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Chapter 25

The Tuyom Clay Source and Ceramics from the 
Central Visayas, Philippines: Comparative Studies 

Using ICPMS Elemental Analysis
John A. Peterson, Andrea Yankowski, Grazyna Badowski, and Eric De Carlo

Abstract 

This project compares the elemental signature of clays and earthenware pottery from the Central Visayas 
using iCPmS (inductively Coupled Plasma-mass Spectrometry) and multivariate statistical analysis. data 
from specimens from Cebu and Bohol are included with that from a previous study comparing the Tuyom 
clay source in Cebu with very local pottery near Carcar, Cebu. The previous study demonstrated that 
ceramic sherds from several iron age sites in the vicinity were likely from the source; earlier neolithic 
era pottery did not match. This was not surprising since the source is from a paleosol that formed in ad 
1000–1200 and the radiocarbon age of the late neolithic pottery was ca. 1000 years earlier. neither did 
pottery from liloan, 60km further north in Cebu and near another quality clay source, match. The present 
study combines elemental data from pottery in Bohol which is directly across the Bohol Strait from Cebu 
in order to broaden the comparative universe and to consider the strength of relations between cross-
channel villages, if any. This study contributes to the consideration of household vs. village production 
and exchange of earthenware pottery in the region as well as to refinement of regional chronologies and 
social practices.

Introduction

Cebu and Bohol in the Visayas islands of the central Philippines face each other across the 20-mile 
wide Bohol Strait [fig. 25.1]. Coastal villages on both sides and throughout the region shared a 
common Visayan culture indicated by ceramic design, language, and other material culture markers. 
ethnohistorical documentation, beginning with Spanish accounts in the 16th century, affirms this cultural 
affiliation throughout the Visayas, at least from the period of european contact and presumably earlier. 
Spanish policies of reducción and encomendero, the resettlement of local populations within the vicinity 
of churches and the assignment of their labor to Spanish authorities, as well as religious and military 
colonization, significantly altered settlement patterns. What may have been a village and household level 
economy before the Spanish era was transformed into a tribute and market economy centered on urban 
cores around the early augustinian parishes. Carcar, Cebu, was the site of a major church construction in 
1599 (Peterson et al. 2005) with elaborate and massive stone architecture that demonstrates the substantial 
character of Spanish intrusion. across the strait in Bohol, Spanish missionaries settled in Baclayon, just 
outside Tagbilaran City. in 1596 and established its first reducción and church in the town of loboc by 
the early 1600s. 

Previous study — Cebu

We examined the character of this settlement shift using ceramic sherds found at sites in Cebu and Bohol, 
and comparing them using iCP-mS elemental analysis. Sherds from Bohol were also compared internally 
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with compositional studies of thin-sections of the sherds. The present study was based on earlier work by 
andrea yankowski (2005, 2008) in Bohol, and John Peterson and robert Boltt (2006) in Cebu, and the 
Cebu iCP-mS analysis was compared that from additional specimens during this study.

in the previous project, we compared sherds from various sites and periods of occupation to clay 
from the Tuyom site in barangay Valladolid, Carcar, Cebu [fig. 25.1]. The Tuyom site is a modern 
source of high-quality clay that is gathered by potters in Sibonga and Carcar in Cebu for commercial 
production of pots for the local and Cebu City market. The clay source is exposed in an open field near 
the 16th and 17th century site of Salug or Sialo, a parish of the Cebu bishopry that was established in 
ad 1599. a sample of the clay source, along with ten sherds from archaeological sites, was analyzed for 
constituent elements using inductively-coupled plasma-mass spectrometry (iCP-mS). The technique is 
highly sensitive to a broad range of elements, and is an efficient technique for examining large numbers 
of samples in order to determine the distribution of ceramic materials relative to clay sources in the 
region. Ceramic samples from the Salug site ca. ad 1600; from the Baksije-ocana site ca. ad 1100; from 
the aleonar site ca. 200 BC; from the lilo-an area in north Cebu, locality for another modern pottery 
manufacturing area from lilo-an clay sources; and from modern pottery made from the Tuyom clay 
source were examined and compared to the elemental signature from the clay source. 

Fig. 25.�: Central Visayas, Philippines, with Cebu and Bohol (map: a. reinecke).
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The Tuyom clay source is exposed over 1m below ground surface in the Salug church excavation. 
a radiocarbon age based on bulk carbon in a soil sample from the paleosol frames the development of 
the clay within the period ad 1000–1200. While pedogenesis may have continued into the present in the 
nearby field, it was effectively capped by cumulic alluvium in the area of the church, so the age reflects 
the early period of development of the soil. The foundation of the church was constructed through the 
overlying alluvium and into the paleosol in 1599.

The samples from the earlier project confirm some elements of the local landscape history. 
earthenware sherds from the nearby aleonar site, ca. 200 BC to ad 200 do not match the clay source. 
Since the clay did not form until after ad 1000, this is a comforting test of the method.

The Salug site was among the first parishes established by the bishopry of Cebu. Built in 1599, the 
convento was thought to have been a substantial outreach from the main convento and cathedral in Cebu 
City. however, very little documentation has survived and the site itself was obscure and not visible on 
the ground surface. excavation in 2002 by a team from the university of San Carlos and the national 
museum exposed portions of a substantial wall as well as a paved floor of the convento structure (Peterson 
et al. 2005). Ceramic sherds for the present study were selected from floor levels in the site. Two samples 
of redware sherds, three blackware sherds, and three plain earthenware sherds were subjected to iCP-mS 
analysis for this study. The Salug convento was destroyed by fire following a moro raid ca. 1622, and so 
the ceramic materials represent a very narrow time frame in the early Spanish contact period in Cebu.

The site of Canusujan is located within 5km west of the Tuyom clay source on the bajada below the 
front range of hills in the central cordillera of Cebu. little is known of this site. however, it has ceramics 
that are similar to the iron age pottery reported from the magsuhot Site in southern negros oriental. one 
ceramic sherd was included in the present study.

The aleonar Site on Tagotong, in barangay ocana, was excavated in march 2005. The site may have 
been a ritual site dating to the late neolithic period. radiocarbon dates from marine shell are in the range 
of 2000 BC. Two ceramic sherds from levels ii and iii on the aleonar Site were included in this study. 
The site is located 5km south of the Tuyom clay source (Peterson 2005).

The Carcar potters are producing market pottery near barrio Candaguit along the boundary between 
municipio Carcar and municipio Sibonga about 7km from the Tuyom clay source. The Carcar potting 
community “using traditional paddle-and-anvil technology” produce “water jars, cooking pots and a few 
other forms” (longacre 2004: 90). They were included in a study of contemporary Philippine potters. 
They visit the Tuyom clay source for all of their clay material. one ceramic sherd from a contemporary 
jar was included in the present study.

The liloan Site is located approximately 50km north from the Tuyom clay source. This site was 
excavated as a university of San Carlos, Cebu, field school. The age of the site is thought to be late iron 
age. one ceramic sherd was included in the present study as a control sample of pottery that is most 
likely from a separate clay source. The liloan community boasts a contemporary pottery community that 
is larger and more dominant in the Cebu pottery market than the Carcar community. 

Principal components analysis was applied to this small dataset and the results were encouraging, 
showing interesting and expected groupings of results. as stated, the clay source did not match the two 
specimens from aleonar site that were deposited 1,000 years earlier. lilo-an ceramics were also not 
consistent with the Tuyom clay source; this was expected since the site is 50km away. Canusujan, though 
only a few km away, also was not grouped with the clay source. The eight sherds from the Salug site, 
adjacent to the clay source, were mixed associations. only two were closely grouped with the clay source, 
five were two orders removed, and one was grouped with Canusujan and liloan sherds. These mixed 
results were promising for the application of the method but inconclusive for settlement analysis. 

The Expanded Study — Bohol 

in order to expand the range of the study and to address some possible weaknesses, we ran additional 
iCP-mS analyses to compare to the first dataset. using standard references and discarding anomalously 
low readings, the results between the separate studies were deemed to be comparable. Since clay materials 
can be highly variable within a clay source, we expanded the study to include 11 samples collected from 
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various localities over the several acre surface exposure. in order to expand our regional coverage, we 
included samples from Bohol collected by a. yankowski and analyzed by david V. hill of archaeological 
research and Technology inc. using compositional analysis from thin sections. Both groups included 
modern contemporary pottery made from local clay sources in commercial potteries. in Bohol this 
included a salt pot from alburquerque, Bohol, and for the Carcar area we included five samples from the 
abugon pottery that obtains its clay from the Tuyom source.

The contemporary pottery samples from Bohol were chosen from four different pottery-making 
villages. These villages use traditional paddle-and-anvil and open-air firing methods, except in the village 
of Bagacay, Talibon, where pottery wheels and kilns were recently introduced from Cebu. The potters 
procure all their clay from local sources within their villages. Common products that are made for local 
and city markets are stoves, flower pots and water jars. in alburquerque and Valencia some potters also 
specialize in making salt pots that are used in the local salt making industry. The sherd samples from 
these four villages / clay sources cover a widespread area from the far north of the island (Talibon), to 
the west (Calape) and the southern coast (alburquerque and Valencia) of Bohol.

The five archaeological samples are from the ubujan Site, a late iron age burial site located in 
Tagbilaran City, southeast Bohol [fig. 25.1]. This archaeological site was destroyed during a construction 
project, but many of the artifacts were recovered and subsequently analyzed, including a large collection 
of earthenware vessels and sherds (yankowski 2005). The comparative analysis of the sherds showed 
great variation in the types of paste and temper across forms and styles, suggesting that much of the 
pottery was probably imported to the site and made by a number of different potters using diverse clay 
sources and tempering material. To test this hypothesis, thin sections of these archaeological ethnographic 
samples were analyzed using petrography, which confirmed the diversity in clay and tempering materials 
(yankowski 2008). furthermore, it demonstrated a lack of correlation between the contemporary clay 
sources and the archaeological samples, leaving the source of this pottery unknown.

all of these samples were included in the iCP-mS analysis, and the results mirrored the petrographic 
results. for example, the iCP-mS study grouped ubujan samples 3 and 5 closely, which was expected 
since the compositional studies suggested that these samples were probably derived from the same clay 
source. and the ethnographic samples did not show any direct groupings among each other, also expected 
since they are known to be from different clay sources and geographic regions. likewise, the archaeo-
logical samples (other than those mentioned above) do not show any close associations. By including the 
Bohol samples in the study, some cross-straits correlation among the pottery samples was anticipated.

Analyses

iCP-mS analysis has been used successfully for archaeological studies since the early 1990s (Pingitore 
et al. 1998). The technique and its applications are discussed at length in other publications (kennett 
et al. 2001, 2004; Cochrane and neff 2006). Compared to other techniques for determining elemental 
composition of artifacts, iCP-mS is “either faster, more sensitive, or has superior detection limits on many 
elements. more importantly, the multi-element capabilities of the method have stimulated a great deal 
of interest in a variety of scientific disciplines, and these instruments are becoming widely available at 
universities and research institutes […]” (kennett et al. 2001: 22). 

for these studies, small pieces (pea-sized) were ground into a fine powder. The samples included both 
paste and temper materials. The results of mass spectrometry included 20 elements (V, Cr, Co, ni, zn, 
as, y, zr, nb, mo, Cd, la, Ce, nd, W, Pb, and u). elements with very low values were eliminated from 
the statistical analysis, and common elements were selected. Table 25.1 contains data for 11 elements for 
each sherd that were common to all of the samples. all values are listed in parts per million (ppm). The 
raw data was standardized to compensate for the differences in magnitude between elements. Box-plots 
were generated for standardized values. in a box-plot, all cases greater than 1.5 times the inter-quartile 
range were identified as outliers. from figure 25.2, it is clear that the lubong (aleonar) samples (labeled 
4,5) are outliers for Cr, y, and la. Two Tuyom clay samples are also outliers for some of the elements. 
our goal was to check which sherds would be regrouped together with Tuyom clay. Therefore we also 
looked at the variability of elements in the sample of raw clays. The results are represented in figure 
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Table 25.�: iCP-mS data (in ppm). Table of 11 common elements used in the statistical analysis

id  description V Cr Co Cu as y Cd la Ce Pb u

P1 Tuyom clay  109.5 47.0 18.0 42.0 6.0 15.6 0.1 8.0 14.4 4.1 1.0
P2 Tuyom clay  123.4 104.6 15.5 32.9 28.9 19.5 0.1 13.0 42.0 14.0 1.0
P3 Tuyom clay  128.2 102.0 27.8 32.7 43.9 24.6 0.1 15.5 77.4 15.6 1.0
P4 Tuyom clay  87.6 121.2 5.2 22.5 19.4 13.1 0.0 8.0 16.7 10.1 0.7
P5 Tuyom clay  124.8 116.3 15.2 34.9 27.8 17.1 0.1 11.0 38.6 13.2 0.8
P6 Tuyom clay  114.0 122.7 10.4 29.7 23.2 16.9 0.0 11.2 30.0 12.3 1.0
P7 Tuyom clay  139.4 101.1 10.4 40.8 30.1 21.3 0.6 13.7 38.0 13.3 0.9
P8 Tuyom clay  119.8 123.5 14.4 35.8 27.7 17.0 0.1 10.6 32.2 12.4 0.9
P9 Tuyom clay  97.2 134.5 7.7 26.1 21.2 14.8 0.0 9.5 21.9 11.2 0.8
P10 Tuyom clay  113.5 110.9 30.3 30.0 36.8 18.6 0.2 13.8 68.8 15.8 0.8
P11 Tuyom clay  130.2 138.2 16.4 36.7 31.6 17.6 0.1 10.4 41.1 13.0 0.9
u1 ubujan 1 108.3 161.6 10.6 43.5 5.1 50.6 0.2 13.8 45.4 14.2 1.5
u2 ubujan 2 117.2 17.3 8.8 85.5 6.7 9.9 0.2 7.5 17.2 11.7 1.2
u3 ubujan 3 130.1 121.0 8.9 64.1 30.4 14.7 0.3 14.1 27.1 19.1 2.6
u4 ubujan 4 85.4 82.6 26.2 70.7 16.6 26.2 0.2 18.8 43.6 23.0 1.4
u5 ubujan 5 120.7 103.8 11.8 53.4 20.1 17.3 0.3 13.3 26.6 17.3 1.6
Va Valencia 117.6 108.1 11.1 30.8 7.4 14.3 0.1 10.7 19.6 7.7 1.1
Cu Culape 162.3 48.7 15.4 52.0 18.4 16.2 0.1 9.6 23.3 12.8 1.2
Ba Bagacay 152.6 2.8 15.3 20.0 1.1 21.1 0.0 3.9 18.8 3.9 0.4
al alburquerque 60.1 62.7 3.2 16.8 12.0 7.7 -0.1 4.4 9.5 6.7 0.5
aS albur Salt Pot 104.3 90.7 9.1 30.5 22.4 17.9 0.1 10.7 29.4 15.2 1.1
o1 ocana 93.4 116.6 10.0 30.3 13.3 15.0 0.3 9.7 23.2 21.8 1.3
o2 ocana 95.5 146.4 9.9 28.9 17.2 14.7 0.3 9.6 23.1 22.2 1.3
ab1 abugon Vessel 1 86.7 85.8 8.6 23.8 17.1 15.0 0.1 8.8 17.7 9.6 1.0
ab2 abugon Vessel 2 93.1 91.1 12.4 25.7 20.8 15.7 0.1 9.3 26.9 10.7 0.9
ab3 abugon Vessel 3 93.2 89.1 14.5 24.8 20.2 16.0 0.1 9.5 32.3 11.3 1.0
ab4 abugon Vessel 4 96.7 85.2 7.9 26.3 22.3 15.5 0.0 8.8 19.5 10.4 1.0
ab5 abugon Vessel 5 91.2 83.4 15.6 26.2 23.5 15.9 0.1 9.4 32.3 11.3 1.0
            
1 Tuyom clay 129.6 160.7 5.5 35.6 23.0 15.2 0.1 11.2 34.7 12.1 1.0
2 liloan 148.1 110.3 3.9 37.5 12.5 8.1 0.2 7.2 14.3 11.8 2.8
3 Canusujan 111.8 304.1 5.4 20.9 42.8 11.3 0.2 8.2 12.3 6.8 0.9
4 lubong 200.4 416.1 8.3 68.4 20.9 38.4 0.3 25.0 41.1 8.9 1.9
5 lubong 196.6 409.4 7.8 67.5 21.2 37.7 0.2 25.2 41.1 9.0 1.9
6 Salug 189.2 233.9 18.5 95.2 23.3 15.4 0.2 11.9 34.1 10.6 0.9
7 Salug 147.1 276.0 6.6 83.1 14.7 9.9 0.3 9.5 23.4 14.8 0.9
8 Salug 173.2 394.1 8.1 43.4 54.2 16.9 0.1 16.5 29.6 8.3 0.9
9 Salug 151.9 245.6 2.4 35.2 19.5 13.4 0.0 12.6 25.5 8.2 1.5
10 Salug 92.0 142.4 2.3 23.5 13.8 12.6 0.0 10.1 18.4 7.3 1.7
11 Salug 203.4 164.2 7.5 76.8 6.5 14.6 -0.1 13.3 31.2 12.9 1.6
12 Salug 204.0 161.7 7.3 75.8 6.6 14.4 -0.1 13.3 31.1 13.0 1.6
13 Salug 200.6 151.2 7.4 64.0 6.0 14.0 0.0 14.4 31.3 12.5 1.7

Ca Clay average 117.1 111.1 15.6 33.1 27.0 17.8 0.1 11.3 38.3 12.3 0.9

note:  Cu is the average of Cu63 and Cu65, Cd is the average of Cd111 and Cd114, and Pb is the average 
of Pb207 and Pb208.
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Fig. 25.�: a boxplot displaying the range of standardized values for each of 11 elements based on 
Tuyom clay samples only. Circles denote outliers, and stars denote extreme values. The key to the 
symbols for samples’ names is in Table 25.3. 

Fig. 25.2: a boxplot displaying the range of standardized values for each of 11 elements based on data 
from 41 samples, both sherds and clay samples. Circles denote outliers, and stars denote extreme values. 
The key to the symbols for samples’ names is in Table 25.3.
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25.3. again, it is clear that samples P1, P3, and P10 are outliers. Because our sample size is small, we 
nevertheless decided to keep all the samples for further analysis.

first hierarchical Cluster analysis (hCa) was used to classify samples using all elements. The 
distances were calculated using squared euclidean distance and clustering was carried out using Joe h. 
Ward’s (1963) method. This method maximizes between-group differences and minimizes within-group 
distances. The results can be seen in figure 25.4. eight out of 12 Tuyom clay samples are in the same 
cluster together with abugon Vessel samples. four Tuyom clay samples (P1, P3, P7, and P10) were placed 
outside as expected, since they are outliers. Two lubong samples form one distant cluster. Salug samples 
are not grouped with Tuyom clay.

Subsequently, principal components analysis, based on correlation matrix, was used to reduce the 
dimensionality of the data set. four principal components were extracted. They accounted for 78% of 
total variation in the data. first principal component (PC1) accounts for 27% and the second principal 
component (PC2) accounts for 21% of total variation. figure 25.5 is a plot of the first two principal 
components with the five clusters obtained from hCa clustering by using all 11 elements [fig. 25.5]. 
There is clear distinction between clusters one and four. See Table 25.2 for clusters membership 
description, and Table 25.3 for key to specimens. for comparison, cluster analysis was performed again 
but this time only principal components were used as variables. The results are shown in figure 25.6 and 
Table 25.2. Similar groupings were obtained.

Fig. 25.�: Cluster tree using Joe h. Ward’s (1963) method.

Crossing Borders 25.indd   7 6/19/2012   12:07:27 AM



�

John a. PeTerSon, andrea yankoWSki, Grazyna BadoWSki, and eriC de Carlo

Fig. 25.5: first two principal components (PC1 and PC2) scatterplot showing 
clusters obtained by using all eleven elements as variables in hCa. Sample 
size is 41. Symbols denote cluster memberhip. See Table 25.2 for clusters 
membership description, and Table 25.3 for key to specimens.

Fig. 25.�: first two principal components (PC1 and PC2) scatterplot showing 
clusters obtained by using PC1 and PC2 as variables in hCa (average method). 
Sample size is 41. Symbols denote cluster memberhip. See Table 25.2 for 
clusters membership description, and Table 25.3 for key to specimens.
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Table 25.�: key of specimens for iCP-mS analysis

P1-P11  Tuyom Clay
1 Tuyom Clay 1
Ca  Clay average (P1-11 + Tuyom Clay1)
ab1  abugon Vessel 1
ab2 abugon Vessel 2
ab3  abugon Vessel 3
ab4  abugon Vessel 4
ab5  abugon Vessel 5
u1  ubujan 1
u2  ubujan 2
u3  ubujan 3
u4  ubujan 4
u5  ubujan 5
Va  Valencia
Cu  Culape
Ba  Bagacay
al  alburquerque
aS  alburquerque Salt Pot
o1  ocana (formerly Ceramic Camp Cebu)
o2  ocana (formerly Ceramic Camp Cebu, rpt)
2 liloan
3 Canusujan
4,5 lubong
6 – 13  Salug

Table 25.2:  Comparison of cluster membership obtained by using all 11 elements in the analysis with clusters 
obtained by using principal components only. Total sample size is 41. See Table 25.1 for a 
complete list of the samples’ names/localities

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

all  PCs  all  PCs  all  PCs  all  PCs  all  PCs
elements  only elements only elements only elements only elements only

P1  P1  P3  P3  P7  P7  u2  al 4 4
P2  P2  P10 P10 u1  u1  Cu    5 5
P4  P4    u4  u3  u3  2    
P5  P5      u4  u5  3    
P6  P6      u5  2 6    
P8  P8      o1  6 7    
P9  P9      o2  7 8    
P11 P11       8 9    
Va  u2        9 10    
Ba  Va        11 11    
al  Cu        12 12    
aS  Ba        13 13    
ab1 aS               
ab2 o1               
ab3 o2               
ab4 ab1              
ab5 ab2              
1 ab3              
 ab4              
 ab5              
 1              
 3              
 10              
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Since the clay samples contain outliers, the artificial sample called “clay average” was created. for 
this sample, the values of the elements are the mean values of all 12 clay samples elements readings. We 
wanted to check if using clay average instead of all Tuyom clay samples would produce different clusters. 
Therefore the principal component analysis was performed again, and similar clusters were obtained. all 
abugon vessels and ocana were clustered together with clay average. This was interesting considering 
the mixing of clay and temper in the abugon vessels when ground for analysis. The Salug sherds were 
separated from the clay average, and lubong samples again formed a distant cluster. The results are 
shown in figure 25.7. They can be verified through inspection of bivariate elemental concentration plots 
also included in figure 25.7. The elemental plots confirm that the identified groups are not an artefact 
of the PCa algorithm. in most of these plots abugon samples are close to clay average, whereas Salug 
samples form rather “loose” clusters.

Results

The results for the Cebu sherds using average linkage (within groups) provided very intriguing results 
[fig. 25.4]. as in the earlier study, the lubong or aleonar sherds were distinctly separate from all other 
groups. Given the age difference in the formation of the clay, this was reassuring about the method. 
The average values of the 11 samples from the clay source were used in some analyses and eight of 
the individual samples did not group closely with the earlier Tuyom clay sample. however, the five 
specimens from the modern abugon pot, known to be from the Tuyom clay, did fall into group 1 with the 
eight clay samples. So did six of the Bohol sherds and the modern salt pot sherd from Bohol. Two of the 
clay source samples were in a separate group closely related to group 1, with the other clay sources. The 
other clay source specimen grouped with Bohol sherds from ubujan and with sherds from sitio Baksije in 
barangay ocana that dated in the period ad 1000–1200. interestingly, the Salug sherds grouped mostly 
separately and distant from the source specimens, and were most closely linked with other outliers from 
liloan and Canusujan.

These results provide some very interesting insights into clay source and pottery manufacture in the 
region, and while not conclusive, suggest the following patterns:

1.  The effectiveness of the method for iCP-mS and statistical analyses is validated by expectations from 
the different age specimens (Tuyom clay vs. lubong sherds) and by grouping the modern Tuyom 
vessels from abugon with most of the Tuyom clay samples and with the average. in some of the 
cluster and linkage analyses all clay samples grouped together, but fell out into slightly different 
patterns in analyses with more clusters or more specificity. The results of the elemental analysis also 
validated the results of compositional studies of the Bohol sherds, where ubujan samples 3 and 5 
clustered closer, as expected from their compositional analysis, suggesting they were from the same 
source. ubujan 1 also clustered relatively near 3 and 5. 

2.  in contrast to these, however, ubujan 2, a fine paste ware, was outside the local clusters. This sherd 
suggests that the ubujan assemblage may be younger than previously thought, or that there was at 
least a later component of the site. fine paste ware appears over a broad geographic range from as 
early as the late 6th or early 7th century at funanese sites in the delta region of Vietnam, up to the 
late 14th century in Sumatra and Java (miksic and yap 1990). in the Philippines, it has been found 
in association with 9th and 10th century Chinese wares at Butuan, mindanao, southern Philippines 
(miksic and yap 1990). The elemental analysis of these ceramics may have demonstrated that the 
age of the ubujan site, and therefore the late phase of the Philippines “iron age”, extends later than 
ad 1000. With this in mind, the ubujan sherds may have indeed been derived from Tuyom clay 
from the early second millennium paleosol. Cross-strait relations might therefore have been closer 
than same shore relations, and either the Tuyom clay source was collected by Boholanos, or perhaps 
pottery was exchanged across the strait. 

3.  The Salug pottery from the period 1599 to 1622, collected from above the floor in the church, might 
be expected to have been from the adjacent high quality clay source. That it was not, and that in fact 
it appears to be from sources more closely connected from distant or dispersed clay sources, suggests 
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Fig. 25.�: Bivariate plots of different pairs of elements concentrations showing group structure within the data set. Sample 
size is 41. each plot represents an individual sample (see Table 25.3 for key to speciments) and symbols denote cluster 
memberhip. See Table 25.2 for clusters membership description of all samples.
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that pottery was imported to the site from a variety of localities, consistent with the expectations of 
population congregation resulting from the Spanish practice of reducción. in this practice the village 
heads and village populations would have been forced or coaxed into moving to the church vicinity. 
however, it is likely that they continued primary residence in their native village, and attended church 
or secular activities at St. Catherine’s as a part-time residence. over the relatively brief period of the 
church’s history they do not appear to have removed their village lifeways entirely to the church. 
This is hinted to in the ecclesiastical and encomendero accounts for the region for the early period 
of settlement, but we appear to have validation from the material culture record that their primary 
residence did not shift despite reducción.

4.  The analysis demonstrates that clay sources and pottery manufacture appear to have been highly 
localized in the period of analysis from perhaps as early as 2000 BC (lubong), but clearly from late 
iron age and early Spanish contact period. even the enticements or coercion of the reducción did 
not break this pattern of local village or perhaps even household level production. There does not 
appear to have been a region-wide trade network in earthenware ceramics except for the cross-strait 
appearance of common source materials or finished pots. This may reflect the Spanish observation 
that Visayan villages were more closely related across straits than in adjacent villages, where kinship 
and social linkages may have driven relations and affiliations.
 

Conclusions

This study has elaborated on the promising results of an earlier study to demonstrate robust patterns of 
association and dissimilarity of ceramics from different periods of occupation, from different clay sources, 
and from different cross-straits and same coast regions. despite the small sample size, the patterns are 
quite pronounced and confirmed by bivariate plots of elements selected from the set of shared elements 
determined by iCP-mS analysis. 

The patterns affirm interpretations of the local, household, or village levels of production throughout 
the period from 2000 BC, at least up to the early centuries of Spanish colonial administration, with some 
evidence for trade within a much broader region. The fine paste ware, a wheel-thrown, exotic material, 
could have come from as close as Butuan or as far as Sumatra, during a period that asian export ceramics 
are just beginning to enter the Visayan region. This period of outside exchange appears to have introduced 
new exotic materials, but did not fundamentally change the character of local ceramic production. The 
evidence of dispersed production implied by the diverse assemblage from above the floor level at the 
Salug church suggests that the practice of reducción had drawn together Visayans from remote villages 
but had not led to homogeneous pottery production within the region or even at the parish. at the same 
time, there may have been cross-straits association with exchange of either raw clay or vessels during the 
late iron age, and also somewhat later than previously defined for the period in Philippines chronologies. 
The evidence for the relationship between the ubujan pottery and Cebu sources is still questionable, but 
provides an intriguing direction for future sampling.

Principal components analysis is based on the correlation matrix and which is why it requires a large 
sample size. as a rule of thumb, there should be at least ten observations per variable. in our analysis, we 
used 11 elements / variables and the sample size was only 41. more sherds and clay samples need to be 
analyzed with possible expansion of sampling area. 

analysis of clays from other sources will allow us to characterize the chemical variability of raw 
materials and to distinguish between clay resources. With more data, we could construct a model of 
variation for each group that will allow us to assign unknown data sets to the correct group.

The results of this small study invite expansion of the database to include sherds from a broader 
region, such as negros oriental, Butuan, Panay, or other sites and clay sources in Bohol and Cebu, and 
also to conduct compositional studies of the sherds and sources. The iCP-mS elemental analysis using an 
expanded database appears to have considerable potential for comparative studies in the region. 
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