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New Radiocarbon Dates from the Bapot-1 Site in Saipan
and Neolithic Dispersal by Stratified Diffusion

Geoffrey Clark’, Fiona Petchey®, Olaf Winter*, Mike Carson® and Patrick O'Day*

ABSTRACT

The colonisation of the Mariana Islands in Western Micronesia is likely to represent an early ocean dispersal of more
than zooo km. Establishing the date of human arrival in the archipelago is important for modelling Neolithic expan-
sion in Island Southeast Asia and the Pacific, particularly the role of long-distance dispersals. This paper presents new
'C results and a AR estimate from the Bapot-1 site on Saipan Island, which indicate human arrival at ¢z 34003200 cal.
BP. Archaeological chronologies of long-distance dispersal to Western Micronesta and the Lapita expansion (Bismarcks
to Samoa) show that the Neolithic dispersal rate was increasing during the period cw. 3400-2900 cal. Bp. The range-
versus-time relationship is similar to stratified diffusion whereby a period of relatively slow expansion is succeeded by
long-distance movement. An increase in new colonies created by long-distance migrants results in accelerating range

expansion.
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INTRODUCTION

Austronesian dispersal from Island Southeast Asia to Re-
mote Oceania (southeast Solomons-Samoa) at ¢a. 4500-
3000 cal. Bp is widely held to result from the demic dif-
fusion of agriculturalists (Grey and Jordan 2000; Fort
2002; Diamond & Bellwood 2003; Bellwood 2005; but see
alternative views in Anderson 2003a; Oppenheimer 2004;
Szabé & O’Connor 2004). The role of long-distance mari-
time movements in the settlement and colonisation of
oceanic territory is difficult to determine, in part because
the establishment of remote dispersal foci followed by
demic expansion and the backfilling of unoccupied terri-
tory could be confused with wave-of-advance expansion
(Cavalli-Sforza 2002). In this paper, we present new radio-
carbon dates and AR values from the Unai Bapot-1 site on
Saipan in the Commonwealth of the Northern Mariana
Islands (Figure 1}, and consider briefly whether the chron-
ological evidence for long-distance human movement is
consistent with Neolithic dispersal by stratified diffusion.

1 Archaeology and Natural History, Australian Nattonal Uni-
versity, Australia

2 Radiocarbon Dating Laboratory, University of Waikato, New
Zealand

3 Micronesian Area Research Center, University of Guam,
Guam

4 Garciaand Associates, Natural and Cultural Resource Consul-
tants, Guam

Corresponding author: geoffrey.clark@anu.edu.au}

Submitted 21.10.09, accepted 5.11.09

Theories of extra-range human dispersal in prehis-
tory suggest that major expansions were facilitated by two
basic dispersal strategies. In the first, the relatively rapid
long-distance movement of early humans from Africa to
Asia and Australia-New Guinea 70,000-50,000 years ago
is thought to have used ‘corridor’ coastal/estuarine envi-
ronments that provided migrants with predictable sub-
sistence returns and required only limited economic and
technological adaptations (Mellars 2006; Bulbeck 2007;
Bailey 2008). In contrast, the Neolithic farming-technol-
ogy hypothesis of dispersal by demic diffusion involved
the incremental creation of predictable subsistence envi-
ronments through agriculture, producing a ‘wave-of-ad-
vance’ or ‘leading-edge’ dispersal pattern (Ammerman &
Cavalli-Sforza 1984; Sokal ef al. 1991; Ackland ef al. 2007;
Pinhasi et al. 2009). The dispersal pathways that result
from the two subsistence-mobility modes are potentially
distinct, with rapid movement possible in environmental
zones that offer the least resistance to range increase con-
trasted with slower rates of dispersal (but high population
density) under agricultural expansion.

But the two types of movement are not necessarily
exclusive (Ravenstein 1885; Anthony 1990), and the study
of biclogical invasions emphasises the variety of disper-
sal pathways (Hengeveld 1988; Shaw 1995; Hastings et al.
200s; Nanthan 200s), including the significance of long-
distance dispersals (Paradis et al. 2002; Wilson 2008).
Stratified diffusion is the term used when short-distance
dispersal and long-distance (jump) dispersal occur to-
gether, and it has been modelled as a two-stage process.
First, the initial rate of expansion is conditioned by neigh-
bourhood diffusion of a founding population. Second is a
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Figure 2. Laulau Bay and location of the Bapot-1 site.

characterised as mixed forest (Acacia confusa, Cocos nuci-
fera, Carica papya, Barringtonia asiatica), with stands of
introduced Tangantangan (Leucaene leucocephala) (Liu
and Fischer 2006). Rainwater from the low-permeabili-
ty upland volcanics forms small streams that in the wet
season transport black volcanic sands to the coast where
they form placer deposits. The Laulau Bay reef platform
extends to a fringing reef around 100 m from the shore
and contains echinoderms (Holothuriidae), marine shell-
fish (e.g. Tridacna, Trochus, Conus, Lambis, Cyprea, Turbo,
Cosnus) and a variety of fish taxa, especially Acanthuridae,
Labridae and Scardiae. Saipan did not experience forearc
uplift as did Rota and northern Guam. Dickinson (2000,
2006) suggests that coastlines on Saipan expanded after a
post-mid-Holocene drawdown in sea level estimated at
1.75 m, which is likely to have led to coastal progradation
and the infilling of sheltered embayments colonised by
mangroves (Rhizophora). Another effect of sea-level fall
and mangrove stranding was the loss of quiet intertidal
settings preferred by the gregarious bivalves Anadara cf.
antiquata and Gafrarium sp., which were a popular pre-
historic food source used by colonising groups in Remote
Oceania {e.g. Clark et al. 2001). In early prehistoric sites
in the Mariana Islands Anadora sp. and Gafrarium sp. are
often the dominant shellfish species collected, while in
prehistoric deposits post-dating sea-level fall, the main
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taxa is Strombus sp. (Amesbury ef al. 1996), which favours
rocky-intertidal settings.

Previous research in the Laulau region

Archaeological investigations of the Laulau area began in

the 1920s with the recording of a rock-art site in a cave

by Hans Hornbostel (Thompson 1g32), and the site sur-
vey and subsurface investigations of Spoehr (1957:52-58).
Spoehr examined a Latte structure (Laulau House A} and

a rock shelter containing lime-impressed pottery in its

lower levels, which were overlain by extended and second-
ary burials and an upper cremation deposit. Excavations

at Bapot-1 (sp-1-0013) were carried out in April-May 1977
by Jeffrey Marck, who excavated a 3 m x 3 m square be-
tween two Latte structures after initial test pits suggested

the presence of an ancient occupation (Figure 3}. The main

excavation (Squares K-M: 36—38) was taken down to sterile

beach sands at 1.9 m to 2.2 m below surface, with two dates

on charcoal from an oven filled with refuse debris that was

cutinto a sterile beach deposit. Marck (1978) reported pot-
tery, stone flakes, adzes, shell ornaments and fish hooks.
The pottery sequence began with carinated (shouldered)

‘redware’ jars with sharply everted rims, which gradually
became less everted and were followed by ‘transitional’
plainware ceramics associated with tray/bowl vessels

forms. Late prehistoric ceramics were distinguished by
bowls with abruptly thickened rim profiles.

Ross Cordy (1979) conducted surface survey of the
coastal plain in the Bapot area, and Graeme Ward and
John Craib excavated Bapot-1 in 1985 under contract to
the Historic Preservation Office {cnmi). The investiga-
tions collected stratigraphic information over the site in
an extensive program of test pitting and excavation. Based
on test-pit results, the site has an area of some 12,000 sq.
m from the southern margins of the coastal plain inland
to the elevated limestone ridge. The investigation of the
oldest deposit was by a 1m x 2 m test pit {Bapot-1/83), with
excavation reduced to a 1 m X 1 m square at 1.95 m below
datum. Bapot-1/85 was located just south of a long east-
west aligned test trench and Marck’s 3 m x 3 m excavation
(Figure 3). Cultural material (pottery, adzes, flakes, shell
ornaments, fish hooks) was infrequent below 3 m depth.
Occasional marine bivalves and charcoal fragments were
reported at 3.5 m depth, unlike Marck’s (1978) excavation
where prehistoric material did not occur below 1.9-2.2 m
depth. Six radiocarbon results on Anadara antiquata were
obtained for the deposit (Bonhomme & Craib 1987; Table
1), and megascopic observation of mineral grains showed
that calcareous sand (csT) was the dominant temper in
the earlier redware ceramics (3.1 m to 1.1 m depth), and
volcanic sand temper (vsT) and mixed (csT+vsT) temper
dominated ceramics from the upper levels (Ward 1985).

Additional survey and testing in the Bapot-1 area was
made by Michael Graves during 1986-1987 and Richard
Olmo in 1992, with the most recent investigations by Mike
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Figure 4. Bapot-1, Block A stratigraphy, north face (see text for layer descriptions).

of fragmented marine shell and fishbone. Material of re-
cent age included modern bottle glass, wwii shrapnel and
a few pieces of vulcanised rubber. Marck (1978:18) recov-
ered American bullet casings from a subsurface fire pit
near the Latte remains.

Layer Ia: Grey (10YR 4/4) loose sandy soil. Latte-style
pottery, along with a few eroded thin red pot sherds that
might represent older ceramics that have been mixed with
late prehistoric ceramics. No modern artefacts were re-
covered.

Layer 1I: Light pale-yellow (7.5¥Rr 6/4) loose aeolian beach
sand with little silt. A few sherds of thick-walled red-
slipped pottery, sparse chert flakes, marine-shell frag-
ments (especially Turbo sp.} and occasional bones of fish,
reptile and mammal {mouse/rat).

Layer IIT: Medium brown silty sand (75YRr 4/4}. In the
lower part (110 cm depth) the sand was partially cemented.
Increasing quantities of thick-walled red-slipped potiery,
including a dense concentration of sherds in Unit 6, along
with a few sherds of thin red and black potter and stone
and shell artefacts (basalt-andesite flakes, Tridacna adze,
shell beads and fragments of pearl shell (Isognonion) fish
hooks). A human burial was found in the southeast corner
of Unit g at 70-80 cm depth. The remains were left in situ
and no further excavations were made in the unit.

Layer IV: Medium brown-yellow (10Yr 5/4) silty calcar-
eous sand. The upper part of the layer produced large
amounts of thick-walled ceramics (20-55 mm thick) with
a heavy red slip from flat-based trays/platters (see Hunt-
er-Anderson & Butler 199s5:Figure 9; cf. Carson 2008:Fig-
ure 5). From 130 ¢m to 140 cm and below, the amount of
thin red-slipped pottery (2—3 mm thick), known locally
as ‘Marianas redwaré, increased, including several tool-
stamped pieces at 140 cm. Other artefacts included stone
adzes and flakes, as well as shell ornaments, mainly small
diameter ?Conus sp. shell rings and ground Cyprea sp.
beads.

Layer V: Yellowish brown partially cemented coarse sand
{75¥R 5/6) in the upper part of the layer and coarse cal-
careous sand with pockets of cemented sand at layer base.
Thin red-slipped pottery from small-medium diameter
carinated jars, including concentrations of in situ base
sherds and shell artefacts (rings/beads), shell fish hook
fragments and stone adzes, including a large sub-lenticular
volcanic specimen ca. 20 cm long and 10 cm wide. Flecks
of charcoal were common in the sediment, with larger
fragments and in situ concentrations indicating shallow
fire pits/hearths.

Layer VI Dark brown (7.5YR 4/3) silty calcareous sand
with areas of cemented sand. The layer contained stone
artefacts (adzes and flakes) and the southwest corner of
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Table 1. Bapot-1 site radiocarbon dates (see text for details and acceptance/rejection criteria). In the ‘Sample’ column,
‘FF'=Filter feeder, 'H'=Herbivore and ‘C’= Carnivore.

d*C cal. BP (68.2%
Lab.Ne. CRA {£0.2%0) | probability) Sample Depth Reference
Wk23750 | 1386+30 | —225+02 13201280 Coconutshell | Area 2. Unité: new data
30-40cm
Wwk23751 | 158135 | —234z02 |152001410 Nut shell ¢f. Cocos | Area 2, Unit 4: new data
nucifera 50-60 cm
Wk-23752 | 204330 | —243x02 |2045-1945 Unid. charcoal | Area 2/Unit2: new data
70-80cm
2310-2230 & R Area 2, Unit 2:
Wk-23754 2189 £ 30 245102 2190-2140 Unid. charcoal 100-110 em new data
2310-2240 & ] Avea 2, Unit8:
Wk-23755 2168 £32 —279+02 2180-2120 Unid. charceal 130-140 e new data
2310-2240 & ) Area 2, Unit 5:
Wk-23756 2175 +£30 —-257+02 2180-2130 Unid. charcoeal 130-140 cm new data
3140-3130, .
Wi23757 | 290732 | 251202 |3110-3090& | Unid.charcoal | fred UMt new data
3080-2970
] ~ 3060-3050 & ) TU-2, Layer lllA:
Beta-214761 | 2850 + 40 25.8 3030-2880 Unid. charcoal 140-160 em Carson (2008)
Anadara Testpit(Imx2m): Bonhomme &
ANU4768 | 3210+ 80 na 3150-2910 antiquata (FF) 170-190 ¢ Craib (1987)
Wk-23760 2866 + 32 —-253+02 | 3070-2940 Unid. charcoal Area 2, Unit 5; new data
180-190 cm
Wk-23761 | 202230 | -246+02 | 3150-3000 Unid. charcoal | Aréa 2, Unit&: new data
190-200 ¢cm
3210-3180, .| Marck (1978);
UCR642 | 28902100 na 317020208 | Unid.charcoal | SIS 37738 ponhomme g
2910-2880 Craib (1987)
y Marck (1978);
UCR650 | 2010100 na 3220-2020 Unid. charcoal | SAuaresKrL37-38 1 o mme &
190-220 cm .
Craib (1987}
Wk23763 | 2904+30 | —218+02 | 3080-2070 Nut shell Area2, Unit 3: hew data
200-210 cm
3140-3120, .
Wk-23764 | 2010£30 | —259£02 |3110-3090& | Unid.charcoal wﬂmwww_ ”__h_w new data
3080-2980
Wk-23765 | 2000z30 | -255:02 |3080-2070 Unid. charcoal | Area 2. Unitz: new data
210-220 am
~ 2 Cyprea sp. (H) Area2, Unit1:
Wk-23769 | 3355 30 18402 |3290-3170 AN 10290 o new data
g Cyprea tigris (H) | Area 2, Unit1:
Wk23770 | 3192 £30 21+02 | 3060-2930 AP 0290 0 new data
3320-3290 & ) Area 2, Unit 5:
Wk-23766 3013 + 30 -255+02 3970-3160 Unid. charcoal 290-230 em new data
g Conus sp. (C) Area 2, Unit4:
Wk23771 | 3182230 06+02 | 3040-2920 ot 220250 om new data
3320-3300 & ) Area 2, Unit 1:
Wk-23767 3010+ 30 —28.1+0.2 3270-3160 Unid. charcoal 230-240 cm new data
3140-3130, o
Wk23768 | 2908+30 | -249+02 |3110-3090& | Unid. charcoal Mwm.w_m”%a. new data
3080-2970
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the charcoal dates, only three are identified to short-lived

nutshell charcoal (Wk-23750, Wk-23751 and Wk-23763),
but only Wk-23763 from below 150 cm is associated with

shell dates, More detailed identification of wood charcoals

and the sample growth position is clearly needed to refine

our site chronology, but this work was not attempted in

the current study because no readily available reference

collections were available. Of the three shell dates associ-
ated with the 150220 cm depaosit (ANU-4768, Wk-23769

and Wk-23770), only sample aNU-4768 is Anadara sp., a

recognised food shell. Distinctive shell artefacts made in

the shell of the herbivore Cyprea sp. (Wk-23769 and Wk-
23770) were dated because they represented an artefact
type that was not found above 210 cm depth, while a Conus

sp. {carnivore)} shell ring came from the deepest cultural

deposit (Wk-23771). It is important to note that selection

of dating samples was made to answer archaeological

questions, and the Bapot-1 radiocarbon results have been

used to estimate AR because of the small number of pre-
historic sites in the Mariana Islands with shell-charcoal

radiocarbon pairs. Thus, the two Cyprea sp. shells are both

ornaments that could have been stored or transported

some distance and are from herbivorous species that can

ingest particulate carbonates. Either of these possibilities

could result in the disproportionate AR offsets calculated

(Table 2).

Using the nutshell charcoal (Wk-23763) and Anadara
sp. shell (ANU-4768), we obtain a most probable AR value
of -16 + 87 **C yrs for the deposits between 150 cm and
220 cm depth (Table 2). The combined value for all char-

Journal of Pacific Archaeology - Vol.1- No.1- 2010

coals from these deposits are indistinguishable (3s:0.05 =
0.206<5.991), suggesting minimal inbuilt age for the uni-
dentified samples.

Below 220 cm there is significant variability in the ra-
diocarbon data that results in two possible AR interpreta-
tions for shell sample Wk-23771 (Table 2): -162 + 47 **Cyrs
and -13 + 70 **C yrs. It is impossible for both values to be
correct. One possible cause for this discrepancy is inbuilt
age in the charcoal. Although we have already indicated
that there is insignificant inbuilt age in unidentified char-
coal samples from the upper deposits, older wood sources
are more commonly available to the first inhabitants oc-
cupying coastal sites (R. Wallace, pers. comm., June 2009).
The pairing of charcoal with a degree of inbuilt age and
marine shell would result in a more negative AR result.
A marine reservoir offset is less likely to be implicated in
this instance because the discrepancy in calibrated ages
is not specific to the shell dates (compare Wk-23767/Wk-
23766 and Wk-23768). Alternatively, continval humnan re-
occupation of the same site may have resulted in mixing
of cultural remains from an earlier, but culturally similar,
occupation event. However, given the similarity of —13 +
70 “*C yrs to the AR outlined above, we have calibrated all
shell results using the value of —16 + 87 **C yrs (Figure 5).
The combined calibrated age range for deposits between
150 cm and 220 cm {s 3065-3000 BP at 10 (excluding ar-
tefactual shell dates Wk-23769 and Wk-23770) (X%s:0.05
= 2.799<16.919). The basal deposits below 220 cm depth
appear to date to 3360-3110 cal BP at 10, and this value
is within statistics (x%s:0.0s = 7.251<7.815). However, sev-

Table 2. Bapoi-1 AR results for contemporaneous charcoal/shell pairs.

*C age and error Pooled values Marine modelled AR {yrs)
Sample material {BP) [Rs(t)] (3 test) age [Rg(t)] [Rs(t)-[Rg{t)1** | Lab.No. Comment
AR calculations for deposits above 220cm
Nutshell charcoal 2904 + 30 - 3226+33 Wk-23763 | Meets AR protocol
Anadara sp. 3210+ 80 - - l6=87 ANU-4768
Cypreasp. {artefact) | 3355£30 - - 129 +45 Wk-23769 Mwmﬂwm”wmmmmﬁ
Passible heirloom
Cyprea sp. (artefact) 3192 +£30 - - =34 445 Wk-23770 | or dietary offset ?
AR calculations for deposits below 220cm
Unid. charcoal 3010+ 30 + Wk-23767
Unid. charcoal 3013+30 A&~"°WWMMMWMN.§H 3345237 -162+47 Wk-23766 nbuilt age 7
Conus sp. 3182+30 - - Wk~23771
or
Unid. charcoal 2908 £ 30 - 3196163 -13+70 Wk-23768 | Inbuiltage?
Conus sp. 3182+30 - - Wk-23771

**The AR for a specific location (s)' is calculated using the formula: Rs{t) - Rg{t) = AR(s), whera (AR{s)) is the difference between the global average {Rg(t) and the
actual “C activity of the surface ocean at a particular location (Rs{t)) at that time. (Stuiver et af. 1986). AR calculations from archaeological terrestrial/marine pairs

as per Uim [2002).
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Figure 6. Top. Three types of range-versus-time curve (from Shigesada et af. 1995: Fig.4) with range expansion divided into
three phases: Establishment phase (arrow); Expansion phase (solid line} and Saturation phase (dashed line), The Expansion
phase is classified into three types. Type 1 shows linear expansion, Type 2 exhibits biphasic expansion with an initial slow
slope followed by a steep [iner slope typical of stratified diffusion, and in Type 3 the rate of expansion continually increase
with time. Bottom. The Neolithic expansion curve for the Indo-Pacific based on the archaeological record showing the inflec-
tion typical of stratified diffusion. Cumulative dispersal distance {km) is used as a proxy for range area/radius. Note that the
3400~-2900 cal. BP expansion value should be considered as a minimum. Yap is not included in the total as its colonisation
could have occurred from within Western Micronesia, nor is the presumed dispersal to the Bismarck Archipelago as the
source of the Lapita culture is uncertain

environments like those of Island Southeast Asia where
large Jandmasses are separated from each other by rela-
tively short ocean distances, and demic expansion along
coastal margins could significantly expand the range area.

The emerging archaeological record of dispersal in Is-
land Southeast Asia suggests the Neolithic arrived in the
northern Philippines at 4000 cal. BP from Taiwan, and is
manifested archaeologically by red-slipped ceramics, un-
ibevelled stone adzes, the domestic pig and a subsistence
focus an the cultigens yam and taro rather than rice {Paz
2005; Piper et al. 2009). Reviews of radiocarbon dates by
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Mahirta (2006), Spriggs (2003, 2007) and Hung (2008} in-
dicate the Neolithic extended to south Indonesia (Maluku)}
by 3500 cal. BP (average 5.2 km/year). Long-distance dis-
persal to the Mariana Islands {2100 km from the Philip-
pines) occurred on current evidence at ca. 3400-3200 cal.
5p. The colenisation chronologies of Palau and especially
of Yap need further work, yet there is sufficient archaeo-
logical and palaeoenvironmental data to posit human ar-
rival in these archipelagos by 3300-3100 cal. 8 (Dodsen
& Intch 1999; Liston 2003; Petchey & Clark In Press).

An early model of the colonisation of Western Micro-
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