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Abstract

Preliminary study of a thick speleothem layer at Tabon Caae, Palawan,

demonstrates the potential such layers hold for dating and for interpretation of local and

regional climatic asriations during archaeological periods. Alayer of gypsum speleothem,

prniously suggestedtobetraoertine,hnsproduceduraniumseries dntes gaterally correlating

rarthbracketingrqdiocarbon dates on charcoal, confirming anincreaseinmoisture around

the time of the Last Glacial Maximum. Dating and study of additional speleothems in

Tabon snd other caaes in lsland Southeast Asia is recommended as an qryroach with great

potential for archaeological studies and for reconstructing regional climate history in the

Pleistocene and Holocene.

Introduction & Background

Tabon Cave (Philippines National Museum site code IV-200-T) is one

of over 200 cave sites located on Lipuun Point, a limestone peninsula forming
the northwestem end of Malanut Bay in the Quezon region of central Palawan,
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Philippines (Figure 1). The site is famous for producing the earliest human
remains in the Philippines (Fox 1.970),withuranium series (U-series) dates on
modern human specimens from c. 16,300-47,000 yr. BP (D6troit et al. 2002;
2004; Dizon 2000; 2003; Dizon et al. 2001); this makes the site regionally
important regarding migration into Southeast Asia and beyond, and where
and how Pleistocene people lived in the landscape (Barker et al. 2002;2003;
2007; Bellwood 1997;2005; Brothwell1960; Kennedy 1977; O'Connor 2007).
Tabon Cave contains Late Palaeolithic occupation deposits, including artefact
scatters and evidence for food preparation (burnt animal bones), and Metal
Age burial deposits (Fox 1970). The Lipuun Point cave complex as a whole
contains additional later Palaeolithic occupation sites, and Neolithic and later
cemeteries (Fox1970), which are broadly similar to those found in other caves
in the region (e.g. Fox 1970;8. Harrisson 1967;T. Harrisson 1975). The location
is thus also important in other regional archaeological issues include the
impact of mid-Holocene sea level rise and environmental change, the
beginnings of agriculture (Barker et s\.2002;2003; Doherty et a1.2000; Spriggs
7989), the dating of and social mechanisms involved in the spread of
Austronesian' cultures (Bellwood 1997; 2005; Blust 1976; Kayser et al. 2000;
Meacham 7988; 1995; Terrell 2004; Tsang 1995), and the Nusantao Maritime
Trade and Communication network (Solheim 1.988;2006). In this paper we
briefly discuss another important aspect of these cave sites: the
palaeoenvironmental record held in speleothem deposits that can inform on
local, regional and potentially even global changes in climate during the
Pleistocene and Holocene.

Current models of prehistoric occupation of the Tabon caves and their
landscape generally fit with Anderson's (1997) understanding of cave sites in
Southeast Asia. Early cave occupation of a sporadic or temporary nature by
modern humans seems indicated up into the early Holocene. In the earlier
Holocene several sites show more intensive or frequent occupation, local people
appear to have been strongly focused on land-based, riverine and estuarine
resources/ and in many cases the sea is known to have been many kilometers
away from the cave sites (Anderson1997; Barker et n\.2007; Lewis et al. in
press; Reynolds 1,993) . Although Tabon Cave is just a couple of minutes'walk
from the sea today, the lack of marine shells from early cultural deposits in
this cave is taken to support the idea that there was a substantial land shelf
around the time of the Last Glacial Maximum (LGM - c.27,000-19,000 yr. BP,
after Bowen et a\.2002; Yokoyama et al.2000), when estimates place global sea
levels at 116 metres below present or possibly lower (Fairbanks 1989; Lambeck
et al. 2002). Fox (1970) suggests that no 'habitation' deposits at Tabon Cave
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post-date c. 8000-9000 yr. BP (all later remains are Early Metal Age cemetery
deposits, c. 200-500 B.C. - Victor Paz and Wilfredo Ronquillo, 2005, pers.
comm.). In the local area the sea appears to have reached 1-3 metres above
present level c. 6000-7000 yr. B. P. (Maeda et sI.2004; Omura et al. 2004). The
appearance of marine shells in middens in other caves on Lipuun Point from
c. 7,000 yr. BP, and especially in later periods, suggests increasing focus on
marine resources in the area in general; the abandonment of Tabon Cave as an

occupation site just prior to this time is suggested to be related to sea level rise
(Fox 1970).

The dating of materials from Tabon Cave has been an aim of
archaeologists for decades, starting from Fox's (1970) radiocarbon-dated
drarcoal sequence and inferences from sediment build-up, up to the more
recerrt U-series dates on human bones, which have pushed the age range back
to c. 42000 years ago (D6troit et al.2002;2004;Dizon2000; 2003). The general
srra6graphy of Tabon cave as described through excavations (Dizon et al.

2ffi1; Fox 1970; Orogo 2000;2007) is presented in Table 1; recent work on the
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Figure 1. Location of Tabon Cave
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site (Jago-on et aI.2007) is expected to produce a revision of this outline, but
this will not affect the part of the sequence discussed here. Fox (1970) identified
five chert flake assemblages, which, although occurring in limited horizontal
space in the cave, were suggested to make up a sequence based on context and
depth of occurrence, ranging from >30,000 yr. BP to c. 8500 yr. BP backed by
six radiocarbon dates.

Of particular interest for this paper is a thick speleothem layer, thought
originally to be travertine, which separates later and earlier soft sediments
and archaeological assemblages. Fox (1970) dated charcoal on top of this deposit
to >21,000 yr. BP maximum age, and charcoal underneath it to c. 23,000 yr. BP
The speleothem layer appears to cover the entire cave floor area, lying directly
in between Fox's earlier culture layers ('6'-'7', pte-22,000 yr. BP) and cultural
deposit ' C' (c. 27-L0,000 yr. BP) (Dizon et al. 2001.; Fox 1970). The main issues
surrounding this layer are its chemical nature, its date (i.e. whether or not it
formed as a speleothem at the time period discussed, or later on as an
authigenic formation within soft sediments), and its possible relationship to
a phase of local or regional wetness around the time of the LGM, as proposed
by Fox (1970). This potential relationship has also been attributed to increased
incidence of rockfall activity elsewhere in archaeological Southeast Asian
caves (e.g. Anderson 1997),but in no case have the deposits in question seen
further study or absolute dating.

Sampling from Tabon in 2006
The work discussed here carries on from the study of five soil

micromorphology block samples described from cultural deposits at Tabon
Cave (Lewis 2003; 2005; 2007). Questions raised through that study of
particular cultural sediments (Lewis 2007) led to new sampling for dating of
deposits through U-series and optical stimulated luminescence (OSL) methods,
and for granulometric and mineralogical assessment (Table 2; Figure 2). Final
results for all of these studies remain forthcoming, and will be the subject of
future papers, but the preliminary findings of the U-series test study of the
Tabon Cave 'travertine'already demonstrate the importance of further
research in this area.

Sampling for U-series dating was undertaken from the thick, hard
greyish-white layer recorded by Fox and later authors as 'travertine' (Figure
2), discussed above. The upper part of this deposit is hard, layered speleothem,
while the lower part is soft loose silt; in thin section the lower part of the layer
was seen to comprise mainly unidentified authigenic mineral crystals, micrite



Preliminary ResuLts of Speleothem Dating from Tabon Ca,te

and guano (Lewis 2007). Only the upper hard layers were samPled for U-
series study, with a block (TBG1) collected from an exPosed section. The aim of
studying this sample was to check the radiocarbon dates, and study the origin
and significance of this deposit for local and regional climatic conditions.
Sample TBG1 was U-series dated at the University of Oxford Earth Sciences
Department (]ohnson and Lewis, in prep.).

Uranium series dating methods and application
Understanding the precise timing of speleothem growth is essential

to their use in constraining the ages of archaeological deposits, in addition to
their use as palaeoclimate archives. U-series dating is the dominant dating
technique applied to calcite speleothems (Richards and Dorale 2003), and is
based on the chemical fractionation of the parent U isotopes (238U,235U, n4U)

from their long-lived daughters (231Pa, 230Th) in natural waters due to the high
solubility of U (as UO2.) and the insolubility of Th (thorium) and Pa
(protactinium). Calcite speleothems, which are precipitated from natural
groundwaters, typically form with relatively high U concentrations (ppb to
ppm range) and very little Th or Pa. Thus, by precisely measuring the
ingrowth of radiogenic Th or Pa, through mass sPectrometer measurements,
the ages of speleothem formation can be calculated.

However, examination of the speleothem sample from Tabon Cave
showed it to be composed mainly of gypsum, not calcium carbonate. This
means that the layer should no longer be referred to as 'travertine', and has
implications for dating. The sample was initially determined not to be calcite
because the drilled U-Th samples did not dissolve in 7.5N HNO,. We therefore
tested a powdered aliquot of the speleothem in the Oxford SEM, which revealed
the major elemental composition to be Ca, S, and O, consistent with Sypsum
(CaSOn.211rO). In principaf the same technique used for calcite speleothems
can be applied to gypsum deposits, though efforts have previously been
hampered by low lJ concentrations, the difficult dissolution of gypsum, and
open-system behavior. To test this method on the gyPsum deposit from Tabon
Cave, we drilled four approximately 200 milligram solid wedges (U-Th1-4)
from the sample using the'moat and spall' technique (Figure 3). U/Th samples
were dissolved in 7.5N HNO3 with -500 millilitres of concentrated HCI added,
spiked with 22eTh-236U, dried down, redissolved in concentrated HNO,,
centrifuged to remove a small amount of remaining solids, dried down again,
and brought back up in 7.5 N HNO3. U and Th were then purified using ion
exchange chemistry and analysed by multi-collector ICP-MS at the University
of Oxford following techniques modified from Robinson and colleagues (2002).

41
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Table 2. Samples from Tabon Cave 2006 (P-XIII-T)

Results of UrTh dating
Preliminary results on samples U-Th1 and U-Th2, both taken from

the top layer of TBG1 (Figure 3), give ages of 20.2x0.8 kyr and 19.5t0.8 kyr
respectively (Table 3). These ages agree well with previous 1aC ages obtained
from charcoal samples that bracket the gypsum deposit (Fox 1970). This
suggests that the Tabon Cave gypsum deposit can be successfully dated with
U-series methods and that this method could be further utilised to constrain
the timing of human activity on the site and in the wider region, as well as to
date potential palaeoclimate proxy records contained within the deposits. It
is possible that some U-Th fractionation occurred during the chemical
separation, but this is not thought to be significant given the excellent
agreement with the radiocarbon ages. To avoid this possibility, future work
will involve development of methods utilising total sample dissolution for U-
Th dating of gypsums, and231Paf235U dating as a means to check for open-
system behavior. The detrital 232Th component of the other two samples (U-
Th3 and U-Th4) is high, meaning that usable ages are unlikely to be

43
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Figure 3. Section of the sPeleothem layer sample, TBG1,

showing U/Th sampie locations

forthcoming from them; however, we are awaiting results on these and the

details of all will be reported separately (]ohnson and Lewis, in prep.).

The confirmed deposition of the speleothem floor deposit around the
time of the LGM indicates a significant hydrological change, which could be

related to climatic changes at this time. Large Sypsum deposits are relatively
rare features of carbonate caves, and are largely thought to result from the

circulation of sulfate rich water (Galdenzi and Maruoka 2003). The deposition
of this deposit may reflect a regional increase in the water table level, possibly
due to climatic or tectonic changes. It is not possible to determine the origin of
this deposit, however, without further study. Further field and geochemical

study is needed to evaluate the exact mechanism of gypsum formatiorL which
could have important implications for regional climate, hydrology, and
speleologenesis. To account for gypsum precipitation, we must determine
both the source of sulfate ions and the mechanism(s) for gypsum deposition.
Given the close association of the gypsum deposit with guano in Tabon Cave,

a likely source of sulfate is leaching of bat guano. In particular, sulfuric acid is
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thought to form in bat guano deposits through the action of sulfur oxidising
bacteria (Hill and Forti 1,997). Without further geological and S isotope
investigatiorL however, we cannot rule out other potential sulfate sources,
including sulfide oxidation (e.g., pyrite in the bedrock), sulfate bedrock
(interbedded gypsum, for example), and hydrocarbon-derived hydrogen
sulfide. Lr any case, a relatively wet cave floor is necessary to allow for gypsum
deposition through a variety of mechanisms. Dating similar deposits in other
caves in the region and studying their sulfur isotope composition could
provide useful clues about their formation mechanism and hydrologic
conditions before and during the LGM in this region.provide useful clues
about their formation mechanism and hydrologic conditions before and {uring
the LGM in this region.

Sanpfu dlj colc.
(lzn)

ryfb *one,
{prb}

ierhtrslrkli {ilryuw$}t Age {nr}'
1ld

lge {con ld
{ka}

u-Tlrt 0.05{6 r 0-0001 0.089 r 6.{l$3 *.0 * 1S.0 ?46.7 r 11.{ $.1715 r {t.0055 2$,2 i 0"8 20.t: t,8

U.Th3 0.0{89 r 0.00S1 {}.0s,1 f 6.$$d 40.& r 1S.0 3*{}.3 r 18.! $.1?11 * *.S057 19.5 * U.S 19.{ r {}.8

Table 3. U arrd Th concentrations and isotope ratios with calculated U-Th ages

AII errors are 26. oii23all = [(r34ulrnu)-1]"1.000 where (234U/238U) is the measured actioity
ratio. bRound brackets denote actioitv ratios. 'Ages are calculated using half lioes from
Cheng et al. (2000) and lsopror softwarc. Uncertainties incorporate mass spectrometric
uncertainty, zoeighing uncertainty, and spike uncertainty. dRaw ages are corrected for
initial tsoTh content using the measured 2j2Th content and assuming the detritus has ('1s'Zlf/

2381f) = 1.210 +0.605, 23aThl238u=1+0.1, and (234U1238U)=1+0.1

Conclusions
While the study of the sediments at Tabon is far from complete, the

preliminary results of the analysis of the thick gypsum speleothem layer are

significant in supporting the radiocarbon sequence obtained by Fox (1970).

Assuming the age of the gypsum decreases from bottom to top, gypsum
depositionended sometime after 19.5-20.2kyr. Thus far, no U-Th ages constrain
the timing of the onset of gypsum deposition, however 1aC data from Fox
(1970) suggest that it began no earlier than c. 23,000 yr. BP The excellent
agreement between U-series dates of the gypsum and 1aC dates of the bracketing
charcoal confirm that the gypsum deposition and the surrounding deposits
formed by vertical accretion according to the Law of Superposition and that
the speleothem was not somehow formed authigenically within a pre-existing
sedimentary sequence.

Speleothems of various sorts are widespread in Southeast Asian caves,
and are often found within, between and growing around archaeological
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deposits. Further U-series dating of gypsum and calcite speleothems could
significantly improve the chronology of archaeological deposits in this region.
In additioru speleothems are widely used for palaeoclimate reconstruction,
because their chemistry is controlled by climatic conditions at the time of
formation (Fairchild et al. 2006). Precise records of climate change could,
therefore, be obtained and directly related to records of human occupation
and to other palaeoenvironmental sequences (e.9. Bird et al. 2005;2007) at
these sites. The development of this type of palaeoclimate data on a regional
scale will help answer questions about the role of the tropics in global climate
and the complex relationships between El Niflo, the intertropical convergence
zone, and the Australasian monsoon.

Acknowledgments
Funding for this work was provided by the British Academy CSEAS.

We are grateful to Victor Paz, the Archaeological Studies Program UP Dilimaru
Corazon Alvina and Eusebio Dizon (National Museum of the Philippines) for
supporting and facilitating this research. Thanks to the Quezon outpost of the
National Museum, Amang Fernandez and Roger Galoru who acted as guides
and assistants, and to a particularly helpful and experienced field crew: Victor
Paz, Jonathan Kress, Lindsay Lloyd-Smittr, and Jack Medrana. We are also
grateful to |ean-Luc Schwenniger (University of Oxford RLAHA), Susan
Mentzer (University of Arizona), Charly French and ]ulie Boreham (University
of Cambridge McBurney Geoarchaeology Laboratory), and to Gideon
HendersorL Andrew Mason and Alex Thomas for assistance withU-Th dating.

References
Anderson, D.D. 1997. Cave archaeology in Southeast Asia. Geoarchaeology

12(6):607-638.
Barker, G., H. Barton, P. Beavitt, M. Bird, C. Doherty, D. Gilbertsoru C. Hunt, J.

Krigbaum, H. Lewis, J. Manser, S. Mclarery V.Paz, P. Piper, B. Pyatt, R.

Rabett, T. Reynolds, J. Rose, G. Rushworth and M. Stephens.2002.
Prehistoric foragers and farmers in South-east Asia: renewed
investigations at Niah Cave, Saraw ak. Proceedings of the Prehistoric Society

68:1.47-1.64.

Barker, G., H. Barton, M. Bird, F. Cole, P. Daly, A. Dykes, L. Farr, D. Gilbertsory T.

Higham, C. Hunt, S. Knight, H. Lewis, L. Lloyd-Smith, ]. Manser, S.

Mclarer; F. Menotti, P. Piper, B. Pyatf R. Rabett, T. Reynolds, J. Shimmin,
G. Thompson and M. Trickett 2003. The Niah Cave Project: The fourth
(2003) season of fieldwork . Ssrawak Museum lournal 5S(79):45-1,19.



Preliminary Results of Speleothem Dating from Tabon Cazre 47

Barker, G., H. Bartory M. Bird, P. Daly, I. Datan, A. Dykes, L. Farr, D. Gilbertson,
B. Harrissory C. Hunt, T. Higham, L. Kealhofer, J. Krigbaum, H. Lewis,
Mclaren, S,Y.Paz, A. Pike, P. Piper, B. Pyat! R. Rabett, T. Reynolds, J.
Rose, G. Rushworth, M. Stephens, C. Stringer, J. Thompson and C. Tumey.
2007. The 'human revolution' in lowland tropical Southeast Asia: the
antiquity and behavior of anatomically modern humans at Niah Cave
(Sarawak, Borneo). I o urnal of Hum an Eu olu tion 52:243 -261.

Bellwood, P.1.997. Prehistory of the lndo-Malaysian Archipelago. Revised edition.
Honolulu: University of Hawaii.

Bellwood, P. 2005. The F ir st F ar mer s. Malden: Blackwell.
Bird, M.I., I.D. Taylor, and C. Hunt. 2005. Palaeoenvironments of insular

Southeast Asia during the Last Glacial Period: a savannah corridor in
Sundaland? Qunternary S cience Reoiews 24:2228-2242.

Bird, M.I., E. Boobyer, C. Bryant H. Lewis, Y.Paz, and WE. Stephens. 2007. A
long record of environmental change from bat guano deposits in Makangit
Cave, Palawan, Philippin es. Earth and Enrsironmental Science Transactions of
the Royal Society of Edinburgh93:59-69.

Blust, R. 1976. Austronesian culture history: some linguistic inferences and
their relationship to the archaeological record. World Archaeology 8:19-43.

Bowen, D.Q., F.M. Phillips, A.M. McCabe, P.C. Knutz, and G.A. Sykes. 2002.
New data for the Last Glacial Maximum in Great Britain and lreland.
Quaternary S cience Reaiews 21,(1):89 -1,01,.

Brothwell, D. 1960. Upper Pleistocene human skull from Niah Caves, Sarawak.
Sarawak Museum I ournal 9 (15-16):323-50.

Cheng, H., R. L. Edwards., j. Hofl C. D. Gallup D.A. Richards, andY.Asmerom.
2000. The half-lives of uranium-23( and thorium-23O. Chemical Geology
1,69:17-33.

D6troit, F.,E.Dizon, F. Sematu C. Falgueres, S. Hameau, W. Ronquillo, and E.

Cabanis. 2002. Notes on the morphology and age of the Tabon Cave fossil
Homo sapiens. Current Anthropology 43@):660-66.

D6troit, F.,E.Dizon, C. Falgueres, S. Flamearl W. Ronquillo, and F. Semah.2004.
Upper Pleistocene Homo sapiens from Tabon Cave (Palawan, the
Philippines): description and dating of new discoveries. Humqn
P alaeontolo gy and Prehistory 3:7 05-12.

Dizon, E.Z. 2000. A Brief Report on the Tabon Fossils Research in France.
Unpublished manuicrip! National Museum of the Philippines.

Dizon, E.2.2003. New direct dating of the human fossils from Tabon Cave,
Palawan, Philippines. Proceedings of the Society of Philippine Archaeologistsl.:
63-67.



Lewis et al

Dizon,E.Z.,W. P. Ronquillo, and A. B. Orogo. 2001. Recent field campaigns at
Tabon Cave in Lipuun Point, Quezory Palawan, Philippines. Unpublished
manuscript, National Museum of the Philippines.

Doherty, C., P. Beavitt, and E. Kurui. 2000. Recent observations of rice temper
in pottery from Niah and other sites in Sarawak. lndo-Pacific Prehistory:

The MelakaPapersYolume 4:1.47-52. Bulletin of the Indo-Pacific Prehistory
Association 20.

Fairbanks, R.G., 1989, A17,000-year glacio-eustatic sea level record; influence
of glacial melting rates on the Younger Dryas event and deep-ocean

circulation. N ature 342(6250): 637 -42.

Fairchild, I.J., C. L. Smith, A. Baker, L. Fuller, C. Spotf D' Mattey, and F.

McDermott. 2006. Modification and preservation of environmental
signals in speleothe ms. E qr th- S cien c e Reoiews 75 : 1 05-53.

Fox, R.B. 1970. The Tabon Caaes. Archaeological Explorations and Excaaations on

Palawan lsland, Philippines. Monograph of the National Museum No. 1.

Manila: National Museum of the PhiliPpines'
Galdenzi, s. and T. Maruoka. 2003. Gypsum deposits in the Frasassi Caves,

Central ltaly.lournal of Caoe and Karst Studies 65:111,-25.

Harrisson, B. 1967 . A classification of Stone Age burials from Niah Great Cave,

Sarawak. Saraw ak Museum I ournal 15:126-200.
HarrissorL T.1975. Early dates for'seated'burial and burial matting at Niah

caves, Sarawak. Asi an P er sp e ctirt es 18:'L6L -65.

Hill, C. and P. Forti.1.997. Caae minerals of the world. Huntsville: National
Speleological Society.

]ago-on, S. C., F. D6troit, X. Gallet, M. Arzarello, P. Schmidt, J. Corrry, E. Z.
Dizon, and F. S6mah. 2007.The Tabon Cave archaeological record.
Unpublished poster presentation, HOPsea conference, Mus6um National
d'Histoire Naturellg Paris, Dec. 10-L2,2007.

Johnsor; K. R. and H. Lewis. [r prep. Widespread gypsum deposition in Tabon

Cave, Philippines during the Last Glacial Maximum. Journal of Carse and

Karst Studies.

Kayser, M., S. Brauer, G. Weiss, P. A. Underhill, L. Roewer, W. Schiefenhovel,
and M. Stoneking. 2000. Melanesian origin of Pol;mesian Y chromosomes'
C u rr en t Biolo gy 1 0:1237 -46.

Kennedy, K.A.R. 1971 .The deep skull of Niah. Asian Perspectioes 20:32-50.

Lambeck, K., T. M. Esa! and E.-K. Potter. 2002. Linksbetween climate and sea-

level for the past three million years. Nature 419:199-206.

Lewis, H. 2003. The potential of soil micromorphology in South East Asian
archaeology: preliminary work at Niah Cave, Sarawak, Malaysia and



l'rclimincry Results of Speleothem Dating from Tabon Caoe

Ille Cave, Pa1awary Philippines. Hukay. Journal of the Uniaersity of the
Philippines Ar chaeological Studies Program 5:60-72.

Lewis, H. 2005. Thin sections from Tabon Cave, Palawan, Philippines:
landscape and occupation history under the microscope. Unpublished
manuscript, British Academy Committee for South East Asian Studies
and the Evans Fund.

Lewis, H. 2007. Preliminary soil micromorphology studies of landscape and
occupation history at Tabon Cave, Palawan, Philippines. Geoqrchaeology,
22(7):685-708.

Lewis, H.,Y.Paz, M. Lara, H. Barton, P. Piper, j. Ochoa, T. Vitales, A. J. Carlos, L.
Neri, V. Hernandez, ]. Stevenson, E. C. Robles, R. Padilla, A. Ragragio, W.
Solheim II, and W. Ronquillo. In press. Dating and interpreting terminal
Pleistocene to mid Holocene cave occupation and an early cremation
burial from Palawan, Philippines. Antiquity.

Maeda, Y., F. Siringan, A. Omura, R. Berdin, Y. Hosono, S. Atsumi, and T.

Nakamura. 2004. Higher-than-present Holocene mean sea levels in llocos,
Palawan and Samar, Philippines . Quaternary International 115-116:15-26.

Meacham, W. 1988. On the improbability of Austronesian origins in South
China. Asian P erspectiaes 26:89-106.

Meacham, W. 1995. 'Austronesian origins and the peopling of Taiwan," in
Austronesisn Studies Relating to Tsiwon. Edited by P. J.-K. Li, C.-H. Tsang, Y.-
K. Huang, D.-A. Ho, and C.-Y. Tseng, pp.227-94. Taipei: Academica Sinica.

O'Connor, 5.2007. New evidence from East Timor contributes to our
understanding of earliest modern human colonisation east of the Sunda
shelf . An ti q u i ty 87:523 -35.

Omura, A., Y. Maeda, T. Kawana, F. P. Siringag and R. D. Berdin. 2004. U-series
dates of Pleistocene corals and their implications to the paleo-sea levels
and the vertical displacement in the Central Philippines. Quaternary
In t er n at io n 0l 1,15 -76:3 -1,3.

Orogo, A. B. 2000. Archaeological re-investigation and re-excavation of Tabon
Cave, Municipality of Quezon, Palawan Province. Unpublished
manuscript, National Museum of the Philippines.

Orogo, A. B. 2001. Progress report: result of the archaeological re-investigation
and re-excavation of Tabon Cave, Municipality of Quezon, Palawan.
Unpublished manuscript, National Museum of the Philippines.

Relmolds, T. E. G. 1993. Problems in the stone age of South-East Asia. Proceedings
of the Prehistoric Society 59:1-15.

Richards, D.A. and J.A. Dorale. 2003. "IJranium-series chronology and
environmental applications of speleothems," in Uranium-Series
Geochemistry. Edited by B. Bourdort G. M. Henderson, C. C. Lundstrom,

49



Lewis et al

and S. P. Turner, pp. 407-46A. Reviews in Mineralogy & Geochemistry,
Volume 52. Washington D.C.: Mineralogical Society of America.

Robinson, L. F., G. M. Henderson, and N. C. Slowey.2002. U-Th dating of
marine isotope stage 7 in Bahamas slope sediments. Earth and Planetary
S ci ence Letter s 19 6:17 5-187 .

Solheim, W. G. II. 1988. The Nusantao hypothesis: the origin and spread of
Austronesian speakers. Asi an P er sp e ctia es 26:7 7 -88.

Solheim, W. G. II. 2006. Archaeology and Culture in Southeast Asia: Unraoelling the

Nusantao. Manila: University of the Philippines Press.

Spriggs, M. 1989. The dating of the Southeast Asian Neolithic - an attempt at
chronological hygiene and linguistic correlation. Antiquity 65:587 -61,3.

Terrell, I. E. 2004. Introduction: Austronesia' and the great Austronesian
migration. World Archaeolo gy 36(4):586-590.

Tsang, C.-H. 1995. "New archaeological data from both sides of the Taiwan
Straits and their implications for the controversy about Austronesian
origins and expansi on," in Austronesian Studies Relating to Taiwan. Edited
by Li, P.I.-K C.-U. Tsang, Y.-K. Huang, D.-A. Ho, and C.-Y. Tseng, pp. 185-

226. T aip eil. Academica Sinica.
Yokoyama, Y., K. Lambeck, P. De Deckker, P. Johnstoru and L. K. Fifield. 2000.

Timing of the Last Glacial Maximum from observed sea-level minima.
Nature 406:713-71,6.


