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A B S T R A C T   

A transect of pits across the island of Teiro on the atoll of Abaiang in the Gilbert Islands of the equatorial Pacific 
exposes a sequence of washover deposits overlying the reef platform. Each washover event appears to have 
truncated the existing sediment surface and contributed to the initiation and the vertical and lateral build-up of 
the island. 

Burnt material towards the base of the washover sequence has yielded an age of c. 1100–1000 cal years. This is 
suggestive of a recent date for the formation of the island, supporting the thesis that atoll islands are a product of 
sediment accumulation consequent upon the sea-level fall of the last few millennia. This created some of the last 
land masses on Earth on which human settlement is possible. 

The burnt material appears to be the product of human activity and is thus indicative of human arrival on 
Abaiang by c. 1100 cal BP. As elsewhere in the Gilberts, the earliest evidence for a human presence overlaps or 
postdates the c. 2000–1900 cal BP age for the start of falling sea-levels. This exposed the atolls to subaerial 
conditions and provided new land for human occupation. 

The presence of anthropogenic material towards the base of the washover sequence is indicative of a human 
presence on the island long before it approached a state of relative stability and during a period of repeated 
disruption by coastal inundation and sediment accumulation.   

1. Introduction 

Spread across the tropical Pacific are in excess of 170 coral atolls. 
These were left stranded and inactive by the fall in sea-level associated 
with the uptake of ocean water resulting from ice sheet expansion during 
the last glacial. Upward growth recommenced about 9000–8000 years 
ago when postglacial eustatic sea-level rise began to overtop the emer-
gent limestone plateaux of the palaeoatolls. For most of the succeeding 
millennia the atoll reefs were largely awash. Sometime in the period 
4000–2000 BP, however, sea-levels began to fall. Dickinson (2009) has 
suggested that the falling sea-levels triggered island formation as sedi-
ment began to accumulate on the reef platforms, the product of wave 
action reworking unconsolidated material onto the now-emergent reefs. 
The timing of this change varied across the Pacific, but has been esti-
mated to lie between 1550 and 850 cal BP (Dickinson, 2009, 7). This 
episode may have been critical for the human colonisation of Pacific 

atolls for it would have provided new land areas for occupation. On 
these grounds it has been argued that the timing of occupation of Pacific 
atolls may be linked to ocean-wide variations in Late Holocene sea- 
levels, with the earliest falls in sea-level associated with the earliest 
human occupation (Dickinson, 2003; Yamaguchi et al., 2009, 542–543). 

The thesis that island development in the tropical Pacific is associ-
ated with Late Holocene falling sea-levels is supported by evidence from 
Ishigaki Island in southwest Japan (Yamano et al., 2001), the Mamanuca 
islands in Fiji (McKoy et al., 2010) and Laura Island in Majuro atoll in 
the Marshall Islands (Kayanne et al., 2011; Yasukochi et al., 2014). 

By contrast, Weisler et al. (2012), working on Utrōk and Maloelap 
atolls in the Marshall Islands, suggested that falls in relative sea-level are 
not necessary for island initiation. Islands appear to have been present 
here by c. 3050–2300 cal BP. Yet this preceded the start of sea-level fall 
at about 1500 cal BP (Tracey and Ladd, 1974, 548). A similar suggestion 
was made by Kench et al. (2014), who reported that island development 
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on Jabat in the Marshall Islands began during the Late Holocene sea- 
level high-stand, with sediment accumulation continuing during the 
subsequent fall in sea-level. 

The aim of this project was thus to investigate the timing and pro-
cesses of sediment accumulation on emergent reef platforms. Its specific 
purpose was to assess the models of reef island development that have 
been proposed for Pacific atolls and to investigate the conditions under 
which human occupation of these new islets occurred. The focus of the 
project was the Gilbert Island chain in the western Pacific Ocean 
(Fig. 1A). 

2. The study area 

2.1. Geomorphology and stratigraphy 

The Gilbert Islands, constitutionally part of the nation of Kiribati, 
form a 780 km-long line of atolls and coral islands that straddles the 
equator in the western Pacific (Figs. 1A− 1B). The atoll of Abaiang in the 
northern part of the chain forms a rhomboidal coral reef, about 28 km 
long and 8 km wide, enclosing a shallow lagoon (Fig. 1C). The reef is cut 
by several passages through which the lagoon is drained and refilled as 
the tide rises and falls. Detrital reef matter has accumulated on the reef 
platform, creating relatively permanent wave-built islets. On the wind-
ward side of the atoll, the islets have coalesced to form a single, 
continuous, 37 km-long, linear feature, varying in width from less than 
60 m to more than 1000 m. 

Although the form of the islands and islets varies in detail, their 
morphology and stratigraphy are broadly consistent (Fig. 2). On the 
ocean side, the reef front rises steeply from the ocean floor and displays a 
sharp break of slope where it meets the reef flat. The flat is typically 
several hundred metres wide, composed of reef limestone and covered 
by a discontinuous array of boulder-sized and smaller fragments of 
limestone. It is exposed at low tide and submerged during high tides.  

Disconformably overlying the reef-flat limestones is a unit of strongly 
indurated breccia–conglomerate, around a metre thick and possessing a 
subhorizontal surface. These deposits lie along the landward edge of the 
reef flats and represent the remnants of an originally much more 
extensive platform. 

The inner edge of the breccia–conglomerate platform is typically 
overlain by a narrow sand beach. This is developed close to the high-tide 
level and is backed by a sand ridge up to 2 m high, aligned parallel to the 
coast. Inland of the sand ridge and forming the bulk of the island is a 
broad sheet of sand interbedded with beds of clast- and matrix- 
supported calcareous gravels that vary in size from granules to boul-
ders. On the lagoon side of the island, the feather edge of the sand sheet 
overlies the breccia–conglomerate platform, itself overlain by a broad 
sand beach that extends up to high-tide level around the margins of the 
lagoon. 

2.2. Archaeology 

By comparison with other atoll groups, relatively little work has yet 
been undertaken on the archaeology of the Gilbert Islands (Shutler, 
1969 [in Di Piazza, 1998a, 150]; Katayama, 1985; Ogata et al., 1985; 
Takayama et al., 1985; Takayama and Takasugi, 1987; Takayama, 1988; 
Takayama and Takasugi, 1988; Takayama et al., 1989 [in Kirch, 2002, 
343]; Takayama et al., 1990; Di Piazza, 1998a; Di Piazza, 1999; Thomas, 
2002; Thomas, 2015). Takayama and Takasugi (1988, 14) reported 15 
14C ages on charcoal and Tridacna shells associated with cultural re-
mains from Utiroa on Makin. These date back to 1440 ± 70 14C BP, 
although the shell ages appear not to have been corrected for the marine 
reservoir effect (Petchey, 2009). Elsewhere, Pandanus keys and endo-
carps from a series of earth ovens on Nikunau have been dated to 390 ±
50, 1860 ± 100 and 2050 ± 90 14C BP (Di Piazza, 1998a; Di Piazza, 
1999). Thomas (2002) obtained ages of 0 ± 60, 220 ± 60 and 460 ± 70 
14C BP on unidentified wood charcoal, organic material and Turbo shell 
from excavations on Abaiang. He subsequently reported 14C ages from 

Fig. 1. (A) The Pacific Ocean showing the location of (B) the Gilbert Island chain, (C) the atoll of Abaiang and (D) the transect of pits excavated across the island of 
Teiro. Sources of data: (A) Gale (2016, 334), (B) and (C) Anon. (1980), (D) Google Earth. 

S.J. Gale and F.R. Thomas                                                                                                                                                                                                                   



Journal of Archaeological Science: Reports 42 (2022) 103352

3

carbonised material from the spoil associated with swamp taro pits on 
Tarawa (Thomas, 2015). This yielded ages of 1483 ± 30 BP and 1540 ±
30 BP on samples of breadfruit (Artocarpus altilis), 1892 ± 25 BP and 
1895 ± 25 BP on fragments of unidentified broadleaf wood, and 1526 ±
25 BP on a coconut (Cocos nucifera) frond. With the exception of the 
coconut frond, we cannot rule out the possibility that these samples may 
be subject to remobilisation error (that associated with the temporary 
storage of wood or charcoal before it reaches the site of deposition). 

3. Methods 

A transect of four 2.0×2.0 m pits (numbered 5–8), each aligned 
north–south, was excavated into the sand body that forms the reef island 
of Teiro, the main island of the atoll (Fig. 1D). The transect was located 
to the east of the village of Tuarabu. Pit 5 was sited on the top of the 
coastal sand ridge. Pit 6 was excavated in the base of the swale on the 
landward side of the ridge. Pits 7 and 8 were located further inland on 

the sand sheet. The stratigraphy and lithology of the sediments exposed 
in each pit were recorded. In the text that follows, we employ the 
particle-size conventions of Wentworth (1922). Note that particles of 
diameters >2 mm are referred to as gravels. These are subdivided into 
granules (2–4 mm), pebbles (4–64 mm), cobbles (64–256 mm) and 
boulders (>256 mm). Our textural classification of regolith materials 
follows the definitions of Folk (1954). All colours were determined in 
field state following the procedures outlined by Gale and Hoare (2011, 
158–161). 

Three samples of wood charcoal were taken from Pit 6. Two came 
from Unit 6/4 in Section 1 (Fig. 3), the third from Unit 6/4 in Section 2. 
The samples were gently crushed and dispersed in deionised or distilled 
water. The material was then treated with hot hydrochloric acid to 
remove carbonates, followed by a solution of sodium hydroxide to 
remove the remaining organic acids. The sample was then rinsed in 
hydrochloric acid to neutralise the alkali before being dated using 
accelerator mass spectrometric 14C methods. 

Fig. 2. Schematic morphostratigraphic cross-section through a reef island, Abaiang atoll, Gilbert Islands, equatorial western Pacific Ocean. This is based on ob-
servations made between the villages of Taburao and Tuarabu. Nevertheless, the landforms and the stratigraphy are similar to those observed across the atoll. 

Fig. 3. Plan view of the southeast corner of Pit 6 (left) and the adjacent excavation (right) at a depth of 1.1 m below the ground surface, showing the nature and 
extent of Unit 6/4. The circles represent the locations from which wood charcoal was sampled for 14C analysis (Table 4). 
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4. Results 

4.1. Stratigraphy 

Our investigations were focussed on Pit 6. Two sections were logged 
in this excavation. The stratigraphic logs of these sections are presented 
in Tables 1 and 2. The lithology of the sedimentary units that overlie the 
atoll basement rocks (defined here as constituting the reef rock, the 
conglomerate–breccia and the overlying oolitic marine sand) in Pits 5–8 
is given in Table 3. The full stratigraphic logs of Pits 5, 7 and 8 are 
provided in the supplementary papers that are available in the online 
version of the article. 

4.2. Chronology 

The results of the 14C analysis of the wood charcoal from Unit 6/4, 
Sections 1 and 2, Pit 6 are given in Table 4. Although the consistent 
results for the two determinations from Section 1 may mean that the 
samples come from the same piece of timber, this is unlikely given the 
derivation of the samples from different parts of the unit (Fig. 3). 
Instead, we suggest that the ages display minimal old wood error (that 
associated with dating old timber from the centre of a living tree) and 
minimal remobilisation error. 

5. Discussion 

5.1. Environmental interpretation of the sediments exposed in Pit 6 

Unit 6/1 is composed of distinctive grains of well-rounded, medium 
oolitic sand, containing rounded and subrounded pebbles of coral. Marine 
ooids are the product of submarine carbonate precipitation around a 
nucleus of crystallisation. They form on a subhorizontal surface where 
particles can accumulate, in shallow, wave- or current-agitated situations 
where grains can be repeatedly rotated, and under conditions suitable for 
the physicochemical precipitation of carbonate from oceanic waters 
(Kindler and Hine, 2009, 113–114). 

Although oolitic sands are common on shallow Bahamian and 
Caribbean platforms, they are believed to be extremely rare in Holocene 
atoll sediments across the Pacific (Milliman, 1974, 40–42; Rankey and 
Reeder, 2009, 971), where they have only recently been identified 
(Rankey and Reeder, 2009; Gischler, 2011, 13–15; Rankey et al., 2011). 
It has been suggested that the formation of ooids is favoured by high 
oceanic alkalinity and pH, and by slightly elevated salinity, with those 
Pacific sites where ooids have been recognised distinguished by just such 

conditions (Rankey and Reeder, 2009; Gischler, 2011, 13–15; Rankey 
et al., 2011). The chemical characteristics of those Pacific sites where 
ooids have been found (Royal Society Working Group, 2005, 8; Taka-
hashi et al., 2014) appear to be closely comparable with those recorded 
in Kiribati (pH, 8.08; salinity, 35.2‰; total alkalinity, 2310 μeq kg− 1) 
(Wasserman, 2011, 20, 36–38). 

Unit 6/1 thus appears to have accumulated on a platform submerged by 
shallow waters and subjected to continuous wave or current motion. 
Nearby corals must have supplied clastic material that has been rounded by 
the motion of the waters and incorporated in the sands in the form of 
pebbles. 

The upper surface of Unit 6/1 forms a hard, carbonate-cemented layer. 
Although syndepositional cementation of calcareous marine sediments 
can take place under subaerial or deep or shallow marine conditions 
(Rose, 1970, 2787–2788; Flügel, 2010, 206–207), the porous, chalky 
crust is indicative of subaerial weathering and lithification prior to the 
burial of the unit by later sediments. The subaerial origin of the feature is 
supported by the absence of encrusting marine organisms and organic 
borings, characteristics used by Goldring and Kaźmierczak (1974, 959) to 
distinguish subaerial hardgrounds from intraformational features formed 
below the low-water mark. 

The indurated layer has a hummocky surface with a relief of around 
40 mm. The hummocks are similar to the ‘knobs, ridges and swales’ that 
James et al. (2015) have observed on erosion (or ‘omission’) surfaces in 
marine carbonate sequences and which they have interpreted as the 
product of intertidal erosion on high-energy shorelines. However, 
similar forms can develop under other conditions. Features that Zseni 
(2009, 112–113) has termed ‘subsoil solution pits’, for example, can 
form as a result of carbonate dissolution beneath a cover of soil or un-
consolidated sediment. 

Draping the hummocky surface of Unit 6/1 is a thin mat of fibrous roots. 
The roots were able to penetrate the overlying, unconsolidated sediments. 
However, they were unable to pass through the indurated surface of the 
cemented layer and have spread laterally across the top of the carbonate 
crust. Associated with the root mat and together forming Unit 6/2 is a thin 
bed of gray, sandy silt. In Section 2, this is disconformably overlain by the 
dark, charcoal-bearing deposits of Unit 6/4. In Section 1, however, the 
deposits of Unit 6/4 are underlain by Unit 6/3, a white, medium to coarse 
sand composed of calcareous grains of biogenic origin, and containing 
common granules and pebbles of rounded coral. 

Unit 6/3 is part of an assemblage of sediments that overlies the atoll 
basement rocks and can be observed in Pit 6 and, more broadly, in the 
entire transect of pits excavated across the island. In total, 17 units were 
identified within these excavations (Table 3). These deposits contain 

Table 1 
The stratigraphy and lithology of the regolith exposed in Section 1 on the southern face of Pit 6, 0.46 m west of the southeast corner of the pit, to the east of the village of 
Tuarabu, Abaiang atoll, Gilbert Islands, equatorial western Pacific Ocean (1◦47′39.72′′ N 173◦02′41.16′′ E).  

Unit Description Thickness 
(m) 

Depth (m) 

6/9 Black (10YR 2/1) sandy silt, containing abundant roots, common sand-sized marine shell fragments and occasional angular to subangular 
pebbles of coral, some forming discrete horizontal beds. Transition over 0.02 m to underlying unit.  

0.09 0.00–0.09 

6/8 Very dark gray (10YR 3/1) silty sand composed of calcareous grains of biogenic origin, containing common plant fragments, abundant roots and 
occasional pebbles of coral. Transition over 0.02 m to underlying unit.  

0.07 0.09–0.16 

6/7 Gray (10YR 5/1) slightly silty medium sand composed of calcareous grains of biogenic origin, containing rare granules and pebbles of subangular 
coral, rare marine shell fragments and rare plant organic matter. Transition over 0.05 m to underlying unit.  

0.53 0.16–0.69 

6/6 White (10YR 8/1) medium to coarse sand composed of calcareous grains of biogenic origin, containing rare roots and common rounded granules 
and pebbles of coral. Supported within the sand in the basal part of this unit are four angular, tabular, flat-lying boulders of granule–fine pebble 
coral conglomerate. Sharp and complex, subhorizontal contact with underlying unit.  

0.21 0.69–0.90 

6/5 Clast-supported subangular and subrounded pebbles of coral with a matrix of fine gravelly sand. The pebbles are well-sorted, with a-axes 
between 30 and 50 mm. The clasts display dips of up to 45◦. Sharp, subhorizontal, undulating contact, with an amplitude of 20–30 mm, with 
underlying unit.  

0.07 0.90–0.97 

6/4 Black (10YR 2/1) semi-indurated, sandy silt, containing common sand-sized grains of calcareous cement, common blackened angular to 
subrounded pebbles of coral, occasional pebble-sized fragments of wood charcoal and rare roots. Units 6/4 and 6/5 together form a 0.46 m long 
lens that displays a sharp lateral contact with Unit 6/6. Sharp, subhorizontal contact with underlying unit, crossed by occasional ≈10 mm wide 
and 20–30 mm deep, dark-coloured, subvertical pipes.  

0.17 0.97–1.14 

6/3 White (10YR 8/1) medium to coarse sand composed of calcareous grains of biogenic origin, containing common granules and pebbles of rounded 
coral and rare roots. Base not exposed.  

>0.03 1.14–1.17  
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coral and shell fragments, calcareous sands, marine shells, pebbles and 
cobbles of coral, and boulders of cemented conglomerate, all indicative 
of derivation from the oceanic margin of the atoll. The lithology of each 
unit of these sediments is given in Table 3. Many of the units display 
similar characteristics, however, and it is possible to group the deposits 
into five sedimentary facies: 

Facies 1: sand (Units 5/1, 5/3, 7/2, 7/4, 7/6) 
Facies 2: sand containing rare to common pebbles (Units 5/2, 6/3, 6/ 
7, 6/8, 6/9, 7/7, 8/1) 
Facies 3: sand containing common pebbles and tabular boulders 
(Unit 6/6) 

Table 2 
The stratigraphy and lithology of the regolith exposed in Section 2 on the western face of Pit 6, 1.24 m north of the southwest corner of the pit, to the east of the village 
of Tuarabu, Abaiang atoll, Gilbert Islands, equatorial western Pacific Ocean (1◦47′39.72′′ N 173◦02′41.16′′ E).  

Unit Description Thickness (m) Depth (m) 

6/6–6/9 The upper four units of the sequence may be traced laterally to Units 6/6–6/9 of Section 1, with which they are closely 
comparable. Sharp, subhorizontal contact with underlying unit.  

0.87 0.00–0.87 

6/5 Steeply dipping, clast-supported, subangular and subrounded pebbles of coral with a matrix of medium to coarse sand. Sharp, 
subhorizontal, undulating contact, with an amplitude of ≈30 mm, with underlying unit.  

0.05 0.87–0.92 

6/4 Dark gray (10YR 4/1) silty sand, containing wood charcoal. Units 6/4 and 6/5 together form a 0.46 m-long lens that displays a 
sharp lateral contact with Unit 6. Sharp subhorizontal contact with underlying unit.  

0.07 0.92–0.99 

6/2 Gray (10YR 5/1) sandy silt overlying a thin (<10 mm thick) mat of very dark gray (10YR 3/1) fibrous roots. Sharp, subhorizontal, 
undulating contact, with an amplitude of ≈40 mm, with underlying unit.  

0.02 0.99–1.01 

6/1 Very pale brown (10YR 8/2) well-rounded medium calcareous sand, containing subrounded and rounded pebbles of coral. The 
upper surface of the unit is well-indurated. At depth the unit is moderately indurated. Base not exposed.  

>0.30 1.01–1.31  

Table 3 
The lithology of the sedimentary units that overlie the atoll basement rocks in Pits 5–8. The pits represent a transect inland from the 
ocean across the island of Teiro, Abaiang atoll, Gilbert Islands, equatorial western Pacific Ocean. Non-sedimentary units such as soils 
and anthropogenic features are not described. The full stratigraphic logs of Pits 5, 7 and 8 are provided in the supplementary papers that 
are available in the online version of the article. The stratigraphic logs of Pit 6 are given in Tables 1 and 2.  

Unit Description 

5/3 Medium to coarse, openwork calcareous sand, containing occasional marine shells and rare pebbles of pumice. 
5/2 Fine to medium calcareous sand, containing occasional marine shells and rare rounded coral pebbles. 
5/1 Openwork calcareous sand.  

Unit Description 

6/9 Sandy silt, containing common sand-sized marine shell fragments and occasional angular to subangular pebbles of coral. 
6/8 Calcareous silty sand, containing occasional pebbles of coral. 
6/7 Calcareous slightly silty medium sand, containing rare granules and pebbles of subangular coral and rare marine shell fragments. 
6/6 Medium to coarse sand, containing common granules and pebbles of rounded coral. Within the basal part of this unit, four angular, tabular, 

flat-lying boulders of beach conglomerate are supported within the sand. 
6/3 Medium to coarse sand, containing common granules and pebbles of rounded coral.  

Unit Description 

7/7 Silty sand, containing rare subangular and subrounded granules and pebbles of coral. 
7/6 Calcareous medium sand. 
7/5 Subangular to subrounded pebbles and cobbles of coral supported in a matrix of fine to medium calcareous sand; west-dipping a-axis gravel 

fabric. 
7/4 Fine to medium calcareous sand, containing occasional marine shell fragments. 
7/3 Angular, tabular, flat-lying boulders of beach conglomerate with a matrix of clast-supported rounded pebbles and cobbles of coral. 
7/2 Calcareous medium sand.  

Unit Description 

8/3 Openwork clast-supported angular pebbles of coral; matrix of silt in upper part of unit. 
8/2 Clast-supported subrounded pebbles and cobbles of coral with a matrix of medium to coarse calcareous sand and granules; west-dipping 

gravel fabric. 
8/1 Medium calcareous sand, containing occasional granules, common rounded coral pebbles and rare subrounded coral cobbles.  

Table 4 
The results of 14C analyses of wood charcoal from Unit 6/4, Sections 1 and 2, Pit 6, east of the village of Tuarabu, Abaiang atoll, Gilbert Islands, equatorial western 
Pacific Ocean. The ages have been calibrated to calendar years using the CALIB Rev 8.2 Radiocarbon Calibration Program of Stuiver et al. (2022), employing the IntCal 
20.14c data set of Reimer et al. (2020).  

Laboratory code Section δ13C-corrected 14C age (14C a BP) Error ± 1 s (14C a) Modern carbon (pMC) (%) δ13C (‰) Calibrated age error ± 2 s (cal a BP) 

Beta − 481160 1 1070 30 87.53 ± 0.33 –27.7 924–1007 
1021–1057 

Wk-51326 1 1070 16 87.5 ± 0.2 – 928–976 
983–993 

1031–1052 
Wk-51327 2 1200 17 86.1 ± 0.2 – 1066–1155 

1157–1170 
1174–1176  
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Facies 4: matrix-supported pebbles displaying west-dipping a-axis 
imbrication (Unit 7/5) 
Facies 5: clast-supported boulders, cobbles and pebbles (Units 7/3, 
8/2, 8/3) 

Since these deposits were recycled from material on the oceanic edge 
of the atoll, the well-sorted sands that make up Facies 1 must have been 
reworked from the beach deposits that lie along the inner edge of the 
reef flats. The pebbles and cobbles of coral of Facies 2, 3, 4 and 5 are 
likely to have been scoured from the gravels scattered across the surface 
of the reef flats, whilst the tabular boulders of conglomerate found in 
Facies 3 and 5 must have been derived from the conglomerate platforms 
found along the inner edges of the reef flats. 

The deposits of Facies 1 are likely to be the product of moderate- 
magnitude events. Although it is possible that their deposition took 
place on the declining limb of overflow episodes, the sand units gener-
ally display a sharp, erosive contact with the underlying beds and do not 
possess the upward-fining nature characteristic of a decreasing 
entrainment capacity. 

The deposits of Facies 2 are indicative of higher-magnitude events, 
capable of entraining pebbles lying on the reef flats and carrying them 
inland, overtopping or possibly destroying the beach ridge in the 
process. 

The events that deposited Facies 3 are likely to have been of extreme 
magnitude. Not only were they capable of sweeping up coral pebbles 
from the reef, but they were able to transport slabs of cemented beach 
rock tens of metres inland. Indeed, it is conceivable that these events 
were of sufficient magnitude that they were able to prise these fragments 
directly from the rock mass. 

The unusual nature of Facies 2 and 3, in which gravels occur isolated 
within largely sandy deposits, is likely to be a consequence of source 
control, with only a limited range and number of particle sizes available 
on the reef flats for entrainment. 

Interbedded with the deposits of Facies 1–3 are units of matrix- (Facies 
4) and clast-supported (Facies 5) gravel. Facies 4 is quite different to the 
deposits expected as a result of wave action and bears a closer similarity to 
sediments formed by debris flows and hyperconcentrated flows. Some 
support for this interpretation comes from the bimodal and very poorly- 
sorted particle-size characteristics of the sediments, which are typical of 
material transported by sediment-rich, high-viscosity flows (Gale and 
Hoare, 2011, 70). However, the bimodality may be a function of the 
availability of particular particle sizes in the nearshore sediments rather 
than diagnostic of a specific transport mechanism. Better clues come from 
the matrix-supported nature of the gravels, indicating that the coarse 
fraction of the deposit must have been transported within a suspension of 
fine material, and from the domination of the gravel fabrics by a-axis 
alignments, also suggestive of transport of the coarse fraction of the 
sediment in suspension (Johansson, 1965; Rees, 1968; Allen, 1982). 
Flow-parallel a-axis fabrics are common (although not ubiquitous) in 
debris flows (see, for example, Lindsay, 1968; Houmark-Nielsen, 1983) 
and hyperconcentrated flows (Gale and Rao, 2015) and are quite unlike 
the seaward-dipping b-axis fabrics characteristic of imbricated beach 
gravels (Bluck, 1967, 134; Ogren and Waag, 1986; Gale et al., 1988, 
529–530) or the upstream-dipping b-axis fabrics typical of bedload- 
transported unidirectional waterlain sediments (Rust, 1972; Harms 
et al., 1982). We speculate that the deposits of Facies 4 may be the product 
of high-magnitude events that are capable of entraining a wide range of 
particle sizes in a sediment-rich suspension, perhaps as a debris or 
hyperconcentrated flow. 

Facies 5 consists of a series of clast-supported deposits with 
maximum sizes ranging from pebbles to boulders. The clast-supported 
nature of these deposits is indicative of transport of the coarse fraction 
as bedload. Coarse-grained washover deposits of this sort have only 
rarely been described, perhaps because attention has been focussed on 
sandy environments. Nevertheless, some of the sediments observed by 
Carter and Orford (1981, 416) in gravelly overwash fans are closely 

comparable with those of Facies 5. Although similar deposits of clast- 
supported gravels and boulders have been observed in storm- 
generated ramparts formed along reef flats (Maragos et al., 1973), the 
geomorphological and sedimentological context of Facies 5 is quite 
different to that of storm ramparts deposited directly on the reef flat. 

The sharp, erosive contacts between the various facies are suggestive 
of emplacement by a series of energetic wave events capable of scouring 
the pre-existing sediment sheet. Similar sharp, erosive contacts have 
been recorded elsewhere at the base of sand sheets deposited by over-
wash during high-magnitude wave events (Gouramanis et al., 2017; 
Soria et al., 2018, 223–224). 

We interpret the entire suite of deposits overlying the atoll basement 
rocks as the product of a series of washover-sedimentation events, the 
result of waves entraining nearshore sediments, overtopping the 
shoreline ridge and depositing their load in the form of a sheet across the 
island (Blumenstock, 1958, 1268; Smithers and Hoeke, 2014). Washover 
deposits are typically largely composed of sands. However, boulders and 
other coarse material on the reef flats may also be carried inland and 
deposited as isolated, apparently anomalous clasts within the generally 
finer deposits (Vila-Concejo and Kench, 2017, 143). The same waves 
may construct new or augmented beach ridges (Blumenstock, 1958, 
1268; McKee, 1959; Stoddart, 1963, 107; Maragos et al., 1973), possibly 
comparable with that observed here along the inner edge of the reef flat. 
Deposits up to 1.5 m thick have been recorded as the product of a single 
storm event (Blumenstock, 1958, 1268; Stoddart, 1962, 514). These are 
typically thickest adjacent to the shoreline ridge, becoming thinner 
inland (Kench et al., 2006, 178; Vila-Concejo and Kench, 2017, 143). 

5.2. Implications for atoll island formation 

The atoll island of Teiro appears to have been formed as a result of a 
series of depositional episodes, each associated with wave events of 
moderate to high magnitude. The c. 1100–1000 year-old ages for the 
burnt material found towards the base of the washover deposits 
(Table 4) are suggestive of a recent date of formation for the island, 
supporting the thesis that the islands are a product of sediment accu-
mulation consequent upon the sea-level fall of the last few millennia and 
suggesting that significant sediment accumulation on the island was 
taking place less than 1000 years ago. This accords with Dickinson’s 
paradigm of atoll island accumulation across the tropical Pacific rather 
than the contrasting model of reef island formation under the rising or 
high sea-level conditions of the Late Holocene marine transgression. 

5.3. Evidence for human presence 

Lying between Units 6/3 and 6/6 in Pit 6 is a distinct stratigraphic 
element. This component (Units 6/4 and 6/5) is no more than 0.24 m 
thick and extends laterally no more than a metre. It occurs as two discrete 
features, one in the southeast corner of the pit, the other in the northwest. 
In both cases, the features consist of charcoal-stained, dark gray to black, 
sandy silt or silty sand containing common blackened pebbles of coral, 
occasional pebble-sized fragments of wood charcoal and extensive areas 
of wood ash. Overlying the dark-coloured materials is a thin unit of clast- 
supported coral pebbles with a matrix of sand and fine granules. The 
clasts often dip steeply and lie within a narrow range of sizes (a-axes 
30–50 mm). The features display a sharp, subhorizontal contact with the 
underlying units. There can be little doubt that Unit 6/4 is the by-product 
of the combustion of wood. It is possible that the deposit is the result of 
natural burning, although wildfires are uncommon on equatorial Pacific 
atolls (J. Connell and M.I. Weisler, personal communications, 2018). 
However, the restricted extent of the unit, its disconformable location 
within the surrounding sediments, the existence of two similar features 
side-by-side at a similar depth in the pit and the concentration of burnt 
limestone pebbles around the margins of the area are strongly suggestive 
of a human role in its formation. Support for this thesis comes from the 
unusual overlying accumulation of packed, sometimes steeply-dipping, 
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pebbles, all of which lie within a narrow size range and which are found 
only above the thermal unit. We suggest that this assemblage of elements 
is anthropogenic and that they represent features associated with cook-
ing. Pebbles were (and still are) widely used throughout the Pacific for 
cooking. A variety of strategies is known, including steam cooking, and 
the use of stone ovens, stone grills and earth ovens (the techniques are 
summarised by Nojima [2008, 14–18]). Although basalt is often the 
preferred lithology for cooking, Di Piazza (1998b) reported that coral 
stones and cemented breccia–conglomerate were used for this purpose in 
some of the Gilbert Islands, even where basalt was present. Similar fea-
tures have been identified elsewhere in the Gilbert Islands, where they 
have been dated to 390 ± 50, 1860 ± 100 and 2050 ± 90 14C BP (Di 
Piazza, 1998a; Di Piazza, 1999). Three 14C determinations on charcoal 
were made on the features found on Abaiang. That exposed in Section 1 in 
Pit 6 returned ages of 1070 ± 30 14C BP and 1070 ± 16 14C BP, equivalent 
to calibrated ± 2 s age ranges of 924–1007 and 1021–1057 cal BP and 
928–976, 983–993 and 1031–1052 cal BP respectively (Table 4). The 
feature exposed in Section 2 in Pit 6 returned an age of 1200 ± 17 14C BP, 
equivalent to a calibrated ± 2 s age range of 1066–1155, 1157–1170 and 
1174–1176 cal BP (Table 4). 

5.4. Archaeological implications 

The discovery of anthropogenic burnt material in Pit 6 is indicative 
of a human presence on Abaiang by c. 1100 cal BP (±2 s uncertainty: 
1066–1155, 1157–1170 and 1174–1176 cal BP). Although this is the 
oldest age yet obtained for human activity on the atoll, it lies well within 
the range of ages associated with cultural remains elsewhere on the 
Gilbert Islands. The earliest ages (±2 s) from Makin (649–1007 cal BP), 
Abaiang (1066–1155, 1157–1170 and 1174–1176 cal BP), Tarawa 
(1732–1873 cal BP) and Nikunau (1746–1767, 1779–2180 and 
2231–2303 cal BP) all overlap or postdate the c. 2000–1900 cal BP age 
that marks the start of falling sea-levels in the Gilberts (Yamano et al., 
2017), exposing the atolls to subaerial conditions and making human 
settlement possible. 

The discovery of deposits associated with anthropogenic combustion 
interbedded with and towards the base of a sequence of washover de-
posits suggests that human use of the environment took place during a 
time of repeated disruption by coastal inundation and well before the 
island approached a relatively stable state. 

A similar picture of occupation during a period of environmental 
instability comes from Aitutaki in the southern Cook Islands. Here cul-
tural strata dating from the period 725–520 cal BP were interpreted by 
Allen and Steadman (1990, 27–29), Allen (1994), Allen (1998) and 
Allen and Wallace (2007) as interbedded with storm-deposited sands. 
Such an interpretation would imply a human presence during a time of 
intermittent storm events of sufficient magnitude to bury artefacts 
beneath tens of centimetres of sand. Nevertheless, this site cannot 
strictly be compared with the atoll environment that is the subject of this 
study since Aitutaki possesses a central volcanic island that must have 
provided stable and colonisable land to occupants throughout the whole 
of the Holocene. Unlike Abaiang, therefore, there can be no suggestion 
that early human activity on Aitutaki took place in a wholly dynamic 
and unstable environment. In addition, the scale of sedimentation and 
the resultant environmental disruption on Abaiang must have been 
notably greater than that on Aitutaki. The environmental conditions 
presented by Abaiang thus appear to have been significantly more 
challenging than those of the southern Cook Islands. 

It has been suggested that there is a lag of perhaps 500–1000 years 
between the time of atoll islet formation and its earliest human occu-
pation, a period required for the islet to become habitable (Irwin, 1992, 
125; Weisler, 1999, 640, Weisler et al., 2012, 121). The stratigraphic 
story from Abaiang is equivocal and it is possible that evidence for an 
earlier phase of islet formation has been lost in the disconformities be-
tween Units 6/2, 6/3 and 6/4 in Pit 6. Nevertheless, following Kayanne 
et al. (2011) for Majuro atoll in the Marshall Islands, it is possible that 

the human use of Abaiang followed shortly after the initial accumulation 
of island sediments. 

6. Conclusions 

A transect of pits across Teiro, the largest of the islands on the atoll of 
Abaiang, exposes a sequence of washover deposits overlying the reef 
platform. The deposits appear to have been laid down by individual 
sedimentation events, the result of waves entraining nearshore sedi-
ments, overtopping the shoreline ridge and depositing their load in the 
form of a series of sheets across the island. Each event appears to have 
truncated the existing sediment surface and contributed to the initiation 
and the vertical and lateral build-up of the island. 

A discontinuous unit of burnt material towards the base of the 
washover deposits has yielded an age of c. 1100–1000 years. This is 
suggestive of a recent date of formation, at least for this part of the is-
land, supporting the thesis that atoll islands are a product of sediment 
accumulation consequent upon the sea-level fall of the last few 
millennia. This accords with Dickinson’s hypothesis of atoll island 
accumulation across the tropical Pacific rather than the contrasting 
model of reef island formation under the rising or high sea-level con-
ditions of the Late Holocene marine transgression. 

The burnt material appears to be the product of human activity, and 
thus of a human presence on Abaiang by c. 1100 cal BP (±2 s uncer-
tainty: 1066–1155, 1157–1170 and 1174–1176 cal BP). Although this is 
the oldest age yet obtained for human incidence on the atoll, it lies well 
within the range of ages associated with cultural remains elsewhere on 
the Gilbert Islands. The earliest ages from Makin, Abaiang, Tarawa and 
Nikunau all overlap or postdate the c. 2000–1900 cal BP age that marks 
the start of falling sea-levels in the Gilberts (Yamano et al., 2017), 
exposing the atolls to subaerial conditions and making human settle-
ment possible. 

The discovery of deposits associated with anthropogenic combustion 
interbedded with and towards the base of a sequence of washover 
deposits suggests that human use of the environment took place during a 
time of repeated disruption by coastal inundation and well before the 
island approached a relatively stable state. There is evidence that human 
occupation on Aitutaki in the southern Cook Islands may have taken 
place under similarly dynamic conditions, although the scale of the 
sedimentation and the resultant environmental disruption on Abaiang 
appear to have been notably greater than in the Cooks. More importantly, 
the presence of a central volcanic island on Aitutaki must have provided 
stable and colonisable land accessible to occupants during episodes of 
sediment accumulation. The environmental challenges presented by 
Abaiang, where such stable conditions do not seem to have existed at this 
time, thus appear to have been significantly greater than those of the 
Cook Islands. 

There is some evidence that human occupation of the island took 
place at an early stage of its formation. The suggestion that a lag of 
perhaps 500–1000 years is required before the land surface is stabilised, 
before vegetation colonises the landscape and before the environment 
becomes habitable may therefore require reassessment, particularly in 
the light of the work of Kayanne et al. (2011) on Majuro atoll in the 
Marshall Islands. Irrespective of any doubts about the timing of per-
manent colonisation, it is clear that people had reached the island and 
interacted with the physical environment long before it approached a 
state of relative stability and during a period of repeated disruption by 
coastal inundation and sediment accumulation. 
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