™ - — | Journal of Buddhistand Hindu Art,
; y Architecture and Archaeology of
U i N4 a i W Ancientto Premodern Southeast Asia

https://pratujournal.org/ ISSN 2634-176X

S1EUMSATIALAZIAAUNNSTUS AR RS TaUNSsH TuwanguihaumAay

114 ﬁ’umﬁ%mmzﬁ?\mwL’ﬁmﬁ’umxmumsw%m‘tamaﬁmﬁmﬁﬂ

Survey and Excavation Report on Metallurgical Sites in the Upper
Yom River Basin, and an Initial Analysis of Metallurgical Production
in the Sukhothai Period
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Summary: This report outlines part of a research project conducted by the Sixth Regional Fine Arts Office,
Sukhothai Province, relating to social and cultural developments prior to the founding of the Sukhothai state.
One of the main research questions concerns metallurgical developments. Bronze sculptures from the Sukhothai
period are considered important as evidence for technological advancements passed from generation to
generation as skills and expertise developed. However, previous research has primarily focused on the art
historical or religious aspects of these bronze sculptures, whereas metallurgical aspects including sources of raw
materials, production sites, casting techniques and the craftsmen themselves, have not been well studied. This
archaeological study helps develop our understanding of ancient metallurgy in the Yom River basin, through
the discovery of the source of ore, and allowing a greater appreciation of production techniques and the way
of life of the probable craftsmen. In addition, the craftsmen and bronze sculptures appear to have played a
significant role in the socio-economic arena both prior to and during the Sukhothai period.
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Summary: This report outlines part of a research project conducted by the Sixth Regional Fine Arts Office,
Sukhothai Province, relating to social and cultural developments prior to the founding of the Sukhothai state.
One of the main research questions concerns metallurgical developments. Bronze sculptures from the Sukhothai
period are considered important as evidence for technological advancements passed from generation to
generation as skills and expertise developed. However, previous research has primarily focused on the art
historical or religious aspects of these bronze sculptures, whereas metallurgical aspects including sources of raw
materials, production sites, casting techniques and the craftsmen themselves, have not been well studied. This
archaeological study helps develop our understanding of ancient metallurgy in the Yom River basin, through
the discovery of the source of ore, and allowing a greater appreciation of production techniques and the way
of life of the probable craftsmen. In addition, the craftsmen and bronze sculptures appear to have played a
significant role in the socio-economic arena both prior to and during the Sukhothai period.

Keywords: Archaeometallurgy, Upper Yom River basin, Sukhothai
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THeerasAk Thanusilp

Figure 1. Si Sakkayamuni Buddha, Wat Suthat Thepwararam Rachaworamahawihan, Bangkok. Photograph by Theerasak

Thanusilp (CC BY-NC 4.0).

“Si Sakkayamuni” is an enormous bronze Buddha
statue (Figure 1). It is considered to have been made
in the Sukhothai period (1238-1584 CE), and has a
width of 3.75 m across the lap and a height of 6 m.
It is most likely the same bronze Buddha statue that
is mentioned in the inscription of Wat Pa Mamuang
temple dating to 1361 CE, as being enshrined in the
heart of the ancient city of Sukhothai." The statue was
later moved from ancient Sukhothai, during the reign
of King Rama | (King Phra Phutthayodfachulalok the
Great) of the Rattanakosin period (1782-1809 CE).
Today the statue is enshrined inside the vihara of the
Suthat Thep Wararam Ratchaworamahawihan temple,
in Bangkok. This Buddha statue, like the many other
bronze sculptures that have been found in Sukhothai,
reflects advanced technological knowledge and is
important for clarifying and tracing the archaeological
evidence for the metallurgy of the Sukhothai Kingdom.
Who were the craftsmen? Where did the metal ores
come from? How did this advanced knowledge

' naNAsUNg [FINE ArTs DEPARTMENT], Uszguaninna « Ananaslaglavit

[Corpus of Thai Inscriptions Vol. 8: Sukhothai Inscriptions], moe [303].
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develop? This article presents new archaeological
evidence relating to the ancient communities, ore
sites and metal production processes by studying,
in particular, the area of the upper Yom River basin,
northern Thailand.

Introduction

Sukhothai had been developing around the fourteenth
century CE. Its political networks covered the Yom River
basin, Ping River basin and Nan River basin, and the
following towns: Kamphaeng Phet, Phitsanulok, Tak,
Uttaradit, Nakhon Sawan, Phrae, Nan and Preak-Sir-
acha (Sankhaburi).? Previous studies have shown that
many ancient towns of the Sukhothai period had been
interconnected communities since prehistoric times,
particularly in the Yom River basin. A study titled
Research Project on Social and Cultural Development
before the Formation of the Sukhothai State identified
the ancient settlements scattered in the mountainous

2 indel [SakcHall, Aatinssnlusniluainndnsglavie [Ancient Arts of
the Sukhothai Kingdom], o< [14].
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Figure 2. Archaeological sites in the mountains to the north of Sukhothai. © Theerasak Thanusilp.

area of northern Sukhothai, using archaeological survey
and excavation.® Some evidence for these communities
has been found from the prehistoric period, continu-
ing into the historic period, especially after their arrival
in the area to seek out and smelt ore, likely for use at
production sites within Sukhothai or for export. This
report presents new archaeological evidence and
interpretations regarding the early development of
metallurgy in the area of the Lamphan River, (a tributary

3 . oA e £ = Ao
See more details in 33ANA [THEERASAK], T189NUNNTANENASElATINNT
AnmAmuInnadennwas Imussruneunuiiniyglavie [Research

Project on Social and Cultural Development before the Formation
of the Sukhothai State], 188.
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of the Yom River), which may subsequently be associated
with bronze sculptures during the Sukhothai period.

Lamphan River basin — new evidence of
important metal production sites

According to archaeological surveys conducted by
the Sixth Regional Office of Fine Arts Department,
Sukhothai Province, (FAD) evidence for settlements
in the Lamphan River basin dates back over 3,000
years and more than 30 archaeological sites have
been discovered.* They can be classified as habitation,

I 4 . L .
4 See more details in 57ANA [THEERASAK], ﬂun@ufﬁmm: IAYAUNEUAN
FIUNNELTUARLILAUTGHN T UNA” [Before Sukhothai: New Data
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Figure 3. Topography of the research area. Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

cultivation, burial, and stone or metal tools and
equipment production sites. This report focuses only on
sites associated with metal production to help expand
our knowledge and understanding of metallurgy
in the Sukhothai period. The study area covers the
highland area to the northwest of the ancient city of
Sukhothai, where the source of the Lamphan River is
located. The nearest metallurgical sites to Sukhothai are
roughly 20 km from the ancient city. Three important
ancient metallurgical sites are referred to in this report,
as follows: 1. Den Pang Hang archaeological site,
Thoen district, Lampang province; 2. Ban Wang Had
archaeological site, Ban Dan Lan Hoi district, Sukhothai
province (including three sub-areas which are the
northern Lamphan reservoir, the Wang Had Wildlife
Conservation Office and the Mae Kong Khai reservoir
area); 3. Taling Chan archaeological site, Ban Dan Lan
Hoi district, Sukhothai province. These areas can be
characterised according to the following aspects of
metallurgical development in their communities.

1. Resources

Based on geological maps and archaeological
surveys undertaken by the FAD (1984-2018), the
high mountains of Ban Dan Lan Hoi district and the
boundaries of the Thoen district, have been found to
contain abundant quantities of tin, lead, and iron ore.
This area is connected to the mountains in western
Thailand, Tak Province (Figure 2 & 3). Ancient mines
have been found in the areas of Ban Wang Had and Ban

and Evidence from Archaeological Discoveries in the Lamphan River
Basin], mo—&e [30-57].
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Taling Chan of Ban Dan Lan Hoi district. Regarding the
process of acquiring raw materials (ore), there are two
mining methods: collecting ore at the ground surface
(Figures 4 & 5) and drilling into a rocky outcrop in order
to extract the metal ore, such as haematite (Fe,O,) or
magnetite (Fe;O,) (Figure 6).

Iron ore or other minerals may have been visible on the
ground in some areas, which led to the development
of pit mines of more than 10 m in depth and width,
created by using river pebble tools or harder granite
stones. These types of tools were found at the raw
mineral sites. The most frequently extracted mineral in
this area was iron ore. Furthermore, according to our
survey and local interviews, gold, silver and lead have
also been found within the areas of Ban Wang Had and
Ban Taling Chan of Dan Lan Hoi District. A few mining
areas have been discovered where a special technique
of rock chipping was used to extract minerals such as
pyrite and magnetite from quartz, for smelting to obtain
the pure metal (Figure 5).

2. Production Technology

According to surveys in the headwater area of
the Lamphan River, more than a hundred furnaces
have been discovered.® These furnaces may have
been in operation since the late Iron Age and most
likely continued through subsequent historical
periods. They are distinguished by variations in
furnace designs which include open channels and
vent channels. Both design types are still being

5 See more details in THEErRASAK, “Before Sukhothai: Recent Archaeo-
logical Discovery from Lamphan Valley,” 254-93.
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Figure 4. Example area of quartz stone site containing ore.
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

researched as further studies and archaeological
excavations determine the chronological sequence
of their use. Both furnace types have been found
scattered around the raw material sites. Each site
contains a slag heap where waste material contain-
ing metal residue was removed during the smelting
process. Mingled with fragments of smashed
furnaces, these heaps resulted after successfully
smelting the ore and before moving on to the next
step of the metallurgical process. Some locations
have been used repeatedly for production, resulting
in a slag heap much higher than the surrounding
area due to the deposition of furnace fragments.
In addition, some areas have shown a separation
of waste iron slag and furnace fragments. It can
therefore be inferred that there was continual
production along with the allocation of smelting
areas and waste areas. Each of the furnace clusters
discovered in the mountainous Lamphan headwater
area was located close to a natural water source and
was rich in ore, which may have helped facilitate
transportation during the production process.
Most of the archaeological sites uncovered have
been found in situ and in an undisturbed condition.
Therefore, details of mineral extraction and process-
ing can be outlined as follows:

a. Ore from the mining area was broken up into small
pieces to make it easier to transport to the smelting areas.

b. River pebbles or granite stones, which are harder than
the ores, were used as hammers for breaking the ore into
as many small pieces as possible (Figure 7).

c. Furnaces were made of local clay combined with
sand and small particles of rock. From the form of
furnace bases in some areas, it appears that the
complete structure may have been cylindrical in
shape (although of uncertain height) with a diameter

2021-23 | Report 2

Figure 5. Example of ore mining. Photograph by Theerasak
Thanusilp (CC BY-NC 4.0).

etite: Fe,0,
i :

-

Figure 6. Sample of metal ore (magnetite and pyrite inside
quartz). Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

of 1.0 to 1.5 m (Figure 8). Surrounding the furnace
base are pairs of narrow oval holes forming channels
in the side of the furnace, which are thought to have
been used for both airflow and observing the ore
during the smelting process (Figure 9). Smelting
in the Lamphan River basin used a direct iron ore
smelting method similar to a bloomery furnace
smelting process, in which a sponge-like lump of iron
(or bloom) is obtained.

d. The bloom is then forged through repeated
reheating and hot hammering to eliminate much
of the slag, to make it ready for forging tools and
equipment. The wrought iron that is obtained has a
very low carbon content.®

¢ gawa [Surarol], “lavnssnasitlusnilutlszmnelve” [Ancient Metallurgy
in Thailand], 51.
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Figure 7. Example of a site where ore is broken up in
preparation for the smelting process, commonly found
near mining sites and furnaces. Photograph by Theerasak
Thanusilp (CC BY-NC 4.0).

3. Skilled Technicians/Craftsmen

Based on evidence obtained from previous archaeo-
logical surveys and excavations conducted by the
FAD team, it appears that knowledge and expertise
in metallurgy was first developed around 2,000
years ago. They were also developed in accordance
with an expansion of economic and commercial
networks that existed around the mountainous
terrain of western Thailand, and on the plain where
the ancient city of Sukhothai is located. It was also
aided by the discovery of vast ore reserves, which
caused the manufacturing industry to spread over a
wider area. Given this increased level of production,
experts would have been required from the very
start, to search for sufficient quantities of ore.
Expert knowledge would also have been necessary
to conduct the whole ore smelting process, in order
to manufacture the desired products.

4. Products Obtained

Further data needs to be collected and products
from sites in this area require further study — as yet
an intact finished product has not been found at
a metal production site. It is therefore possible
that they were already dispatched out of the
area. Archaeological excavations and surveys at
contemporaneous burial sites located near smelting
sites (Figure 10), and on nearby mountain ridges
such as the Den Pang Hang or Den Khong Kao sites,
have uncovered many iron tools that were buried
with the deceased as offerings. The iron tools
collected from these surveys and the excavations
are consistent with the iron tools and weapons that
were found at smelting sites in the Lamphan River
basin (Figure 11), for example machetes, chisels,
axes, spears, and pointed tools. This suggests that
they were from the same period. It also suggests
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Figure 8. Example of parts of the wall in situ of the smelting
furnace bases that remain on the mountain, scattered in
groups. Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

Figure 9. Example of the oval-shaped furnace holes, with a
finger mark impressed on the surface when the furnace was
formed. Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

that a group of metalworkers and toolmakers settled
in the area and were buried near the smelting sites,
along with tools made in the area for burial with
the dead. In addition, the tools manufactured in
this area must have been subsequently delivered
to Sukhothai, because tools including machetes,
chisels and iron nails have also been unearthed in
the ancient city.”

In addition to iron tools, there is evidence associated
with copper production, including bronze slag
and crucibles with bronze residues (Figure 12). If
smelting of metals with very high melting points
was possible, then bronze casting could also have

7 neNAALNT [FINE ARTs DEPARTMENT], 316971UNITANTIUATYAUFILTIUE
Tusmuaniuiiennnglafia w.Ab&os—lo&els [Survey and Excavation
of Sukhothai Ancient Monuments in B.E. 2508-2512], =« [89].
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Figure 10. Iron tools discovered by archaeological excavation.
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

Figure 11. Various types of iron tools found through
archaeological survey. Photograph by Theerasak Thanusilp
(CC BY-NC 4.0).

Figure 12. Bronze crucible found at a smelting site.
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

been conducted using the same process.® Many
types of bronze products have been found in the
area, and they may have been produced using
the lost-wax casting method (Figure 13). Some
pieces are thin and very shiny, and are likely made
of high-tin bronze (Figure 14). | propose that the
study of metallurgical technology in this region
is crucial for understanding the development of
Sukhothai bronze technology, because metallurgi-
cal knowledge may have been passed from these
communities to Sukhothai bronzeworkers.

The next stage of research will be an analysis of
the chemical compositions of the bronze artifacts
found within the research area, for comparison with
artifacts from the Sukhothai period. This would help
to compare the admixture quantities of each metal
to determine whether they show common character-

8 wy & o a Sdw o ea o -
a7na [SurapoL], m@ﬂmmumqﬂizmmmmmmﬂummmﬂqhm

[Some Comments on Sukhothai Bronzes], e« [48].
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Figure 13. Bronze bangle made using the lost-wax technique.
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

Figure 14. The high-tin bronze bangle. Photograph by
Theerasak Thanusilp (CC BY-NC 4.0).
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Figure 15. An overview of Pit 1, which was a disposal areafor  Figure 16. Excavation in the disposal area. Photograph by
slag and fragments of furnace wall remaining after production.  Theerasak Thanusilp (CC BY-NC 4.0).
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

Figure 17. Excavation in the disposal area. Photograph by  Figure 18. Examples of the slag and furnace walls found in
Theerasak Thanusilp (CC BY-NC 4.0). Pit 1. Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

N3Ww{
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Figure 19. Excavation in Pit 2, which was a smelting area. ~ Figure 20. A group of furnace walls, which were smashed
Photograph by Theerasak Thanusilp (CC BY-NC 4.0). after production, found in Pit 2. Photograph by Theerasak
Thanusilp (CC BY-NC 4.0).
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Figure 21. Bronze sculpture of the Sukhothai period.Sculpture
of Shiva, currently on display at the National Museum, Bangkok.
Photograph by Theerasak Thanusilp (CC BY-NC 4.0).

istics or differences in production, and by conduct-
ing lead isotope analysis it is possible to identify
where the raw material sites and Sukhothai bronze
production sites were located.

Archaeological excavation at a
metallurgical site near Sukhothai

Archaeological surveys conducted in the Lamphan
River basin have revealed evidence of metallurgical
production and continual habitation from the Metal
Age (500 BCE-700 CE) until the Sukhothai period.

In 2018, the FAD team excavated the side of a late
Metal Age burial mound (2,000-1,500 BP), where it
sloped down towards the Kong Khai stream approxi-
mately 100 m west of the burial area. The excavated
area is a smelting site dating from the late Metal Age
into the early Sukhothai period. Two pits of 6 x 6 m
each were excavated. The first pit (Pit 1) contained
a slag disposal area (Figures 15-17) where many
lumps of slag were uncovered, along with fragments
of broken furnace walls and pieces of metal left over
from the production process (Figure 18). The second

2021-23 | Report 2

pit (Pit 2) (Figure 19) was located about 10 m to the
north and revealed fragments of broken furnace walls
and furnace bases (Figure 20). At least six circular-
shaped furnaces of similar size were discovered, with
diameters of 1.0-1.2 m. The slag from the pit was
later removed for chemical analysis using an X-ray
diffractometer (XRD) and an X-ray fluorescence (XRF)
spectrometer. Results indicated a chemical composi-
tion similar to ore samples from around the smelting
site. Analysis of the iron slag revealed that smelting
temperatures of 1148-1160°C were used. ? Five pieces
of furnace wall were sent for thermoluminescence
dating (TL), and AMS carbon-14 testing of char in a
piece of slag indicated a production date of 670-822
BP (1128-1280 CE). This is important evidence that
the metal production industry in the Yom River basin
continued until the end of the Sukhothai state.

Conclusion

The significance of bronze sculptures found in Sukhothai
was to derive religious merit for the elites of Sukhothai
society, but they were also used to proclaim the king’s
power. For example, King Mahathammaracha | (Lithai)
commanded that a large bronze Buddha statue be
established in the heart of Sukhothai during his reign,
and in 1361 CE a cast Hindu bronze sculpture was
enshrined in the Maha Kaset Thewalai temple, located
outside the city (Figure 21)."° Metallurgy and the
surrounding resources therefore played an important
role, as did the craftsmen who were closely connected
to the religious and political world of Sukhothai.
Previous studies of the bronze sculptures have not
identified who produced them, the metallurgical
technology involved, or even where the raw materials
were sourced. It can therefore be said that this is the
first study attempting to answer these questions. This
report proposes that many of the bronze sculptures
produced during the Sukhothai period were made
using knowledge and metallurgical technology that had
been accumulating and developing since the prehistoric
period. Based on the excavation data given above, it
is clear that communities in the Mae Lamphan River
basin were important metal producers during the early
Sukhothai period and they are very likely to have played
an important role in the origin of Sukhothai's bronze
casting technology, as well as having good relations
with the ruling class of Sukhothai.
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