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Abstract

Although significant historical research has
been done on traditional Southeast Asian king-
doms and chiefdoms, little archaeological work
has been undertaken on changes in the econom-
ic systems of pre-colonial maritime societies in
Asia, especially on the role of specialised craft
production in the development of pre-modern
complex societies. This project examines
changes in the organisation of earthenware pro-
duction in the prehispanic coastal polity of Tanjay
in the Philippines (A.D. 500-1600). More than 250
earthenware pieces from six archaeological sites
from the Tanjay region were analysed using laser
ablation-inductively coupled plasma-mass spec-
trometry (LA-ICP-MS) at Chicago’s Field
Museum. Ceramic samples were drawn from two
residential zones in central Tanjay, an elite neigh-
borhood and a non-elite area; two secondary set-
tlements located several kilometers upriver; an
upland, swidden farming site; and a contempora-
neous, and likely competing, coastal polity 40 km
down the coast from Tanjay. Initially, it was
expected that changes in the pattern of earthen-
ware production in the Tanjay region would
favour one scenario or the other — either contin-
ued production at dispersed, local sites or
increased specialised and centralised production.
So far, however, the preliminary ceramic compo-
sitional evidence indicates that both scenarios
seem to have been taking place during the cen-
turies prior to Spanish contact. Ceramic produc-
tion appears to have continued on a local level,
with potters from each site making pottery to be
used by nearby inhabitants, but there also is evi-
dence that sites, such as the elite Tanjay neigh-
borhood, began to make ceramics expressly for
local consumption by elites and for foreign trade.

Introduction

Significant historical research has been done
on traditional Southeast Asian kingdoms and
chiefdoms (Hall, 2011; Higham, 1989; Reid, 1999;
Scott, 1994; Wolters, 1999), but only a few
archaeological projects have focused on changes
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in the economic systems of pre-colonial mar-
itime societies in Southeast Asia. The research
presented here fits into a larger body of work
examining the political economy of ancient trad-
ing polities in Southeast Asia (Andaya, 1995;
Bacus and Lucero, 1999; Bronson, 1977; Junker,
1999; Manguin, 1991) and, in particular, the role
of specialised craft production in the develop-
ment of pre-modern complex societies (Brumfiel
and Earle, 1987; Costin, 1991, 2001, 2004; Costin
and Wright, 1998; Hruby and Flad, 2007,
Spielmann, 2002). Specifically, I use laser abla-
tion-inductively coupled plasma-mass spectrom-
etry (LA-ICP-MS) to investigate changing pat-
terns of pottery production at Tanjay (A.D. 500-
1600), a coastal chiefdom in the central
Philippines that underwent significant growth in
the centuries before Spanish contact.

Many anthropologists consider craft specialisa-
tion a key element of the political economies of
complex societies (Brumfiel and Earle, 1987;
Costin, 2001, 2004), and archaeologists have
attempted to define forms of specialisation and
their material correlates (Brumfiel and Earle,
1987; Costin, 1991; Sinopoli, 1988). Access to spe-
cialised goods or services generally serves as a
basis for economic, political, and ritual power for
leaders competing to control aspects of produc-
tion and distribution, such as raw materials, prod-
ucts, transport, knowledge, and specialists them-
selves. Examples of specialised goods functioning
as political currency for elites include the produc-
tion of feathered-cloaks in Hawaiian chiefdoms
(Earle, 1997, 2002), the mining of chert and the
manufacture and distribution of stone tools at the
Maya site of Colha (Shafer and Hester, 2000), and
the production of bronze vessels in the late Shang
state in northern China (Underhill, 2002). The
agency of craft specialists likely plays an impor-
tant, but often neglected, role in the organisation
of production systems, and questions about the
social and economic gain of producers and their
consumers need to be considered (Brumfiel,
1998; Costin, 1998; Sinopoli, 1998). As Spielmann
(2002) points out, craft specialisation may not
only stem from political, economic, or environ-
mental pressure; increasing demands for socially
valued goods, such as fancy earthenware for ritu-
al feasts (Junker and Niziolek, 2010), also may
spur an increase in specialised craft production
(Spielmann, 2002).

Previous archaeological research suggests that
the political economies of Tanjay and other
expanding maritime polities of Southeast Asia
underwent changes in the early second millenni-
um A.D., including increased foreign trade with
China, expansion of wealth circulation through
ritual feasting, and intensification of inter-polity
competition through slave-raiding and agricultur-
al intensification (Junker, 1993, 1999a, 1999b,
2003; Bacus, 1996, 1998; Gunn, 1997). These
changes were likely accompanied by greater cen-
tralisation of craft production and increased spe-
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cialisation of pottery and metal goods. This
assumption, however, is based on limited empiri-
cal evidence.

Geochemical analysis, specifically LA-ICP-MS,
provides more rigorous testing of a key part of
this hypothesis: that the production of earthen-
ware became increasingly specialised and cen-
tralised in prehispanic Tanjay. These changes are
possibly a function of leaders attempting to con-
trol local access to craft goods used as political
currency in cementing local alliance networks
necessary for foreign luxury goods trade.
However, they also might be the result of crafts-
people locating themselves at the polity center to
exploit economic and social opportunities created
by burgeoning trade at ports such as Tanjay,
which provided domestic, ritual, and foreign
goods to interior populations in exchange for
exotic forest materials important in foreign trade.
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Sample description

A total of 289 earthenware samples (Table 1)
from excavations and surveys at six sites in or
near the Tanjay region (Figure 1) were analysed
using LA-ICP-MS. Purposive sampling was used to
select ceramics from sites representing a variety
of ecological environments, sizes, and social
groups. These sites include the lowland sites of
Tanjay (including the Santiago Church and
Osmefia Park locales), Aguilar, and Mendieta; the
mountain site of Turco; and Bacong, in another
river drainage system. This paper focuses on the
results from the later two cultural phases, the
Santiago (A.D. 1100-1400) and Osmena (A.D.
1400-1600) periods, which include 257 earthen-
ware sherds. Tanjay is a multi-component site,
approximately 50-70 hectares in size, and was
occupied from A.D. 500 to the present. Tanjay is a
primary polity with elite and non-elite residential
zones yielding burials, ceramic and metal produc-
tion areas, foreign and local prestige goods, ritual
objects, and fortifications (Junker, 1999b). In
Tanjay, Santiago Church is a hypothesised elite
area, particularly in the Santiago and Osmefia
periods, whereas Osmefia Park is a non-elite area.
Two secondary centers upriver from Tanjay are the
Aguilar and Mendieta sites (about 4-7 hectares in
size). Aguilar is a multi-component site from the
Aguilar and Osmeiia periods (A.D. 500-1000 and
1400-1600). Mendieta is another multi-compo-
nent site with occupation evidence in all three pro-
tohistoric phases from A.D. 500-1600. Both sites
are much smaller than Tanjay and contain foreign
and local prestige goods, habitation debris, post-
holes, and hearths (Junker, 1999b). Turco is a 15-
16" century upland farming hamlet 20 km into the
interior and measures 0.25-1.25 hectares. Surface
collections there produced few prestige goods,
some habitation debris, postholes and hearths,
but no evidence of metal or pottery production
(Junker, 1999b). Earthenware samples also
include pottery from a trading polity contempora-
neous to Tanjay, 40 km to the south called Bacong
(A.D. 1000-1500) (Bacus, 2000). Artifacts found
there include Asian porcelains, glass beads, deco-
rated local earthenware, iron (slag and metal
pieces), and nonlocal plain and decorated pottery
(Bacus, 2000).

|

(six cm wide and five cm high). All ceramics used
were small sherds, each less than two cm wide.
Per EAF procedures (Dussubieux et al., 2007), for
each sample, 10 ablation spots with a diameter of
100 m and an acquisition time of 60 s consisting
of nine replicates each were made. The clay
matrix itself was targeted in various areas of each
sherd with visible temper avoided as much as
possible. Before analysis, each sherd was checked
for surface contamination and each spot was pre-
ablated for several seconds before readings start-
ed. #Si was the internal standard, and NIST glass
SRM n610 and NIST clay SRM n679 were used,
along with blank measurements recorded
throughout the day, to calculate concentrations
with procedures developed by Dussubieux et al.
(2007) based on the Gratuze method (Gratuze,
1999). New Ohio Red Clay also was used to calcu-
late elemental concentrations and served to mon-
itor instrument precision (Golitko, 2010).

For each sample, 55 elemental isotopes were

read: "Li, “Be, 'B, ¥Na, 2Mg, ¥"Al, Si, *'P, Cl, *’K,
44Ca’ 4SSC, 49’]‘i7 51V7 SSCY, SSMH, 57]’.‘67 5900, GUNi’ GSCU,
GGZn’ 75AS, SSRb’ SSSI‘, SE)Y’ QOZr’ 93Nb’ 107Ag’ ”‘Cd,
15[, 118Sp 121h, 1BCs, WBa, 1¥9La, Ce, IPr,
SN, 97Sm, *Eu, 157Gd, %Th, 1Dy, 'Ho, %°Er,
169Tm, 172Yh, 1%Ly, BHf, 18Ta, 197Au, 206 207, 208ph
209Bi, 22Th, and 28U. Of these 55 elements, 45
were used for statistical analysis. "Li, *'P, *Cl, ®As,
8Sr, 107Ag, U1Cd, 1¥7Ba, "®Hf, and “"Au were omit-
ted because of concerns regarding precision and
potential post-depositional alteration. Table 2
shows the averages and standard deviations of
the elemental compositions of ceramics from
each site.

Statistical procedures were conducted using
GAUSS Runtime 5.0 routines developed by Hector
Neff at the Missouri University Research Reactor
(Glascock, 1992), SPSS v.12, and Microsoft Excel.
First, parts-per-million elemental values were
converted to log-base-10 values. Next, principal
components (PC) analysis was performed on the
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Figure 1. Map of the research area.

Materials and Methods

Analysis at the Field Museum’s elemental
analysis facility (EAF) was conducted using a
Varian ICP-MS with a New Wave UP213 laser for
the introduction of solid samples. Instrumen-
tation details and analysis parameters, along with
information on sensitivity, accuracy, and repro-
ducibility are described in Dussubieux et al.
(2007); however, some parameters are reviewed
here. The laser operates at 70% (0.2 mJ) with a
pulse frequency of 15 Hz. Sample size is limited
by the dimensions of the laser ablation chamber

OPEN 8ACCESS

Table 1. Number of ceramic sherds analysed using laser ablation-inductively coupled
plasma-mass spectrometry by site and period.

Aguilar 22 3 2 27
Bacong 0 9 0 9
Mendieta 0 28 29 57
Osmena park (Tanjay) 2 31 48 81
Santiago Church (Tanjay) 8 49 34 91
Turco 0 0 24 24
Total 32 120 137 289

[Open Journal of Archaeometry 2013; volume 1:e8]
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dataset to compress the 45 elemental variables
into a smaller number that would ease statistical
analysis. One way of determining how many PCs
to retain for analysis is to plot the eigenvalues on
a scree plot. Where a kink appears suggests
which value should be the cut-off point (Baxter,
1994). For this analysis, the plot indicated that the
first six PCs would be sufficient for analysis,
accounting for more than 76% of the variability in
the data. Then, because change in production pat-
terns over time was the focus, hierarchical cluster
analysis was run on the ceramic groups by period.
These hypothetical groups then were refined
using biplots of PC values, Mahalanobis distance
measurements for group membership probabili-
ties, and canonical discriminant analysis.

Results and Discussion

When possible, all six PCs were used for statis-
tical procedures. PC 1 is associated primarily with
Y and some of the rare earth elements (REE) (Pr,
Nd, Sm, Gd, Th, Dy, Ho, Er, Tm, and Yb); PC 2 with
Na; PC 3 with Cr, Ni, Cu, Nb, Ta, and Mn; PC 4
with Rb, Mg, K, and Mn; PC 5 with Co, Cs, Na, Ca,
and Mn; and PC 6 with Na, Ca, and Zn. For the
Santiago period, three main chemical groups
emerged and four for the Osmefia period.

Santiago period

For the Santiago period (A.D. 1100-1400), ini-
tially three main groups were apparent (Groups 1,
2, and 3), best illustrated in a biplot of PCs 1 and
2 (Figure 2). Groups 1 and 3 are distinguished
from Group 2 by higher concentrations of Na
associated with PC 2 and Groups 2 and 3 have
higher concentrations of REEs, associated with
PC 1, compared to Group 1. Table 3 lists the aver-
age elemental concentrations for each of the
main Santiago period ceramic groups and sub-
groups. Group 1 (n=19) has mostly sherds from
Bacong (n=7), south of Tanjay, but also includes
five pieces from Osmefia Park, three each from
Mendieta and Santiago Church, and one from
Aguilar. This group suggests that ceramics (or the
products therein) were exchanged between
Bacong and the Tanjay region, possibly through
alliance building activities such as feasting and
bridewealth exchange. Because Group 1 contains
a majority of samples from Bacong, it is very pos-
sible that these sherds are from vessels made in
Bacong brought to Tanjay through trade.

Group 2 (n=25) is primarily comprised of
sherds from Osmefia Park (n=14) but also
includes nine sherds from Santiago Church and
two from Aguilar. This might indicate that potters
from Osmefia Park used a clay source geological-
ly distinct from sources used for some ceramics
used at Santiago Church (Subgroups 3¢ and 3d),
but that some pottery produced at Osmefia Park
was distributed to Santiago Church and Aguilar,
suggesting possible centralised production (or
that Osmena Park and Santiago Church potters
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sometimes used the same clay source or recipe).

Upon examination, it became clear that Group
3 has four subgroups (3a, 3b, 3c, and 3d) (Figure
3). Subgroup 3a (n=4) contains two sherds from
Osmefia Park and one sherd each from Santiago
Church and Bacong. Subgroup 3a, with its small
sample size, is difficult to interpret. Subgroup 3b
(n=19), enriched in REEs, Nb, and Ta, is made up
solely of sherds from Mendieta suggesting that
Mendieta potters used a clay source distinct from
those used by Tanjay potters. Subgroup 3c
(n=21), which has higher values on PC 3 (Mn,
Cu, and Ni), is composed mainly of pottery from
Santiago Church (n=15) but also includes five
sherds from Osmefia Park and one from
Mendieta. Subgroup 3d (n=21) consists mostly of

\_gpress

sherds from Santiago Church (n=17), in addition
to two sherds from Osmefia Park and two from
Mendieta and is associated with lower values on
PC 3. Together, Subgroups 3b, 3¢, and 3d form a
picture of fairly localised production, with limited
exchange of some ceramics between sites. Along
with this pattern, we see evidence of some cen-
tralised production (Group 2) and intra-island
exchange (Group 1).

Osmeia period

For the Osmefia period (A.D. 1400-1600), four
main compositional groups emerged (Figure 4).
Table 4 lists the average elemental concentrations
and their standard deviations for the main groups
and subgroups. Group 1 (n=16), with lower con-

Table 2. Site averages (ppm) and standard deviations for Santiago and Osmefia period ceramics.

Osmeiia Park Santiago Church Tureo
M sD M 5D M 5D
146 0.60 1.35 0.38 225 0.81
nn 15.07 19.83 7.62 3149 16.59
10377.31 692533 1322442 739153 1309319 11656.87
8623.53  3667.26 9730.60  3851.54 505343 2447.24
19B467.03 4358593 19325438 3402588 25071582 61133.74
63000832 58413.91 61373336 5440327 59710005 7707672
12108.41  7954.24 1426250 6149.74 5157.09 343550
2146053 9558.49 26303.79 1079810 19077.66  10957.11
17.72 498 19.70 5.56 16.42 6.24
598238 222246 SRI9.57 214535 6585.67 210151
153.73 50.87 165,57 67.32 12094 8362
3120 14.19 32.55 17.86 3290 26,03
579.74 37474 818,14 720.63 2097.93  3597.65
95249.61 27996.75 9934475 3287677 97607.07 3886177
11.21 5.52 14.27 7.28 18.99 21L.M
18.97 932 16.73 8.36 13.63 B10
128.99 69.66 113.80 39.80 4525 30.51
205.13 254,06 139.39 98.44 83.96 3385
41.24 18.22 39.26 17.61 33.58 35.21
15.47 5.26 17.38 6,46 2228 9.94
132.84 49.59 120.48 47.18 241.36 125.95
722 3.08 6,79 3.54 14.72 7.7
0.06 0,02 0.06 0.03 0.08 0.03
L7 234 1.28 0,50 233 1.22
0.51 0.30 0.41 019 0.86 0.44
1.56 1.29 1.24 0.59 4.14 287
12.38 3T 15.36 710 19.37 7.50
23.03 10.27 21.19 12.20 46.82 43.89
el 1.38 443 1.81 5.74 2.16
14.48 536 17.22 6.86 22.60 898
315 111 371 1.24 4.78 1.95
0,92 0.29 1.24 0.38 1.91 0.56
2.68 0.94 341 1.36 4.56 278
0.42 0.14 0.51 0.17 0.58 0.24
3.06 1.09 3.53 151 4.36 1.68
0.64 0.23 0.72 0.25 083 0.34
1.96 0.65 2.28 0.73 2.53 Lol
0.31 0.10 0.37 0.16 0.41 0.17
2.05 110 2.08 0,60 2.50 1.02
0.30 0.09 0.34 0.10 0.38 0.15
0.48 0.20 0.47 0.20 1.02 0.54
21.88 12.95 21.64 7.36 28.05 945
0.27 0.16 0.26 0.15 0.23 0.18
4.53 202 4.24 1L.E2 7.80 39
2.00 1.06 221 0.89 425 1.83

Aguilar Bacong Mendicta
M 11] M S0 M S0
Be 231 0.74 247 0.69 2,00 0.56
B 3953 13.85 3208 14.84 20.92 13.15
Na 719192 4736.11 11646.80  9260.49 14428.52  7802.24
Mg 5019.80  1263.36 BI65.63  12822.64 12532.10  4968.57
Al 272676.59 5113423 23951273 3402878 22377414 2414633
Si 4BB904.43 7338928 607716.23 49940.16  591183.06 43456.12
K RI29.64  3663.24 3679.92  549.55 14182.47 1089140
Ca 3732210 7307.88 25584.64 IBRRIR0 2176035 6334.75
S¢ 2334 9.35 1435 5.90 2047 5.26
Ti 6777.76  2719.08 617678 2204.77 621510 175236
Vo 16715 4335 137.10 5112 165.23 61.73
Cr 4941 19.02 1472 6.27 22.29 7.34
Mn 80326 43350 198312 1388.40 94248 665.53
Fe 128681.32 35757.01 B0988.63 2386229 9163111 28343.01
Co 1420 4.63 1544 825 17.30 9.50
Ni o 5399 25,54 6.15 3.57 2337 12.32
Cu 142,59 32,99 126.50 100.02 152.40 80,71
Zn 12617 2253 75.06 34,10 137.83 68.62
Rb 2293 11.80 13.77 491 61.93 2376
Y 2581 13.46 15.39 8.08 26,53 1118
Zr  163.23 24.48 92,30 9.17 155.06 5106
Nb 8.01 2.02 5.99 0.87 9.15 364
In o 0.07 0.05 0.02 0,07 0.02
Sn 1.55 0.47 2.26 1.94 1.45 031
Sb 041 012 0.31 0.12 041 0.14
Cs 0.72 0.58% 1.62 0.47 156 1.90
La 16.42 4.91 1.73 4.25 17.39 6,29
Ce 3247 11.00 30,98 14.76 2845 10.81
Pr 5.26 1.93 2.80 1.26 3.00 228
Nd 1779 5.82 1498 6.12 2143 014
Sm 523 239 3.36 1.76 4.83 225
Eu 1.53 0.72 092 0.36 1.45 0.48
Gd 5.57 4.65 2.78 1.56 4.76 215
Th 0.67 0.30 0.37 0.20 0.73 0.30
Dy 4.4 1.90 278 1.45 4.99 1.95
Ho 087 0.40 0.60 0.32 1.00 041
Er .17 1.31 1.81 0.96 304 115
Tm 041 019 029 0.14 0.46 .16
Yb 246 1.20 L7 0.78 .66 0.90
Lu 0,39 16 0,26 012 0.41 0.14
Ta 0.51 0.o07 0.39 0.05 0.60 023
Pb 344 9.26 18.12 6.45 18.48 399
Bi 0.44 0.21 0.20 012 0.27 0.14
Th 5359 0.85 461 0.67 4.72 1.53
u 2.49 0.70 117 0.35 1.99 0.48
)
]
o
3
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o
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g s
B ow
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Principal Component 1

Figure 2. Principal components biplot of the main chemical groupings for the Santiago
period. Ellipses delimit 90% confidence boundaries.
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centrations of Rb and K and higher concentrations
of Mn, is dominated by sherds from the Turco site
(n=15), an upland farming hamlet, and includes
one sherd from Aguilar. Because there is no addi-
tional evidence indicating that pottery production
took place at Turco (e.g. ceramic workshops or pro-
duction locales), it has usually been assumed that
the farmers there received pottery through trade
with lowland populations. Interestingly, Group 1,
because it contains only one sherd from the main
Tanjay sites, suggests that people at Turco either
made their own pottery from a clay source differ-
ent from Tanjay sources or received pottery from
outside the Tanjay region. Group 2 (n=12),
enriched in Na, contains primarily sherds from
Turco, but also includes three sherds from
Mendieta and one sherd each from Osmefia Park
and Santiago Church. Evidence from Group 2, like
that of Group 1, supports the idea that pottery, pos-
sibly containing interior forest products crucial in
long distance trade, from Turco was distributed to
lowland sites. Alternatively, it is possible that these
earthenware vessels were produced at Mendieta, a
known production locale, and distributed to moun-
tain populations. Analysing additional sherds from
Turco would clarify these relationships.Initially,
Subgroups 3a, 3b, and 3¢ comprised a single, larg-
er group (Group 3, with higher concentrations of
Mg overall), as did 4a, 4b, and 4c (Figure 5).
Subgroup 3a (n=10) mainly contains sherds from
Mendieta, with one sherd from Osmefia Park, pos-
sibly indicating that Mendieta potters continued to
draw materials from local clay sources. Subgroup
3b (n=15) is made up of sherds from Mendieta
(n=7) and also includes five sherds from Santiago
Church and three from Osmefia Park. Subgroup
3b suggests that some potters from the three
locales were using the same clay source, that
there was some exchange taking place between
the three areas, or that some ceramics were pro-
duced at a central location and distributed to mul-
tiple sites. Subgroup 3¢ (n=16) has eight sherds
from Osmena Park and six sherds from neigh-
bouring Santiago Church. One sherd is also from
Aguilar and one from Mendieta. Subgroup 3c leads
to similar, multiple interpretations as Subgroup 3b
— the utilisation of the same clay source or recipe,
exchange between sites, or a central production
area. Subgroup 4a (n=19), which is depleted in
REEs, consists of nine sherds from Osmena Park,
five from Santiago Church, four from Mendieta,
and one from Turco. Subgroup 4b (n=29), which
is higher in Na than Subgroup 4c and higher in
REEs than 4a, is comprised of 16 sherds from
Osmefia Park and 10 from Santiago Church,
along with three from Mendieta. Subgroups 4a
and 4b, along with the Group 3 subgroups, sug-
gest that multiple clay sources or recipes were
used throughout the region but, because these
subgroups consist of several samples from multi-
ple sites, that production might be centralised at
afew locations. Because Subgroups 4a and 4b are
geochemically distinct from one another, potters
may have used different clay sources at different

OPEN 8ACCE55

times or to produce different ware types; or, sev-
eral workshops produced goods from their own
local clay sources and distributed their wares to
households throughout the Tanjay region.
Subgroup 4c (n=17), with lower concentrations
of Na, is made up of 10 sherds from Osmefia Park
and seven from Santiago Church. Subgroup 4c,
because it is made up of samples solely from
Tanjay (including Santiago Church and Osmefa
Park), could indicate potters in Tanjay produced
goods for use by inhabitants of Tanjay and not for

trade to other settlements.

In the Osmefia period, both local and spe-
cialised pottery production are evident. Although
we still see a couple geochemical groups that are
fairly homogeneous in terms of site membership,
we also see groups emerging with more samples
from a variety of sites, possibly indicating the spe-
cialised production of some earthenwares that
were distributed beyond their production sites.

Subgroup ,
3¢ -

-0,02 000 002 004 006 0.08

Principal Component 3

3d

Subgroup ™

Subgroup

_Zab

-0.06 -0.04

0.02

Principal Component 1

Figure 3. Principal components biplot of the chemical subgroups for Santiago period
main group 3. Ellipses delimit 90% confidence boundaries.
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Figure 4. Principal components biplot of the main chemical groupings for the Osmena
period. Ellipses delimit 90% confidence boundaries.
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Figure 5. Principal components biplot of the chemical subgroups for Osmeifia period
main group 4. Ellipses delimit 90% confidence boundaries.
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Table 3. Chemical group averages (ppm) and standard deviations for Santiago period ceramics.

Be 177 0.78 2.06 0.73 1.33 0.40 1.93 0.32 1.57 0.38 1.33 0.32
B 2543 14.36 2833 15.78 29.55 14.52 15.37 3.66 20.95 9.15 24.56 8.46

Na 13935.42 8724.11 2953.57 1478.93 1214505 532420 771438 152138  13913.95  3657.39 16039.84 3771.65
Mg 6585.65 3822.00 7902.88 2567.67 19133.33  13874.80 14529.67 3016.59  12598.03  4307.50 8895.72 3081.74

Al 210972.81 50674.09 23794081  37202.66 179825.11  22036.29 21642827 12645.00 177311.35 2431889  187164.34  30608.30
Si 642776.02  58609.92  571165.93  41208.14 971232.82  22802.20 570339.13 34378.25 633713.32 52791.99  625488.24  42782.86

K 8221.13 4505.16 9030.58 3849.53 15293.81  11927.51  9913.92 1395.70  15863.17  4774.93 15416.50 4084.30
Ca 23612.95 13630.41 2491857 7841.30 22388.75  13014.52 2242620 441884  17475.86  8719.59 28685.21 9357.20

Sc 13.15 3.69 20.80 4.67 23.05 344 23.04 3.7 21.30 443 17.02 4.00
Ti 5136.28 1789.40 7832.68 2353.22 7116.64 229083 742635 1089.81 581546  1267.43 4895.28 1325.90
\% 115.53 34.34 167.92 49.67 184.22 44.96 21165  44.69 182.96 39.37 144.00 39.99
Cr 19.64 9.52 46.27 13.78 21.55 9.70 26.56 4.93 34.51 13.62 25.84 7.66

Mn 1009.10 971.27 470.15 372.49 226728 1585.83 124542 586.99  1207.91  735.95 454.67 22947
Fe 17254.79 19341.53 11712392  14697.31 140359.35  25564.96 112418.65 18703.53  99737.27 2631244  89065.32  29213.86

Co 10.76 5.08 9.74 3.86 20.84 13.24 23.75 8.36 20.02 8.36 9.78 2.99
Ni 14.24 11.99 28.99 16.55 13.85 10.23 28.89 9.01 21.79 6.71 11.71 3.13
Cu 118.79 65.61 165.71 60.44 75.97 35.64 16148 58.54 153.00 56.61 117.96 50.71
In 89.44 42.63 170.19 66.57 497.75 506.61 17706 39.61 132.61 98.79 95.32 32.92
Rb 29.92 21.70 37.14 17.25 45.56 35.54 62.80 13.91 49.99 14.48 40.83 12.03
Y 12.62 3.46 17.32 7.26 21.81 841 33.88 8.97 21.13 4.68 1732 4.53
Ir 102.25 33.37 183.48 34.82 122.07 38.45 16425  23.88 106.96 28.85 116.86 30.78
Nb 6.15 347 10.35 2.39 8.28 1.44 10.65 1.37 497 1.44 6.63 1.88
In 0.05 0.02 0.08 0.02 0.10 0.05 0.08 0.01 0.06 0.02 0.05 0.02
Sn 1.60 1.38 1.72 0.24 2.19 0.64 141 0.18 1.26 0.35 113 0.23
Sb 0.31 0.10 0.59 0.15 0.91 0.83 0.44 0.09 0.35 0.12 0.35 0.11
Cs 1.90 1.86 1.10 0.79 1.39 0.43 4.25 1.81 1.88 0.69 1.34 0.29
La 10.17 3.82 15.81 5.75 23.12 8.38 20.85 593 14.24 4.30 18.33 8.54
Ce 20.10 11.65 25.89 11.81 47.22 4.08 32.28 8.97 28.84 10.56 32.86 14.16
Pr 249 0.93 4.20 1.33 6.54 251 6.41 1.85 4.37 1.06 5.14 2.02
Nd 10.87 340 16.03 5.8 28.89 8.60 2842 8.28 18.33 417 19.28 6.62
Sm 245 0.62 3.65 1.26 4.82 1.88 6.33 1.92 419 0.82 417 1.09
Eu 0.78 0.16 1.00 0.35 1.76 0.67 1.74 0.42 1.34 0.24 1.27 0.26
Gd 211 0.46 3.02 0.98 430 1.56 6.00 1.58 3.5 0.84 3.60 1.38
Tb 0.32 0.07 0.49 0.16 0.60 0.16 0.91 0.24 0.60 0.10 0.53 0.14
Dy 2.36 0.56 347 1.22 6.43 3.08 6.19 1.54 4.15 0.94 3.52 0.81
Ho 047 0.10 0.78 0.22 0.89 0.30 1.27 0.32 0.86 0.15 0.75 0.18
Er 149 0.35 233 0.69 2.67 0.86 3.72 0.98 2.65 0.43 2.28 0.57
Tm 0.24 0.05 0.35 0.10 0.68 0.45 0.53 0.15 0.42 0.07 0.36 0.08
Yb 1.39 0.31 2.80 1.59 241 0.67 3.24 0.68 2.38 0.31 213 0.46
Lu 0.22 0.05 0.35 0.10 0.39 0.07 0.50 0.11 039 0.06 0.34 0.09
Ta 0.42 0.19 0.72 0.15 0.43 0.06 0.69 0.12 0.34 0.09 0.48 0.12
Pb 18.61 7.89 24.94 6.28 2832 17.86 19.94 3.26 22.26 5.4 18.16 3.75
Bi 0.20 0.09 0.46 0.11 0.19 0.08 0.26 0.10 0.23 0.10 0.25 0.17
Th 391 1.42 7.13 1.22 4.32 1.29 5.61 0.88 3.09 0.96 417 0.95
U 1.51 0.58 2.33 0.76 341 3.09 1.98 0.33 1.78 0.69 2.82 1.04

M, medium value; SD, standard deviation.
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Table 4. Chemical group averages (ppm) and standard deviations for Osmefia period ceramics.

Be 246 0.94 211 0.73 249 0.74 169 0.48 121 0.25 119 0.30 128 030 1.31 0.32
B 3766 1617 36522 2101 2867 769 1725 6.05 28.07 17.78 14.92 8.25 1678 721 17.04 1.53
Na 9696.29  8923.97 2420874 1217475 1674702 436460  12353.15  ©9506.69 1656575 422528 1492152  8590.63  14955.97 6663.06 414546  4076.76
Mg 416538 205249 709449 233771 1590501 397610 1383501  4735.10 841625 246224 487194 191193  9507.95 320970  7908.83  2546.17
Al 25071426 7391401 242611.97 36688.04 22679540 2890328  211758.12 3071341 20167351 2171346 205207.15 44319.61 177952.66 38986.27 231583.96 30220.89
Si 58509937 10479819 608450.73 36599.08 592827.94 24086.01 568610.06 4258153 606705.19 42443.99 64896947 55299.58 659395.79 49281.66 577032.52 46284.91
K 361027 1923.65 2239694 2183690 1722480  4868.19  13485.95  6549.76 1969210  8606.56 1096958 866130 11477.18 3911.82 749347  4525.18
Ca 1685926 10692.04 22030.56 1074551 1884323  4676.04 2854345 1322083 31359.63 792089  27744.66 1122659 2070336 997476 19645.14  6888.93
Sc 1862 8.42 1444 390 2166 415 20.68 3.54 18.06 242 12,50 3.12 1774 491 23.69 9.93
Ti 6979.85  2481.09 582100 173136 5829.013 102062 646529 170133  5000.66  1099.97  4303.09 114432 488279 1088.95 8487.95  2719.99
V15981 8472 5067 1720 1816 4127 177.03 3392 13404 2233 10612 2655 156.72 4647 22322 100.82
Cr 4725 2.54 6.43 467 2640 317 30.11 13.68 25.14 470 18.63 5.08 5.9 914 4878 MT5
Mn 274373 417801 46289  369.22 73321 31851 144464  1039.08 54026 24989 49006 28597 77901 28850 48575 40845
Fe 11360643 4609441 60585.72 18225.05 96078.64 13641.80 103935.04  15320.33 88952.12 28108.00 68361.30 17230.07 83095.87 23585.16 125510.98 38029.68
Co 2371 24.75 .32 336 18.09 450 20.64 8.78 1027 211 8.99 3.66 511 552 12.02 494
Ni 1953 1004 490 200 3333 1433 19.05 6.22 1246 .34 1101 3.63 1699 533 U5 1220
Cu 6280 05 239 1279 23251 95.42 155.76 9287 97.67 49.73 T4.19 2981 9746 3498 1385 5153
In 8821 36.60 1039 4166 14934 7463 409.14 37 15585 8Ll 82.32 24 11171 8270 20984 28330
Rb 1363 1038 89.97 2766 7287 18.39 54.26 1831 48.04 12.99 32.08 1724 3635 1324 2365 1139
Y 208 1059 2010 6.6 2461 3.1 29.66 1037 15.76 3.33 9.00 231 1758 467 12.66 4.00
Zr 2372 13350 28550 TLO9 13523 2979 159.85 4946 13174 359 89.92 1989 9408 2116 15551 4687
Nb 1216 6.36 19.73 087 768 175 8.23 2.99 121 1.54 491 0.96 439 097 9.11 3.13
In 009 0.05 0.06 002 010 0.02 0.07 0.02 0.05 0.01 0.04 0.01 005 001 0.09 0.02
Sn 248 139 2.1 0.61 1.64 0.26 148 .46 2.92 4.95 1.00 0.29 097 018 175 0.46
Sb 102 043 0.38 016 048 0.19 0.49 0.16 0.56 0.41 0.37 0.12 031 0l 0.65 0.16
Cs M 2.4 5.4 280 408 1.78 227 1.16 1.98 2.55 137 0.8 148 031 0.82 0.32
Lla 1915 6.83 19.46 684 1334 3.83 248 8.59 1597 450 931 2.98 1155 265 12.04 420
Ce 5467 5028 3223 12.93  20.26 4.08 3940 9.76 2821 6.4 16.74 6.60 215 5105 18.74 6.04
Pro 639 212 41 181 346 0.68 6.46 231 419 113 237 0.72 365 084 3.34 115
Nd 2468 9.19 1833 110 1486 2.10 26.36 9.60 16.13 407 8.96 2.66 1510 314 13.30 435
Sm 564 2.09 3.76 138 35 0.53 5.76 1.98 3.34 0.63 1.84 0.50 a2 019 283 1.00
Eu 204 0.55 1.65 052 119 0.25 1.66 0.4 1.16 0.20 .76 0.21 109 027 0.78 0.27
Gd 578 3.65 380 165 418 201 5.18 1.59 291 0.65 1.61 041 328 129 263 141
Tb 066 0.27 0.54 020 0.65 0.16 0.83 0.25 043 0.09 0.24 .06 047 011 0.39 0.15
Dy 503 1.62 3.62 129 465 0.85 5.68 185 3.08 0.55 173 041 334 084 260 0.89
Ho 096 0.34 0.72 027 0.9 0.18 1.16 0.35 0.62 0.11 0.35 0.08 069 018 0.54 0.18
Er 291 1.07 2.4 0.3 298 049 349 1.06 1.96 0.38 112 0.23 221 048 1.75 0.52
Tm 048 0.17 0.35 0.2 048 0.07 0.54 0.16 0.31 0.06 0.18 0.04 035 007 0.29 0.09
Yo o291 1.04 2.06 062 261 049 3.00 0.79 1.76 0.35 1.09 0.23 206 033 1.71 0.40
Lu 044 0.14 031 010 040 0.08 048 0.13 0.28 .06 0.18 0.04 033 0.06 0.29 0.08
Ta 088 0.51 123 037 050 0.12 0.53 0.18 0.49 0.12 0.34 0.07 030 0.07 0.60 0.20
Pb 3108 1043 2170 92 199 3.19 2821 13.09 23.95 9.33 1471 337 1658 456 2654 2011
Bi 032 0.23 0.10 005 039 0.15 0.24 0.11 0.26 0.16 0.23 0.17 0.16 0.08 0.35 0.10
Th  6.67 343 8.18 367 34 1.09 491 135 478 113 3.33 0.0 270 1.08 5.18 1.53
U 45 1.96 3.03 120 1% 0.55 213 0.65 257 0.84 1.68 .66 139 034 231 0.65

M, medium value; SD standard deviation.
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Conclusions

Overall, these results suggest that the spe-
cialised production of earthenware may have
increased in the Osmefia period in the Tanjay
region. However, local production continued to
some extent, as indicated by discrete geochemical
groupings of ceramics from Mendieta. In addition,
this study further demonstrates the utility of apply-
ing geochemical analysis to regional and microre-
gional archaeological studies of pottery production
and distribution. Next steps include determining
whether chemical groups vary by ceramic type and
function and incorporating samples from the earli-
er Aguilar period (A.D. 500-1000). Several clay
samples will be analysed, as well. This research
also provides data that can be incorporated into
larger projects concerning interregional and long-
distance exchange in the Philippines, such as ones
including the Guthe Collection of Philippine
ceramics at the University of Michigan’s
Anthropology Museum.
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