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Study of charcoal from an Iron Age archaeological site

in Northeastern Thailand
Paul J. Grote®

Abstract

Excavations were made of an ancient burial site within the walls of Nakhon
Ratchasima city, yielding both Iron Age and Bronze age burials. Numerous small
pieces of charcoal were recovered from sediment collected from the Iron Age burial
level. This charcoal was studied with synchrotron x-ray microtomography and
scanning electron microscopy. The specimens could be divided into at least three
species of wood. Type 1 appears to be Homalium (Salicaceae), possibly Homalium
tomentosum, a tree currently found in dry evergreen and mixed forests in Thailand
with wood used for construction of various materials, such as rakes, agricultural tool
handles, and ship masts. Types 2 and 3 of charcoal are dicotyledonous woods, but
have not been identified to family. This study suggests that various types of wood

were used for producing fire.

Introduction

In 2024 (Fig. 3) and 2025 (Fig. 5), excavations were made at an ancient burial
site within the walls of Nakhon Ratchasima city (Figs. 1, 2). The excavation yielded
both Iron Age and Bronze age burials, along with numerous artifacts. Sediment was
collected from the site, and the yield included small pieces of charcoal. The purpose
of this study is to analyze taxonomically the charcoal to provide evidence as to what

type of wood was used.

Materials and methods
Small pieces of charcoal were recovered from sediment collected near
skeletons at the Non Phol Lan Burial site. The sediments were sorted by size and

charcoal fragments were picked out manually with a forceps. A small amount of silt

1 Northeastern Research Institute of Petrified Wood and Mineral Resources,

Nakhon Ratchasima Rajabhat University, Nakhon Ratchasima 30000, Thailand. pauljosephgrote@yahoo.com
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or sand remained on the charcoal. Some specimens were treated with 49% HF to
remove the silica. However, this resulted in the pieces of charcoal easily breaking into
many small pieces. To prepare the specimens, some pieces were fractured while
other were cut with a cutter blade. Sediments labeled NPL-BL13 #8 and NPL67
#5. Iﬂiﬂﬂimﬂﬂ ‘ﬁ 3 were collected from near Burial site 3 in 2024, an Iron Age site.

Sediment labeled NPL68 (8)#10 was collected from the Iron Age level in 2025.

Seven pieces of charcoal were analyzed with synchrotron radiation x-ray
microtomography using beam BL1.2W (X-ray Imaging & Microtomography) at the
Synchrotron Light Research Institute (Public Organization), Nakhon Ratchasima, on 15
December 2024. The specimens, labeled CHA001 to CHAOO07 were from sediment
sample NPL-BL13 #8. A series of 2-dimensional x-ray images of the charcoal were
made and then 3 dimensional reconstructions were made using Octopus
Reconstruction without physical destruction of the samples (Fig. 4, 6). Virtual cross,
radial, and tangential sections were prepared using Drishti v2.6.4 software.

Charcoals pieces were also studied with scanning electron microscopy (SEM).
Each specimen was attached to a brass stub with silver paint or double-sided carbon
tape. They were coated with gold with a Leica EM ACE600 coater. SEM was carried
out using a Zeiss Auriga Field Emission Scanning Microscope at the Center for
Scientific and Technological Equipment, Suranaree University of Technology, Nakhon
Ratchasima (Fig 7). Charcoal specimens CHA001 — CHA007, except CHA003, were
studied with SEM. In addition, five more pieces of charcoal from sediment sample
NPL-BL13 #8, labeled CHA008 to CHA012, and CHA531, from NPL67 #5 Iﬂiﬂﬂiz@ﬂﬁ 3,
plus two specimens from NPL68 (B) #10, labeled 8-10-1 and 8-10-2 were investigated

using SEM.

Results

Fifteen specimens of charcoal were investigated with SEM or with both SEM
and synchrotron x-ray microtomography. In an attempt to identify the charcoal
taxonomically, the online database InsideWood (2004-onwards), IAWA committee
(1989), Soerianegara and Lemmens (1993), and Lemmens et al. (1995) were used.

The charcoal pieces appear to comprise at least three species.
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Type 1, Homalium sp. (Figs. 8-13)

Specimens: CHA001, CHA005, CHA008, CHA009, CHA010, CHAO11

Description: Growth ring boundaries indistinct or absent. Wood diffuse porous.
Vessels solitary or in radial rows of 2-4; solitary vessels oval or round in outline.
Vessel elements with simple perforation plates; tangential diameter of vessel lumina
55 - 186 micrometers. Vessel-axial parenchyma pits bordered. Fibers septate. Axial
parenchyma scanty paratracheal. Rays 1-4 seriate, often 3-4. Rays heterocellular;

cells procumbent with 2 or 3 marginal rows of square cells.

Affinity: The anatomical characters of this charcoal were compared with the data of
InsideWood (2004-onwards) and Boer et al. (1995). The charcoal is most similar to
wood of Homalium, in particular Homalium tomentosum (Vent.) Benth. (Thai 91414
Kha nang), especially with septate fibers, axial parenchyma scanty paratracheal, rays
usually 3-4 seriate, and rays heterocellular with both procumbent and marginal
square cells.

Homalium Jacg., in the family Salicaceae Mirb., is a genus of 190 species of
trees or shrubs distributed throughout the tropics. Twelve species occur in Thailand,
with six species, Homalium caryophyllaceum (Zoll. and Moritzi) Benth., H. ceylanicum
(Gardner) Benth., H. cochinchinense (Lour.) Druce, H. dasyanthum (Turcz.) W. Theob.,
H. grandiflorum Benth., and H. tomentosum, found in Central or Northeastern
Thailand (Harwood, 2015). In Thailand, Homalium tomentosum occurs in Northern,
Central, Eastern, Southeastern, and Southeastern Thailand in dry evergreen and
mixed deciduous forest, especially in the vicinity of limestone mountains. It is also

found in India, Myanmar, Laos, Cambodia, and Indonesia (Santisuk, 2025).

Type 2, Dicotyledonous wood (Figs. 14-19)

Specimen: CHAOO7

Description: Growth ring boundaries indistinct or absent. Wood diffuse porous.
Vessels solitary or in radial rows up to 4; solitary vessels oval or round in outline.
Vessel elements with simple perforation plates; tangential diameter of vessel lumina
52-158 micrometers, mean 100 -150 micrometers. Intervessel pits bordered.

Axial parenchyma rare or scanty paratracheal. Rays mostly uniseriate. Rays

homocellular, cells procumbent.
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Affinity: This specimen can be identified as dicotyledonous. The family has not been

determined.

Type 3, Dicotyledonous wood (Figs. 20-23)

Specimens: 8-10-1, 8-10-2

Description: Growth ring boundaries indistinct or absent. Wood diffuse porous.
Vessels solitary or more commonly in radial pairs. Solitary vessels oval in outline.
Vessel elements with simple perforation plates; tangential diameter of vessel lumina
with a mean of 100-150 micrometers. Axial parenchyma scanty paratracheal,
vasicentric, confluent. Rays mostly uniseriate. Rays appear to be homocellular, cells

procumbent.

Affinity: These specimens can be identified as dicotyledonous. The family has not
been determined. They can be distinguished from Type 2, Dicotyledonous wood by

the greater amount of axial parenchyma.

Discussion and conclusions

Sediment from the Iron Age burial sites at Non Phon Lan yielded numerous
small pieces of charcoal. Analysis with synchrotron x-ray microtomography and SEM
showed that the charcoal comprised at least species of wood. Type 1 appears to be
Homalium sp., possibly Homalium tomentosum, which is found at present in
Thailand in dry evergreen and mixed deciduous forests. The wood is used to make
carts, rakes, furniture, poles, ship masts, and agricultural tool handles (Santisuk, 2025).
In addition is charcoal of 2 species of dicotyledonous wood. The presence of three
species of charcoal suggests that wood of various species of wood was used for

producing fire.
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Fig. 1. The location of Non Phon Lan archaeological site within Khorat UNESCO Global Geopark

(Triangle and arrow).
Fig. 2. The location of Non Phon Lan archaeological site within the ancient walls of

Nakhon Ratchasima city (Triangle and arrow).
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Fig. 3. Non Phon Lan burial site in 2024. Lower is Burial 1 and upper is Burial 3.

Fig. 4. Beamline BL1.2W (X-ray Imaging & Microtomography) at the Synchrotron Light Research
Institute (Public Organization) (SLRI), Nakhon Ratchasima.

Fig. 5. Non Phon Lan burial site in 2025, showing upper Iron Age burial and lower Bronze Age burial.

Fig. 6. Position of specimen to receive x-ray beam (arrow) at SLRI.

Fig. 7. Zeiss Auriga Field Emission Scanning Microscope, at the Center for Scientific and

Technological Equipment, Suranaree University of Technology, Nakhon Ratchasima.



Dla

Figs. 8-13. Charcoal type 1, Homalium sp., SEM microphotographs.

Fig. 8. Cross section.

Fig. 9. Cross section showing axial parenchyma surrounding vessel.

Fig. 10.
Fig. 11.
Fig. 12.
Fig. 13.

Tangential section showing 1-3 seriate rays.

Radial section showing procumbent and square ray cells.

Radial section showing procumbent (lower) and square (upper) ray cells.

Radial section showing simple perforation plate and vessel- axial parenchyma pits.

All figs. are from CHAOO5, except Fig. 10, from CHA010.
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1000.00 um 1000.00 um

Figs. 14-19. Charcoal type 2. Dicotyledonous.
Figs. 14-17, SEM microphotographs.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

14. Cross section showing large vessels.

15. Cross section, showing intervessel pits and axial parenchyma.

16. Tangential section, showing mostly uniseriate rays.

17. Radial section, showing procumbent ray cells.

18. Virtual cross section, by synchrotron x-ray microtomography (Chalermluck Phoovasawat).
19. Virtual radial section, by synchrotron x-ray microtomography (Chalermluck Phoovasawat).

Al figs. are CHAOOQ7.
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Figs. 20- 22. Charcoal type 3. Dicotyledonous, SEM microphotographs. Fig. 20. Cross section,

showing many radially pairs vessels. Fig. 21. Cross section, showing confluent axial
parenchyma.
Fig. 22. Cross section, showing vasicentric arrangement of axial parenchyma.

Fig. 23. Radial section, showing procumbent ray cells. All figs. are 8-10-1
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PLOS ONE, 10, 10 (2015).
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“Tang X. et al., “Morphological characteristics of homozygous wild rice phytoliths and their significance in the

study of rice origins,” Science China Earth Sciences, 64 (2021).
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“Wang, T., Wei, D., Jiang, Z., Xia, X., Wu, Y., Han, Z., Qu, Y., Hu, Y., & Fuller, B. T. (2022). Microfossil

analysis of dental calculus and isotopic
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¢ Wang, T, etal,, “Microfossil analysis of dental calculus and isotopic measurements reveal the complexity of human-
plant dietary relationships in Late Bronze Age Yunnan” Archaeological and Anthropological Sciences 14, 5 (2022).

"Chen, T, et. al,, “Starch grains from human teeth reveal the plant consumption of proto-Shang people (c. 2000-1600
BQC) from Nancheng site, Hebei, China,” Archaeological and Anthropological Sciences 13, 153 (2021): 1-18.
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“ Wang, T., et.al,, “Microfossil analysis of dental calculus and isotopic measurements reveal the
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