shown. Principal component coefficients, eigenvalues, and percentage of variance are explained in

table C-2.
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Principal Component #1
Figure C-3. One hundred thirty-nine obsidian artifacts from the Copan Valley plotted in the same

principal com

ponent space shown in figure C-2. Ellipses are the 95% confidence levels for the three

reference groups.
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