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ABSTRACT. Archaeological investigations in the Republic of Palau, Micronesia, have produced 409 radiocarbon age deter­
minations from cultural contexts, indicating a range of Palauan occupation from about 3000 yr ago into the modern era. 
However, these dates are scattered among numerous sources (many difficult to obtain) and are presented in a number of dif­
ferent formats and calibrations. The goal of this paper is to compile a usable, systematic database of all of these Palauan cul­
tural 1 4 C assays. This database will be suitable for developing and evaluating chronological models, an effort being 
undertaken as a separate paper. Prior to constructing prehistoric colonization and cultural chronologies for Palau, the validity 
of each assay and the relative adequacy in sample size per cultural and environmental zones must be examined. After system­
atic recalibration, the reliability of the dates is evaluated in light of sample material, cultural context, and site formation pro­
cesses. A method for dating monumental earthwork complexes through site formation analysis is presented. Sets of 237 valid 
and 58 potentially valid 1 4 C dates remain to develop chronological models. The representation of Palau's environmental 
zones, site types, and regions within the dating pool is examined and compared to ensure meaningfulness in these chronolog­
ical models. Newly obtained 1 4 C age determinations are also provided. 

INTRODUCTION 

The Republic of Palau is an archipelago of some 350 islands scattered along a 150-km north-south 
arc in the Western Carolines of Micronesia (Figure 1). Babeldaob is the largest of the islands; its 
331 k m 2 comprise 80% of Palau's landmass. Volcanic in origin, Babeldaob has a heavily weathered 
central mountain system that reaches a maximum elevation of 242 m asl with steep-sided valleys 
and associated ridges. Low, rolling hills circle the base of the uplands, while in limited places 
beaches form thin strips of bottomlands. Thick mangrove forests encircle much of the island. Small 
uplifted coralline islands, referred to locally as the Rock Islands, stretch about 30 km from the south 
tip of Babeldaob to the low platform island of Peleliu. Composed of generally steeply sloped, bowed 
ridges reaching elevations up to 200 m asl, these islands have long, rocky shorelines, numerous 
limestone caves and solution notches, but relatively few beach deposits. Ten km southeast of 
Peleliu is the low platform island of Angaur, while about 600 km southwest are the moderately 
uplifted reef flats and atoll composing the Southwest Islands. 1 Kayangel and Ngeruangel, two clas­
sic coral atolls, are about 30 km to the north of Babeldaob. A wide, shallow lagoon separates 
Babeldaob, the Rock Islands, and Peleliu from the surrounding fringing and barrier reefs. 

Recent archaeological investigations in Palau have increased dramatically the number of radiocar­
bon age determinations to over 400, the largest suite of dates in Micronesia except for Guam. These 
1 4 C assays, particularly those that push human occupation of Palau to over a millennia earlier than 
previously thought, provide substantial fodder for debates on the timing and origin of initial settle­
ment and patterns of cultural development in the west Pacific (Athens and Ward 2001; Clark and 
Wright 2003; Fitzpatrick 2003; Clark, forthcoming). Discussions of Palau's role in the Austronesian 
expansion from island Southeast Asia into the Pacific and construction of a prehistoric cultural chro­
nology must rely on a standardized, reliable, and complete suite of 1 4 C assays. 

Palau's 1 4 C age determinations were first standardized and assessed by Masse in 1984 (1984, 1989, 
1990). Most of his 81 dates were from sites in the Rock Islands, presenting a limited view of Palauan 

'The Southwest Islands—Sonsorol, Fana, Pulo Anna, Merir, Tobi, and Helen Reef—have a combined landmass of about 
6 km 2 . 
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Angaur 

Figure 1 Map of the Republic of Palau 

prehistory. The subsequent escalation in the number of 1 4 C dates is a result of compliance by various 
development projects with historic preservation statutes 2 (e.g. Beardsley 1997; Wickler et al. 1998; 

2 This is largely due to cultural resource management studies conducted by International Archaeological Research Institute, 
Inc. (IARII), in support of the US Army Corps of Engineers-designed Palau Compact Road, an 85-km road circling 
Babeldaob. 
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Liston 1999) and academically sponsored research (Fitzpatrick 2002; Clark and Wright 2002; Phear 
2004). The 409 1 4 C dates from cultural contexts are derived from wood charcoal (n = 266), marine 
shell (n = 99), pottery (n = 21), bone (n = 16), pottery residue (n = 6), and a sponge spicule, and pro­
vide the baseline data for constructing chronological models of Palau's colonization and prehistoric 
settlement pattern and elucidating temporal changes to subsistence practices and social organiza­
tion. Recently, Phear et al. (2003) reviewed some of these 1 4 C determinations and constructed such 
a model. 

This paper aims to present, standardize, and assess the validity of this suite of 1 4 C dates, then deter­
mine the meaningfulness of the resulting data set in constructing Palauan colonization and cultural 
chronologies. Evaluating the reliability of the 1 4 C assays is a multifold process that takes into 
account suitability of sample material, collecting and processing protocols, and cultural context 
(Anderson 1991; Spriggs and Anderson 1993). Not isolated from these difficulties are the geo­
graphic variables, climatic conditions, and archaeological site types that generate complex site 
formation processes. To accurately assess the corpus of dates, conditions specific to Palau must be 
factored in. The meaningfulness of a suite of dates in constructing models is dependent on an ade­
quate sample size from each of Palau's environmental zones, site types, and regions. Construction 
of a prehistoric Palauan cultural chronology is not the task of this paper; rather, the goal is to provide 
a complete, standardized, and valid database of 1 4 C assays to use in developing such models. 

METHODS 

The 409 Palauan 1 4 C dates that are associated with archaeological materials were compiled from 
cultural resource management reports, theses, and journal articles. They are summarized in Appen­
dices A, B, and C. The primary resource base was supplied by excavation reports and field notes 
containing comprehensive excavation details, sample context, and methodologies employed. 3 

In addition to the 409 cultural 1 4 C dates, there are 62 assays from paleoenvironmental cores (Hunter-
Anderson 1992; Athens and Ward 2002, 2005) and 2 from sediment samples (Hunter-Anderson 
1992). These are presented in Appendix D in order to provide a comprehensive list of Palauan 1 4 C 
date ranges, but these are not reviewed in the present paper because dates from these contexts 
require evaluation based on a different set of assumptions, methods, and interpretations than those 
used in the investigations of cultural contexts, and this is beyond the scope of this paper. 

Masse's (1984, 1989) adjustments to Palau's first 81 assays were not retained due to uncertainties 
regarding his AR value of -63 (W Β Masse, personal communication, 2005). The samples were 
standardized by recalibrating them to 2 σ with the IntCal98 and MARINE98 calibration curve 
(Stuiver et al. 1998) using OxCal ν 3.9 (Ramsey 2003). No AR value was applied to the marine shell 
and fish bone samples. Human bone samples were calibrated using a mixed calibration curve of 
70% marine and 30% terrestrial components. The calendrical age range is provided rather than the 
median calibrated date due to the multimodality of the calibration curve. 

The dates are assessed for their utility in building Palauan cultural chronologies. Though useful 
information might be garnered from all 409 dates, only those that can meaningfully contribute to 
these models are retained in the evaluation. Each assay is evaluated on a case-by-case basis, with the 
criteria listed below used as a guideline in the assessment. Elaboration on some of the points is pre­
sented in the manuscript. Seldom is one factor sufficient in itself to unequivocally support classifi-

3 Excavation reports are available at the Palau Bureau of Arts and Culture and from archaeological contract firms. 
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cation of a date, but with corroborating evidence from a number of criteria their credibility, or lack 
of, is established. 4 As identifying the origin of stratigraphie units and the relationship of associated 
cultural material is essential to the assessment, site formation analysis is integrated into many of the 
criteria. Results, with the 1 4 C date ranges categorized as eliminated (« = 114,28%), possible (n = 58, 
15%), or accepted (n = 237, 57%), are given in Appendices A, B, and C, organized by laboratory 
number. 

Criteria for Elimination from the Database: 

A. Assays that obviously pre-date colonization of Palau and modern dates are discarded as irrele­
vant to constructing prehistoric and early historic Palauan chronologies. Timing of colonization 
is not firmly established, but it is highly improbable that the archipelago was occupied before 
4000 BC; 

B. Assays justifiably dismissed by the excavator (e.g. lab errors or statistical outliers); 
C. Assays with a 2-σ range of 900 yr are rejected due to their limited usefulness when working in 

a time depth of less than half a millennium; 
D. Stratigraphically inverted dates that are not interprétable by site formation analysis and cannot 

be meaningfully applied in a cultural chronology; 
E. Assays with an unclear or nonexistent cultural association (e.g. not clearly or directly associ­

ated with contemporaneous artifactual material) that cannot be meaningfully used to interpret 
anthropogenic site formation; 

F. Assays from dispersed charcoal samples, unless originating in a discrete feature or accompa­
nied by other mitigating circumstances; 

G Assays that do not corroborate with others in a feature, deposit, or site (unless the site is shown 
to contain several cultural horizons); 

H. Assays from disturbed contexts—crab burrowing, gardening, World War II activities, deposits 
subject to tidal inflows or storm waves, or early assays associated with recent historic artifacts 
(unless sample is charcoal identified as non-endemic to ecological setting); 

I. Problems with age determinations on sample material (e.g. pottery). 

Criterion for Classification as Possible Cultural Date: 

J. Dates that cannot be adequately assessed due to inadequate field data or language barriers, or 
problematical assays that are potentially credible. Individual assays that are potentially post-
bomb. 

Criteria for Acceptance: 

K. A series in stratigraphie order; 
L. Corroboration with a different fraction of the same sample or with a different sample from the 

same feature, cultural stratum, or small-scale site; 
M. Assays on wood taxa identified as non-endemic to ecological setting (e.g. coconut or mangrove 

species on ridge and hill tops); 
N. Assays on identified charcoal of short-lived taxa in a discrete subfeature, or assays from a dis­

crete subfeature; 
O. Assays suitable for interpretation in site formation analysis only (e.g. a sample of anthropo­

genic origin in terrace fill or erosion). 

4 It is unfeasible to provide a strict set of decisive factors that can both operate in isolation and be applied to every situation. 
Tacked on to each criterion should be "unless accompanied by other mitigating circumstances." It is of fundamental impor­
tance to know and understand the nature of Palauan site types and their deposits in order to evaluate the dates with combi­
nations of criteria. 
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SAMPLE MATERIAL 

Intensive weathering of Babeldaob's basalt-andesite breccias has resulted in the formation of clayey 
soils, over 70% of which are lateritic. These acidic latosols are not conducive to the preservation of 
perishable items such as bone, shell, and uncarbonized wood, and the latosols treat ceramics harshly. 
According to Pregill and Steadman (2000:138), the "scarcity of rich, fossiliferous sediment in Palau 
is thus far unequalled for tropical Pacific islands." Thus, datable material other than charcoal is rare 
on Babeldaob, limited primarily to beach deposits, caves, or some densely packed depositional con­
ditions. In the limestone Rock Islands, preservation of a variety of datable materials is generally far 
superior to that of Babeldaob. 

Shell 

Marine shell is the source of 99 1 4 C determinations, 75% of which are from Rock Island sites. As 
marine shell is naturally abundant on Palau's shorelines and is easily redeposited by tidal move­
ments and storm waves, a secure cultural context must be established before a shellfish date 
becomes meaningful. 

A primary obstacle to using shellfish as a dating source is the lack of a localized correction factor for 
the marine reservoir effect. AR values ranging from zero (Fitzpatrick 2002; Clark 2004) to 115 ± 50 
(Beardsley 1996, 1997) have been applied to Palauan shellfish samples. Masse (1984, 1989) 
employed a "tentative" AR value of - 6 3 ± 4 after considering associated charcoal/shell assays, sur­
face equatorial seawater 1 4 C transects, and a chronological gap between stonework villages on the 
Rock Islands and Babeldaob. AR correction factors from regions relatively near Palau are close to 
the global ocean's apparent age of approximately 400 1 4 C yr. Three marine shell samples from the 
Philippines have produced AR values of 89 ± 70, -41 ± 70, and - 6 1 ± 5 0 ; one value from Nauru 
Island is 6 ± 14; and 9 samples from Guam, Eniwetok Atoll, Okinawa, and Ishigaki Island (Japan) 
produced a west subtropical Pacific mean value of - 9 4 ± 46 (Reimer and Reimer 2004). An addi­
tional sample from Guam has a AR value of 115 ± 50 (Athens 1986). These low tropical Pacific val­
ues, taken in conjunction with Masse's calculated negative value, suggest that application of a AR 
factor of zero to Palauan shellfish samples is reasonable until a precise localized correction factor is 
established through the dating of known-age shellfish collected prior to atmospheric bomb testing. 5 

Clark's excavations at Ulong have led him to believe that marine shell dates might not require a sig­
nificant AR correction factor (2004:30), while Fitzpatrick (2002) has suggested that the local effects 
might be in the magnitude of -200 or -300 yr based on the disparity between an early shell date and 
associated metal tools. Masse's recent comparison of his revised marine shell 1 4 C dates with the new 
archaeological data tentatively suggest a AR of -200 to -300 yr (Masse et al., forthcoming). 

Five sites have assays on stratigraphically contemporaneous charcoal/shell pairs: a ~170-cm-thick 
midden in Uchularois Cave (Masse 1989), 6 deposits on Ulong Beach (Clark and Wright 2003; Clark 
2004, forthcoming), the Chelechol ra Orrak and Omis Cave Yapese stone money quarries (Fitz­
patrick 2002, 2003b), and the ~150-cm-thick Roischemiangel midden (Beardsley 1997). None of 

5Though it is possible that AR values will be variable between islands in the Palauan archipelago due to differences in ocean 
currents and upwellings (S Fitzpatrick, personal communication, 2005), one study found that equatorial waters exhibit a 
roughly uniform 1 4 C enrichment (as compared with higher latitudes) due to geostrophic upwelling (Quay et al. 1983). The 
determination of a Palauan AR value is further complicated by decadal temperature fluctuations in the Pacific Ocean which 
have caused a decrease in upwelling of about 25% in an equatorial strip between 9°N and 9°S since the 1970s (McPhaden 
and Zhang 2002). 

6 The Uchularois Cave midden was excavated by depths below surface rather than natural strata due to the uniformity of the 
soil in the feature (Masse 1989). 
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the excavations aimed to match pairs for dating, and various site interpretations are made for vertical 
movement of the samples because of loose midden and coarse sediment, impacts by tidal action or 
storm waves, and stratigraphie disturbance due to burial activities and the quarrying of stone money. 
Taking the potential lack of a secure cultural context into consideration, by applying no AR value 9 
of the 10 contemporaneous sets assessed as valid or possibly valid produce consistent dates. 

The shellfish taxon used as datable material should be the primary component of midden assem­
blages, in order to reduce error from variations in molluscan feeding behavior and habitat effect (see 
Hogg et al. 1998). Calculated by relative abundance (MNI), the dominant mollusks found as food 
refuse in those Peleliu and Rock Island middens analyzed south of Babeldaob are Strombus gibber-
ulus and Atactodea striata (Carucci 1992; Osborne 1979). Two Rock Island midden assemblages 
between Babeldaob and Koror show higher MNIs of Tellinacea and Anadara spp., though by weight 
one assemblage is dominated by Tridacnidae (Fitzpatrick 2003a). 7 These taxa are deposit feeders 
commonly inhabiting sandy intertidal beaches; shallow, protected sand flats; and murky lagoon 
embayments. A potential exclusion from the dating pool is some members of the Tridacna spp., 
which is found in Palau's coastal sites. This taxon is long-lived, sometimes fossilized, as a tool mate­
rial is often recycled, and can become an heirloom to be passed down for many generations (Masse 
1989:334). 8 

Bone 

The suite of Palau 1 4 C dates includes 16 derived from bone (1 fish and 15 human). Bone assays rely 
primarily on the degree of diagenesis, as a poorly preserved sample will not produce an accurate 
date regardless of the chemical fraction dated or the purity of that fraction (Stafford et al. 1991; 
Hedges and van Klinken 1992; van Klinken 1999). Generally on Babeldaob, the acidic sediments 
produce high rates of degradation to datable material, but some proveniences have produced datable 
bone. Ten bone samples were collected from sand deposits in limestone caves (Fitzpatrick 2003b), 
three upon limestone in a cave (Reith and Liston 2001), and three from beach deposits (Titchenal et 
al. 1998; Ikehara, forthcoming.). Of these samples, 14 were dated at Stafford Research Lab, Inc. and 
the University of Arizona AMS facility, laboratories whose chemical pretreatment protocols are 
ranked as highly reliable (Stafford et al. 1991). 

It is unnecessary to discard determinations due to the inability to separate diagenetic and indigenous 
carbonate in the inorganic bone matrix (as done by Phear et al. 2003:256), because 1 4 C assays derive 
from organic (collagen) rather than inorganic bone carbon. Furthermore, the absorption of calcium 
carbonate from the surrounding matrix—in this case, beaches and limestone caves—by inorganic 
bone carbon does not impact the 1 4 C dates on the collagen (T W Stafford, personal communication, 
2004). Humic acid, which along with fulvic acid is the predominate contaminate, is not a factor 
when samples are collected from deep limestone caves, the small entrances of which do not allow 
the intrusion of organics, as is the case with the Ngermereues Ridge burial cave (Reith and Liston 
2001). 

Exploitation of littoral and marine resources for dietary protein introduces the ocean reservoir effect 
into human bone collagen. The relative lack of indigenous terrestrial vertebrates (Pregill and Stead-
man 2000); an abundance of easily accessible marine resources in the large, shallow lagoon; and the 
dietary habits recorded in ethnographic accounts (Keate 1788; McCluer 1792) are strong indicators 

7 Variations in midden assemblages have been attributed to the ready accessibility of different marine habitats (O'Day 1999) 
and cultural differences in dietary or technological preferences (Fitzpatrick 2003a: 121). 

8Tridacna can live for 8 to 200 yr depending on the species. The clams form seasonal growth bands in their shells, making it 
possible to age sections of dead shells (Delbeek and Sprung 1994). 
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9 The consumption of seabirds and shorebirds who feed on marine organisms contributes to the percent of marine protein 
found in collagen. 

1 0 For prehistoric Marianas populations, Ambrose et al. (1997) suggest that fish and shellfish comprised 20-50% of the pro­
tein source. 

n This includes bark, charred plant tissue, and seed kernels. 
1 2 Minor deposits of lignite are interbedded with Airai clay and found in scattered patches on west and south Babeldaob 
(Corwin et al. 1956:53,259). 

of a subsistence strategy dependent on seafood 9 for protein—perhaps in the range of >70%. 1 0 Faunal 
analysis of midden from the Rock Islands (Osborne 1979; Masse 1989; Carucci 1992; Fitzpatrick 
2003a) and from Babeldaob (O'Day 1999) record deposits composed almost exclusively of marine 
organisms. However, analysis of Rock Island middens may not accurately reflect the entirety of 
indigenous dietary habits, as land/sea birds, bats, lizards, or other terrestrial vertebrates were not as 
common as on Babeldaob and could be easily overexploited. An accurate reconstruction of prehis­
toric subsistence based on faunal analysis is difficult due to the scarcity of Babeldaob middens. 
Stable isotope analysis will thus need to complement faunal analysis to establish the relative impor­
tance of marine and terrestrial protein in the prehistoric diet (Lanting and van der Plicht 1998; Rich­
ards and Hedges 1999). The weighted average of the 10 available prehistoric Palauan values for 
6 1 3 C (-15.7%o) is only slightly higher than the suggested end-point values of -12%o and -13.2%o 
(Hobson and Collier 1984; Quinn 1990) for purely marine protein consumers in the Pacific. Once 
Palau's AR value is established, dietary reconstruction becomes crucial to obtaining valid bone 
assays. 

Pottery 

Twenty-one pottery assays are included in the Palau 1 4 C suite (Osborne 1979; Beardsley and Basil­
ius 2002; S Κ Wickler, personal communication, 2004). Dating of pottery is undeniably problem­
atic, as indicated by Masse (1984, 1989) and Osborne (1979), due to the presence of old carbon in 
grog-tempered sherds. Additionally, Phear et al. (2003:261) suggest that assays might be skewed 
due to "preserved plant remains in clays collected from swamp or slump deposits." A recent study 
by Anderson et al. (2005) compares paired samples of charcoal and pottery assays. Until the dating 
issues are resolved, all 1 4 C age determinations from pottery are eliminated from the dating pool. 

Charcoal 

1 4 C assays on carbonized wood number 266 with an additional six on pottery residue. The majority 
of the charcoal samples are taxonomically identified (n = 134), 41 are determined to be woody taxa 
unidentifiable to species 1 1 and the remaining 91 simply recognized as "charcoal." Identification of 
carbonized remains to taxon determines fitness for 1 4 C dating by reducing the error caused by long-
lived taxa, eliminating historical introductions or foreign driftwood, and ensuring fossil fuels are 
removed from the sample. 1 2 Microscopic analysis can also differentiate anaerobically blackened 
wood from charcoal (G M Murakami, personal communication, 2004). As information on the lon­
gevity of taxa native to Palau is sparse, one of the better choices for 1 4 C assays is the short-lived 
coconut endocarp (Cocos nucifera). 

Taxonomic identification of wood samples provides another level of credibility to 1 4 C assays by 
identifying species excavated from non-endemic habitats. Presence of a taxon in a non-native envi­
ronment strongly suggests the anthropogenic origin of the sample. For example, Rhizophora spp. 
and Bruguiera spp. only grow in mangrove forests along the shore and Cocos nucifera is endemic 
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to the sandy back beach, 1 3 but carbonized samples of these are found in upland deposits, indicating 
human intervention. 

Small-scale excavations in Palauan earthworks often do not encounter cultural horizons or in situ 
features. In several of these cases, charcoal fragments scattered across a single stratum were com­
bined in order to obtain a sample large enough to date the deposit. This dispersed sample will not 
affect the assay's standard error range but would expand the potential for error due to such factors 
as long-lived taxa and contamination. Furthermore, these samples do not date a specific point in 
time but are relative to the surrounding strata. In this context, the dispersed charcoal dates could pro­
vide meaningful data, but when taken in conjunction with the other complicating factors, they are 
not considered reliable unless collected in a single small-scale feature or if accompanied by other 
mitigating factors. 

STRATIGRAPHIC AND CULTURAL CONTEXT 

Once material suitability has been determined, sample context must be considered in assessing the 
validity of 1 4 C assays. Accepted as credible are samples originating from a discrete archaeological 
feature or forming tight, stratigraphically correct series. This universal protocol is technically sound 
but requires careful consideration in regard to the local site formation processes of Palau. Geologic, 
climatic, and anthropogenic events heavily impact primary site deposits in Palau. Identifying the 
origin of stratigraphie units and the relationship of associated cultural material is the key to dating 
Palauan archaeological sites. 

On the Rock Islands site, disturbance occurs from storm waves, tidal action, downward infiltration 
of cultural material through the coarse sediment, and bioturbation. Masse (1989:288) found it "obvi­
ous that surface artifacts do not necessarily (if at all) represent the actual living surfaces of the orig­
inal sites." He attributes the mixing of archaeological material to tree roots, crab scavenging, pig or 
rat disturbance, and megapodes constructing large mounds. Palau, just below the Pacific typhoon 
corridor, is directly hit or substantially impacted about every quarter of a century. The resulting 
storm waves are of such magnitude as to wash out, mix, and redeposit foreshore and reef flat envi­
ronments far inland. In these highly disturbed deposits, artifacts from several cultural horizons can 
form what appear to be primary cultural deposits. Disturbances to Rock Island sites also occur as a 
result of engineering efforts related to Yapese stone money production and probably burial activities 
(Fitzpatrick 2002,2003a). 

Without the benefit of deeply penetrating primary forest roots, Babeldaob's clayey sediments are 
prone to slope-wash in the heavy tropical rains. Dramatic erosional episodes probably first occurred 
during land clearing for dryland agriculture 1 4 and again during subsequent earthwork construction 
and maintenance. Downslope soil displacement resulting from this destabilization of the terrain 
washed away some sites, deeply covered others, and produced substantial sedimentation of the 
shoreline. Less than 20% of Babeldaob's coast is sandy beach, with the remainder being mangrove 
forests that proliferated as a result of this sedimentation. Some of the natural vertical movement of 
cultural material on Babeldaob is the result of the shrinking and subsequent cracking open of these 
dense clays in drought conditions. Scavenging by wild boars, rats, and domesticated pigs also results 
in site disturbance. Disturbed deposits in caves are attributed to their use as Yapese stone money 

1 3 It is possible, but highly unlikely, that a coconut tree could be naturally transplanted on a hilltop through a long sequence 
of nuts falling and regenerating upslope. 

1 4 With a dramatic erosional event, it can safely be assumed there was a cultural event upslope. Natural erosion can of course 
occur but it will not be so severe. 
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quarries (Fitzpatrick 2002) and as World War II Japanese defensive positions, storage areas, or hide­
outs (Clark and Wright 2003; Pregill and Steadman 2000). 

Site Formation Processes: Earthworks 

Two types of monumental archaeological remains dominate Babeldaob: a sculpted landscape and 
large stonework villages. The immense earthworks, forming complexes of crowns, wide gullies, 
deep ditches, and varied forms of step-terraces, are found scattered across the landscape, on ridge-
lines and hills, across savannahs, and in dense forest. Their patterning is suggestive of their 
functioning as a means to define distinct areas of property, create defensible terrain, and to form 
symbols of individual chiefly or polity power (Liston 1999:412; Liston and Tuggle, forthcoming). 
More mundane functions for individual terraces within a complex include agriculture, habitation, 
and ceremonial and burial grounds. It is probable that a contemporaneous and integrated system of 
terrace functions was in effect from the onset of their construction, although their long duration of 
use suggests functional roles evolving to suit the needs of the changing communities (Liston and 
Tuggle 1998; Liston 1999). Earthworks cover about 20% of the island, with their impact on the land­
scape perhaps double that due to the intensive erosion resulting from their construction. 

Palauan earthworks are created by complex cut-and-fill techniques. Within an overall architectural 
plan that relies on both the topography and the ultimate function of the feature, construction requires 
the procurement of fill material from near the site. Each donor site has its own depositional history, 
potentially including cultural horizons. These occupational surface(s) can be stripped off during 
construction episodes and redeposited to create seemingly primary cultural strata or be buried in 
intentional fill or erosional material. Ascertaining what event an assay is actually dating is depen­
dent on careful stratigraphie analysis and interpretation of site formation processes in this heavily 
altered landscape. Redeposited layers are not always clearly recognizable, especially the heavily 
mottled units that are easily misinterpreted as basal saprolite. Combined fill and erosional material, 
as observed by the author, can be from 2 to 30 distinct strata, each ranging in thickness from ~20 cm 
to a meter. 

Determining chronologies for the monumental earthworks is difficult due to: 1) construction meth­
ods that produced a complicated depositional history; 2) episodic maintenance or additions to the 
original structure; 3) the sheer size of the earthworks, creating a daunting task for archaeological 
excavation; and 4) multifunctional and functionally evolving components requiring extensive rather 
than localized investigation of even a single complex for accurate interpretation. Dating is based, 
where possible, on assays derived from features associated with the various occupational surfaces. 
Features representing ultimate use are often buried by slope-wash or aeolian deposits, unrecogniz­
able due to weathering of the early stone architecture, or actually a byproduct of continued activity 
in the area not associated with the terraces themselves. Creating a timeline for the construction and 
use of the earthworks, and for prior cultural activity on the landscape, requires integrating 1 4 C assays 
originating from secondary depositional units with securely dated features. 

A chronology for terrace construction is established by the 1 4 C dating of several fill episodes, avoid­
ing the assumption that greater depth equals older age. As datable material collected in a secondary 
context must derive from an event prior to its deposition, charcoal from a fill or erosional stratum 
gives a terminus ante quern for that layer since it could not have been deposited before that date. 
This same assay does not provide a terminus post quern for the stratum since the layers below are 
from various donor sites or in situ deposits of lesser or greater antiquity. Additionally, strata above 
the single assay might be younger or older. Therefore, dating of several fill or erosional episodes 
tightens the construction chronology considerably, with the youngest assay in the sequence provid-
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ing the last period of terrace (re)construction and the oldest assay indicating anthropogenic activity 
in the area whether or not associated with the earthworks. Since a thick erosional deposit is probably 
anthropogenically induced, a 1 4 C date from the deposit indicates upslope cultural activities possibly 
related to deforestization or earthwork construction. Identification of the charcoal sample to a taxon 
foreign to the local habitat confirms human presence. However, in establishing construction chro­
nologies it is irrelevant whether the charcoal samples are associated with cultural material, or even 
cultural in origin, since they are producing relative rather than specific 1 4 C age determinations. 

DISCUSSION 

A meaningful depiction of Palauan prehistory can only be developed when all the environmental 
zones, site types, and regions are adequately represented in the suite of 1 4 C assays. Each reveals tem­
poral and spatial aspects in the transformations of Palau's settlement patterns, subsistence practices, 
and social organization. Despite the large quantity of reliable Palauan 1 4 C determinations, examina­
tion and comparison of their provenience disclose the relative inadequacy of the sample size in most 
of the regions and some ecozones and site types. The majority of Palau's assays are from areas of 
Babeldaob where cultural resource management regulations required archaeological research prior 
to construction projects. These investigations, specifically work on the Compact Road, provided a 
rare opportunity to sample a wide distribution of site types broadly dispersed throughout Palau. 1 4 C 
assays concluded to be valid are listed by site type and environmental zone in Table 1 and by region 
in Table 2. 

Table 1 Palauan 1 4 C dates assessed as valid, listed by site type, number of sites (in parentheses), and 
environmental zone. a 

Stonework Earthwork Earthworks Island 
Environmental zones village complex with stonework midden/cave Other Total 

Peleliu/Angaur — — — 12(2) 2 (1 ) 14 (3) 
Rock Islands 10(4) — — 46(5) — 56 (9) 
Southwest Islands 5 (3 ) — — — 5 (3) 
Coastline (Babeldaob) 33 (6) — — 5(2 ) 38 (8) 
Lowlands 23(4) 51(11) 4 ( 4 ) 78 (19) 
Uplands — 8 (2) 37 (7) 1(1) 46 (10) 

a The list does not include all the Palauan site types but only those with valid 1 4 C determinations. 

Containing over 50% of the valid dates (n = 128) and almost 50% of the number of sites (n = 25), 
the data set is heavily weighted in the Ngaraard and Rock Island regions. 1 5 Ten of the 15 regions are 
each represented by less than 9 1 4 C dates, five of those having none or only one. Almost a third of 
the assays are from stonework village sites, with the remainder fairly evenly distributed across the 
earthwork complex, earthwork with stonework, and Rock Island or Peleliu midden and cave site 
types. It is evident that many locales either not in the path of the Compact Road or specifically tar­
geted for academic research require further investigations to attain a suitably representative data set. 

The coastal zone encompasses Babeldaob's 157-km-long shoreline, 125 km of which is mangrove 
forests. Once largely sandy beach, Babeldaob's coastal margin with its abundant resources is more 

1 5 On Babeldaob, the regions are equivalent to Palau's modem political states, once traditional districts, which are largely 
environmentally definable by mountain ridges and drainages. Palau's islands are divided into 4 categories due to the great 
expanse of ocean separating the Southwest Islands from the others and the biological and geological differences between the 
Rock Islands, Peleliu, Angaur, and Kayangel. 
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Table 2 Palauan 1 4 C dates assessed as valid in archaeological sites listed by region. 
Region Nr of assays (nr of sites) 

Aimeliik 4 (1) 
Airai 1 Ο) 
Kayangel 0 
Koror 6 (3) 
Melekeok 9 (2) 
Ngaraard 72(16) 
Ngarchelong 3 (3) 
Ngardmau 0 
Ngaremlengui 0 
Ngatpang 40 (4) 
Ngchesar 1 ( i ) 
Ngiwal 26 (6) 
Peleliu/Angaur 14 (3) 
Rock islands 56 (9) 
Southwest islands 5 (3) 
Total 237 (52) 

suitable for habitation than the Rock Islands and was the location of initial Palauan settlement. 
Stonework villages are commonly located in the coastal zone behind a protective band of mangrove 
forest. All but three of the assays from this ecozone originate inland of the mangroves, not from back 
beach or shoreline deposits, while the earliest 1 4 C determinations are derived from deposits 
underlying the stonework villages 1 6 at Eoulbeluu (cal AD 70-390, WK-5938) and Ngerdubech 
(cal AD 1-250, WK-6466), the latter date being only potentially valid. The lack of early dates from 
Babeldaob's coastal zone is not surprising as evidence of these sites is difficult to locate due to an 
initially small population, sea-level change, progradation, sedimentation resulting in mangrove 
growth, and deterioration of bone and shell. Cultural properties found behind the sandy coastal 
plains in Melekeok, Ngiwal, Ngaraard, and Ngarchelong are not represented by 1 4 C age determina­
tions. Shorelines of large, deep inlets that can provide a wide range of resources and protection from 
encroaching storm waves and attacks by adversarial villages have a high probability of containing 
early sites. 1 7 Only a focused area of stonework villages in Ngeremeduu Bay and a Rock Island 
inside Airai Bay has been investigated. 

A third of Palau's valid 1 4 C assays are from the lowlands, a strip of land between the coastal zone 
and the base of the interior ridges. Circling the majority of Babeldaob, this zone is composed of low, 
gently rolling hills often covered in savanna and is the location of most of the monumental earth­
works. Though the ecozone and site type are well represented in the dating pool, regions within the 
zone are not. Of the 78 1 4 C determinations from the lowlands, 59 of them originate in Ngatpang, 
Ngaraard, and Ngiwal. Aimeliik and Ngaremlengui (with two of the largest earthwork and village 
complexes on Babeldaob), Ngardmau, and the Badrulchau region of Ngarchelong have been mini­
mally tested. Eighteen assays are from villages represented by early stone architecture found asso­
ciated with some earthworks. Seven crown sites, 5 sets of step-terraces, and 3 earthwork complexes 
are represented in the lowland earthwork assays. There are few assays from the broad, low step-ter-

1 6These early dates are not associated with the stonework structures and indicate occupation of the area prior to the develop­
ment of stonework villages (Liston 1999). 

1 7These include Ngemai, Ngerchemiangl, Ngeremeduu, and Airai bays, particularly the latter two. 
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race sites such as those found along Airai's east coast. The diverse types of earthworks require addi­
tional investigations in the various regions. 

All 46 of the 1 4 C determinations from the upland ridge systems, which extend the length of 
Babeldaob, are concentrated along the narrow neck of the island in Ngaraard. These dates are only 
from sites in the northern half of this ~4.5-km-long monumental earthwork complex, which is com­
posed of crowns, various forms of step-terraces, ditches, gullies, earth platforms, and early stone 
architecture. The earliest date recorded thus far in Palau, 1520-1260 cal BC (WK-13974), is from 
an upland deposit. An anthropogenic origin of the carbonized sample of Cynometra ramiflora is 
indicated by its presence in a non-endemic habitat. This ecozone, the least investigated of the 3 
Babeldaob zones, contains previously unrecorded earthwork sites, early stone architecture, dense 
artifact scatters, and ridgeline trail systems. 

As a region and an environmental zone, the Rock Islands are well represented in Palau's suite of 1 4 C 
assays, a reflection of both the number of investigations conducted there and the superior quality of 
preservation in sand and cave deposits. These islands were originally sites for fishing parties, burial 
grounds, temporary camps, and other short-term activities, although their use later expanded to 
encompass permanent habitation sites. Some of Palau's earliest 1 4 C assays have been unearthed at 
Chelechol ra Orrak (1000-830 cal BC, OS-33568) and Ulong Island (950-350 cal BC, ANU-
11933). 

Kayangel has no 1 4 C dates assessed as valid. Several large storms have sent waves completely 
across the narrow islands that encompass the atoll and it may be difficult to locate undisturbed 
deposits. Both archaeological sites excavated in Peleliu are shell middens and the one in Angaur is 
a habitation site. As in Kayangel, intact prehistoric cultural deposits are likely intermittent, as 
Angaur was heavily mined for phosphate and both islands were occupied by Allied forces in World 
War II, with Peleliu being home to one of the major battles of the Pacific. The 5 Southwest Island 
dates are from a cultural deposit, earth-oven refuse, and an earth platform mound, all associated with 
village habitation. 

Palau's 237 reliable 1 4 C dates are considerably more than found in most Micronesian islands and 
much can be proposed about colonization, settlement patterns, and cultural change. However, to 
encompass the entire span of prehistory in Palau's chronological models, to ensure its meaningful­
ness the dating pool needs to be augmented by assays originating outside of Ngaraard's upland 
earthwork complex, the stonework villages of Ngatpang, and the Ngiwal ridgeline. Sites in 
Aimeliik, Airai, Melekeok, Ngarchelong, Ngardmau, and Ngchesar, particularly those found along 
the coast and inner bays and the upland ridge system as well as the massive earthwork and village 
complexes should be investigated. Additional 1 4 C determinations are needed from Babeldaob and 
Rock Island stonework villages, as despite the large quantity of assays from these sites, only 17, or 
7%, of potentially over 235 villages 1 8 have been tested. Grant-funded research, not limited to work 
inside construction parcels, has the freedom to enlarge the corpus of dates from specific areas that 
have not been adequately investigated. Despite the need for a broader range of 1 4 C dates, this study 
has provided a solid foundation on which colonization and cultural chronologies for Palau can be 
developed. 

Temporal horizon markers, independent of 1 4 C dates, serve as a reference point for dating. Architec­
tural types—large earthwork complexes and early stone architecture, both prior to stonework vil­
lages—provide only a basic temporal horizon marker in Palauan prehistory. While previous studies 

1 8 In 1910, Krämer (1919) counted 235 stonework villages on Babeldaob and Koror, including 151 that had been abandoned. 
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(Osborne 1966; Snyder 1989) were unable to establish a Chronometrie timeline for ceramic styles, 
enough data are now available to develop such a model (Clark 2004, forthcoming; Desilets et al. 
1999; Liston, forthcoming a, b). Until there is a reliable and comprehensive ceramic sequence, 
Palauan chronologies must rely almost solely on 1 4 C dates as reference points, a "system of data 
generation that is inherently flawed by a lack of meaningful checks" (Tuggle and Tuggle 1997:74). 
The establishment of a relative ceramic chronology to serve as an independent temporal horizon 
marker is essential for continued archaeological work in Palau. 
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CNÎ  CN̂  CvT^ ίΓξ^/ 

cd cd ι__Γ cd η cd >—Γ 
ς« » ce * c« ~ ce ·> 

Ρ4 so ο 2 

•s 
00 

ι Ό 

i l i 
Ο « (Ν m 
SO so so so 

f i l l 
3 3 3 3 

ο Os 
Ο Ο 

3 3 3 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 313 

χ 

1 , 

Ï 

- CN 

1 £ 

I I 

δ S? 

1 
ο 
I © 

•a 

I s 

I 

f a 

I!» 
S&-S 

3 I I 

OS 1 

i n _ 

t̂ > « Ν t̂ - ON 

7 

-H 

O S S o 
o s «o 

0 0 £ s VO £ s ι—· 

7 

-H 
so 
Os 

ON 
Ö 

ed 
O 

J 

VO 

7 

3 
-H 
oo 
CN 

I 

VO 

7 

! 
o 

CN 
(N 

1 

a 

«g, «g, «g. 

h 
i ! 

1 8 1 

OH (N 

tN 

8 
PQ 

o 
CN 
-H 

-H 

I l Ί | su 
U 7 ο Ί « O J « 

i l * · « 

* ο Ξ ο 1 2 
< 1 ώ Ô.IPQ < gpq 

o 

U 
PQ 

2c 

U 
PQ 
o 

(N 
Ö 
-H 
Os 
•ri 
7 

-H 
O 
0 0 
0 0 
(N 

CN 
Ö 
-H 
Os 

7 

-H 
O 
e n 
(N 

CN 
Ö 
-H 
O 
vb 
7 

O 
CN 

CN 
Ö 
-H 
O 
VO 

7 

U 
PQ 

o o 

Os 
VO 

7 

S 
CN 
-H 
O 

-H 
O 

I I I ι I 

oo* e>B - - - -
S S>2 8,2 

"?-e 
6 0 _rO *Λ J 3 .ti ja .ts û 

i 3 ^ ^ 0 \ O ^ Os c 

* * * * e n VO os » o »o m 
Os o o o o o O m m m m 

1" 

S S 2 S S 3 iffl 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


314 J Liston 

V 1 5 

I i 1 

Sil 

§ 

II 
δ s1 

13 

o < , o 
o 

3HH "S « H H 

l ! ] Ü o ^ U Υ (S 
i P Q < S P Q < . S P Q « < 

υ Ο 

CA On 

Ο 

CO 

I 

U 
P Q ο 

υ Ο Υ P Q 
P Q P Q P Q Ο 

8 ? £ ° 
« Ν ^ ^ η ^ Ο ^ Ο CN 

ci «ο <i so <i CN <i ο 
O S 0 0 r̂ ! CN oc Ο ON 

i δ s δ s -d ö ε 
ι ο ο ο ο 'S 2 ο 

' - BASES Β 
ΟμΟΗ ( Ν CO ft 

« Η Γ-

ON ° ° ^ CN oo 
^ ^ ( Ν ^ γ η Ό 
Ό W I N W I N W * 

CN 
Ö 
-H 

so 
7 

-H 
Ο oo o* 

CN 
Ö 

-H 

S O 

7 

Ο 

a i s 

EiJ 

ο 
ο 

OH CN 

Ü 
P Q 

ο ο ρ 
CN * P CN CN 
-Η α -Η α -Η 
Ο Α Ο D Ο 

^ -S "t" s ^ 
CN to CN «S CN I Α> I Α> I 

-H 
Ο so 
CN 
EN 

CN 
-H 

CN 
-H 

CN 
I N 

ο 
ON 

Ο 

-H 
Ο 
τΐ-
-H 
Ο so 
ON 

CN 
-H 
© 

CN 
-H 
Ο 

CN 

•a 

U 
P Q ο 
I N 
S O 

2 
« Η 
EN 

CN 
Ö 
-H oo so 
7 

-H 
Ο 

I 
a 

IM 
l a t e 

< ~ P Q 

! 
Oh 

I ! I 
a a 

a 

§ 

CN 

P Q 

I 
3 
I N 

CN 
Ö 
-H 

S O 

7 

-H 
Ο 

§ 
•<3 

P Q P Q P Q 

CN 

ö 

U 
P Q ο ο 

CN 
Ö 
-Η 
Ο 

7 

8 2 S 
+1 ο «ο 

»-4 *-Η »-4 id
ue

 

id
ue

 

ch
ar

co
i 

ch
ar

co
i 

ch
ar

co
i 

ch
ar

co
i 

po
t 

re
si

 

ch
ar

co
i 

po
t  

re
si

 

„ Γ"1 çA ce*̂ " co*̂ " ce"̂ " 

2 d S*S«" S «'S - 'S 
-3 
Z Z 

s 
2 2 2 2 i 2 « i 2 ^ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 315 

Β 8b 

§1 

i 
I© 
3» 
• A 

I s 

«r> ο 
,Λ CN 

; Ρ 

' s o 
p s o 

-H 

"H S - h ! 

^ E H Ö 
I 4) 

CO CN 

-H -H 
2 s o 
s o Ο 
CN CN 

1 
—Γ O* 
rj- en 

1 

-ο" 

13 
15 

CO 
M

od
< 

M
od

< 

ο ο 
-H § 

-2
4.

0 
E

S
T

IM
I ο β 

B 
CN t a 

I ω 

-H 
S O 
Os 

ω" ri 

12 
-S 'S3 

si 
ω _ 2 P Ρ ο ' S S O 

« 5 SI ^ . ο Ξ 1 « ."S tù S BÛ «-· ^ 

O o J u ^ w . ë . E S S ^ t e ^ c i a S c N 

1 

P Q 

! 

ο 
SO 

P Q 

CN 

3 
P Q 
ο 

s ο 
CN 

1 

Υ 
P Q 

ο ο 
CN 
-H 
Ο 
«Ο 

ο 
Os 

Ο 
ON 

Ο 
Ξ s 
-H -H 

ίο S 

I 
a 

g *-i p c o 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


316 J Liston 

- ( Ν 

I s 
I I 

υ 

ο 

5 tu 

a s? 

• • I I I S 
α υ Β'S rt 

l h ο 
„ i s ° 

« N O Ä .G 

'S 

ι 
2 o 
Ο 

Ο-S 

1 1 2 S I - G « S 

S 2 
O S O 

3 3 
s o c o 

o 
SO 
ON 

i 

O 

i 
0 0 

o 
-H -H 

2 £ 
0 0 

s o 

7 

CN 

7 

O 
s o 

-H 
o 
CN 

-H 

SO 

7 

•H 
O 
CN 
SO 

8 
i 

4 3 t 
8>£ 

•M 

73 
o 

Τ o 

& 
1 s 
ww 

ON 
ON 

bso 

o o 
SO o o 

O »—ι CN Γ**» 

ON fr> O i o ON v o 

o 

Î 

SO 

7 

o 
T T 

-H 
O 

CN 

7 

-H 
o 

SO 

O 
SO 
<N 

O 

o 

3 
Ö 

1 

Τ o 

1 5 
WW 

β·! § s 
I i i * 
f * I l 

o<3 + § ? 

w 

< 2 < 

o 
SO 

o 
-H 
o 

o 

1 

01 

PQ 

ON o 0 0 0 0 ON 
0 0 O m « o i n 
t** 
M" CN CN CN 

0 0 ON ON ON 

PQ PQ PQ PQ PQ PQ 

α - ö O e e o o 

o 
CN 

PQ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 317 

1 i 
<3 s? 

Ο 

8 S -Η 
> Ο ο 

l u S? I» I £ 
£ g l « 

3 

t u s S Λ s 
-3 δ" 

|lî!lS!« © ö -α ss fr S3 & 

s f î i a ' a 

S o 

1 
a 3 . 2 m 6 

lis 

03 

CN 

7 

§"8 
8,3 

l i s 

Ii 
PQ 

1 
t l 
fa CN 

SI 
f i 

èî 
3 a 

CA » 

i g 

fa CN PQ 

U U 
PQ PQ 
o 

1 
ο 
«ri 
7 

8 

9 ? o 

? Co" 

ο 
s© 
-H 
Ο 
CO s© 
CN 

1 •fi •? I 
a 

f S* 
I s i s 
3o\ Pos 

o s «n 

3 . 2 

υ 
PQ 
ο 
CN 

PQ 

S? N ? N P rt ν β ν β 

^ ^ ^ ^ I 0s- J o\ 
^ q ^ T T < i s q ö ο ο , 

0 0 

-H 
Ο 

ο 
CN 
CN -H 
Ο 

sels 
« m c« 

=2 - ^Os *5 Λ TS rt 

' S . 2W 
5 <N § CO ^ 

8b ·, Sb-L ç n 

rt ο 
oo 

rt Λ 

jfacN 

PQ ri ^ 
U CN 

0 0 

CN ι 
u 
S 

0 0 
CN 

CN ι 

S 

co 
On os 

rt 
Q 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


318 J Liston 

1 ί 

l e 

U S1 

a 

ω 
< 

31 

CO ' „ ^ S § -«9 fil 

ϋ * P M V 
d ϋ fi w M 

2 t | r - a 

! s î ï i l 4 ! f ! l ! f 1 i l ! 

00 «° 

§ & 

•la Ô-S 

... ο 
« ο 

• i s 8 g 
I-S 8 . 5 ? 

l l i f f 
PU CO Η Η T—H 

Ο 

2 
oo 
( Ν 

-H g 
Ο . g 
P S 
CN (U 

-H 
O 

I 

<=ÎT3 
TS s 
-H S 

Si 

-H 
iO 
i n 

1 
IS 
g TT 

Α> ι. Ο 
£ 0 0 

Ρτ3 
CN ^ 
-Η g 
«ο .« 

•£ 
• CO 

CN « 

Ο 
00 

j 

i s 
P̂ PQ 

CN 
0 0 
CN 

VO 

3 
CO 
CN 

CN ω 
-M g 

CN 0) 

-H O M Ο 

0 0 
CN 

I 
Os 

CN ω 
-H g 
»O.S 

-H 
O 

O 

VO 
0 0 
CN 
M 

8 fi 

α a 1 
ICCL O^ (3 © 

9 Ό 
CN W 
"H S 

VO 
-H 
O 
M 
M 

CO CO CO ι 1 1 

Tr
ii 

B
ea

ch
, 

7,
 I

II
, 

B
ea

ch
, 

7,
 I

V
, 

B
ea

ch
, 

10
, 

II
, 

en
gc

ho
l 

14
:1

, T
P 

) 

N
ge

re
ng

ch
ol

 
0R

-1
4:

1,
T

P
 

(1
40

) en
gc

ho
l 

14
:1

, T
P 

ÖDP4 <N 
£ 0 O N

ge
re

n
gc

h
ol

 
0

R
-1

4
:1

,T
P

 
(1

4
0
) 

Z O ^ 

Γ ­
ΟΟ 
CN 
co 

fi 8 i 
^ Θ \ ^ M 

H 1-H OhCN 

O O 

5 
<=>T3 
CN ω 

-H S 
CN S 

-H 

c ^ A 
P Q 2 
2fc 
<5 » c o 
OOpên O 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 319 

1 £ 

ι 
C fa 

I & 
δ ο 

δ SP 
•a 

Ι® 

I I I I Ille 
ce Ο © 

ο 7 r go »7 Γ ^ δ 

ϊΕ̂ ΟΝ CO S CO . ι ο 

- g j h a § a - ! 0 

ο 

17
20

...
 

1%
) 

τ 

18
50

...
 

9 2 < 

±2
.0

 
lat

ed
 

±2
.0

 
lat

ed
 

CN ω 
-H 2 

2.
00

 
est

in 

2.
45

 
est

in 

est
in 

8>" 

•S . 

So«1
 e n 

0 0 
-H 
Ο 

•δ 
s e 

Ο «Ο 

CN 

Ο 

-Η 

Ο 

ο 

à 
9 · σ 

-Η g 

S-S 
CN ω 

S O 
-H 
Ο 
i n 
"fr 

CN 'S 
-H g 
i n . g 

CN 4) 

Ο 
Γ» 
-Η 
Ο 
S O 

I 

Ι * 2 

IS 
g Τ ! « ο 
ο ο ώ i 

J2 -

i l 

ΐ £ 

e n 

cd ο 
> CD 
( Λ 

Ο f i , ο 

<3 ^ 

-S S 

e n 

ω h 
ο ο -
ed Ο 

S 3 CN , 
' > c i S 
ω fa V 

e n 

bûpÇ ̂  S e * 

ο ο 

5 

ο 
-Η 

-Η 
Ο 

S 

ο 
ON 

c i 
P Q 

ο 
-Η 
CN 

0 0 

Èh ^ e n 

O S â * * ? 

rt-J ·> rt ο 
§ 4 a s * 

B W SOW 
ON 
CN 
S O 

i 

S O 

Ο 
Ö 

-Η 
t'­

e n ^ 

3 
Ο 
rt s o 

Ο m 
ON 

5 

m 
e n ο 

0 0 
ο 
0 0 

ο 
0 0 -Η -H -H -H -H 

22
60

 

0 0 

S 
§ 
0 0 10

55
 i n 

0 0 
CN 

i 
13s 
ο α, 
ö " 

§ 

i s 

g r t ^ 

S o S 

s o 

i 

(U O f i t ~ 

^ K~ 3s Ι 

3 f £ 3 ! i 2 e 

<fa < o 
_J CN J CN μ_) CN 
u £ θ £ o £ 
5 Ε 5 ί 5 £ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 320 

I y ο 
CN 
ο ι op 

7 3 

I 
υ 

•Β ~ 
C A H 

g υ 

ΰ S» 
1> 

Ο Η Η I—Η Ο I Η - ( Ι -Η 

άί u u à$ (S m (S (S u 
< ! PQ* P Q < P Q < 3 ffl ffl pcf 

o 
-H 

o 
? 
-H 

1 

o o 
-H 
O 

o 
-H 
o 
3 

o o 
-H 
O 

o o 
-H 
o 
o 

-H 
o 

o o 

6· 

ê ë ë 

a a O 

:-
4:

4,
 

:-
4:

4,
 

r i,
W

al
l 

ι 
a a a a 

Z C O 2 ed (in PQ < 

W 
ι 

> C N 

'5b£ '5b£ 
fi 0 0 β 00 
« S « S i 

S 2 S 2 

I 1 
CN 
Ö 
-w 
T F 

«ri 
7 

1 

NO 

î 
IL 
SE 

I 1 
CN 
Ö 
-H 
O 

7 

I 
CN 
Ö 

L 
Ü g 

0 0 Ö oo §o> S o n 

S 2 

u 
PQ o 
oo 
CN I I 

CN 
Ö 
-H 

VO 

7 

1 

o 
-H 
VO 
VÖ 

7 

o o μ öd JS ~ JS o ^ 
> —· > cé 

o as 
^ 0 0 

2 2 

u 
P Q 

o 
CN 

O 
-H 
VO 
VO 

7 

00 
VO Os 

r-

M
od

en
 

-H -H 

M
od

en
 

92
40

 

29
94

 

0 0 
o 

CN 
O 

Ö Ö 

s .8 
υ a 

< 

E 2 2 

-a o 

CN 
Ö 
-H 

v d 

I 

ta 

ι ι ι P Q ι Lid ι ι ι ι ι 

< < P Q <η<&<χ<~<^<χ<σ 
Π Π ^ Π «λ Π m Π <λ Π «ο Π «λ Π «η Π «ο 
5 2 5 2 d 2 ; D 2 d 2 ; D 2 d 2 d 2 d 2 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of,4C Dates from Palau, Western Micronesia 321 

3 

- <s 

ι $ 1 1 
3 1 

1 
I s : 

3» 
S ? 3 

II 

rt < < 

4 3 -

I I 

VO 
-H 
Ο 

ON 

CN 
Ö 
-H 

5 82 

I * 
υ οο 

Ο 
0 0 
CN 

CN 
Ö 
-H 
Ο 

CN 

VO 
-H 
CN 

CCTON Κ ^ ν ο ^ R 
„ r 0 0 CN „ r ^ ^ ^ R 0 

2 g rt 

: I O 2 ύ 

_ rt-
Ο 0 0 

ON 
ON 

u 
ο «ο ο 

ο 
-Η 
οο 

Γ -
-Η 
Ο 

'S 

S 2 

1 
CN 
Ö 
-Η 
ON 

1 

1 
ö οο 

1« 

"8 
S 
CN 
Ö 
-Η 
0 0 

I I 
0 0 rt 

Ο 

Λ 

CN 
Ö 
-H 
VO 
CN 

7 

e n 
-H 
Ο 

Os 

Ö 

ο ω 
CN «5 
rt Ο 

?.ï 

I s » 
• a i l 
•a . e s 
•S 25 a δ-s 
"• 

P Q rt ON 

8 S 
fi CO 
co es 

8 i «i 

VIS •111 
I s ι 

ILL 
"it 

I i 1 
ι 

CN 
Ö 
-H 

-H 
VO 
OO 
ON 

11 
i2 ON 
^ 3 TO > 

1 
0 0 S 
CN 

^ ^ 

CN 
Ö 
-H 

ON 
VO 
ON 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


322 J Liston 

• M oo 

jo ε 
υ SP 

ι Ο 

I s 

i l 
.2 «-< 

Iff 
J3 2 g 
•s s i 

»5 

m χι 
^ m O N 

oo 

S -Η 

SP 5 

1 

e .2 

Q S 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 323 

1 s 

Ο & 

> 3 

I 
to a 
13 

•a I 
.11 
ft , CN 

o 3 

•β 
.11 
fa CM 

u 
PQ 

ο ο 
ON r -

vd 
7 

-s •β 
HH C S 

υ 
PQ 
ο 
ON 1 
«Ο 
NO 
7 

-Η 

J8 

CN 
VO 

o 
CO 

% 

i l 

.a © cN 

o 
>*? o o » - · «JN ON λ 
ON en en < N M u 

PQ 

CN 

13 

PQ 

P Q c N I C N ^ T t - ^ Ô L 

τι-
7 

CN 
CO 

CN 
ö 
-H 
O 

7 

o 
CN 
-H 
O 

CN 
ö 
-H 
CN 
VO 

7 

-H 
O 

CN 
Ö 
-H 

o en 
-H 
O 

-H 
O 

13 13 Ρ o 

8 « 

* 
0 0 
0 0 

"9 
U 

O e 

ON 
0 0 
0 0 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


324 J Liston 

V s 

•a « 
8 Β 

Ι 
Ο 
υ 

sic-
« Ο Ν II 

1 

Ö « 
3g ώ Ί ·3 α 

1 
I 

ο 
Ρ-, 

CN 

I 
υ 

fa« fa-3 

3 

I 
ν © 

?Α 
ο ο î 

1 a 1 Ι 
Ζ 
fa 

i 
I 
3 » | 

8 CN S 
0 0 ON 

Ο Ο Ο 
ο ο m <<t 
0 0 Ό VO CN S v o 

o o o s 
»n ^ ^ 

I ?s * s £S £s $s £3 A κ à $ i s $?s ?s ? s 
^ »n ON ^ T F ^ T T ^ H i n ^ o \ H n H ^ Q ^ Q ^ ^ r - ^ ON ^ OO Q 

CN 

I © 
-H 

i ^ 

i 
ON 

7 
ON 

7 e n 

7 
i n 

7 
v o 

υ βι 
-H 

I ο 

s 
-Η ο 

CN 

Ο 

-Η -Η 
Ο 
0 0 
νο 

£ 3\ 

I 
•3 .1 i l 

il y 11 II 2'ä 
&& 
s: ο 

I 
CN 

CN 
CN 

Ζ fa 

v o 

CN 
0 0 

J27 
S W 

ω > 

ON 
VO 

a 
ON 
Ο 

o o 

P Q 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 325 

- < s 

•a 

Is 

I Ii II 
1 
1 
I 

ON 
00 
ON 

"S δ e j o d υ & ο ν d SL ο υ d §L««>d >L2? « d Λ 

Μ Ι ΐ Ι Ι Ι ΐ Ι Ι ! ΐ ι ι Ι ΐ 5 ΐ Ι ι 
o 
ON _ 
oo 

g 2 
00 

2 2 
00 00 
VO CN 

v n VO eo ON 

u n 

1 
vd 

1· 
vd u n 

3 o 00 
Ö 

o 
u n 

O 
VO 

-H -H -H -H -H 

1 
o 
VO 

VO S 
ON 

O 

CN 

-H S 1 8 

u n 
c o 
ON 

I 

2 s S C 8 

U B U W Z h 

VO 
O 
CN 

û 

VO 

>< 

O 

CN CN 

S s 
o α 

ON 
CN 
co 

è 
00 
CN 

fi ce 

"Ρ Τ 
I u 

,S2 * o 

o 

CN 
ON 
CN 

O 
u n 
u n 

2 
00 
CN 

-H 
O 

CN 

1 
α 

Γ2 vo~ 

co 
ON 
CN 

oo oo 
ON ON ON 
ON ON ON 

ω ω 0) 

H I 

*-h p H P Q ON ON 

é ^ c ^ ^ ^ S ^ r^ci r© C© ^ Ce ^ ON 1 - 1 cN ^ 
c o ^ u n ^ c N ^ v o r - O N ^ 

T ^ T ^ . r P û C N Û C N 5 5 5 S e S S S S ^ 

ON 
00 

7 
u n T F 

C S C N ^ 

-H -H -H 
O O 
TFR ON 
ON CN 
CN 

*gcN 

1 

I VO 
CN 

1 

111 
g ο ο ρ α α 
vp" νρ νρ 
CN CN CN ι ι ι 

S 3 3 
Ό * Ό 

υ υ υ 

1 1 1 
w ω w 

S u n νο 
CN CN 

u n r -r̂ - u n u n 

* ?i 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


326 J Liston 

• y e 

- «S 1 î 1 § c3 SP 

3é 3 

ï 
î 

I 
I 

•A3 1 

"55 nO η 

•sa si! I i* ll'i sslijlîj 

Ο ο m 
Τ ? £ ^ Ο U 
£ £ Q F F L P Q 
J . Λ 3 ©^©^ 

Sagesse 
m c n 

7 7 

Ο Ο 
0 0 Tfr 

-H -H 
Ο ο 

ο ο 
ON «n 

1! 

ï 1 

" Ι -
ΟΝ 

? 
-Η 
ο «ο 
3 

1 3 
Ο 

Ο ^ 

5 © 

Ο 

8 

U Ο 
P Q P Q 
ο ο 

^ ο" °2 ΙΟ 
rt^OOw 

ON 

-Η 
Ο 
CN 

1 3 
Ο i 

j s 
rt CN 
* rt 

CN 

e n 

Ο 
N 
Ο 

'S 'S Isis 
ο 

ο 
CN 
-Η 
Ο 

CN 
Ö 
-Η 
Ο 

-Η 
Ο 
0 0 
CN 

s: g R j3 

ON 
0 0 

II 

CN 
Ö 
-H 

7 

-H 
Ο 
VO 

L 
U S U S Ο 

rt CN 
Ο rt 

ON ON 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 327 

1 ί 

31 
υ 

SP 

Ist 
•a 

I: 

- Β 

o w 8 a-Sfe 

PQ 

2 CN 
© 
-H 

7 

s© 
-H 
ON 

ON 
Ö 

1 
? 
ce 

8. 1 
a 

Î 
Ι 
I 
to 

a 
î 
î 

•3 j -3 .-S · 

818181 
PQ <8 PQ «S PQ <8 

•3 . 
kl 
PQ<S 

1 1 

t-b
om

b d
 

t-b
om

b 
d 

iti
al

 po
si 

iti
al

 p
os

i 

T po
te

i 

•8 

PQcâ PQc2 fflcg 

O 
CN 
OO Os 

—< O 
0 0 CN 

0 0 

O 
ON 
0 0 

É 
TF- O ^ © τ * ^ © ^ T J -

CN 
Ö 
-H 
0 0 

ö 

-H 
O 

vn 

CN 
Ö 
-H 
VO 

O 
τ * 

CN 
Ö 
-H 
τΙ-
Ο 

-H 
o 
CN 
u n 

CN 
Ö 
-H 

-H 
O 
u n 

8 5 8 

•a 
CO 

i 

CN 
VO 
O 
VO 

e n 
VO 
O 
VO 

1 
«H. 
W ) u n 

'*& 

J ' . 
ω v o 

Ü CN 

8 3 

VO 
o 
VO 

CN CN CN CN CN 
© Ö Ö Ö Ö -H -H -H -H -H 

I u n < u n 

1 ? ö Ö 

? O 
T T 

o ? 
-H -H -H -H -H -H 
O 
u n S 8 O 

CN 
O 
u n 

τ * VO u n u n 

« ON 
o S v o 0 0 

e n 
u n 
o 8 s 1 8 g 
ce é é d 

ce 
d cl 

J g 

'ar
a ι

 

J ar
a 

s 

I 1 Ί 1 1 1 1 

0 0 

3<r 
rf> 
|4 

O - H 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


328 JListon 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of,4C Dates from Palau, Western Micronesia 329 

S Β >. 
I-S -ι 

l u i 
Γ - H - I 

a ß 

l i l 
IM! 1 1 1 ! 

•L 'S3 c 

8. g Ai 

? .9 

« S * 

8.1*. a 

... υ 
S-S.9 
• S i M 

184L 
4 'S fi β 

2 * -S S 

O U 

8.8*4 

a ^ s l 

Ifli 
• e s 
S ̂  
ο υ 

4 s f > 

O 

*o o 

1 
,>CN 
CE CE 

f a t! PH CN 
IS 

1 
.11 

I 
.11 
HH CN 

i 

•P 
Pu, CN 

I 
. f l 
PH CN PH CN 

I il 
u 

u 
PQ 

2 

o S oo os 

O C O C O ^ 
0 0 VO VO 

ο 
Os 

Ä 0 0 
C O <N C O ' " H 

Q \ o> O \ oo 
^ VO 0 0 ^ 

vp T T 

ON 

7 

VO 
Ö 

Ο 
CN 

T T 

7 

Ο 

s ω 

a | ι 

-H 
VO 

VO 
CO 
-H 

CO 
-H 

8 
-H 
ON 
CN 

T T 

-H 
s o 
Ο 

-Η 
co 

3> 
§E «il 

ο 
ON 

Ο 
CN 

LS 1 73 ο 1 I ι 1 1 
i 

2 
Β 

Is-
. 2 2 co 

s c 
I S 
I P 

s a 

i Î H f 

•P CN 

I P 

CN 
CN 

ce Ο 

S2 

I i 

iS ο 

Ι ί 

CN 

à 
.52 J 
P Q o 

j e 

i . 

Ü B 

3 3 ê i% i% i% s§ m j | Î 
o ι wo 

i i 
0 0 

•s 
!3 

ON 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


330 J Liston 

- CS 

I § 

Ο 

I I 
I I 

S? 3 

.S 

H 0 , 

J 

3-S 8 * 1 

£ 1 ES .2 
J £ 8.8 t 

H-I CO 03 

Ö 
t«rs 

•sis 
i n 

l i a 
•â 3H 

1 1 1 

' ·» -a < 

4) 

ag.3 g s ο 

w 8 g 
S -'S 
«S &o > 

si** 
H J Î ,ο J 

•fi fi 

f i l l 
fa CS fa CS 

Ο 
Γ -
<N rj 

À Β 

g Ο 

° «o 

t« CM 

f i s 
fa C3<N 
Ο 
" t 

2 

I 
ET Χ 
. 1 1 
fa CN 

V 
P Q 

ο 

ο υ 
fi fi CE j d ET Χ 

. f i . f i 
fa CS fa <S 

υ S υ 
l l l i l , 

f g f ë f : 
fa afa es 

O 
P Q 
ο 

U 
P Q 2 2 

u 
P Q 
ο 
οο 

2 

s.a 
I I 

I 

I 

I 

1 

2 

Sri S<M 

• © Ο ' Ο 

Öööes 

O co 
I ι VO <! ο << ο 

'S co *f3 co »Ç; co 
8Ci Sri 8<ri 

J> ]î> T J> "7 
U B U B U Ê 

ι S ι vo ι ON 

< ! © < ! © < ! oo 
<3 " t < , < ! 

•3 
•& 
ET Χ 
f i 
fa CN 

P Q 

2 

VO in es 
O 

CO 

cN 
7 

CO •n 
7 7 

CS 

7 7 
es in 

7 1 

? «o CO o oo VO O rr in Os 0 0 

-H -H -H -H -H -H -H -H -H -H -H 

22
20

 

12
45

 

28
81

 

20
30

 

27
35

 

27
37

 

26
07

 

16
92

 

20
84

 

26
41

 

t 0 0 CO 
CO 

«o co co VO r-
rt rt Ö 

CO 
CO rt CO Ö rt es 

5 

1 * . 

ö S 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

http://fi.fi
https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 

CN ι 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


332 J Liston 

1*5 
1 * 

3» 
I 
d OH 

f 

'? I I I 11% 
ι—I O \3 υ c « X ) ^ 

1 2 -a 
.g g.S*> 

sa s.g 
« i l s © 

lis 
'S-3 8SI'S* 

•s 

1 
& 
1 S 
nil 

• J j " ä c o 

-S ΐ 8 

8 O S 

S | 2 

* ï δ: 

1 1 

u u 

o 

P Q 

8 
£J CO 

O 

5 

o 

o 

-H 
S 
oo 
CN 

j a 

P4 c*© 
Ο 0 2 

* W * E-H 

co ^ ON g OO £ its®5 

CS ^ 

Ρ 

ο oo 
-H 
ο 

1 

Ο 
«ο oo«o 

! 

u 
P Q 
ο 

2 2 

1 îfSsjSÏS 
βΛ τ ι S Ή S ^ S 

-H -H 
O O 

o 
o 
VO 
VO 

-H 
O 
CO 

3 

& 

.1 
a s 

o z 

I 

Ê & p 
ùo uo 

uo 
«ri 

β 9? 
« a a 

Ö0CO OOCO 00 ι 
§ © § © 

î H * d ï B 

3 CN f2 CN *2 CN 

i 
Ü 
υ u 
P Q 
o o\ 
CO 

C N ^ il 
-H 
O 
CN 

I 

* s 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 333 

- e s 

1 * 
I * 
3 » 

1 
f i 
υ SP 
•A 

I 3 

3 β <s 
S ' J e ° 

11 
fart 

g 
te î 

I S3 
PQ 

•rt'S 

i 
PQ 

o 
ce 

•3 

G 

•S 
c o 

0 0 

O 
e s 

O 
e s 

O O O O 
e s o o c o 

r t m ir> 

O 

c o 

I 
PQ 
O 
e s 

O 
VO 
c o 

< e s ^ e s ' 

o o ^ e s ^ os 
v o \OS O# e s e s 

^ CS ^ CS ' - ' » O ' - ^ c O ^ t - ; ^ TTF- - h tN 
Q T F Q rt Q o o ' Q c o û c o Û t ^ û v o 

7 
0 0 

7 7 7 

S O O O O O O O O Ο S 0 0 iO » o « o VO 
- H - H - H - H - H - H - H 4 1 - H + 1 

O O O O O O O O S O 
c o c o e s e s S 0 0 

c o «o Os e s VO VO «n "Ι­

ê S 
Ö 

«iSS^Uftj^vj^ £ 3 faU + 

Frt fa 

ä s 
cd -

"53 

rt e s 

ufc S 
.fa 

jg co co 
'"3 J Î Î 

rt 
2 

Λ«*ο 

OÛCFRT 

> e o * 5 

I D Ï ι 5 ϊ i fà ï 
I L E Κ έ « s i «sä 

Ses* 7 7 
5P ce «o *-' co 1 

o û < ^ Op.*- JbO.tS Ζ Ζ p £ fa £ fa 

e s 
VO 
e s 
VO 
O 

oo" È5 

• I - ' Ê 

ω j o 

i l I I ζ s 

e s 
VO 
O 

0 0 

I I 
s fa 
£fa 

0 0 
e s 

Ο 

PQ PQ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


334 J Liston 

u e 
2 < Ν 

i â 
U 8P 

o 
C P H 

I β 
A S? 

•a 

1 

I 

I 

I 

o 

7 3 

1 

• s 

a b 

£ 2 

1 1 * 88 as 
^ E3 1-H P H CN P H < 

§ 
CO 

i 

t N 

3 

a-a 

1« 
P H CN 

2 l r ^ov 
«β ω 1 A 

l i s M» 

o o o 
0> O v o 
CN ^ v o 

'~ H T 1 T 1 M 

S 2 

i F-H O** ™"' ' ~ 

O 
« o 
ON 

O 
VO 
ON 

O o 
VO 

VO « Ο £ ν CO o 

*—ι Ό co 

13 ο 

1 1 <3 

fcPj fcPj 1 3 ? 

ο ο 

CQ 

o o 

«r> 
I 

PQ 

0 0 
0 0 
r -

«r> 
ι 

PQ 

ON 

i n 
I 

CQ 

3 S S 

Os Ο ρ Os ο 0 0 
«ri e n «ri «ri 

I I I 
CO CO CO Os 

Ο 
«η 

ο Ο 
ΝΘ S ο 

«η 
Ο 
0 0 

Ο Ο 
«η 

ο 
ΝΘ 

ο 
ΝΘ 

ο Ο 
0 0 

-Η -Η -Η -Η -Η -Η ΗΗ -Η -Η -Η -Η -Η 
Ο 

S 
Ο 

CO 

Ο 
CN 
CN 

S, Ο 
CO CN 

Ο 

CN ϊ Ο 
«η 8 

CN 

Ο 
ΝΘ 

Ο 
«r> 
as 

sp
. 

sp
. 

sp
. 

sp
. 

m
bu

s 

m
bu

s  
; 

m
bu

s 
: 

m
bu

s 
: 

CN CN CN CN 
ώ 
PQ 

w 
PQ l, B

E- w 
PQ 

13 

9 9 ω 

9 
13 

is
ch

em
ia

 
h T

V 

is
ch

em
ia

 
I, 

V
I 

is
ch

em
ia

 
I,V

I 

is
ch

em
ia

 

Ro
 

TL
 

SP 

o 
«o 

Os 
O 
«r> 

o 
«n «ο 

0 0 00 0 0 0 0 

PQ PQ PQ PQ 

ο 

ο 

PQ* 

i 

/-i v o 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14 C Dates from Palau, Western Micronesia 

_ ö rt " « Ό Ζ 0 5 Ό Ζ 

•^.TI*3 U N ΰ <Υ RO 
j I'M"?'M"? •IFF 1 S W ' s w i4-s j <2 m -i <a m 

»3 § 0 

H J « £ P Q _L<£PQ 

ecj 

"S 
δ*ν© &*vo è*vo 'S g 

1s I s l a l a Sa i PQ rt 

•8 
8 on 

PQ rt 

o 
o 

5 
« o n 
PQ rt 

o 

oo 

•8. 
-I On $ On T/5 On 
« ON « On -S on PQ rt PQ rt J rt 

ci 

ÖS S£ 

3 2 

•8 

? CO 

•1 

ή: a 

CE 

s 
rt ON 

0 0 rt rt rt rt ^ ^ 

ON 

5 5 5 5 ^ 5 5 5 ON £ 0 0 0 < 

e n VO ri­ 0 0 VO CN On 
e n e n e n e n Τ—1 e n 0 0 

s o o O o o O o o o O o 
O 

rt i n VO v o VO VO 0 0 VO VO On rt -H -H -H +1 -Ή -H -H +1 -H -H -H -H -H 
O O O O O O O O O o O O O 
ON O VO CN o CN 0 0 CN 0 0 r - t -
ΓΛ VO CN ON CN VO r -

H T"H T~" CN "~' 

0 0 00 i n ON m un CN ON 0 0 
v o rt ON O p i n rt od On 0 0 

1 1 1 1 o o O 0 0 O 

§ 

I I δ 1 •S3 

•à-δ1 

Ρ ° 

g £ s I I 
.a* 

Δ <*•« Q t 

O Q S O Q B « C e 

PQ PQ PQ PQ 

O 
e n 

m 

rt CN 

•§(2 

PQ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


336 J Liston 

1 2 

1 s 
1 § 

<3 SP 
i 

€ α. 
a s? 

i s 

•δ ··«* 

1 
PH 

I 
υ 
! 
! 

111? ' Ο Ö " O 

£ o n 
Ό °o oo 

a ? 2 

O 
R O 
O 

— oo — Q 

g.s 

I « 

* 2 J 

O n * 

o w 

i S 

3 si 
C N 

ό 
Q 

0 0 < * 

"3 J . 

•8 

Is 
J8 

U T 3 

P 
-S . 2 3 

1 § 

-s g 
es 2 

z g 

O 
O 

<3 O 

ö ^ o n 

CO ^ O h C N 

C N 
0 0 op -a 

O 
ON 
co 

O 

V O 

C N 

g Xi ON 

S | 8 ».§ SI 
S S S C O s 

O 
Γ ­
Ο Ο 

.α o 
O O 

•s ι 

J O 

oo<* 

If 

•S. 

I 
3 2 

C N 
V O V O 

O 
C N 
0 0 

2 
s 

O O O O O 
ι—ι ON M V O "«fr 
c o M O » - « 

£ V C O V O O N O I N ^ 

3 5 5 5 S S S ^ ê ^ 

-H -H g 

C N 
V O * 

Ö . 

-H 
© n 
-H S 

C N ω 
-H g 
C N ω 

O O O 
» O 

O 
« N M 

O 
R -

-H -H -H -H -H -H -H -H -H 

O 

O O 
«/"> 
V O V O 

O 8 
V O 

» O 
0 0 
T -

O 

2; 
O 
R -
O 

Si to 

ß 
U p 
•S Pc? 
Mi* 
4 3 Ό 

32* 0 0 
M 
C N 

ù 
l -H 

O 

3 ~ 

1 8 . 

C N 

bog 

R^5 O 

J S . 
I l 
C 0 Ä 

I g 

a ï 

j t 

i l 

.2<± 8 = 
7 I ^ . PO G ^ 

Q 

S o 
Zw 

C N 1 

U 
l -H 

Q 

u 
»—( 

ë 2 
« C N 

0 0 . 
CE 0 0 

I S 

'S ri 

u 
3 

C N 

é 
i 

V O 

ON 

C N 1 
ω 
PQ 

0 0 
C N 
C O 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 337 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


338 J Liston 

i 
Ο 

U 

«8 O-CN 

1 ι 
b 

CN 

O 
0 0 o 

0 0 
CN 

o 
e n 

2 
3 % % 

o en τι-
o 
0 0 
CN 

5 

O 
VO en 

U 

I o 
-H o 

-H 

o 
Ö 
-H 

VO 
O 
Ö 
-H 

0 0 
o 
Ö 
-H 
r-
τ * 
CN 

O 
-H 
CN 
en 
CN 

O 
Ö 
-H 
en 
en 
CN 

-H 

CN 

S 
Ö 
-H 
oo 

S 
Ö 
-H 
ON 

VO 
en 
Ö 

ON 

7 

'sS fa 
> β 

d 8> 
O 
ON 
v o 

en 
CN 
ON 

en 
T F 

-H 
CN 

-H 
in 
en 
-H 
r -

ON 
TJ-

+1 
O 

-H 
O 
t-» 

CN 

•a 

lai 
vo ^ 

I § 
it 

1-8 
Ja Ii 

II « s 
1-8 
Ja Ii 
cd^ 

Ja Ja i l I Ja 
Ο cd 

3 1 
1 I 

. 8 ^ 

Sil 

υ fa 
Is 
ÜH 

• s a 
LI rt 

JS 

Ο 
ON 
CN 
VO 

è 
ON 
CN 

VO 
ON 
CN 
VO 

i 
ο 
CN 

Ο 
«ο 
en 
vo 

en 
VO VO 

N 
O en 

oo 

O en 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment ofl4C Dates from Palau, Western Micronesia 

ο 

'S C 
s e 

a sp 

ω 2 

ι T3 

.a 

§ i s -s .S 

'S 8 ·α 8 

'<3 .22 '53.52 
I 
O ON 

•g r- -S r- -S r~ -S t -

62 62 6262 

I 2?: 2? 
B «î '5JQ cd 

f 2 2 | 2 

O 
CN 
CN 

O co 
O u 

CQ 

8 
ON 

2 2 

-H -H 
O 

+1 
o 

-H 
O 
CN 

CN ^ 

ν© 
vb 

-H 

O o 
CN CN 
-H -H 
O O 

O 
CN 
CO 

VO 
-H 
co 
CN 

O 
VO 

I 
o 

o 

' ce 

^ ON 

O 
CN 
-H 
O 

«η 
ON 

CO ^ 
O O CN 
Ö ^ Ö 

l ^ l j c o 
•2 .2 8 * 1 8 

ω w cd β a ο ft, ûû< tu, 
^ 2 fflF £ PhK £ £ c O 

gpP 

.ti co 

S 2 S 2 
g>oo 

ON 

O D ! = ! ^ © Φ <̂  Co <̂  Co O Ce O Ce ~* VO CN ^ vo Γ*-
ρ! O 0 0 CN ^ ^ V O ^ t n ^ T F ^ O N ^ N q * -h ON CN 

3 S 

ο 
CN 

7 

ν θ 
-Η 
ON 
CN 
ν θ 

Ο 
ö 

Ü g 

<u2 

^ 1 

* 
VO 

. s 

O ro O 

ON 

ώ 
CO 

VO 

A 
co 

o 
0 0 

ώ 
CO CO 

3 s 
B S 

3 1 
B S 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


340 JListon 

I 

b Ι § 
c N I * 

1 
1 É? 

•a 
$9 

î 

J 

I 
•3 
OH 

I 

SI 

I 

I s 

S 7 .:!*·§ 
ie.fi.8if 1 

? 85 ? «'S 
> C ' fa Q 

S 2 

'S 

S 2 

' 5b£ 
fi 0 0 

S 2 

4 
CS 

O 
τ ι -3 
0 0 es 

o o o 
Os VO T F 
0 0 ON vO 

ON CO*"* Γβ" ON 
T F ^ ON g rn 

es 
ö 
-H 
co 
0 0 

7 

es 
ö 
-H 

es 
ö 
-H 

fi 0 0 

I s 

es 

5 
es 
ö 
-H 
VO 

7 

" r i cd ce) » r* ce) as as as 
5 2 , 2 2 5 2 
O Ä 

vo Ο O 
CS ON m 
? ? 3 

J 0 5 0 | 0 5 0 5 0 j o J 
ooS ooS ooS ooS ooS ooS oo( 

? 1 ? 1 ? 1 ? i ? i ? 1 ° f 

f i f i f ι f ci f ι f ι 
5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 

ο υ s 
o «n 

PQ rt 

s É vo vo es vo 

es 
ö 
-H 
es 
VO 
7 

es 
ö 
-H 
T F 

«o 

7 

es 
ö 
-H 
es 

es 
ö 
-H 

es 
ö 
-H 
es 
T F 

7 

es 
ö 
-H 

vo 
7 

es 
ö 
-H 
es 
vo* 
7 

es 
ö 
•H 
p 
7 

es 
ö 
-H 

es 
ö 
-H 

T F 

vd 
7 

es 
ö 
-H 

vo 
7 

vo 
VO 

o 
0 0 

o es es r-
vo 

vo 
VO 

0 0 
VO 

vo vo VO 
VO vo 

VO 

VO vo vo 
VO vo 

-H -H -H -H -H -H -H -H -H -H -H -H -H -H -H -H 
0 0 es ·/*» O 

«o 
vo es es i es 

VO 18
88

 

20
60

 

»o O 
es es O en en es 

en 0 0 
0 0 

VO 
en 
S 

en es es 

• f l 
PQ 

L L 
SUS s a 
ü g 

ö ö 

s l * f R | 

ON 

O o 
Ö 

en T I ­cs rt 
Ö Ö 

n- rt oo es rt o ö Ö rt 5 
Ö 

& a & s & a S> 
3.2 äjg S Ja 2 

5 2 -S 
t j » t ) » (β 

a xi axa O 

U g ü g ü g ^ ä ü g ü g f a * 
i l l 

rt»—It—l^N^NCNrtCN 

^ ^ 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

http://ie.fi.8if
https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 341 

2 CN 

1 î ê § 

ο 
s e 
a s» 
•a 

n 

s 

f 
ce 
.g 
co 
B 

* 8 

I 
CN 

00 oo öOoo öOoo 
SPon 5po> öfios 

ä o 
O c o 
CN 

„ , _ U 

« n ^ CN ^ CN 6 

CN < W < W ^ H 

CN 
Ö 
-H 
O 

VO 
-H 

CN 
Ö 

-H 
VO 

CN 
Ö 
-H 

VO T F 

7 7 

o 
v o 0 0 
-H -H 
CN O 

oo 

ö ~ 

CN 
Ö 

-H 
v o 
v o 7 

-H 
On 
O 
0 0 
CN 

Ö 

^ *T3 δΓ ο ν. υ ζ , ϋ α S 3 So g 

•c 

1 
CN 

§ 

•8 s -8-

Λ " 
'.S 

f 
ι—I o 

t-J B X£ !*;3 

0 0 
ON 
ON 

-, . „ λ 12 υ
 B 

- s-g » §-S^3 ί .β . ίδ .ϋ | ΐο 

U 
P Q 

I 

CN 
Ö 

O 

7 

CN 
CN 
CN 
CN 

~ r o 

CN 
Ö 
-H 

«ri 

7 

-H 
O 
c o 

5 
CN 
Ö 

-H 

7 

-H 

VO 

^ CO 

C N Ö 

Τ SI" 

« 8 « w 9 a 

o 
r o 

O CN Ό 
CN CN CN 
ON Os ON 

_ O 
O «o 
«n v o 

CN 

-H 
v o 

à à 
CN 
Ö 

-H 

7 

-H 

I 

CN 
Ö 
-H 
« o 

o 
VO 
-H 

CN 
Ö 

-H 
VO 

7 

g δ 
0 ^ > nu

e 
ts

he
 

2 
H H 

Sa 

CN 
© 
-H 
0 0 
«n 

7 

VO 
-H 
r o m 

v o 

CO »-H 

v o 
-H 

O 
CN 
Ö 

II 
s: £ 

I s 

i f .h 
*18.2 

£ c o £ £ c o 

? Τ ; 0 | ( N ^ ? ( N O 

v o 
c o 
On 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


342 J Liston 

V 0 

1 * 
jo 2 
υ SP 

i i l al 
£ 3 

•8 -3 

J O H J t 3 

II 

-H 
O 
0 0 

o ^ o 
f n ^ o ^ cn 

CN 
Ö 
-H 
«n 

7 

oo 
v o 
-H 
ON 

CN 
Ö 
-H 
CN 

7 

I < « · α > 2 μ 

2 
CM . » CM 4> ο ω ο ω g 

δ 5 i 2 i 0
 i f 

F . u o n u o c 6 p 

^ Ο , Ό , S -f 
0 0 
ON 
ON I 
PQ 

0 0 
ON 
ON 

3 11 
© © O © " t 
CO T F ON CN CN 

0 0 0 0 ON Q 

H 1k "NIM 
© 
CN 
CN 

S .8 ES S ,8 S .g 
© Ä © © 
CO © CN CN 

"> CN CN 

PQ PQ 

° Ê 

3 
PQ 
© 
% S % 

CN 
© 
-H 

7 

0 0 

-H 

CN 
© 
-H 

vd 

7 

-H 

CN 
© 
-H 

ί 

-H 

CN 

CN 
© 
-H 
c o 

CN 
© 
-H 
CN 

CN 
© 
-H 
© 

CN 
© 
-H 
© 

VO TFR 

7 7 

6 
PQ 
© 
« o 
c o 

CN 
© 
-H 
© 

7 

6 
PQ 

CN 
© 
-H 
r-
vd 

7 

6 
PQ 
© 

CN 
© 
-H 
0 0 

© 
VO S 8 S © 

*>· 
© 
VO 

-H -H -H -H -H -H -H 
© © © © © © 

v o 0 0 VO 
ON ON 

1—4 
© 
CN CN © 

CN 
ON ON 

CN S © ^ 

.e SS β 
VS> _ C£> "O _ 

a Ja a J§ 
s f s Sf 
o s o t s c 

5 3 
to to 

H 11 
§ * S § * S I" J ïS ί i i ι 

s 
CN L E ) 

c o Λ M 

sei 
tS tî w tî 

0 0 © 
CO T F 
ON ON 

^ ON 
> CN 

> £££ 

Ï5 
P. 
S 1 ? 

P. 
H P H 

28 

ft 

«n « o ON 

© ON © v o 
© © © © 

o s: υ 5ôQ 

„ T Î - Λ Λ © 

au g2 3 .2 sV 

J s J s J s J d 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


Assessment of14C Dates from Palau, Western Micronesia 343 

a ' [ j . cö ι cd ι cd ι TT. · ϊ 1 ' ? ί ϊ ΐ ΐ ? ι 

CO 

1 à I i 
§ δ-

Ι I 
3 

m e n , 

I ö 
-H 

I ° 
1 7 

CN 
Ö 
-H 

7 

CN 
Ö 
-H 
r -
T F 

7 

CN 
Ö 
-H 

CN 
Ö 
-H 

CN 
Ö 
-H 
Ο 

CN 
© 
-H 
T F 

VO 
7 

CN 
Ö 

-H 

7 

CN 
Ö 
-H 
Ο 
T F 

7 

CN 
Ö 

-H 
CN 

CN 
Ö 
-H 
» o 
VO* 
CN 

CN 
Ö 

-H 

7 

1 
VO S S 

-H -H 
O 
ON 

-H 

I 
o 
0 0 o 
CN 

O 
VO 

O 
CN 
e n 
CN 

-H 
o 

o 
VO 
-H 
O 
CN 

CN ^ ^ 

-H 
O 

-H 

— — e s 

-H 
T F 

-H 
ON 

T F 

•fl 

£ 3 
ON 
v o 
Ö ö Ö 

CN 
e n 

ö 

T F 

Ö 

1 
i t 

" - - s: rt O - o "rt y>» rt 
υ S υ 

f 
§ s-

e n 

i 

rt e n 

IL* 
I ^ T F 

i r f i r T » o u*T u-T 

H f a 

| T f | v O 

I s i s 
H fa H t i l 

J s J 
H Un H 

S£ 'S S£ 
vo" Λ v o 

s i s 
fa H fa 

ed 
fa 
» o e n 

ê 3 f a 

fa fa 

< fa CN CN CN 

• Q ^ C N j-o" Η ο 
ÖU r Ö0»n § rt ^ C N 

M FCI5*LÏ 

T l CN 
^ T F 

£d 

O co 

Wfa 

Γ ­
ΟΟ 
CN 
0 0 

0 0 ON O rt 
0 0 0 0 ON ON 
CN CN CN CN 
0 0 00 0 0 0 0 

v o f -
ON ON ON 
CN CN CN 
0 0 0 0 0 0 

https://doi.org/10.1017/S0033822200019780 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200019780


344 J Liston 

Ι 
Ο 

υ 

, co ' ι—1 ϊ> ( ^ 

*S Ό Μ ϋ HJ 'CO 

CO 

.s 
CO 

•8 
1 
I 
«η ο 
:§ « 
* 3 

ο 

1 

he 
<2 
I 5 

! 
1 

1 I 
I 
.S3 
_ ) 1 I 

i 
I 

î 

I 
! ! ! 

.22 

2 CN 

'S <u 

Ö S1 

ο 
CN 

<h CO 
5 2 .w Q o l b <=> Λ 

s h» ι»» N r 

Ο Ο Ο 
Ό »—η CN 

? .7 7 
υ 
PQ 

ϊ s 2 
CN I o 
-H 

I ^ 
1 

CN 
Ö 
-H 
VO 

CN 
Ö 
-H 
Os 

7 

CN 
Ö 
-H 

7 

CN 
Ö 
-H 
CN 
τ * 

7 

CN 
Ö 
-H 
Os 

7 

CN 
Ö 
-H 
en 

7 

CN 
Ö 
-H 

7 

CN 
Ö 
-H 
r o 
i n 

7 

CN 
Ö 
-H 
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