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DISSERTATION ABSTRACT
Matthew F. Napolitano
Doctor of Philosophy
Department of Anthropology
June 2021

Title: Improving Chronologies in Island Environments: A Global Perspective

Chronology building is a fundamental part of archaeology. Questions related to
the timing and duration of events are inextricably connected to larger questions about
human activity in the past. Given its wide applicability and temporal range that covers the
last ca. 50 kya, radiocarbon dating is the most frequently used chronometric technique in
archaeology. Preserved carbon-based organic materials such as charcoal, shell, and bone
are often key sources of information for determining the onset and duration of cultural
events that occurred in the past. Limitations of radiocarbon dating have long been
identified, yet with advances, including accelerator mass spectrometry (AMS) and
applications of Bayesian modeling (see below), archaeologists and other scientists have
continued to improve the accuracy and precision of chronologies. For archaeologists
working in island regions, these techniques have allowed archaeologists to engage with a
number of complex issues including island colonization events (i.e., initial human
settlement), paleoenvironmental reconstruction, and long-distance exchange and
interaction between groups of people living on different islands.

To examine chronological issues as they specifically relate to islands, | present

four case studies as part of this dissertation in which various techniques are applied to



archaeological datasets to improve the accuracy and precision of understanding human
activity in the past. By applying a suite of methods, including chronometric hygiene,
Bayesian modeling, glass chemical composition analysis, and marine reservoir
corrections to case studies from four island regions around the world, | improve upon
some of the limitations imposed by radiocarbon dating to create a more nuances
understanding the past. These approaches allow me to address both large-scale questions
such as the timing of human settlement across the circum-Caribbean, site-specific
questions such as when stone money quarrying activity took place in a rockshelter site in
Palau, western Micronesia, and how settlement patterns in southern Yap, western
Micronesia was influenced by sea-level change around 2000 years.

This dissertation includes unpublished and previously published co-authored

material.
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CHAPTER I

INTRODUCTION: CHRONOLOGY BUILDING IN ISLAND ENVIRONMENTS

Introduction

Chronology building is a fundamental part of archaeology. Questions related to
the timing and duration of events are inextricably connected to larger questions about
human activity in the past. Prior to the development of radiocarbon (*4C) dating by
Willard Libby in the late 1940s, archaeologists primarily relied on relative techniques
such as stratigraphic superposition and seriation to discern temporal divisions, however
coarse (Libby 1955; see Ihm 2005; Wood 2015). Given its wide applicability and
temporal range that covers the last ca. 50 kya, radiocarbon dating is the most frequently
used chronometric technique in archaeology. Preserved carbon-based organic materials
such as charcoal, shell, and bone are often key sources of information for determining the
onset and duration of cultural events that occurred in the past. Limitations of radiocarbon
dating have long been identified, yet with advances, including accelerator mass
spectrometry (AMS) and applications of Bayesian modeling (see below), archaeologists
and other scientists have continued to improve the accuracy and precision of
chronologies. This often includes using radiocarbon dating in conjunction with other
chronometric sequencing techniques or temporally specific information like stratigraphy.
For archaeologists working in island regions, these techniques have allowed
archaeologists to engage with a number of complex issues such as the development of

seafaring capabilities (Anderson et al. 2010a and papers therein), island colonization (i.e.,
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initial human settlement) (e.g., Church et al. 2013; 2021; Rieth and Hunt 2008; chapter
2), changes in human demography and long-term human-environmental interactions (e.g.,
Douglass et al. 2019; Prebble and Wilmshurst 2009; Rick et al. 2013), population
dispersals (e.g., Bedford and Spriggs 2019; Kirch 1997, 2017; Montenegro et al. 2016;
Stone 2020), extinction or extirpation events (e.g., Anderson et al. 2010b; Clark et al.
2013; Louys et al. 2021; Rijsdijk et al. 2011; Rawlence et al. 2016), the development of
social complexity (e.g., Dye 2016; Weisler et al. 2006), and monumentality (e.qg.,
DiNapoli et al. 2020; Martinsson-Wallin et al. 2013; McCoy et al. 2016; Sharp et al.
2010), to name a few.

Over the last few decades, island colonization chronologies have been more
highly scrutinized and debated given ongoing disagreements over data reliability,
taphonomy, analytical approaches, and uncertainties in radiometric techniques,
particularly as they relate to marine environments (Napolitano et al. 2021). Most scholars
agree that the most parsimonious archaeological identification of colonization sites is
restricted to the earliest observable events that are clearly anthropogenic (Lipo et al.
2021: 68). Problems in locating these sites can be difficult, however, given the ephemeral
nature of evidence for founding populations. Early sites on islands, many times found on
low-lying beaches in close proximity to productive marine resources, are often at risk of
erosion and inundation from rising sea levels (Erlandson 2008, 2012). However, not all
colonization events are difficult to identify. A notable, but rare example is the
colonization of Iceland (Landnam), which appears to have been rapid and large-scale,
suggesting a high degree of planning, ideological motivation, and a relatively large

founding population (Schmid et al. 2018, 2019, 2021). As a result, archaeologists must



often look outside the discipline to consider theory-based models and other lines of
evidence such as paleoenvironmental, paleoclimate, and paleoshoreline data to
reconstruct the conditions under which such colonization ventures took place (e.g.,
Callaghan 2010; Goodwin et al. 2014; Kayanne et al. 2011; Montenegro et al. 2016).
One key example from the Pacific is the direct dating of foraminifera sand grains
under the guise of trying to constrain when humans could have colonized geologically
young atolls (Weisler et al. 2012). At issue is determining when atolls were large enough
to support life (i.e., having suitable freshwater lenses) and when reef flats were mature
and large enough to support human populations. Given that atolls develop from
accumulated sediment deposits comprised of biogenetic material (e.g., coral, shell,
foraminifera) that were transported not long after death of the animal, dating these
materials should be closely related to the time of island development (Weisler et al.
2012). Similar to dating algal bioclasts (see Carson and Peterson 2012), radiocarbon dates
from foraminifera must be calibrated and corrected for local marine carbon offsets.
Although the dates do not result from anthropogenic activities, they serve as a potential
marker for when atolls could have been occupied. In this case, dates from Utrok Atoll
and Maloeap Atoll in the Marshall Islands were used to reconstruct past sea level rise and
island development (Weisler et al. 2012). Other recent applications of dating biogenetic
material include a case from southeastern ‘Upolu (Samoa) to better understand why only
one early Lapita settlement site has been found (ca. 2800 BP), which stands out as a
curious anomaly compared to other island groups in the region (Cochrane and Rieth

2016; Kane et al. 2017).



To examine chronological issues as they specifically relate to islands, | present
four case studies as part of this dissertation in which various techniques are applied to
archaeological datasets to improve the accuracy and precision of understanding human
activity in the past. By applying a suite of methods, including chronometric hygiene,
Bayesian modeling, glass chemical composition analysis, and marine reservoir
corrections, | improve upon some of the limitations imposed by radiocarbon dating.
These approaches allow me to address both large-scale questions such as the timing of
human settlement across the circum-Caribbean and site-specific questions such as when
stone money quarrying activity took place in a rockshelter site in Palau, western
Micronesia. This chapter first discusses chronometric sequencing techniques commonly
using on islands, their potential limitations, and ways that archaeologists can overcome

them.

Chronology building using radiocarbon dating

Methodological advances in radiocarbon dating, including the development of
high-precision techniques and improved pretreatment protocols, have resulted in higher-
precision dates from samples not previously considered suitable. AMS was developed in
the 1970s, but it was not until the mid-to-late 1990s when archaeologists began to use the
technique more widely. As accessibility increased with more commercial radiocarbon
laboratories offering the service and prices decreasing, it ushered in a new era of
radiocarbon dating (Spriggs 1991). For example, AMS dating is more precise than
“conventional” radiocarbon dating because carbon isotopes are directly measured,

allowing for more accurate ion counting and requiring a significantly smaller sample size



and often results in more precise dates (i.e., typically smaller standard error ranges of less
than 50 years) (Tuniz et al. 1998). A reduction in sample size allows for direct dating of
artifacts to be “minimally destructive,” eliminates the need for dating aggregate or bulk
samples comprised of multiple specimens, and creates new opportunities for researchers
to date new types of materials (e.g., small seeds, foraminifera), many of which are short-
lived.

In addition, advances in pretreatment protocols have resulted in a wider array of
suitable material for dating (Wood 2015). Conventional dates on human bone are no
longer considered acceptable because collagen—the preferred datable material—was not
sufficiently purified through pretreatment procedures that isolated specific amino acids.
Over the years, radiocarbon and isotopic laboratories have developed new, refined
pretreatments to remove contaminants from bone and teeth, which are now widely used
(e.g., Brock et al. 2010; Bronk Ramsey et al. 2004; Petchey et al. 2011). This was an
important development as insufficient pretreatment methods can result in inaccurate or
misleading dates. For example, insufficient pretreatment processing of rat (Rattus
exulans) bone suggested that human colonization of New Zealand occurred as early as
2000 years ago. As a result, those radiocarbon dates are no longer considered valid and
the most recent settlement chronologies for New Zealand now place human arrival much
later in time, ca. 750 years ago (Anderson 1996, 2000; Argiriadis et al. 2018; Wilmshurst
et al. 2008). Dates produced by the Gakushuin Laboratory in Japan, primarily in the
1980s, are also considered unreliable due to significant errors when compared to dates
from other labs (e.g., Blakeslee 1994; Spriggs 1989, 1990). Pretreatment protocols for

wood older than 20 kya have also improved in recent decades. Acid-base-wet-oxidation



(ABOX) is an improvement on the acid-base-acid (ABA) pretreatment technique by
removing additional contaminants from old charcoal samples (Bird et al. 1999, 2014).
This is particularly relevant for studying Pleistocene-age sites and has been routinely
used in Australia since its development.

Radiocarbon dating can sometimes be problematic and lead to misinterpretations,
especially when the timing of the targeted event approaches the upper or lower limits of
radiocarbon dating. Establishing when anatomically modern humans (AMH) arrived in
Sahul (present day Australia and New Guinea) has been debated for decades and has far-
reaching implications for our understanding of the timing of human dispersals across
Eurasia, the development of watercraft technologies, and the role humans may have
played in megafaunal extinction events, among others (e.g., Anderson 2018; Barlett et al.
2016; Boivin et al. 2016; Field et al. 2008, 2013; Louys et al. 2021). It is generally
accepted that AMH reached Sahul by at least 50 kya (Bulbeck 2007; Allen and
O’Connell 2008; Hamm et al. 2016; Tobler et al. 2017), but recent research from the site
of Madjedbede in northern Australia suggests that people may have arrived as early as 65
kya (Clarkson et al. 2017; Florin et al. 2020). These latter dates come from a sequence of
radiocarbon and optically stimulated luminescence (OSL) dates. Skeptics argue that there
is too much uncertainty in the chronological sequence and also point to a paucity of sites
between South China and Sahul dating this early (O’Connell et al. 2018).

For decades, archaeologists have understood the potential problems introduced by
radiocarbon dating long-lived species or specimens with significant inbuilt age. In the
Pacific, there are limited data on the lifespans of mature trees and the potential for the

“old wood effect” (Schiffer 1986) or inbuilt age (IA). Some species, like the tamanu tree



(Calophyllum inophyllum) are expected to have an IA of at least 250 years (Allen and
Wallace 2007). The most effective way to avoid issues with 1A is to identify wood or
charcoal specimens prior to dating and submit only specimens such as seeds that are
short-lived (e.g., Allen 2014; Allen and Huebert 2014; for examples of misleading dates,
see Allen and Wallace 2007; Spriggs and Anderson 1993). Nunn and Petchey (2013)
echo these results after reevaluating a suite of radiocarbon dates from Viti Levu Island,
Fiji, demonstrating an offset of 149 years in unidentified charcoal. Similarly, in a meta-
analysis of more than 900 dates from Hawaii Island, Rieth et al. (2011) stressed that
radiocarbon dates on charcoal should be identified to taxon and be from short-lived
species, defined as 50 years of younger though Allen and Huebert (2014: 261) suggest
that “short-lived” should be defined as 10 years or less. Examples of short-lived
terrestrial samples include candlenut (Aleurites moluccana), coconut (Cocos nucifera),
and bottlegourd (Lagenaria siceraria) (Allen and Huebert 2014: table 2). Relying on
short- and medium-lived species for dating has resulted in the occupational sequence on
Aitutaki, Cook Islands to be 300 years younger than previously proposed, now dating to
ca. 725-520 cal yrs BP (Allen and Huebert 2014; Allen and Wallace 2007; see also Allen
1998; Allen and Morrison 2013; Allen et al. 2017). Beyond the Pacific, archaeologists
working in other island regions like the Mediterranean (e.g., Mic6 2006) and the North
Atlantic (e.g., Schmid et al. 2018) have also demonstrated the importance of selecting
short-lived samples from plants or animals for dating.

Radiocarbon dates from shell can also pose potential problems for archaeologists.
Similar to the “old wood” problem in which a date could be taken from a wood fragment

that is older than when the cultural event occurred (Schiffer 1986), “old shell” from



fossils, subfossils, or reused material may also provide misleading results (Rick et al.
2005). Juveniles or short-lived species such as Atacodea striata, which only live between
1-3 years, work well for dating and can also be used to reconstruct paleoenvironmental
conditions (e.g., Jew and Fitzpatrick 2015). However, when studying temporal trends in
environmental conditions, longer-lived species might be preferable (see Dodrill et al.
2018).

Potential problems can also occur when dating bone samples from organisms that
have a marine or unknown diet. For example, dating bone from humans who consumed a
mixed marine and terrestrial diet must be calibrated differently (Cook et al. 2015).
Without knowing the ratio of terrestrial-to-marine dietary contributions, calibrations may
introduce an unknown degree of error. One way to address this is to conduct dietary
reconstruction using stable isotopes, when possible (Arneborg et al. 1999; Bonsall et al.
2004; Cook et al. 2001, 2002; Lanting and van der Plicht 1998; Schulting and Richards
2002). Alternatively, the 813C endpoints of plants and animals can be extrapolated. This
approach has been used at the well-known Lapita cemetery site of Teouma on Efate

Island, Vanuatu and elsewhere (Petchey et al. 2014, 2015; see also Petchey et al. 2011).

Chronometric hygiene

Unfortunately, building refined chronologies in many regions can be hampered by
a lack of critical evaluation of previously published radiocarbon dates. In addition, many
“legacy dates” that were run on composite or bulk samples, those that were not corrected
for 8'3C fractionation, or others lacking proper pretreatment have likely not produced

reliable radiocarbon ages (Hamilton and Krus 2018; Sanchez et al. 2018). In many



regions such as the Caribbean, these dates are still routinely incorporated into
archaeological chronologies. To address this issue, chronometric hygiene is used to
improve the reliability of radiocarbon datasets by evaluating individual dates based on
predetermined criteria. Dates deemed unreliable are culled from the database and careful
application of stricter criteria then improves confidence that the reported date range is
reflective of when human activity occurred. The first formal attempt at chronometric
hygiene compared radiocarbon dates from ancient Egypt to dates from Nubia, Palestine,
and Mesopotamia (Hassan and Robinson 1987). In the Pacific, Matthew Spriggs (1989)
first used the technique to reevaluate the connection between historical linguistics and the
spread of agriculture (see also Fitzpatrick 2006; Hunt and Lipo 2006; Petchey et al. 2015;
Schmid et al. 2019; Spriggs and Anderson 1993).

The efficacy of chronometric hygiene hinges upon the criteria used to evaluate
radiocarbon dates, but there are no standardized criteria. Essentially, most applications of
this require: 1) dates from short-lived plants and/or plant or faunal material that lack a
significant inbuilt age (e.qg., terrestrial bird shell, juvenile shellfish); 2) when possible,
charcoal identified to the lowest taxon; 3) dates from bone identified to taxon, thoroughly
purified, and dated using AMS; and 4) samples with sufficient provenience information
(i.e., not from surface contexts, evidence of archaeological context), and the laboratory
name and number (e.g., Wilmshurst et al. 2011; chapters 2 and 4). Unacceptable dates
usually lack some component of the above contextual information and include marine
shell not identified to taxon or bulk sediment, shell samples containing more than one
individual, and charcoal taken from more than one fragment when association cannot be

established. One unresolved issue is whether marine shell is a suitable sample material



because of problems with inbuilt age and local marine reservoir corrections which are not
always well-established (see Hutchinson 2020; Wilmshurst et al. 2011 and reply by
Mulrooney et al. 2011).

Despite advantages inherent with using chronometric hygiene, the technique is
not without its detractors. Some critiques focus on overly strict criteria that result in valid
dates being culled (e.g., Kirch and Ellison 1994). The validity of dates depends on
multiple factors including the confidence that the dated sample is unambiguously linked
to human activity and full reporting of relevant information so that other scholars can
evaluate the data. Failure to adequately report the processing laboratory, provenience, or
sample material creates a black box the prevents others from utilizing those data. As
detailed in Chapter 2, after applying chronometric hygiene protocols to more than 2400
radiocarbon dates from 55 Caribbean islands, nearly half (46%) were eliminated.
Remarkably, 74% of those dates were rejected because of insufficient reporting of
provenience, laboratory numbers, sample material, or radiocarbon age. Many of these
would have otherwise been considered valid. If more information becomes available,
these dates could eventually be incorporated into the database.

Perhaps the most contentious application of chronometric hygiene was by Janet
Wilmshurst et al. (2011). In their study, they reassessed more than 1,400 radiocarbon
dates from East Polynesia and assigned them into one of three classes. Dates that were
assigned a Class 2 or Class 3 rating were expunged. Calculating the summed probability
of only the acceptable (i.e., Class 1) dates resulted in significantly shorter and younger
settlement histories for many Polynesian islands, including Hawaii, New Zealand, and

Rapa Nui (Wilmshurst et al. 2011; see also Hunt and Lipo 2008). As a result of the
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chronometric hygiene protocol they imposed, their results were sharply criticized by
others who argued that their overly strict criteria resulted in otherwise acceptable dates
being discarded (Mulrooney et al. 2011). In a rejoinder, Mulrooney et al. (2011) took
issue with dates from marine shell being assigned Class 2 or Class 3 and subsequently
discarded when there are suitable regional marine reservoir corrections that could have
been applied (e.g., Petchey et al. 2009). Further, they argue that calculating summed
probabilities with dates as young as 300 years B.P. and not from basal deposits (i.e., after
colonization and early settlement) skewed the summed probabilities, resulting in
misleadingly young dates.

In a separate study, Hunt and Lipo (2008) argued that relying on an early
colonization date for Rapa Nui requires incorporating isolated and spurious dates that do
not meet the minimum chronometric hygiene criteria. When these dates are expunged, the
colonization estimate for Rapa Nui is ca. AD 1200 rather than AD 400-800 (Hunt and
Lipo 2008). While a recent multi-proxy study by Sear et al. (2020) suggests an earlier
settlement of the Cook Islands ca. AD 900, this revision to East Polynesia’s colonization
chronology does highlight the strength of using the chronometric hygiene approach for
building accurate chronologies. Taken together, these studies suggest that colonizing
ventures into East Polynesia may have been more episodic than previously thought and
that more multiproxy research is needed on places like Rapa Nui to look for earlier

evidence of human occupation prior to the earliest unambiguous archaeological evidence.
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Bayesian modeling

Bayesian statistics are increasingly being used by archaeologists for modeling
various temporal phenomena, ranging from individual site chronologies to large-scale
regional processes (Bayliss 2009, 2015). They are particularly useful for radiocarbon
datasets because they allow the analyst to incorporate prior information such as
stratigraphy or other known chronological information into the estimation of probability
distributions for groups of radiocarbon dates (Bronk Ramsey 2009a, 2015; see for
example Dye 2015; Dye and Buck 2015; Petchey and Nunn 2013; Petchey et al. 2015).
The recent proliferation of archaeological studies that use Bayesian statistical models
could arguably be called the next revolution in radiocarbon dating (Bayliss 2009, 2015;
Hamilton and Krus 2018). The strength of Bayesian modeling is that it provides
estimated date ranges for undated archaeological contexts, such as the onset, temporal
duration, or end of a phenomenon of interest. Three key parameters of any Bayesian
model are the prior, the likelihood, and the posterior. In archaeological applications, the
prior is information or observations that are inferred before any data are collected or
processed (e.g., stratigraphy); the likelihood is information obtained from the calibrated
radiocarbon date range; and the posterior is an estimated calendar date range expressed
probabilistically as the highest posterior density region based on the relationship between
the prior and likelihood (Bronk Ramsey 2009a). An evaluation of how well the model fits
the radiocarbon data is expressed gquantitatively as an agreement index, with agreement
indices over 60 being the commonly accepted threshold (Bronk Ramsey 2009a).

Recent applications of Bayesian modeling have led to increasingly precise

colonization models in various regions, including the Pacific (e.g., Athens et al. 2014;
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Burley et al. 2015; DiNapoli et al. 2020; Fitzpatrick and Jew 2018; Lipo et al. 2021; Dye
2012, 2015; Green et al. 2008; Petchey et al. 2015; Rieth and Athens 2019), North
Atlantic (Batt et al. 2015; Schmid et al. 2018), and Caribbean (Hanna 2019; Chapter 2).
An example of a study that may have had a different outcome if it had included
Bayesian modeling is the aforementioned Wilmshurst et al. (2011) paper on East
Polynesian settlement. One of their chronometric hygiene protocols was to discard any
date with a large standard error, which was defined as >10% of the radiocarbon age
(Wilmshurst et al. 2011: 1819). Such standard errors could apply to many dates obtained
with “conventional” radiometric dating techniques prior to the development of AMS.
Although these dates are now considered imprecise, the probability ranges for many dates
may well be accurate and have been routinely incorporated into studies with successful
results (Hamilton and Krus 2018; see Krus et al. 2015; chapter 2), although Glassow
(2015) notes that dates with large standard errors can also be spurious. The best way to
approach this issue it to redate the original sample, although in many cases this may not
be possible (Hamilton and Krus 2018). This is especially important for dates run on
human and animal bone as pretreatment methods have dramatically improved the quality

of the dates.

Marine reservoir correction

In coastal sites around the world where people often harvested vast quantities of
marine resources, shell remains are often the best means for dating archaeological
components, especially if there is a paucity of charcoal. Mollusks are also typically more

abundant, better preserved, less susceptible to vertical shifting, and easily recoverable
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compared to other types of samples such as carbonized wood and bone (Hutchinson
2020; D. Thomas 2008:346; K. Thomas 2015). As such, the dating of marine shells has
proven to be a critical tool for examining a host of issues, including population
movements, settlement history, changing adaptations over time, and many others.

The interaction of deep ocean water depleted in C, atmospheric carbon, and
dissolved inorganic carbon in surface waters are now known to produce a modeled global
reservoir age (R) of ca. 500 years in subtropical oceans (formerly globally calculated at
ca. 400 years) according to recently updated calibration curves (Heaton et al. 2020;
Reimer et al. 2013; Stuiver et al. 1986). Calibrating marine dates also requires an
additional offset to account for local marine reservoir effects (AR) that corrects for
localized factors such as regional upwelling, seasonal variations in sea surface
temperature (SST), changes in ocean circulation, shifting stratification of ocean surface
waters, proximity to freshwater outputs, geological substrates containing limestone, and
environmental preferences of animals. Not only do local offsets have the potential to
influence radiocarbon dates on marine and estuarine shell, but fauna whose diet
comprises marine food to some degree will also be influenced (e.g., Carlson and Keegan
2004; Harris and Weisler 2017; Laffoon et al. 2016;). In addition, certain species of shell
are susceptible to additional environmental conditions like the hardwater effect which can
influence the C age of shell (Cherkinsky et al. 2014; McKinnon 1999; Petchey and
Clark 2011, 2021; Petchey et al. 2017, 2018). AR also often fluctuated over time, which
adds another variable to consider when using a AR to calibrate archaeological shell (e.g.,

Druffel et al. 2008; Toth et al. 2017; Kennett et al. 1997).
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AR can be calculated using multiple approaches, including the use of paired
terrestrial-marine samples found in secure, contemporaneous archaeological contexts
with proper taxonomic identification; paired 23*U/?%°Th and “C samples on coral; tephra
isochrones; or dating known-age, pre-bomb, live-collected shells found in museum
collections (e.g., Alves et al. 2018; Ascough et al. 2005; Hadden and Cherkinsky 2015;
Hadden and Schwadron 2019; Toth et al. 2017; Yoneda et al. 2000, 2007). The absence
of AR in some regions is related to the difficulty in locating suitable pre-bomb samples
for dating. Atomic bomb testing in the early 1950s artificially increased atmospheric and
oceanic *C levels by nearly 100% (Berger et al. 1966) and it is therefore necessary that
samples be live-collected before ca. 1955. Museum collections containing pre-bomb
specimens continue to be the most relied upon source and have aided in establishing the
AR for various regions (e.g., Yoneda et al. 2007; but see Yoneda et al. 2000 for a
discussion on the reliability of museum collections).

While archaeologists have long recognized the potential for local offsets to
significantly influence the age of marine samples, AR corrections are lacking for many
islands and coastal regions. As a result, archaeologists sometimes use the closest
available AR, even if it was developed for a location hundreds of miles away (Hutchinson
2020). This is problematic because AR can vary widely within a region and sometimes
from one side of an island to another, depending on local hydrology and oceanographic
conditions, as is clearly demonstrated by DiNapoli et al. (2021) for the Caribbean. In
addition, diet and habitat preference of the dated specimen can influence the **C age and
AR. Recently, Hutchinson (2020) pointed out many of the inherent issues with

radiocarbon dating archaeological shell without a suitable AR, using the Pacific coast of
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North America as an example, questioning whether radiocarbon dates should be
“reluctantly cast aside” unless fine-grained spatial and temporal ARs can be determined.
Although the potential problems with dating shell might seem expensive or complicated,
there are ways to appropriately address these issues.

In the Pacific, this has been done by analyzing the *36C and ‘830 in samples to
understand how local conditions may have influenced **C. For example, depleted *5C
values may indicate a mollusk’s preference for estuarine habitat or terrestrial freshwater
runoff, while enriched values may indicate a preference for more productive marine
habitats and CO atmospheric absorption in reefs (Keith et al. 1964; Petchey et al. 2013).
Depletion of § *80 also indicates an increase in temperature and less saline water caused
by evaporation of %0 (e.g., Emiliani et al. 1966; Epstein and Mayeda 1953; Epstein et al.
1953; Swart et al. 1983). By analyzing 4C, 13C, and 80 together, archaeologists can
develop more accurate and species specific AR that can account for changes over time
and identify potential species that may not be suitable for radiocarbon dating (Kennett et

al. 1997; Petchey and Clark 2011, 2021; Petchey et al. 2012, 2013, 2017, 2018).

Beyond radiocarbon dating
Uranium-thorium

Applications of high-precision uranium-thorium dating in archaeology have
created a new avenue for developing chronological baselines for site use. This technique
measures the decay chain for 228U-2**U-2%0Th and, when calibrated, often has a standard
error of less than 10 years, making it more precise than most AMS dates. Ideal samples

for dating are coral artifacts and manuports that were live-collected and found in secure
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archaeological contexts. Common coral artifacts from Oceanic archaeology sites include
files or abraders typically made from Acropora sp. and ritual offerings of live-collected
branch coral (Pocillopora sp.). In Hawai‘i, coral abraders were also made from Porities
sp. that were manufactured from beach rubble and contains an inbuilt age and therefore is
not well-suited for dating (Weisler et al. 2006).

A strength of uranium-thorium dating is that, given its high-resolution, it can be
used in place of AMS dating when the calibration curves are unreliable. This is
particularly useful in Hawai‘i where Polynesian chiefdoms underwent rapid and dramatic
culture change, population increase, and environmental change from ca. 500-300 years
ago, a period when radiocarbon dating is notoriously unreliable due to the Seuss Effect
and stochastic calibration curves (Weisler et al. 2012; see Stuvier and Pearson 1993).
Implementation of uranium-thorium has also helped generate a more nuanced
understanding of temple construction episodes and has been used to support the argument
that Hawai‘i was an emergent archaic state level society (e.g., Kirch 1984, 2017, Kirch
and Sharp 2005; Sharp et al. 2010; Weisler et al. 2012).

Elsewhere, uranium-thorium dates on Acropora sp. abraders from fresh (i.e.,
unworn) coral recovered from the site of Nukuleka in the Kingdom of Tonga position this
site as the “founding Polynesian site” for West Polynesia (Burley et al. 2012). Uranium-
thorium dates support the radiocarbon dates and suggest an early human arrival at
Nukuleka, now dated to 2830-2846 cal years BP In Micronesia, uranium-thorium dates
have helped to identify the early construction period of Nan Madol, a large megalithic
site on Pohnpei (McCoy et al. 2015, 2016). Dates obtained from Symphyllia sp. coral

used as building material at Leluh, a separate megalithic structure on Kosrae, suggests a
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slightly younger date of construction (Richards et al. 2015). Taken together, it is
understood that the onset of megalithic construction in Micronesia began ~700-600 years
ago. Uranium-thorium dating has also been used by archaeologists in the Pacific to
develop sea-levels curves as an independent line of evidence for evaluating early human

occupation (Allen et al. 2017).

Obsidian hydration

Other techniques like obsidian hydration provide a way to get dates on inorganic
material like stone. Obsidian hydration dating is based on the premise that the hydration
process—the absorption of moisture into a fresh surface or rim of obsidian—is
proportional to the square root of time (Ambrose 1994; Friedman and Smith 1960).
Temperature and chemical composition of obsidian have the biggest influence on
hydration rates as obsidian will hydrate faster in higher temperatures and certain types of
obsidian absorb water faster than others. This technique is suitable for archaeological
sites lacking abundant organic material, like the Pamwak rockshelter on Manus Island,
Papua New Guinea (Ambrose 1994: 138) or can be used as a way of corroborating
radiocarbon data. However, the efficacy of obsidian hydration dating has been limited by
a host of issues, including relative humidity, soil chemistry, and establishing the
hydration rate constants needed for calibrating dates. Differences in laboratory standards
and protocols, including criteria as rudimentary as the power of magnification, an
operator’s bias can produce different ages on the same piece of obsidian and has led to
frustration among archaeologists in various regions using this technique (e.g., Anovitz et

al. 1996; Ridings 1996; Stevenson et al. 1996, 2001).
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Over the last two decades, there have been various attempts at improving the
precision and accuracy of obsidian hydration dating using new protocols (Liritzis and
Laskarsi 2011). Obsidian diffusion dating by secondary ion mass spectrometry
(ODDSIMS) purportedly improves upon the shortcomings of “first-wave” obsidian
hydration with a more sensitive approach to tracking hydration. Overall, this approach to
chronometric sequencing is considered problematic because there are still issues with
reproducibility and control of external variables.

In contrast, tephrochronology uses tephra layers, the accumulation of
unconsolidated rock debris from a volcanic eruption (i.e., volcanic ash) as
chronostratigraphic markers that can be used as a relative dating technique or to refine the
accuracy of associated radiocarbon dates (Lowe et al. 2000). More recent volcanic
eruptions have been accurately dated using historical accounts or associated dates of
known-age derived from tree-rings and radiocarbon dates. Tephra deposits are
isochronous because ash deposits generally accumulate for just days or weeks (Lowe et
al. 2000; Shane 2000) and therefore can be dated through associated radiocarbon dates or,
depending on the age of the eruption, could increase the precision of associated
radiocarbon dates or understanding stratigraphic deposits. Other times, OSL dates can be
used (Torrence et al. 2004). More recently, researchers advocate incorporating Bayesian
statistical modeling on radiocarbon sequences to refine tephrochronographic
interpretations (Buck et al. 2003; Petrie and Torrence 2008).

In terms of application, tephrochronology has been used to date one of the largest
eruptions in Oceania, that of Witori in West New Britain, Papua New Guinea ca. 3300

years ago. The W-K2 eruption—named for being the second of five major eruptions from
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Witori between ca. 5600-1200 BP—devastated the surrounding landscape and created
much of the coastal plains that were subsequently utilized by humans (Machida et al.
1996; see Callaghan 2010; Torrence 2008 for a discussion of the impacts of volcanic
eruptions on social landscapes). The W-K2 tephra coincide with the appearance of Lapita
pottery (Torrence and Swadling 2008).

Another example is the colonization of New Zealand which has been an intensely
debated issue for decades. New Zealand was settled as part of the final burst of migration
and exploration across East Polynesia, but three different settlement models have been
proposed: “early,” “intermediate,” and “late” (e.g., Lowe et al. 2000: table 1). Early
settlement of New Zealand ca. 1950-1450 years ago was suggested on the basis of
paleoenvironmental data (Elliot et al. 1995; Kirch 1986; Kirch and Ellison 1994; Sutton
1994; Sutton et al. 2008) and now-discredited radiocarbon dates on rat bones (see
Anderson 2000). An “intermediate” settlement has been proposed by Davidson (1984)
and suggests a settlement by ca. 1200-1000 BP. The “short” settlement has been
proposed by Anderson (1991) and others (e.g., Horrocks and Ogden 1998; Newnham et
al. 1998; Wilmshurst 1997; Wilmshurst et al. 1997, 2011) and places human arrival ca.
800-600 BP (Lowe et al. 2000). That much of New Zealand’s North Island is covered
with tephra provides ideal conditions to better understand stratigraphic sequences and
depositional history with regard to human occupation after eruption events (Shane 2000).
Lowe et al. (2000) found that a shorter chronology history is supported and that ash
layers could help improve precision of the existing radiocarbon record and early human
activity on New Zealand. More recent multiproxy studies also support a later settlement

(Argiriadis et al. 2018).
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Chronometric sequencing using proxy evidence

The use of paleoecological records of human arrival and environmental impact
can also be an independent method of identifying colonization and early human
settlement (e.g., Athens et al. 2014; Braje et al. 2017; Jacomb et al. 2014; Lawson et al.
2008), but is sometimes used in lieu of direct archaeological data. The first major attempt
in the Pacific to identify colonization using paleoenvironmental data was on the island of
Mangaia in the Cook Islands (Ellison 1994; Kirch and Ellison 1994; Kirch et al. 1992).
Increases in heavy (i.e., macroscopic) charcoal, decreases in forest pollen (indicative of a
reduction in tree cover), and increases in Dicranopteris fern spores (indicative of
increased savanna area) “strongly signal human presence” on the island despite direct
archaeological evidence (Kirch and Ellison 1994; Kirch et al. 1992, 1995: 47). Analysis
of charcoal sediment from Australia, Indonesia, the Philippines, and Papua New Guinea
show increased evidence for burning ca. 53-40 kya and are interpreted as anthropogenic
signatures of human arrival in the region (Pope and Terrell 2008), although dates in
Australia may extend human presence in Sahul even earlier (Clarkson et al. 2017).

There are multiple approaches to assessing human activity through
paleoenvironmental data. The identification of substantial amounts of micro-charcoal
entering wetland sediments has been interpreted as evidence of forest clearing through
anthropogenic burning. Natural fires from lightning strikes and volcanism can also result
in the introduction of low levels of micro-charcoal, particularly after the mid-Holocene
when EI Nifio Southern Oscillation (ENSO) events intensified, but rapid and sustained
increase in charcoal production evidences human arrival on many islands (McWethy et

al. 2010, 2014; Connor et al. 2012). This landscape change is consistent with what is

21



expected when early colonizing populations establish an agricultural base. Ideally, cores
would contain evidence of human-introduced taxa such as giant swamp taro
(Cyrtosperma chamissonis) or breadfruit (Artocarpus altilis), but these are usually
lacking.

In some instances, the presence of human-introduced taxa must still be critically
evaluated. In Palau, radiocarbon dates of giant swamp taro pollen from
paleoenvironmental cores from northeast Babeldaob date to ca. 4300 cal BP (Athens and
Ward 2001). However, a lack of archaeological evidence directly associated with the
pollen means these data should be treated cautiously for the time being. The date of ca.
4300 BP is also out of range with the timing of the colonization for the rest of western
Micronesia (e.g., Clark 2005; Fitzpatrick 2003, Liston 2005; Petchey et al. 2016; Stone
2020; Stone et al. 2017), Remote Oceania (e.g., Rieth and Athens 2019), and the
emergence of the Neolithic in Island Southeast Asia.

In the absence of direct evidence for anthropogenically-introduced taxa in
sediment cores, it is important to consider equifinality. Fires caused by lightning strikes
may also contribute to increased charcoal levels in paleoenvironmental records. Butler
(2008) provides several scenarios from New Zealand that could account for widespread
burning prior to human arrival (see also Prebble and Wilmshurst 2009). This issue is not
unique to the Pacific. In the Caribbean, some scholars have proposed that archaeology is
ill-equipped to identify colonization and early settlements on islands (Siegel et al. 2015,
2019), yet these types of arguments are not persuasive without direct proof of human
activity or human-introduced pollen (see Caffrey and Horn 2015; Fitzpatrick et al. 2021;

Giovas 2018), particularly in a region rife with vulcanism.
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Project Overview

This dissertation presents four case studies, each from a different island region,
including the Caribbean (Florida Keys, Antilles chain) and Pacific (Palau and Yap) where
various methodological approaches have been applied to improve chronologies. Chapter
Two uses chronometric hygiene and Bayesian modeling to reevaluate initial human
colonization of the Caribbean where human settlement represents the only example in the
Americas of peoples colonizing islands that were not visible from surrounding mainland
areas or other islands. Unfortunately, many interpretive models have relied on
radiocarbon dates that do not meet standard criteria for reporting because they lack
critical information or sufficient provenience, often leading to spurious interpretations.
After a detailed literature review, 2,484 radiocarbon dates were evaluated and assigned to
classes based on chronometric hygiene criteria. Using only the most reliable dates,
Bayesian modeled colonization estimates were used to examine patterns of initial
settlement. Colonization estimates for 26 islands suggest that: 1) the region was settled in
two major population dispersals that likely originated from South America; 2) colonists
reached islands in the northern Antilles before the southern islands; and 3) the results
support the southward route hypothesis and refute the “stepping-stone model.” This paper
was previously published with Robert J. DiNapoli, Jessica H. Stone, Maureece J. Levin,
Brian G. Lane, John T. O’Connor, Nicholas P. Jew, and Scott M. Fitzpatrick in Science
Advances (Napolitano et al. 2019Db).

Chapter 3 presents a case study from the Florida Keys where new regional and
subregional ARs were calculated to improve the reliability of radiocarbon dates from

archaeological shell. Results show high variability between islands and shell species,
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demonstrating the need for an error-weighted pooled mean AR as an additional offset
from the modeled global average. Broad regional and intra-island variability also
demonstrates that using a single value AR correction from one nearby location is not
recommended. Two ARs were used to calibrate the first archaeological radiocarbon dates
reported from intact stratigraphic contexts in the Florida Keys. Samples from shell
midden deposits at the Clupper site in Upper Matecumbe Key demonstrate the
importance of using island- and species-specific AR, when possible, to build more
accurate site chronologies. This paper was coauthored with Robert J. DiNapoli, Scott M.
Fitzpatrick, Traci Ardren, Victor D. Thompson, Alexander Cherkinsky, and Michelle
LeFebvre and is presently in its second review with Radiocarbon.

Chapter 4 presents a case study from Yap, a group of four small islands in western
Micronesia, the initial human settlement of which, is one of the least understood
colonization events in Remote Oceania. In contrast to Polynesia where multiple lines of
evidence (linguistics, genetics, material culture) provide a coherent narrative of initial
occupation, there are major chronological discrepancies for Yap. Potential dates for
initial human colonization span more than a millennium and are based on archaeological
and paleoenvironmental chronologies. Archaeological data suggest early settlement
occurred around 2000 years ago, but paleoenvironmental data hint that settlement may
have occurred as early as around 3300 years ago. To help address this issue, we present a
suite of 31 new radiocarbon dates from Yap, including the oldest archaeological dates yet
reported, and compiled a database of 61 previously published radiocarbon dates (total =
92). Using chronometric hygiene protocols to cull potentially unreliable dates, we then

created the first Bayesian modeled colonization estimate for Yap, which produced a
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modeled estimate of 2450-2165 cal years BP (95.4% HPD). The dates presented in this
study also provide the first baseline data for understanding sea-level drawdown after
around 2500 years ago. This paper is coauthored with Scott M. Fitzpatrick, Geoffrey
Clark, Amy E. Gusick, Esther Mietes, Jessica H. Stone, and Robert J. DiNapoli and is
being prepared for submission to Quaternary International.

Chapter 5 presents a study that uses chemical compositional analysis of glass
beads to gain a better understanding of activity at stone money quarry site in Palau,
western Micronesia. For centuries, money beads (udoud) have played a critical role in
cultural and economic exchanges in Palau since they first appeared ca. AD 600-950 from
East Java and mainland Southeast Asia. Later, as part of their stone money quarrying
activities, visiting Yapese islanders negotiated access to quarry sites and purchased
provisions using glass beads, offers of corvée labor, and other exchange valuables.
Morphological and chemical composition analyses of 38 glass beads recovered from the
Chelechol ra Orrak site reveal that most of the beads were manufactured in Europe, with
many originating in Bohemia (present-day Czech Republic) ca. 1830-1850. Many of
these beads would have been regarded as cheldoech, a category of udoud that largely
went out of circulation in the 1920s. Although this category of udoud could be easily
counterfeited and beads from Yap lacked the requisite life histories associated with
traditional udoud, Palauans accepted them as authentic. However, our research suggests
that cheldoech may have depreciated in value well before the 1920s and Palauans valued
and exchanged this category of udoud in new ways, including interment with burials.
This paper was co-authored by Elliot H. Blair, Laure Dussubieux, and Scott M.

Fitzpatrick and is currently under review with the Journal of Archaeological Science:

25



Reports.

Chapter 6 provides a summary of the case studies presented in this dissertation
and outlines a best practices approach to sample selection and reporting radiocarbon
dates. I highlight several studies from island regions around the world where overlapping,
interdisciplinary datasets allow for a more detailed understanding of the past. Finally, |
offer a brief discussion of how these approaches can be used to benefit stakeholder and
descendant communities, especially those whose cultural heritage sites are at-risk for
erosion, inundation, and destruction due to sea-level rise, commercial development, and
climate change. In many regions, archaeologists and stakeholder/descendant communities
are racing a rise tide (sensu Erlandson 2008) and archaeologists may not be able to return
to these sites in the future. Adhering to the best practices approaches outlined in this
dissertation will ensure that archaeological research on islands will result in a more

precise and holistic retelling of the past.

26



CHAPTER II
REEVALUATING HUMAN COLONIZATION OF THE CARIBBEAN USING

CHRONOMETRIC HYGIENE AND BAYESIAN MODELING

From: Matthew F. Napolitano, Robert J. DiNapoli, Jessica H. Stone, Maureece J. Levin,
Nicholas P. Jew, Brian G. Lane, John T. O’Connor, and Scott M. Fitzpatrick. 2019.
Reevaluating human colonization of the Caribbean using chronometric hygiene and

Bayesian modeling. Science Advances 5(12):eaar7806.

Introduction

Radiocarbon (**C) dating is the most frequently used chronometric technique in
archaeology given its wide applicability and temporal range that covers the last ca. 50
kya. Preserved carbon-based organic materials such as charcoal, shell, and bone are often
key sources of information for determining the onset and duration of cultural events that
occurred in the past. Unfortunately, building refined chronologies in many regions has
been hampered by a lack of critical evaluation and application of radiocarbon dating. The
Caribbean is no exception in this regard.

Initial human colonization of the insular Caribbean, which comprises more than
2.75 million km? of open water, represents one of the most significant, but least
understood population dispersals in human history. In archaeology, the term colonization
as it applies to initial human settlement of a landscape has not always been readily
defined. For the purposes of this paper, we follow other case studies that define

colonization as the earliest reliable (i.e., unambiguous) evidence for human arrival to
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previously uninhabited landmasses (e.g., Anderson 1995; Lipo et al. 2021). What sets the
Caribbean apart from the rest of the Americas is that these colonization events are the
only instances where ancient Amerindian groups would have crossed hundreds or even
thousands of kilometers of open sea using watercraft—Ilikely single-hulled canoes—to
reach new islands after losing sight of land, either from surrounding mainland areas or
between the islands themselves (Fitzpatrick 2013). However, the onset, tempo, and origin
of these movements are still debated (Fitzpatrick 2015; Keegan and Hofman 2017) and
persistent problems with how radiocarbon dates are used and reported have plagued
Caribbean archaeology. Many published dates lack the necessary information essential to
adequately examine potential sources of error (e.g., contamination, poor cultural
associations, taphonomic issues, publication of uncorrected marine dates), all of which
can greatly influence archaeological interpretation (Fitzpatrick 2006; Keegan 1989,
1994).

This lack of rigor in reporting radiocarbon dates brings into question the temporal
efficacy of the region’s cultural-historical framework for various phases of settlement and
subsequent cultural behaviors. One major outcome has been an ongoing debate regarding
how, when, and from where the Caribbean islands were first colonized during both the
Archaic (ca. 7000-2500 BP) and Ceramic Ages (beginning ca. 2500 BP) during which
groups are thought to have ventured north from somewhere along the South American
mainland. This is highlighted in two competing models: 1) the “stepping-stone” model,
which suggests a general south-to-north settlement from South America through the
Lesser Antilles into the Greater Antilles (Rouse 1986); and 2) the “southward route

hypothesis”, which proposes that the northern Antilles were settled directly from South
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America followed by progressively southward movement(s) into the Lesser Antilles

(Figure 2.1) (Fitzpatrick et al. 2010).
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Figure 2.1. Bayesian modeled colonization estimates for 26 Caribbean islands suggest
three distinct population dispersals. Colonists reached islands in the northern Antilles
bypassing islands in the southern Lesser Antilles, refuting a “stepping stone” pattern. SS
denotes the “stepping stone” model and SRH denotes the “southward route hypothesis.”

Like other world regions where humans appear to have moved rapidly through
landscapes or seascapes, such as the Pacific colonization of Remote Oceania that took
place in stages from different points of origin—or in North America where the coastal
migration versus the ice-free corridor debate has raged for decades—support for one
model or another largely depends on the number, quality, and suitability of radiocarbon
dates used in analysis. For the Caribbean, this has relevance not only for establishing the

routes of dispersal, but has important implications for understanding other natural and

social variables that would have influenced the movement of peoples in watercraft that
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possibly encouraged (or discouraged) travel, including prevailing oceanographic
conditions (e.g., currents, winds), climatic anomalies (e.g., EI Nifio), technological
capabilities, or natural events (e.g., vulcanism) (Fitzpatrick 2013, 2015).

A common approach to improving the efficacy of large radiocarbon inventories in
the event of unreliable or inadequately reported dates is to apply a chronometric hygiene
protocol (e.g., Fitzpatrick 2006; Hassan and Robinson 1987; Spriggs 1989; Wilmshurst et
al. 2011; see Methods and Materials section below). In this selection process, dates are
assigned to different reliability classes that effectively cull spurious radiocarbon dates. To
resolve many of the issues related to our understanding of the timing and trajectories of
Caribbean colonization, we have compiled the largest publicly available database of
radiocarbon dates for the region (n = 2,484), applied a chronometric hygiene protocol,
and found that only 54% of dates meet current reporting standards. Radiocarbon dates
from 55 islands were obtained through an extensive literature review, including available
English, Spanish, and French publications, and were bolstered by contacting more than
100 researchers and radiocarbon laboratories to obtain unpublished or under-reported
dates and their associated data. These efforts have more than tripled the number of
radiocarbon dates used in the last