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ABSTRACT

Among the Lapita-bearing island groups of the Pacific, Sāmoa is un-
usual for having a relatively large land area but only one cultural
deposit containing Lapita ceramics. Although it has been proposed
that additional Lapita settlements may have been distributed along
the coasts of much of the archipelago, investigations have not
located these deposits nor reliably dated early Polynesian Plainware
deposits older than ∼2500 cal BP. We combine a chronometric
hygiene protocol and a GIS-based model of the paleoshoreline to
examine the temporal and spatial distribution of pre-2000 cal
BP archaeological deposits in the islands. Using the currently
available suite of radiocarbon dates, it is apparent that only by
∼2300–2000 cal BP were a number of settlements occupied across
the archipelago. Acknowledging that a variety of geomorphological
processes have changed the Sāmoan landscape, we developed a
GIS-based model of the ∼3000 cal BP coastlines of Tutuila and
Aunu’u Islands, which suggest that suitable sandy coastal flats had
not formed in many areas prior to ∼2500 cal BP, hence limiting
settlement by Lapita peoples. Our methodology, which combines an
evaluation of early radiocarbon dates with a GIS-based paleoshore-
line model, offers a valuable means of incorporating temporal and
spatial data for the examination of coastal and island colonization.
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Initial Settlement of Sāmoa

In Near and Remote Oceania, the
Samoan Archipelago is unique among
Lapita-bearing island groups in contain-
ing a relatively large land area with
multiple high islands, but only one site at
Mulifanua has produced the distinctive
dentate-stamped ceramics of the Lapita
complex (Green 1974; see Allen and
White 1989:129; Anderson et al. 2002:2;
Kirch and Hunt 1988:28). The number
of Lapita sites in Sāmoa is equal to
Futuna (n = 1) and less than Wallis (n =
3), both of which are significantly
smaller than the Sāmoan archipelago
(Anderson et al. 2002). Additionally,
Sāmoa has garnered the attention of
three large research programs from the
1960s to the 1980s in Western Sāmoa
(Green and Davidson 1969, 1974a;
Jennings and Holmer 1980a; Jennings
et al. 1976) and Manu’a (Kirch and
Hunt 1993), and scores of additional cul-
tural resource management (CRM) and
academic projects in American Sāmoa
(e.g., Addison et al. 2006; Ayres et al.
2001; Clark 1989, 1993; Clark and Her-
drich 1988, 1993; Cochrane et al. 2004;
Elmore et al. 1999; Frost 1976, 1978;
Herdrich 2002; Morrison 2005; Morrison
and Addison 2008; Pearl 2004, 2006;
Silva and Palama 1975; Taomia 2001a,
2001b, 2002; Walter and Addison 2005;
Winterhoff 2003). The earliest cultural
deposits identified during these projects
contain non-Lapita Polynesian Plainware
ceramics.

How is Sāmoa different than other
islands settled by Lapita colonists? At-
tempts to answer this question have
led researchers to explore the geo-
morphological and paleoenvironmen-
tal contexts of the islands across the
archipelago (Clark and Michlovic 1996;
Dickinson and Green 1998; Green 2002;
Hunt and Kirch 1997; Kirch 1993a). We
examine this issue through a critical
evaluation of pre-2000 cal BP radiocar-
bon (14C) dates, and build on previous

geomorphological research by creating
a geographical information system-based
(GIS) model of the Tutuila and Aunu’u
Island landscapes at ∼3000 cal BP to
identify potentially suitable locales for
early settlement and future archaeolog-
ical testing. The results of these anal-
yses suggest a ∼500–200 year gap in
the radiocarbon record between Muli-
fanua and subsequent occupations in the
archipelago. This may indicate a limited
Lapita presence in at least the eastern
archipelago, dictated by the restricted
availability of suitable coastal settlement
locales prior to ∼2500 cal BP.

Our methods, combining an evalua-
tion of early 14C dates with a GIS-based
paleoshoreline model, provide a means
of incorporating temporal and spatial
data for the examination of coastal and
island colonization in regions beyond
Polynesia. Identifying and recording ini-
tial colonization deposits in coastal and
island settings can be hampered by:
taphonomic and geomorphological pro-
cesses; cultural and environmental fac-
tors affecting site selection by coloniz-
ers and site preservation; and logistical
concerns for researchers including lim-
ited budgets and time constraints for
fieldwork. Our procedure provides a
means to refine the existing temporal
data for a colonization period and then
apply these data to spatial analyses and
geomorphological modeling to identify
potential locations for additional early
deposits.

LAPITA AND THE INITIAL SETTLEMENT
OF SĀMOA

Recent syntheses of the initial Lapita set-
tlement of the Fiji/West Polynesia region
indicate that this occurred no earlier
than ∼2900 cal BP (Anderson and Clark
1999; Burley and Clark 2003; Burley
et al. 1999). In conventional models the
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settlement of Sāmoa is not viewed as
dramatically distinct from other islands
in the Eastern Lapita region, with the
region as a whole characterized by rapid
initial settlement by people carrying
a rather homogenous material culture.
Dentate-stamp decorated ceramics are
the hallmark of the earliest ceramic
assemblages of these initial colonists,
although undecorated sherds dominate
these assemblages (at rates of 85–95%).
Throughout the region, dentate-stamped
decoration and associated vessel types
were abandoned within one to two
centuries of initial settlement (Anderson
and Clark 1999; Burley and Clark 2003;
Burley et al. 1999; Clark 1996; Green
2002). A variety of stone, shell, and
bone tools and ornaments comprise
the non-ceramic component of these
assemblages (Green 1979; Kirch 1997).
Invertebrate and vertebrate marine taxa
dominate faunal assemblages with very
limited evidence for the introduction of
pig, dog, and chicken (Matisoo-Smith
2007; Nagaoka 1988; but see Butler
1988). Sandy lagoon and embayment
settings with reef passages were typical
settlement areas, (Burley and Clark 2003;
Green 2002), with access to fresh water
and cultivable land likely influencing
the choice of locales as well (Lepofsky
1988).

In Sāmoa, the Mulifanua deposit off
the west coast of ‘Upolu Island repre-
sents the only evidence of Lapita colo-
nization, dating between ∼3000–2600
cal BP (Petchey 2001). This deposit,
which is under ∼1.5 m of water and
∼0.5 m of cemented lagoon sediment,
has never been formally excavated and
is known only from dredge tailings
and geological bores. Although currently
submerged, geomorphological and ar-
chaeological data indicate that the de-
posit likely formed in a coastal setting
that was subsequently drowned by is-
land subsidence (Dickinson and Green

1998; Green 2002; Leach and Green
1989). Dentate-stamped pottery (Green
1974; Petchey 1995) and lithic artifacts
(Leach and Green 1989) were recovered
from the dredged sediment. Deposits at
‘Aoa, Tutuila Island (Clark and Michlovic
1996) and To’aga, Ofu Island (Kirch and
Hunt 1993) have produced radiocarbon
dates that are nearly contemporane-
ous with Mulifanua, although they lack
dentate-stamped ceramics. The consen-
sus view is that these deposits, and
other more recently identified Polyne-
sian Plainware deposits, are the Sāmoan
representation of the regional transition
from Lapita to Polynesian Plainware ce-
ramics (but see Addison and Morrison in
press).

In examining the initial colonization
of Sāmoa, we provide an updated syn-
thesis and evaluation of pre-2000 cal
BP 14C dates to determine the temporal
relationship between Mulifanua and the
other early deposits in the archipelago
(Figure 1). We compare this chrono-
logical information with a GIS-based
geomorphological model as one means
of explaining the temporal and spatial
patterning of initial settlement.

ANALYSIS OF THE 14C DATES:
CHRONOMETRIC HYGIENE

In general, rapid colonization events
such as the Lapita expansion into the
Fiji/West Polynesia region are at, or
surpass, the precision-limits of radiocar-
bon dating. Hence, we begin with the
application of a chronometric hygiene
protocol to all of the pre-2000 cal BP
14C dates for Sāmoa in an effort to refine
as much as possible the accuracy of
these dates for discussing the earliest
human presence in the archipelago. Our
protocol has been modified from pre-
vious chronometric analyses of various
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Figure 1. Map of the Sāmoan Archipelago showing all sites with accepted pre-2000 cal BP dates
(base map courtesy of Peter Minton, http://evs-islands.blogspot.com/).

parts of Oceania (Anderson 1991 for
New Zealand; Hunt and Lipo 2006 for
Rapa Nui; Liston 2005 for Palau; Smith
2002 for West Polynesia; Spriggs and
Anderson 1993 for East Polynesia) and
other areas (e.g., Fitzpatrick 2006 for the
Caribbean; Spriggs 1989 for the South-
east Asian Neolithic; Waters and Stafford
2007 for the Clovis culture; Zilhao 2001
for the western Mediterranean). Rieth
and Hunt (2008) provide a more exten-
sive discussion about the application of
this chronometric hygiene protocol for
assessing Sāmoan 14C dates.

In its simplest terms, a chronomet-
ric hygiene protocol is a classificatory
procedure. It outlines the necessary and
sufficient criteria a 14C date must meet
to be included in the class of acceptable

dates. For our research objectives, this
protocol accepts dates from clear cul-
tural contexts that are calibrated to pre-
2000 cal BP, that are in chronologically
appropriate stratigraphic order, and that
produce a relatively tight probability age
distribution, therefore providing accu-
rate and precise chronological informa-
tion regarding initial colonization. Ide-
ally, acceptable 14C dates are part of
suite of dates from a cultural deposit, and
the sample material and provenience
are documented providing a valid link
between the 14C event and the target
archaeological event (Dean 1978; Taylor
1987).

Applications of chronometric hy-
giene methods should be viewed as
hypotheses requiring testing, and the
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generation of additional, reliable dates
will either falsify or refine these models.
By primarily removing poorly prove-
nienced dates or dates with long
probability distributions these methods
have produced shortened settlement
chronologies for East Polynesia (Hunt
and Lipo 2006; Spriggs and Ander-
son 1993) and parts of the Caribbean
(Fitzpatrick 2006) as well as for the
duration of the Clovis culture (Waters
and Stafford 2007). Although often con-
tentious conclusions (see Haynes et al.
2007 in response to Waters and Stafford
2007), the results of chronometric hy-
giene analyses of colonization or other-
wise temporally limited events provide
a critical evaluation of current dating
results based primarily on issues of
sample provenience, stratigraphic asso-
ciations, and corroboration by additional
radiometric dates. There is nothing in-
herent in the method that creates short
chronologies and they explicitly outline
criteria for the assessment of future
dates.

To assess the acceptability of the
Sāmoan dates the following protocol
is used. Meeting one of these criteria
warrants rejection as an unacceptable
date (Table 1):

A. Dates by the Gakushuin Labo-
ratory (Gak-) prior to the 4500
series. Pre-4500 series dates have
been anomalous when compared
with results from other laborato-
ries (following Spriggs and Ander-
son 1993).

B. Samples that produce a conven-
tional radiocarbon age (CRA) with
a standard deviation greater than,
or equal to, 100 years (modified
from Smith 2002). Such conven-
tional ages produce probability age
distributions that are too large for
the examination of rapid coloniza-
tion events.

C. Stratigraphically inverted dates
that do not overlap at two stan-
dard deviations (following Spriggs
and Anderson 1993).

D. Samples that are not obtained
from a cultural context (following
Spriggs and Anderson 1993; Smith
2002).

Chronometric Hygiene Results

A total of 47 pre-2000 cal BP dates
were analyzed and we accepted 22 of
these dates from 10 deposits on the
islands of Tutuila, Ofu, Ta’ū, ‘Upolu, and
Savai’i (Figure 2). This section expands
the number of accepted dates discussed
in Rieth and Hunt (2008) with the addi-
tion of nine dates from Fo’isia, Vaipito,
and Pava’ia’i, all on Tutuila. Also, we
recalibrated the marine samples using
the marine curve (marine04) and a new
delta-R of 25 ± 28 as calculated by
Petchey and Addison (in press), rather
than the delta-R calculated by Phelan
(1999). In general, application of the
new delta-R results in slightly younger
ages for these samples.

We recalibrated the dates, which are
denoted by “cal BP”, using OxCal v3.10
(Bronk Ramsey 2005; atmospheric data
from Reimer et al. 2004). We used the
Northern Hemisphere calibration curve
(Intcal04) for wood charcoal samples be-
cause the boundary between the atmo-
spheres of the Northern and Southern
Hemispheres is considered to lie along
the thermal equator or the Inter-tropical
Convergence Zone (ITCZ) (McCormac
et al. 2004:1088). The South Pacific
Convergence Zone (SPCZ) merges at its
western end with the ITCZ, and the de-
gree of hemispheric mixing associated
with this is unclear. The SPCZ sits over or
near Sāmoa much of the year and hence,
in a conservative approach we use the
Northern Hemisphere calibration curve
in this analysis. All dates are reported
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Initial Settlement of Sāmoa

NZA-5800  3062±66BP
Beta-35604  2770±80BP

Beta-25033  2640±80BP

NZ-2728B  2590±40BP
Beta-25034  2570±80BP

NZ-2727B  2550±50BP
NZ-2726B  2510±60BP

Beta-19742  2350±50BP

Beta-19741  2330±50BP

Atmospheric data from Reimer et al (2004);OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:2 prob usp[chron]

3000CalBP 2000CalBP 1000CalBP

Calibrated date

Beta-120575  2310±50BP
Wk-15029  2172±38BP

WK-15033  2119±38BP
Wk-12996  2101±42BP

WK-19410  2097±37BP

Wk-14530  2085±40BP

WK-15501  2058±38BP

Wk-15030  2041±44BP

Wk-15031  2004±43BP

WK-13868  1993±55BP

WK-18327  1979±31BP

Wk-15032  1978±37BP

NZ-363  1950±70BP

Figure 2. OxCal graph of calibrated pre-2000 BP dates for Samoa.

at two standard deviations (95.4%
probability). Dates followed by “BP”
(e.g., 1247 ± 36 BP) are uncalibrated
14C determinations.

Most dates were rejected because
of large standard deviations and conse-
quently large probability distributions.
Although the associated cultural de-
posits may contain early assemblages,
processing of additional 14C samples is
necessary to refine the chronology of
their deposition.

As noted above, Mulifanua has pro-
duced the oldest radiocarbon date for
Sāmoa (NZA-5800, 3062 ± 66 BP) and
contains the only known Lapita ceram-
ics. The current recalibration of the
one accepted 14C date from the de-

posit places settlement there at ∼3000–
2600 cal BP, which is in line with
Petchey’s (2001) earlier analysis. Fol-
lowing Mulifanua, the next deposits in
the chronological sequence are located
at To’aga, Ofu and Utumea, Tutuila.
We accept four early dates from To’aga
(Kirch 1993b) and a single date from
Utumea (Moore and Kennedy 1999),
which identifies occupation at both loca-
tions by ∼2500–2300 cal BP. The earliest
date from To’aga (Beta-35604, 2770 ±
80 BP) just overlaps with the accepted
date from Mulifanua, but the highest
probability for the sample falls within
∼2500–2400 cal BP, comparable to the
other accepted dates from the deposit
(Beta-25033, 2640 ± 80 BP; Beta-25034,
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2570 ± 80 BP; Beta-19742, 2350 ±
50 BP). The date from Utumea (Beta-
120575, 2310 ± 50 BP), on the southeast
coast of Tutuila, offers a comparable
date for the initial occupation of that
coastal flat. Based on the three earliest
deposits for the archipelago, there is
a gap in the radiocarbon sequence of
approximately 100 to 500 years between
Mulifanua and subsequent evidence for
human settlement.

By ∼2300–2000 cal BP, the occu-
pation and use of multiple locations
throughout the archipelago is evident.
Occupation at To’aga and Utumea con-
tinued, and settlements were occupied
at Jane’s Camp, ‘Upolu (∼2300–2000
cal BP) (Jennings and Holmer 1980b),
Fo’isia (∼2300–1900 cal BP), Vaipito
(∼2200–1900 cal BP), and Pava’ia’i
(∼2000–1900 cal BP), Tutuila (Addi-
son and Asaua 2006), the Pulemelei
area of Savai’i (∼2100–1800 cal BP)
(Martinsson-Wallin et al. 2005), Vailele,
‘Upolu (∼2100–1800 cal BP) (Green and
Davidson 1974b), and Ta’ū village, Ta’ū
(∼2100–1800 cal BP) (Hunt and Kirch
1988).

Six additional deposits have pro-
duced early dates associated with Poly-
nesian Plainware ceramics, which were
not accepted for various criteria. How-
ever, the deposits at ‘Aoa (Clark and
Michlovic 1996) and Aganoa (Moore
and Kennedy 1999), on Tutuila, Leuluasi
(Davidson and Fagan 1974) and Luat-
uanu’u (Peters 1969), on ‘Upolu, and
Potusā (Jennings and Holmer 1980c) and
Falemoa (Lohse 1980), on Manono merit
further testing and dating to assess the
individual site chronologies.

The chronometric hygiene results
provide a temporal pattern for settle-
ment of the Sāmoan islands, with the
earliest known occupation at Mulifanua
between 3000–2600 cal BP, two oc-
cupations in the eastern half of the
archipelago by about 2500–2300 cal

BP, and after 2300 cal BP numerous
settlements across the islands. Although
this temporal patterning likely reflects a
number of interrelated social and envi-
ronmental factors, the following section
provides a GIS-based model of Tutuila
and Aunu’u Islands as one means of as-
sessing some of these factors as they may
have affected the spatial distribution of
settlement at ∼3000 cal BP.

A GIS-BASED PREDICTIVE MODEL FOR
TUTUILA AND AUNU’U ISLANDS

The gap, both chronologically and arti-
factually, between Mulifanua and subse-
quent deposits has been explained with
reference to various geological factors
that have buried, displaced, or sub-
merged additional early deposits (e.g.,
Clark and Michlovic 1996; Dickinson
and Green 1998; Green 2002; Kirch
and Hunt 1993). A general consensus
is that additional Lapita and early Poly-
nesian Plainware deposits are present
in Sāmoa, likely at densities comparable
to other areas of the Fiji/West Polynesia
region, but are difficult to prospect for
and investigate (Green 2002; but Clark
1996 suggests lower densities). As the
review of the current assemblage of 14C
dates reveals, archaeological evidence
for pre-2300 cal BP settlements in the
archipelago is scarce. It is clear that
geomorphological factors have affected
site preservation and discovery, but fac-
tors affecting settlement site selection
and successful colonization ∼3000 cal
BP have not been adequately addressed
in Sāmoan research, although Green
(2002) has posited possible additional
Lapita site locations on ‘Upolu and
Savai’i. Our GIS-based modeling for Tu-
tuila and Aunu’u Islands suggest that
the interrelated factors of coastal access,
slope, relative sea level, and available
settlement area limited settlement prior
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to ∼2500 cal BP and are thus compatible
with our current radiocarbon results.

Methods

ARC GIS 9.1 software was used
to develop a model in which multiple
environmental variables are analyzed
using a combination of raster surfaces
and remote sensing imagery. The final
goal is the identification of areas along
the coastal landscapes of Tutuila and
Aunu’u Islands that would have been
attractive for initial settlement ∼3000 cal
BP. Coastal access, slope, sea level, and
settlement space were the four variables
analyzed in this model.

Justification for coastal access as an
important model variable comes from
both empirical evidence of the loca-
tion of Lapita settlements (e.g., Kirch
and Hunt 1988; Lepofsky 1988; Nunn
2005) as well as theoretically derived
hypotheses developed in human be-
havioral ecology (HBE). For example,
Kennett et al. (2006) recently used
the ideal free distribution (IFD) model
to examine the timing and causes of
island colonization in Oceania (see also
Cashdan 1992). Importantly, the model
considers differences in temporal and
spatial habitat characteristics which can
vary according to human impacts and
population density. Specifically, when
initial population densities are low, the
ideal free distribution model predicts
subsistence economies will be organized
around low-level food production (e.g.,
Smith 2001). Human spatial organiza-
tion will be centered in areas suitable
for easy acquisition of wild marine re-
sources (i.e., fish and marine inverte-
brates). Therefore, coastal access is an
important variable affecting the avail-
ability of marine resources and ocean
travel. To model this variable, raster
cells were developed for sandy beaches
and easily accessible low shorelines. A

cost-distance analysis produced a set of
cells increasing in cost with distance
from coastal access areas (Figure 3). The
most attractive zones correspond to 500
meter catchments around coastal access
areas.

Slope grade is an important factor
in modeling residential settlement for
several reasons (Figure 4). First, steep
slopes are generally correlated with the
increased probability of mass wasting
events and subsequent negative envi-
ronmental conditions. Although land-
scape adjustments such as terracing,
and other types of stabilization can
decrease the risks associated with en-
vironmental hazards, the production of
these structures requires considerable
energy expenditure (Allen 2004:209).
Second, assuming the expectations of
the free ideal distribution model, initial
colonists would have engaged in at least
moderate levels of foraging (see also
Anderson 2003). Central place foraging
models developed in behavioral ecology
are based on the reasonable notion
that a central place (in this case a
residential settlement) should be strate-
gically located to minimize travel time,
and consequently energy expenditure
to foraging locales (Cashdan 1992:250;
Field et al. 2007; Krebs and Davies
1993). Therefore, a human energy cost
associated with traversing steep slope
grades has been added to the model.
The coastal access cost distance raster
and slope zone raster were combined
into one friction surface (Figure 5). This
raster layer models landscapes in close
proximity to easily accessible coastal
areas that are relatively flat.

Any model developed as an aid
for locating early prehistoric deposits
must take into consideration landscape
changes that have occurred since human
settlement. Changes in relative sea level
(RSL) are of particular relevance for
locating Lapita-aged deposits in Oceania.
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Figure 3. Coastal Access/Cost Surface for Tutuila Island. Cells increase in value with distance from
Coastal Access areas. Cells with values of 0.0 represent land within 500 meters of coastal
access.

In general, the Pacific Basin experi-
enced a well documented mid-Holocene
highstand in sea level of approximately
1.5–2.6 m (Dickinson and Green 1998;
Fletcher and Jones 1996; Grossman et al.
1998; Mitrovica and Peltier 1991). While
other localized tectonic processes asso-
ciated with volcanic loading are known
to have caused subsidence of ‘Upolu and
possibly Ofu, present evidence suggests
that paleoshoreline features on both Tu-
tuila and Aunu’u appear directly related
to the height of the mid-Holocene stand
of the sea (Dickinson and Green 1998;
Nunn 1998). To model an approximately
two-meter higher than present sea level
at ∼3000 cal BP, a two-meter contour
was placed on the slope/coastal access
friction surface, and a new raster was

created that highlights relatively flat
areas with easy access to the coast that
would have been above the ∼3000 cal
BP sea level.

The final constraining variable in
the model is settlement space. Three
important considerations were attended
to when modeling the amount of avail-
able land for settlement. First, errors
in the digitization of GIS layers from
United States Geological Service (USGS)
contour maps may lead to inaccura-
cies in model results. The USGS con-
tour maps also contain systematic er-
ror when compared to more precise
mapping conducted with on-the-ground
survey equipment such as total sta-
tions. Second, because the areas we are
modeling are located along the coast,
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Figure 4. Slope Classification for Tutuila Island. Slope classes were created every 12◦. Cells with
values of 0.0 correspond to land area with slopes between 0◦ and 12◦.

parameters should consider tidal range.
Finally, available land must be large
enough to allow the necessary require-
ments for habitation and related subsis-
tence activities. Factoring all of these
variables, the final model returned ar-
eas on Tutuila and Aunu’u that would
have met the following requirements at
∼3000 cal BP: (1) they are located within
a 500 m catchment of coastal access
areas; (2) with slopes between 0–12◦; (3)
they are elevated more than two meters
above sea level, and; (4) provide at least
300 m squared of available settlement
space.

Results

Eight areas on Tutuila and Aunu’u
meet the criteria of this model. At

the eastern end of Tutuila, ‘Aoa Valley
and Maliuga Point to Matuli Point are
identified (Figure 6). Across the channel
from Matuli Point, the western half of
Aunu’u is identified (Figure 6). Along the
central portion of Tutuila, Pago Pago,
Utulei, and Vatia meet the specified re-
quirements (Figure 7), while Leone and
Vaitogi are areas identified on western
Tutuila (Figure 8).

As a model, the GIS results pro-
vide working hypotheses to test with
subsequent fieldwork. It should not be
presumed that the eight areas identi-
fied in the model will contain early
cultural deposits, nor should it be un-
critically assumed that areas that do not
meet these criteria lack early deposits.
However, based on knowledge regard-
ing the location and characteristics of
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Figure 5. Coastal Access-Slope/Cost Surface for Tutuila Island. Cell values represent a combination
of the Coastal Access Distance Cost Surface (Figure 3) and Slope (Figure 4) raster layers.
Highest ranked areas are highlighted in grey.

Lapita deposits and certain geomorpho-
logical factors, these eight areas are
primary candidates for future investiga-
tions. As we are operating within an
explicit hypothetico-deductive research
strategy (sensu Winterhalder and Smith
1992), we view model development and
testing as a cyclical process requiring
continued movement between model
abstraction and empirical phenomena
(Winterhalder and Smith 1992:11). Con-
sequently, mismatches between model
predictions and the real world do not
negate the model’s usefulness, as doing
science is ultimately an iterative process
(Richerson and Boyd 1987:41–43).

With these thoughts in mind, it
is interesting to note that the limited
number of locales meeting these criteria
suggest that Tutuila at ∼3000 cal BP
may have offered few coastal locations

comparable to other Lapita settlements
in the region (Kirch 1997; Kirch and
Hunt 1988). Although it is inappropriate
to extrapolate this model beyond Tutuila
and Aunu’u, it brings into consider-
ation another factor—limited suitable
land areas—affecting the number and
distribution of early settlement deposits
elsewhere in the archipelago.

A review of the available archaeo-
logical data from the eight identified
locales generally corroborates this GIS-
based model. Limited subsurface survey
on Aunu’u found plainware ceramics
(Best 1992), although their areal ex-
tent and chronology remain to be de-
fined. Limited archaeological research
has been conducted along the eastern
coastline from Maliuga Point to Matuli
Point; but this area consists of a large
coastal flat with a paleodune fronting
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Figure 6. Optimal Areas for Lapita Settlement, Eastern Tutuila and Aunu’u. Areas must be greater
than 300 m squared at elevations greater than 2 meters. Submerged shorelines less than
2 meter elevations in proximity to optimal areas circa 3000 cal BP are circled.
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Figure 7. Optimal Areas for Lapita Settlement, Central Tutuila. Areas must be greater than 300 m
squared at elevations greater than 2 meters. Submerged shorelines less than 2 meter
elevations in proximity to optimal areas circa 3000 cal BP are circled.
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Figure 8. Optimal Areas for Lapita Settlement, Western Tutuila. Areas must be greater than 300 m
squared at elevations greater than 2 meters.
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a low back-dune area. Recent investiga-
tions at Alao village along this stretch
of coast conducted by the American
Samoa Power Authority have recovered
ceramics, lithics, and burials (Herdrich,
personal communication 2007). Imme-
diately west of Matuli Point along the
south shore are Utumea and Aganoa,
where cultural deposits that have pro-
duced early dates and include plainware
ceramics were not identified in the
current GIS model because they did not
fulfill the land area requirement. Their
exclusion from the locations identified
by the model suggests that a future
iteration of the model with a land area
requirement less than 300 m squared
may provide a group of secondary lo-
cales for research on early settlement.
Investigations by Moore and Kennedy
(1999) and Eckert and Pearl (Eckert, per-
sonal communication 2006) at Aganoa
identified plainware pottery–bearing de-
posits dating to at least 2000 cal BP
and possibly as old as 2500 cal BP.
For ‘Aoa, Clark and Michlovic (1996)
described plainware pottery deposits,
but questions remain about the integrity
and age of the deposit.

The remaining five areas on Tutuila
require further evaluation. Along the
south and north coasts of central Tu-
tuila, Pago Pago, Utulei, and Vatia have
been deemed suitable. The south shore
locations at Pago Pago and Utulei offer
several challenges for investigating po-
tential early deposits because this area
has substantial residential and commer-
cial development and incorporates large
sections of twentieth-century fill. Con-
sequently, the baseline GIS data from
post-fill topographic information may
not accurately reflect the size and shape
of the shoreline 3000 years BP. Only
Vatia Bay appears to be a promising area
for assessing early settlement in central
Tutuila, although the dates from more
interior deposits at Fo’isia and Vaipito

suggest the possibility of additional pre-
2000 BP deposits away from the coast.

At the western end of Tutuila, Leone
and Vaitogi are suggested as candidate
areas for early deposits. The geological
substrate of both these areas derives
from the Leone Volcanic Series, recent
dating of which suggests that Leone
and Vaitogi may not have existed in
the Lapita colonization period or may
have been inhospitable and relatively
new basalt flows (Addison et al. 2006).
In both areas underlying lava flows are
capped by layers of lithified volcanic
ash from volcanics active as recently as
∼1500 cal BP (Addison and Asaua 2006).
Currently, archaeological and geological
data from this area, including the Tāfuna
Plain, indicate that contrary to the GIS
model, the southern portion of west-
ern Tutuila was not suitable for early
colonization. However, the presence of
multiple pre-2000 BP dates inland at
Pava’ia’i (from deposits buried by layers
of volcanic ash) indicates settlement of
interior areas at a relatively early date.

CONCLUSIONS

The initial Lapita settlement of Sāmoa
is represented by a single deposit at
Mulifanua dating to ∼3000–2600 cal
BP. Although it has been proposed that
additional Lapita settlements may have
been distributed along the coasts of
much of the archipelago, investigations
have not located these deposits nor
reliably dated early Polynesian Plainware
deposits older than ∼2500 cal BP. It
is only by ∼2300–2000 cal BP that a
number of settlements appear to have
been occupied across the archipelago.

A suite of geomorphological pro-
cesses has changed the Sāmoan land-
scape during the last 3,000 years, af-
fecting the preservation and discov-
ery of early cultural deposits. Using a
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GIS-based model for Tutuila and Aunu’u
Islands, we propose that sandy coastal
flats had not formed in many areas prior
to ∼2500 cal BP, limiting suitable area
for Lapita settlement. Although this does
not deny the possibility that additional
Lapita and early Polynesian Plainware de-
posits are present, either deeply buried
or submerged on other islands across
the archipelago, the model results of-
fer a compatible match with the cur-
rent radiocarbon chronology and sug-
gest a valuable method for developing
hypotheses regarding paleo-landscapes
and their affects on colonization and
settlement.

Current GIS modeling is underway
for the remaining islands of Sāmoa.
The history of island tectonics as well
as regional sea level change requires
that model parameters, such as relative
sea level (RSL) be adjusted to meet
the specifics of each local context (see
Dickinson and Green 1998; Goodwin
and Grossman 2003; Nunn 1998). Ad-
ditionally, the unique geography of each
island will lead to outcomes that vary
accordingly. Our future research will
be directed by the modeling results,
and will include subsurface testing and
dating of both cultural and geological
deposits at Alao and Aunu’u to refine the
chronology of coastal geomorphology
and human settlement. Future investiga-
tions at all of the locales identified in
our GIS model, as well as the deposits
at Utumea and Aganoa, are needed to
understand the history of their geologi-
cal formation processes and their human
settlement and use.

To better ensure the generation of
robust radiocarbon chronologies, future
dating efforts should focus on: 1) well
provenienced samples, ideally collected
from discrete cultural features (e.g.,
hearths); 2) charcoal samples that have
been identified as short-lived taxa or
short-lived plant parts; and 3) multiple

dates from individual stratigraphic units
and stratigraphic sequences to bracket,
and hopefully, tighten age probability
distributions. Our present example for
the Sāmoan Archipelago demonstrates
the value of combining a critical evalu-
ation of a radiocarbon chronology with
GIS-based paleoshoreline modeling for
investigating the temporal and spatial ex-
tents of island and coastal colonization
and settlement.
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