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ABSTRACT:     This paper reports the chronology of the styles of the log coffin heads from Bo Krai Cave and Ban Rai
Rockshelter in northern Thailand using tree-ring data. This is the first attempt to apply dendrochronology in
archaeology fields for age determination, which otherwise only C-14 has been used. The study was undertaken
to test the hypothesis that the styles of the coffin heads became increasingly complex over time. At Bo Krai
Cave, 71 wood samples were taken from 36 log coffins and 3 supporting posts. At Ban Rai Rockshelter, 116
wood samples were taken from 27 log coffins and 26 supporting posts. Analysis of the wood samples showed
that Bo Krai Cave was used as a burial site continuously with log coffins of the same styles over a relatively
long period. This means that the people of the Log Coffin Culture probably used multiple log coffin styles
continuously and simultaneously. At Ban Rai Rockshelter, the crossdating of the wood samples showed that
this area was used as a burial site episodically over several periods. The chronology of the log coffin head
styles again indicated that different styles were used simultaneously. Therefore, the chronology of log coffins
in this area does not support the concept of a development from simple to complex styles. The simultaneous
use of different coffin styles suggests that the style may be related to the status of the buried individuals or
their ethnic affiliation rather than indicating cultural changes over time.
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INTRODUCTION

Mae Hong Son Province is located in northern
Thailand. Many of the caves and rockshelters in this
area have been continuously settled since prehistoric
times. One of the main archaeological features of these
caves is their log coffins. A local culture used elaborated
log coffins in its burial ceremonies. These log coffins
were typically made of  teak logs split into halves and
both halves were dug-out inside. One half was the
lower portion and the other was a cover. Both the lower
portion and the cover had two ends, called heads, while
were decorated with carvings of different styles. A
striking feature of these carvings is the head-like shapes
which can be categorized into two basic types. One
type was simple — it has no facial features, merely a
head-like shape. In contrast, the complex type has
animal-like features.

Previous archaeological research has been
conducted in Pang Mapha, Mae Hong Son Province by
Chester Gorman1. He excavated Spirit Cave, on the
Kong River approximately 40 and 30 km from Ban Rai
Rockshelter and Bo Krai Cave, respectively. Gorman
found some “large boat - shaped coffins” and commented
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on their approximate age, but did not report the wood
species. His primary focus was on the early agricultural
practice in Southeast Asia.

In 1987, research on the log coffin culture in Pang
Mapha, Mae Hong Son Province (primarily examining
their sizes) was carried out by the Fine Arts Department2.
In 2000, Dilokwanich et al. 3 compiled a cave database
in Pang Mapha, Mae Hong Son Province. An
interdisciplinary highland archaeological project was
conducted by Shoocongdej et al.4,5 to examine the
relationship between humans and environmental
change. More germane to our research, Treerayapiwat6

carried out an analysis of the styles of the log coffins in
many caves in Pang Mapha. He examined the size and
shape of the head of the log coffins and divided the
styles into 12 types (Table 1). Krajaechan7 studied other
archaeological artifacts associated with the log coffins
at Ban Rai Rockshelter.

Log coffins made from teak—a tropical tree species
that forms clear annual growth rings—can be studied
by means of dendrochronology8-14.  This method
provides solid, detailed information on the relative
ages of various samples, allowing an analysis of the
relationship between coffin head styles and their ages.
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Therefore we decided to use tree-ring analysis to test
whether or not the log coffin head styles developed
sequentially.

Prior Studies of Log coffin Culture in SoutheastPrior Studies of Log coffin Culture in SoutheastPrior Studies of Log coffin Culture in SoutheastPrior Studies of Log coffin Culture in SoutheastPrior Studies of Log coffin Culture in Southeast
AsiaAsiaAsiaAsiaAsia

 Gorman 1,15,16 was the first American archeologist
to excavate Spirit Cave in Pang Mapha district, Mae
Hong Son Province. The cave is located about 60 km
from the city center of Mae Hong Son Province, near
Ban Rai Rockshelter and Bo Krai Cave.  His objective
was to reconstruct and examine human agricultural
patterns during the late Pleistocene and early recent
period of Southeast Asia prehistory. His results provide
the most detailed chronology yet available from Spirit
Cave of flora macrofossils dating from 11,000 years
B.P.

Using radiocarbon dating, Gorman divided the
contents of Spirit Cave into two culture levels. Cultural
Level I is best described from its lithic component as
“Hoabinhian”. The second culture level is “Hoabinhian
plus new technological introduction (adze, pottery,
slate knives)” which consisted of the above layer.

In Spirit Cave, Gorman also found log coffins but he
gave them very little analysis.  As he described, “large
boat-shaped coffins were erected on scaffolds in the
lower, middle, and upper cave”. He did not identify the
wood species.  However in the soil layer he found at

Fig 1. Study areas.

least one coffin that could be dated from 8,806-7,622
years B.P. (corrected date).

Grave et al. 17 and Grave 18 worked in Pang Mapha,
Mae Hong Son Province. He took at least eight samples
from log coffins from various caves. His radiocarbon-
dated (AMS) samples ranged between 2,080 ±60 to
1,240±90 B.P. Therefore other researchers have
generally inferred that these dates apply to log coffins
at other sites in Pang Mapha, Mae Hong Son Province.

Recently, Treerayapiwat 19  reported the pattern of
habitation and burial activity at Ban Rai Rockshelter,
using precise excavation techniques. He divided its
culture into the Pre-Log Coffin Culture and Log Coffin
Culture. The Pre-Log Coffin Culture was dated between
12,500 to 8,000 B.P. by C-14 and the artifacts consisted
of variety of lithic material and faunal remains. The Log
Coffin Culture was between 2,100 to 1,200 B.P. using
the Grave’s radiocarbon dating method, and the
artifacts in this culture were potsherds and iron tools.

Of further interest is the excavation of Ongbah
Cave, by SØrensen 20. Ongbah Cave is located at long.
98º 57’ E, lat. 14º 41’ N in the hills of Kanchanaburi
Province, about 150 km west of Bangkok. SØrensen, a
Danish archaeologist, aimed to make a compilation of
all prehistoric iron implements from Thailand by giving
a brief description and evaluation of two small
collections which were excavated by Thai-Danish
prehistoric Expeditions in 1960-62 and 1965-66. The
collections were from Kanchanaburi Province; one
from Ongbah Cave on the Khwae Yai River and the
other from Bang Site, Ban Kao, on the Khwae Noi River.
SØrensen’s report noted some 90 “wooded coffins”
from the Ongbah’s collections. The coffins were boat
shaped, being in fact simple and ordinary dug outs. At
both ends they had stylized animal heads, the horns of
which may have acted as handles. Usually the coffin
consisted of only half a trunk with a cover of plaat
Boards. None of the coffins discovered was completely
intact — all had been damaged by looters. In some of
the coffins a few human bones were left. Wood samples
were recognized as  Dalbergia sp., and C-14 dating
yielded a result of 2,180±100 years B.P.

A boat-shaped log coffin has also been found in
Semporna, Sabah 21. The ancient log coffin was found
to be disturbed and no human skeletal remains or
burial items were found inside the coffin. The coffin
was in good condition and was probably made from a
single hardwood log cut into halves. The crescent-
shaped lid was carved in the shape of a buffalo head.
Te-Kun 22  reported that in Iron Age burials at Niah, he
found cliff caves that accommodated small wooden-
lidded dug-out boats, placed on posts, to receive human
remains.  In the Philippines, Tenazas23 described a boat-
coffin made of two parts carved out of certain species
of hard wood. The lower portion was semi-circular in
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cross-section. The lid or cover was carved like a saddle
with ends curving upwards. Lizard heads and a
crocodile motif decorated the projecting ends of the
lids seen in several Bohol, Cebu and Rombron sites. In
China, Chang 24, and Wei I and Natchamnong  25 reported
that a boat coffin was found during the excavation of
a Bronze Age site at Pao-lun-yuan, Chao-hua, and
Szechwan.

The log coffins in other areas appear to have served
as ceremonial burial vessels. The meaning behind the
various shapes of the log coffin heads remains unknown;
perhaps they reflected societal beliefs, the status of the
deceased, or the skill of those persons who made log
coffins. Despite many studies about log coffins, none

has used dendrochronology knowledge to examine
their development.

Study SitesStudy SitesStudy SitesStudy SitesStudy Sites
This study focused on two sites: Bo Krai Cave and

Ban Rai Rockshelter. Both are in Pang Mapha district,
Mae Hong Son Province (Fig. 1). Because environmental
conditions are an important influence on tree growth
and tree-ring width, trees that grow under the same or
similar environmental conditions at the same time will
have similar ring patterns. In addition, both sites have
a lot of log coffins that show variation in the styles of
coffin heads. This variation is necessary for the study
of evolution and the relationship of the log coffin styles.

Piece of log coffin
headsreferemce

Style Image Description

Bo Krai Ban Rai

1A A long piece of solid wood with a curve at the end. 4 6

1B A short piece of solid wood with a curve at the end. 7 8

2A
A long piece of square solid wood, curved at the end, with a flat 
back and a small hole. 26 18

2B A short piece of square solid wood with a curved end and flat 
back.

1 7

2C A short piece of square solid wood with a curved end and a pierced 
flat back.

2 2

3A Solid wood carved to look like a pig’s head. 2 -

3C
Solid wood carved to look like the head of small four-legged 
animal: cat, barking deer. 25 -

4B
A flat piece of solid wood, turned up at the top. Always found in 
combination with style 3C.

20 -

5B A sharp topknot of solid wood. 1 -

6C A short piece of solid curved wood. Similar to 1B style but smaller 
and more slender.

1 -

5D Two topknots of solid wood with cut between them 1 -

10 Simple head without any sculpture. 2 -

Table 1. The styles of log coffin heads from Bo Krai Cave and Ban Rai Rockshelter5

Note: The lower part /cover part  of each log coffin has two heads (top and down).
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Bo Krai Cave is located at lat.19o32’39” N, long.
98o14’04” E, in the hills, at approximately 933 m above
sea level. The site is approximately 300 m above the
Nam Lang plain, the closest community, which is located
south of the cave. The entrance of which faces to the
north is about 4 m wide and 2 m high.

Ban Rai Rockshelter is located at lat.19o31’12” N,
long. 98o10’53” E, under a large overhanging rock. It
contains a large number of log coffins and some
spectacular wall paintings. The site is approximately
793 m above sea level and 150-200 m above the Nam
Lang plain. This Rockshelter is about 105 m wide, 142
m long. The entrance of the Rockshelter faces north
and averages approximately 30 m high. Because of its
location (lower and closer to the plain) and a bigger
entrance, Ban Rai Rockshelter could have been used by
more people and more often than Bo Krai Cave.
Therefore, a large number of log coffins was found at
this site. However, there was less variety of coffin head
styles here than that at Bo Krai Cave.

The forms of the coffin heads were arranged into
12 groups by Treerayapiwat26 based on the decorative
styles and size of the coffin ends. Similar styles were
arranged into sub-sets using geometric models to show
relatedness and given alphabetic labels for the designs
(Table 1). Five styles of coffin heads (1A, 1B, 2A, 2B and
2C) were found at both sites, while seven other styles
were found only at Bo Krai Cave.

MATERIALS AND METHODS

The wooden materials for dendrochronological
dating were collected from teak log coffins and
supporting posts. At Bo Krai Cave, a total of 71 samples
was taken from 36 lower portions and covers of log
coffins and 3 supporting posts. At Ban Rai Rockshelter,
a total of 116 samples was taken from 27 lower portions
and covers of log coffins and 26 supporting posts. The
specimens were collected using an engine-driven
increment borer. After the samples were removed, the
bore-holes were filled with small pieces of hardwood
to prevent deterioration of the coffins.

The samples were glued on to supporting wood
bases and their surfaces smoothened by sanding with
a rotary-sanding tool until the annual ring borders
became visible. The tree-ring widths were measured to
the nearest 0.01 mm, using a moving stage and
microscope interfaced to a computer that served as
data recorder and editor. Within-tree radii were cross-
checked for measurement errors. The data were
verified by crossdating. Crossdating of different samples
was conducted exclusively on the light table with plotted
raw tree-ring series and with the cores under a binocular
microscope. In order to identify locally absent or false
rings, eliminate measurement errors and ensure dating

accuracy, the quality of crossdating was repeatedly
checked with the COFECHA program 26. Problematic
samples, such as samples with false rings or a distorted
growth pattern, were deleted from the data set.

Firstly, samples from the same coffins were
crossdated. Then samples from different styles of coffin
heads were crossdated. Finally, the ring-width patterns
of samples from Bo Krai Cave and Ban Rai Rockshelter
were crossdated.

RESULTS AND DISCUSSION

Bo Krai Cave chronological seriesBo Krai Cave chronological seriesBo Krai Cave chronological seriesBo Krai Cave chronological seriesBo Krai Cave chronological series
Bo Krai Cave consists of  3 chambers with the largest

chamber at the entrance and the smallest one the
furthest back. In the first chamber, the log coffins were
placed on three pairs of supporting posts. Other log
coffins in the second and the third chamber were placed
directly on the ground. All lids or covers had been
removed from the lower portions of the coffins and
had been placed close by. However, the covers were
matched with the lower portions using the size and the
style of the coffins. The majority of the log coffins at Bo
Krai Cave was 0.3 m in width and 2.5 m in length. They
were smaller than log coffins in other caves but there
are more coffin head styles here  than that at other sites.

First wood samples were taken from a lower portion
of a coffin and from the matching cover for cross dating
to confirm the correct matching. Also, at the beginning,
the wood samples were separated from each chamber.
At the end, the samples were divided into 5 chronology
series of teak log coffins. However, only one chronology
series, which had the largest number of sampleswere
used to report in this paper. The Bo Krai chronological
series was constructed from 30 samples taken from 12
lower portions and covers of log coffins and 3 supporting
posts. They demonstrate 5 coffin head styles. The
location of the sample collection is illustrated in Fig. 2.
The longest ring sequence from this group is 222 rings.

Table 2  demonstrates the correlation between each
sample from Bo Krai Cave. Fig. 3 shows the selected
cross-date teak tree-ring series of log coffins from 14
series.

From these results, it was surmised that chamber 3,
the farthest back, at Bo Krai Cave was probably used
as a burial area before chambers 1 and 2. At Bo Krai
Cave, log coffin head styles 2A and 2C from chamber
3 predated the 1A style and more complex styles from
dendrochronological dating in this series.  However,
methodological problems include the number of rings
lost and lack of  information on the time between log
harvest and use.  The result is further compromised
because the experience of other laboratories suggests
that reliable crossdating should not be expected for
sequences of less than 40 years 28 and perhaps should
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Fig 2. Sample collection for the dendrochronological series from Bo Krai Cave 27.

be more than 60 years for trees in certain subtropical
zones. Finally, there is no teak tree-ring chronology in
this area for absolute (as opposed to relative) dating.

Our crossdating analysis of these teak log coffin
samples suggests that people of the Log Coffin Culture
used different head styles in the same period. It is
possible that each community had a specialist for wood
carving and the coffin style depended on his experience.
Or perhaps the log coffin styles 1A, 2A — both very
simple styles and more abundant that the others —
were used for commoners.

It seems unlikely that the people in that culture
reused old log coffins if the burial culture was highly
respectful of its ancestors.  With plenty of teak trees in
the surrounding those people had enough resources
to consume and would not have been hard-pressed to
recycle burial materials.  This same fact also argues
against the possibility that the tree were cut elsewhere
(far away enough to have significantly different climate
and therefore tree-ring pattern) and transported to the
site.

Ultimately, the tree ring analysis lends support to
the notion that complex coffin head styles were made
over a wide period at Bo Krai Cave.

Ban Rai Rockshelter chronological seriesBan Rai Rockshelter chronological seriesBan Rai Rockshelter chronological seriesBan Rai Rockshelter chronological seriesBan Rai Rockshelter chronological series
The log coffins at Ban Rai Rockshelter averaged 0.5

m in width and 5-7 m in length. Each log coffin was
placed on three pairs of supporting posts (Fig. 4). Some
of the coffins and the supporting posts were not in
good condition. Most of them were damaged by cutting,
fire, moisture and insects. Usually the supporting posts
were made with teak trees as well, but smaller in
diameter than the log coffins.  Seven chronology series
were constructed from the log coffins from Ban Rai
Rockshelter. However, results from only one series,
which had the largest number of samples were reported.
The Ban Rai Rockshelter chronology series was
constructed from 10 samples taken from 4 lower
portions and covers of log coffins. The location of the
sample collection is illustrated in Fig. 4. The longest
ring sequence from this group is 169 rings.
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Table 3 demonstrates the best correlation
coefficient between 10 samples from one of the 7
chronology series of the log coffins from Ban Rai
Rockshelter. Fig. 5 shows the relation of relative dated
and crossdated tree-ring series of the coffins from Ban
Rai Rockshelter.

The result of this series shows the overlapping ages
of log coffins decorated at the ends in simple style. The
ages of the 2A and 2B styles of log coffin can be
overlapped in the same range in this series. The log
coffins BR32 and BR39 were damaged but it looks like
the 1A style. From this series it can be inferred that the

Table 2. Descriptive statistics for the Bo Krai chronological series (BO:  Bo Krai)

NoteNoteNoteNoteNote BO01 and BO03 have log coffins’ head 2A style.
BO04 has log coffins’ head 2C style.
BO18 has log coffins’ head 1A style.
BO20, 21, 22, 23, 24, 25, 26 and 29 have log coffins’ one end 3C style and one end 4B style.
BO37, 38, 39 are posts.
Correlation of 40-year dated segments, lagged 20 years
Flags :  A = correlation under 0.3665 but highest as dated;
B = correlation higher at other than dated position

style of log coffin heads in the area probably did not
evolve over time.

However, the dendrochronological dating of coffin
head styles between Bo Krai Cave and Ban Rai
Rockshelter shows very low correlation. The low
correlation could be caused by a small numbers of
samples, the difference of growth patterns of trees
between the two sites caused by microclimate
differences, and the possibility of different occupation
times at these sites. (Trees were cut at different times).

Even though teak trees can have clear ring widths2,
working with living teak is hard and time consuming.
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Fig 3. Selected crossdated tree-ring series of the Bo Krai cof-
fins from 14 series.

Fig 4. The sample collection for dendrochronological series from Ban Rai  Rockshelter 27.

Fig 5. Crossdated tree-ring series of the Ban Rai coffins from
10 series.
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Seasons in subtropical zones are not regular.
Temperature is not significantly different from season
to season. Tree-ring width, although clear, is not
symmetrical in all directions, and therefore
dendrochronology in subtropical rain forests is difficult
30, 31. Working with subfossil teak in this study is equally,
if not even more, difficult. However, interest in climate
patterns in subtropical zones is increasing. Therefore
many dendrochronologists are investigating tree growth
in this area, for example Stahle et al. 32, Buckley et al. 33,
D’Arrigo et al. 34, Fichtler et al. 35 and Hua et al. 36. Some
success has been achieved  in constructing a teak tree-
ring chronology in northern Thailand, which includes
teak from Mae Hong Son Province 37-39. However those
sampling sites were rather far away from the  sites of
this study. The first extended teak chronology was
constructed by Pumijumnong (not published) by using
living teak trees from Nam Gut, Mae Hong Son Province
and teak stumps cut during the first official teak
concessions at Ban Nam Gut, Mae Hong Son Province.
The overlapping period of those living teak trees and
floating index from the stumps is 60 years, which is
nowhere near as ancient as the log coffin cultures.
Therefore, C-14 is still needed to provide a rough age
of log coffin culture. However, work needs to be
continued to extend the tree ring index as far back as
possible for benefits not only in dendrochronology
fields but also in other fields such as archaeology.

Table 3. Descriptive statistics for the Ban Rai chronological series (BR:  Ban Rai)

NoteNoteNoteNoteNote BR22 has log coffins’ head 2A style.
BR35 has log coffins’ head 2B style.
The head of log coffin code BR32 and BR39 unidentified head style.
Correlation of 40-year dated segments, lagged 20 years
Flags :  A = correlation under 0.3665 but highest as dated;
B = correlation higher at other than dated position

RECOMMENDATIONS

The reliability of dendrochronological results
depends on the number of samples collected. Therefore,
the results of the current study may have more validity
and reliability if additional samples can be collected
from the coffins in these same archaeological sites in
Pang Mapha district, Mae Hong Son Province.

During the data collection, there were many
problems resulting from tourists visiting the
archaeological sites and moving the coffins around.  It
is recommended that future researchers should
carefully plan to collect detailed data from coffins to
avoid confusion caused by recent repositioning of the
coffins, and to educate people in the community about
the importance of the log coffins at these archaeological
sites, in order to preserve the archaeological record.

ACKNOWLEDGEMENTS

This research would not have been successful
without the inspiration, assistance and support of Prof.
Nipon Tangtham and Mr. Manit Sonsuk. Special thanks
to the Thailand Research Fund (TRF) for financial
support of the grant number RDG4730005, for the
project entitled “Highland Archaeology in Pang Mapa
District, Mae Hong Son Province Phases II”. Special
thanks are owed to Prof. Dr. Dieter Eckstein of



ScienceAsia ScienceAsia ScienceAsia ScienceAsia ScienceAsia 33 (2007)33 (2007)33 (2007)33 (2007)33 (2007)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          55

Universitaet Hamburg for his strong comments and
suggestions through the manuscript. We are grateful to
many colleagues of Highland Archaeology in Pang
Mapha, Mae Hong Son Province and the authorities at
the Faculty of Environment and Resource Studies,
Mahidol University. We are grateful to anonymous
reviewers and the editor for their comments, which
have led to many improvements to the manuscript.

REFERENCES

1. Gorman, C.F. (1969). Hoabinhian: A Pebble-Tool Complex
with Early Plant in Southeast Asia. Science, New Series, Vol.
163, Issue 3868:671-3.

2. Fine Arts Department. (1987). The survey report of Mae
Hong Son Province. Unpublished report. Department of
Fine Arts, Bangkok. (In Thai).

3. Dilokwanich, S. (eds.). (2000). An Exploration and Database
System of the Caves, Mae Hong Son Province. Faculty of
Environment and Resource Studies, Mahidol University,
Nakhon Pathom. (In Thai).

4. Shoocongdej, R. (eds.) (2001). Progress Report 1.
Unpublished report presented to the Thailand Research Fund.
(In Thai).

5. Shoocongdej, R. (eds.) (2003). Progress Report III.
Unpublished report presented to the Thailand Research Fund.
(In Thai).

6. Treerayapiwat, C. (2005). Pattern of the Habitation and Burial
Activity in the Ban Rai Rockshelter, Northwest Thailand.
Asian Perspectives. 44(1)44(1)44(1)44(1)44(1): 231-45.

7. Krajaechan, P. (2001). The Tree Ring Study of Log Coffin
Cave: Case Study at Ban Rai Rockshelter, Pang Mapha district,
Mae Hong Son Province. B.A. thesis, Silpakorn University,
Bangkok. (In Thai).

8. Geiger, F. (1915). Anatomische Untersuchung ueber die
Jahresringbildung von Tectona grandis. Jahrb. F. Wiss.Botanik
5555555555: 522-607.

9. Coster, C. (1927). Zur Anatomie und Physiologie der
Zuwachszonen-und Jahresringbildung in den Tropen. Ann.
Jard. Bot. Buitenzorg 3737373737: 49-161.

10. Coster, C. (1928). Einiges ueber das Dickenwachstum und
die Inhaltsstoffe des Djatistammes, Tectona grandis L.f.. Tectona
1717171717: 1056-7.

11. Berlage, H.P. (1931). Over het verband tusschen de dikte
der jaaringen van Djatiboomen (Tectona grandis L.f.) en den
regenval op Java. (About the relationship between annual
ring width of Djati trees (Tectona grandis L.f.) and rainfall on
Java). Tectona 2424242424: 939-53.

12. DeBore, H.J. (1951). Tree-ring measurements and weather
fluctuations in Java from A.D. 1514. Kon. Ned. Akad. Wetensch.
5454545454: 194-209.

13. Jacoby, G.C., R. D’Arringo. (1990). Teak (Tectona grandis
L.f.), a tropical species of large-scale dendroclimatic
potential. Dendrochronologia 88888:83-98.

14. Pumijumnong, N., D. Eckstein, & U. Sass. (1995). Tree-
ring research on Tectona grandis in Northern Thailand. IAWA
J. 16(4)16(4)16(4)16(4)16(4):385-92.

15. Gorman, C.F. (1970). Excavation at Spirit Cave, north
Thailand: Some interim Interpretation. Asian Perspectives 1313131313:
79-107.

16. Gorman, C.F. (1971). The Hoabinhian and after: Subsistence
patterns during the late Pleistocene and early recent period.
World Archeology 22222: 300-20.

17. Grave, P., J. Spies, M. Barrbetti & M. Hotchkis. (1994).
Dating of Log Coffins of Northwestern Thailand. IPPA
Conference, Jan 5-12, 1994, Chiang Mai.

18. Grave, P. (1995). The shift to Commodity: A case of Ceramic
Production and Ubland-Lowland Interaction in Northwest
Thailand 1000-1650 A.D. Dissertation, University of Sydney.

19. Treerayapiwat, C. (1998). The location study of Log Coffin
Cave in Pang Ma Pha district, Mae Hong Son Province. B.A.
thesis. Silpakorn University, Bangkok. (In Thai).

20. SØrensen, P. (1973). Prehistoric Iron Imprements from
Thailand. Asian Perspective XVII (2), Hong Kong: The
university press.

21. Chia, S and P. Koon. (2003). Recent Discovery of Ancient
Log Coffin in Semporna, Sabah. Sabah Society Journal. 2020202020:
35-43.

22. Te-kun, C. (1969). Archaeology in Sarawak. Cambridge
university of Toranto Press.

23. Tenazas, R.C.P. (1973). The Boat-Coffin Burial Complex in
the Philippines and its Relation to Practices in Southeast
Asia. The Philippine Quaterly of Culture and Society, 1(1)1(1)1(1)1(1)1(1). A
University of San Carios publication.

24. Chang, K.C. (1977). The Archeology of Ancient China 3rd

edition. New Haven and London, Yale University Press.
25. Wei I and Natchamnong, T. (translators). (1991). A Funeral

of the Chuang People, South China. Art-Culture, 13(2)13(2)13(2)13(2)13(2): 230-
8. (in Thai).

26. Holmes, R.L. (1983). Computer-assisted quality control in
tree-ring dating and measurement. Tree-Ring Bulletin. 4343434343:69-
78.

27. Dilokwanich, S. (eds.). (1999). An Exploration and Database
System of the Caves, Mae Hong Son Province. Final Report
submitted to Thailand Research Fund, unpublished. (in
Thai).

28. Pilcher, J.R. (1990). Sample Preparation, Cross-dating, and
Measurement. In: Cook, E.R. & L.A. Kairiukstis, (eds.).
Methods of Dendrochronology: Applications in the
environmental sciences: 40-51. Kluwer Academic,
Dordrecht.

29. Chowdhury, K.A. (1940). The formation of growth rings in
Indian Trees. Part III, vol. 11, no. 3, Indian Forest Records.

30. Jacoby, G.C. (1989). Overview of tree-ring analysis in tropical
regions. IAWA Bull. n.s. 10(2)10(2)10(2)10(2)10(2): 99-108.

31. Bass, P., R.E.Vetter. (eds.). (1989). Growth rings in tropical
wood. IAWA Bull. n.s. 10(2)10(2)10(2)10(2)10(2): 95-174.

32. Stahle, D.W., P.T. Mushove, M.K. Cleaveland, F. Roig & G.A.
Haynes. (1999). Management implications of annual growth
rings in Pterocarpus angolensis from Zimbabwe. Forest Ecology
and Management 124124124124124: 217-29.

33. Buckley, B., M. Barbetti, M. Watanasak, R. D’Arrigo, S.
Boonchirdchoo & S. Surutanon. (1995).
Dendrochronological Investigation in Thailand. IAWA Journal,
16(4)16(4)16(4)16(4)16(4): 393-409.

34. D’Arrigo, R.D., M.Barbetti, M.Watanasak, B.Buckley, P.Krusic,
S. Boonchirdchoo & S. Sarutanon. (1997). Progress in
dendroclimatic studies of mountain pine in northern
Thailand. IAWA J. 18(4)18(4)18(4)18(4)18(4): 433-44.

35. Fichtler, E., V. Trouet, H. Beeckman, P. Coppin & M.  Worbes.
(2004). Climate signals in tree rings of Burkea africana and
Pterocarpus angolensis from semiarid forests in Namibia. Trees
1818181818: 442-51.

36. Hua, G., M. Barbetti, U. Zoppi, D.  Fink, M. Watanasak &
G.E. Jacobsen. (2004). Radiacarbon in tropical tree rings
during the Little Ice Age. Nuclear Instruments and Methods in
Physics Research B 223-224B 223-224B 223-224B 223-224B 223-224: 489-94.

37. Pumijumnong, N. (1995). Dendrochronologie mit teak
(Tectona grandis L.) in nord Thailand. Dissertation, Hamburg



56 ScienceAsia ScienceAsia ScienceAsia ScienceAsia ScienceAsia 33 (2007)33 (2007)33 (2007)33 (2007)33 (2007)

University.
38. Pumijumnong, N. (1999). Study on Palaeomonsoon Climate

in Southeast Asia with teak (Tectona grandis L.). Final report
submitted to Thailand Research Fund. Unpublished (in Thai).

39. Pumijumnong, N. (2004). High-Resolution Climate Signals
by using Tree-ring chronological indices in Thailand. Final
report submitted to Thailand Research Fund. Unpublished
(in Thai).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


