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ABSTRACT

Pedestrian surveys have identified a large number of
9th century ceramic kilns to the north of the early Ang-
korian centre of Hariharalaya. Recent development in
this area has put this archaeological site under threat.
With a large number of kilns already destroyed before
analysis, it was necessary to identify the sites for pro-
tection from further damage.

Since the defined areas showed little evidence on
the surface, GPR surveys were conducted to find out
what additional subsurface features could be used for
classification. Using a 250MHz antenna system, the
surveys were conducted over four kilns in varying state
of preservation. The analysis included one definite and
partly exposed kiln, and three potential kilns. Of the
latter, one had been completely bulldozed, one partly
destroyed and another one had remained undisturbed.

The geophysical surveys shows the possibilities
to better define the extent of the kiln mound. 3D visuali-
zation of the data displays depth and extent of the fire
box and ware chamber of this type of Khmer kiln,
providing the opportunity to better outline the area to
be protected. The survey serves as a successful sample
case for the systematic non-destructive mapping of
known and newly discovered kiln sites.

INTRODUCTION

The village of Bangkong is located on the banks of the
Roluos River, about 20 km to the east of Siem Reap, the
gateway to the major temples of Angkor, Angkor Wat
and Angkor Thom. Pedestrian survey defined the area
around the Bangkong village as an important ceramic
production site of this medieval Khmer capital. The kiln
site is situated on an alluvial plain alongside a small
river. The kilns are either very shallow mounds or com-
pletely flat surfaces covered by ceramic scatter and little
vegetation, therefore difficult to distinguish from their
surroundings. On the opposite side of the Roluos River
(the entry to the developed site is at 389982 E, 1479938
N, WGS84, UTM Zone 48N) 37 potential kilns were
identified in an area of approximately 1500 m x 500 m,
now known as Bangkong kiln site, (also referred to as
Vakan or Bakaong or Bankaong, Tabata 2007: 63). The
sheer number and dense concentration of kilns shows

that Bangkong once was an important ceramic produc-
tion site. Radiocarbon dates from recent archaeological
excavation has identified its time of operation as con-
temporary to the early-Angkorian capital of Hari-
haralaya (sometimes referred to as Hariharalayapura),
which lies 5 km to the south on the same stream, its
temple enclosures today known as the Roluos Group
(see Figure 1).

In 2007 it was discovered that several kilns had been
demolished by new landowners, leaving less than half
of the kilns in good condition, while a large number had
been either partly damaged or completely destroyed.
This led to a large-scale investigation by APSARA, the
Authority for the Protection and Management of Ang-
kor and the Region of Siem Reap. Pre-empting the
complete destruction of the kilns, ground surveys were
conducted to establish a site inventory regarding their
location and condition and clarify their time of use.
Targeted excavations were carried out as well to under-
stand the kiln structure and recover ceramic samples.

As part of this operation, four of the southern-most
kilns, under direct risk of destruction, were investigated
using ground-penetrating radar (GPR). Each of the sites
was chosen for its state of conservation. The intent of
the GPR survey was to provide additional evidence to
the surface scatter of ceramic sherds, to clarify that
these sites had once been kilns. Building on earlier
successful GPR surveys, the plan incorporated mapping
soil changes that could determine the extent of the
mound, and measure the extent and depth of any fire
box and ware chamber.

Considering the advantage that fast and non-
destructive geophysical prospection holds for analysing
archaeological sites, geophysics is still underrepresented
in the investigation of Cambodia’s past. GPR surveys at
Angkor, targeting a wide number of archaeological
issues through the years 2007-2012 have been success-
ful regarding the water management (Sonnemann
2012a), buiding remains (Sonnemann 2012a), furnaces
(Hendrickson et al. in press), and state the necessity for
a geophysical data base (Sonnemann in press). One of
the surveys concerns the analysis of ceramic kilns (an
overview can be found in Sonnemann 2011).

This paper gives a brief summary on the archaeolog-
ical work on Khmer kilns and introduces the methods
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applied, demonstrating the possibility of GPR surveys
to determine a number of characteristics of Cambodian
kilns.

RESEARCH ON KHMER KILNS

The study of ceramic kilns has provided important in-
formation on the development of the medieval Khmer
culture in Cambodia. Ceramic sherd concentrations are
evidence for settlements in the Angkor region; their
classification serves to distinguish periods of occupa-
tion and decay. Kilns store extensive quantities of ce-
ramics of the same time period. Their analysis has im-
proved historic knowledge on Angkorian ceramic ty-
pology and chronology, and shed light on the process of
production.

Khmer kiln sites at Anlong in the Kulen Hills to the
northeast of Angkor were mentioned as early as 1901
by Aymonier (1901: 414). Khmer ceramics has been
studied intensively, e.g. Brown 1973; Brown 1977,
Groslier 1981; Rooney 1984; Desbat 2011) for a long
period mainly focussed on ceramic objects from exca-
vations. Due to the political situation in Cambodia in
the 1970s - until the beginning of the 1990s, research on
Angkorian kiln sites was initially conducted in Thailand

Fiure 1: The location of Bankon Kiln Sitein regards to Angkor (Image Source: Microsoft Bing).
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(Silapakorn 1989; Guy 1989: 15; Barbetti and Hein
1998). In Cambodia the investigation of kilns was be-
gun by Sophia University (Japan) in the 1990s, in col-
laboration with the Cambodian APSARA Authority
(Aoyagi et al. 2000: 235-253). More recent excavations
of Khmer kilns at Thnal Mrech, also known as Anlong
Thom (Miksic et al. 2009; Tabata 2008) in the Kulen
Hills have unearthed a large quantity of ceramic materi-
al. With the application of modern analytic techniques,
elemental analysis of the material and radiocarbon da-
ting, the studies have provided clues to the process of
ceramic production, and have shed new light on the
chronological order of Khmer ceramic sequences, and
the development of Khmer culture (Darith 2010: 220).

In 1996, two kilns at Tani, located 40 km northeast
of the centre of Angkor near the Kulen hills, were sur-
veyed using geophysical techniques: magnetometry as
well as GPR (Aoyagi et al. 2000) conducted by
Nabunken Institute, Japan (Nishimura 2000, Nabunken
2001). Their magnetometry data shows the strong
anomaly that defines a kiln site, while the GPR shows
extent and structure of the fire box under the kiln
mound, which indicated a successful outcome of the
following study.
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The Bangkong Kiln Site

The Bangkong kiln site was discovered in 1995 when a
road alongside Roluos River was widened, and a bull-
dozer cut through one of the kilns (pers. com. Chris-
tophe Pottier, who investigated the site in 1998). When
a survey by APSARA personnel in 2005 investigated
the area again, several other kilns were discovered. The
following remote sensing and field walking campaign
has mapped so far a total of 37 kiln sites (Miksic and
Chhay 2010: 11). They have been catalogued as BKO1
to BK37, according to their discovery, and were includ-
ed in APSARA’s GIS of archaeologically relevant sites
(Table 1).

Table 1: Overview of work activity at Bangkong kiln site.

Year  Archaeological research activity at Bangkong kiln site
1995  Site discovered

1998  Site surveyed by C. Pottier

2005  Preliminary site survey by APSARA personnel

2007- Remote sensing & field walking campaign by R. Chhay
2009

Jan. Excavation & dating by Osaka-Ohtani/APSARA
2008

Dec. GPR survey by T.F. Sonnemann and R. Chhay
2008

Nov. Planned test pits

2014

Five kilometres further south, King Indravarman I
established in the 8-9™ century his political centre Hari-
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haralaya at at the fertile but bi-annually fluctuating
shore line of the Tonle Sap lake (Jacques and Freeman
1997: 62). To have a constantly running water source, a
river was partially diverted at the hill of Phnom Bok
and directed south. The channelled stream, today known
as Roluos River, became the main water source for the
early Angkorian capital, which remained an important
secondary centre when, in the 9" century, a new capital
was built to the northwest in the Angkor area (Penny et
al. 2006). The reliable supply of water may have been
the reason for establishing the ceramic production at
Bangkong.

The kilns at Bangkong differ strongly in appearance
from other Angkorian kilns. They are barely raised
above the ground, compared to the several meter high
mounds of Tani. The ware chamber of these kilns may
have been dug into the sandy soils of the former river
bank. Many kilns are only evident due to an increased
ceramic distribution on site, or a change to a lighter soil
colour. Less vegetation indicates a dried and hardened
clay surface at a number of sites.

In conjunction with Osaka-Ohtani University, the
APSARA’s Department of Preventative Archaeology
performed a rescue excavation of kilns BK15 and BK16
in January 2008 (Darith 2010: 25) to salvage some of
the ceramic material (Miksic and Chhay 2010: 11). The
excavation demonstrated that the majority of the kilns
were used to produce stone ware. Only BK16, a kiln
structure fired at very low temperature, possibly pro-
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duced earthenware. However, as their form is similar to
the analysed stoneware, there is a possibility that the
ceramic associated with the kiln is underfired stoneware
(Chhay 2009). AMS radiocarbon dating from charcoal
samples of kiln BK15 (1107 + 20 BP) and BKO06 (1214
+ 23 BP) produced dates of the mid-8" to the end of the
10™ century (Miksic and Chhay 2010: 11, APSARA
Authority 2010: 14, Osaka Ohtani University 2011: 78).
Thus the Bangkong archaeological site represents some
of the oldest kilns in the Angkor region identified to
present day.

Kiln site under threat

The kilns are located in the second protection zone of
the Angkor Archaeological Park, a UNESCO World
Heritage site. In the 1990s, when other kiln sites were
heavily looted (Miksic and Chhay 2010: 8), the Bang-
kong kilns may have been over looked due to their
particular characteristics, blending into the landscape.
However, the progression of development plans of the
Siem Reap provincial government has advanced large
scale construction close to the site. Land has been
bought by new owners, who try to increase the property
value by flattening the small mounds found on their
land. A drainage canal was dug through the kiln area to
avoid flooding of the new development zone (Chhay
2009). In addition, the Roluos River sand deposits pro-
vide easily accessible building material for the booming
Siem Reap town. At the time of the survey, field map-
ping by Chhay indicated that of 37 kilns discovered (see
Figure 2), only 17 were in good condition, while the
other kilns had been damaged or were completely de-
molished.

This fast rate of destruction led to a combined ar-
chaeological investigation of the remaining kilns, de-
tailed GIS mapping, and excavations (Miksic and
Chhay 2010: 11) to establish a site inventory, and re-
cover a considerable amount of ceramics. The GPR
survey has supported these efforts to further determine
the extent of the archaeological resources, to be able to
safeguard the remaining archaeology (Sonnemann and
Chhay 2008).

ARCHAEOLOGICAL PROSPECTION AND KILNS

The potential of non-invasive geophysical research on
kilns had initially been demonstrated by magnetome-
ters. Particularly for the detection of ceramic kilns,
magnetometry is possibly the most utilized method
(Houghton, 1991; Gaffney et al. 2000; Nishimura 2009;
Kamei et al. 2000). The technique can identify a kiln,
particularly the fire box, due to the strong magnetic
anomaly that is produced by the high temperature burn-
ing of the kiln. At the time of firing, the temperature is
raised above the Curie point of particular clay elements,
resetting the magnetization when cooling down. The
induced thermoremanent magnetization in the hardened
clay walls or remaining ceramic sherds produces a
strong magnetic dipole anomaly (Basavaiah 2011: 294).
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Since the areas at Bangkong kiln site had been iden-
tified previously, ground-penetrating radar (GPR), a
well-established technique in archaeological prospec-
tion (Conyers 2012; Goodman and Piro 2013), was
chosen for this survey to produce further information on
the interior. The system consists of a shielded radio
antenna that signal into the ground, of which parts are
reflected when reaching a feature with different elec-
tromagnetic properties (ground composition or condi-
tion), until the signal attenuates and disperses. These
reflected return signal parts are received by a second
antenna and recorded according to time of arrival.
When the instrument is moved forward, the combined
signal returns produce a vertical image of the subsur-
face, a radargram.

Particularly the 3-dimensional visualization (Good-
man et al. 1995) of parallel running, interpolated GPR
profiles is an advantage over other geophysical meth-
ods. The combination of horizontal and vertical infor-
mation into a data cube make it the most versatile tech-
nique in archaeological prospection. Successful survey
outcome, however, strongly depends on soil composi-
tion and condition. At Angkor, GPR has been success-
fully applied to investigate the depth and extent of
channels, and to identify masonry structures and pro-
duction sites (Sonnemann 2011). Kilns, due to their
particular structure and attributes, such as a burned,
often collapsed, ware chamber, provide a number of
features that should reflect the GPR signal. The tech-
nique has been used successfully on kilns in Japan
(Goodman et al. 1994; Nishimura 2009).

The Survey at Bangkong

From the area that was mapped in the GIS survey
(Chhay 2009), four kilns were chosen for investigation
which were particularly close to the construction area.
Each kiln was in a different state of preservation (see
Figure 3): BK13, cut off at one side, showed an exposed
ware chamber and was used as a reference to evaluate
the results of the other kilns. BK12 had been partly
destroyed but there was evidence that the ware chamber
remained undisturbed. The area of BK14 had been
completely bulldozed, so the intention was to search for
potential remaining subsurface features. BK26 repre-
sented a site where a kiln was expected based on the
visible change of soil properties and ceramic distribu-
tion (see Table 2) (Sonnemann 2011: 301-303).

While the kilns were made of the same material as
the surrounding soil, the burned and hardened clay
structure of the kilns was expected to return a strong
signal reflection. Based on previous investigations of
kiln sites by GPR, this method’s potential was to identi-
fy and rapidly map the subsurface features of the sites,
with intent to measure extent, depth & possibly the
slope of the ware chamber. The survey was performed
in December 2008, using a 250 MHz antenna, favouring
depth over higher resolution. Five grids were laid out,
four covering the complete extent of the kilns using 0.5
m line spacing and 30 mm increment, with a signal
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Figure 3: GPR surveys at kiln sites: (A) Area of BK13. (B) Area of BK14. (C) Partly destryed, and visibletansect of kiln of BK12.

(D) The area marked as BK26.

Table 2: Surveyed kilns, their state of preservation, as well as
archaeological evidence that was found prior to the survey on

the surface.
No Potential Preservation Visible evidence
BK12 potential Partly destroyed small pot green
kiln glaze ceramic on
site
BK13 kiln visible Partly destroyed  top of  ware
chamber exposed
BK14 potential Bulldozed only sherds, no

kiln structural evi-
dence on surface

potential Undisturbed soil change and

kiln quantity of ceram-
ics

BK26

return time of 63ns, while an additional small grid was
laid over the ware chamber of BK 13, using 250 mm line
spacing for a more detailed analysis. Migration revealed
a mean soil velocity of approximately 0.11 m/ns. The
flat ground surface of the kilns made topographic cor-
rection for the interpretation unnecessary.

Before analysing the data, a number of processing
steps were applied. A hyperbola fitting estimated a
signal velocity of 0.1 m/ns. The direction of every sec-
ond radargram was corrected, background noise re-
moved and a manual gain curve applied. The data was
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sliced in depth slices of about 200 mm, and gridded at
0.1m resolution using a .75 m search radius.

DISCUSSION

The processing of the data with the software GPR Slice
revealed sizes and structures of several kilns. Strong
reflections were associated with the hardened walls of
the original kiln mound, as shown in the radargram of
BK13 (Figure 4), and visible in the grids as an oval of
15-20 m, as well as a ware chamber of about 6-7 m
length, with the lowest part at about 1500-2000 mm
depth. All identified ware chambers are of longitudinal
appearance and have similar dimensions (see Figure 5).
The structure appears similar to what had been meas-
ured by GPR and later been excavated at Tani (Aoyagi
et al. 2000). There is no particular orientation of the
ware chambers.

Kiln BK13

Within an area free from vegetation the top of the walls
of an open ware chamber were exposed on the surface.
Clear evidence of a kiln suited the survey for compari-
son with the other areas. The GPR survey measured the
actual extent of the kiln area (dotted oval). Round fea-
tures, equally spaced (3 m apart) and of about 1 m di-



SONNEMAN & CHHAY: NON-DESTRUCTIVE GPR ANALYSIS OF THREATENED ANGKORIAN CERAMIC KILNS AT BANGKONG, SIEM
REAP, CAMBODIA

om

5 10 15
Figure 4: GPR profile of kiln BK13. White arrows mark the side walls, the dotted lines mark the extent of the ware chamber.

a19: 194-206cm al11: 210-230cm

15

i P ~
| = y - | !‘.\.

OOm 5 ‘IIO 15 20 m WS

U:.

3

Om 5 10 15
Figure 5: Comparison of the size and state of preservation of the ware chambers (A) BK13, (B), BK14, (C) BK12 (D) BK26
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Figure 6: The oval shaped kiln BK13 displayed asiso-surfaces. Marked are the outer walls (dotted oval) and ware chamber (line).

ameter, surround the ware chamber. Those demarca-
tions are only visible in the top meter of the kiln. Addi-
tionally, the size (~5 m x 2 m) and depth 2.25 m of the
ware chamber was mapped, as it is displayed in the iso-
surface of Figure 6. Strong signal returns resulted from
the hardened walls of the kiln, which are interrupted by
areas more prone to signal penetration. There was evi-
dence of the fire box as a strong parabola-shaped reflec-
tion on the radargram showed on the long side of the
mound walls. The slope of the ware chamber was to
some extent visible but too difficult to measure precise-
ly, which would have been needed for a comparison
with the excavated Tani Kilns.

Kiln BK14

A change in surface soil colour to a light grey, a small
amount of ceramic sherds and less vegetation was the
predominant attribute to mark this area as a kiln site.
The area had been bulldozed before the survey and
showed no structural trace on the surface. The GPR
survey detected no clear evidence of a similar ware
chamber as in BK 13. However, the northern part of the
grid indicates remains of the U-shaped walls of one
extent of the ware chamber, which may be part of the
oval shaped kiln. The strongest reflection at 2 m possi-
bly shows the bottom part of the fire box.

Kiln BK12

This partly destroyed kiln, of which about a quarter had
been bulldozed, allowed the investigators to see the
profile of the structure, but no evidence of the chamber
remained on the surface. The survey showed that the
ware chamber to the west, a rectangular feature cover-
ing 3 m x 5 m still existed at least partly. The extent of
the kiln is unclear, but some stronger reflections, possi-
bly hardened earthen walls, could define the limit of the
clay mound.
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Kiln BK26

A kiln site that is possibly undisturbed was covered
with stone rubble at the time of the survey. Nevertheless
the signal showed good penetration depth, revealing the
approximately 2 m wide and 5 m long ware chamber at
a depth of 1.8 m facing northwest. Its 0.5 - 0.8 m wide
walls are very clearly distinguishable from the interior
which appears to have collapsed in the centre. A light
reflection defines the complete kiln, of about 11 m
diameter.

Table 3: The potential for kiln investigation by GPR is shown
in briefin this table to compare the success at the different
sample sites.

Kiln Extent  Ware chamber: Fire Box: Slope
of kiln Extent Depth visible:

BK12 X X X -

BK13 X X X X

BK14 - - X -

BK26 - X X -

As the summary of the surveys illustrates (see Table
3), none of the surveyed kilns contained the complete
combination of features. With some previous idea on
what to expect as a result, however, already the first two
of four types of evidence, (1) extent of the kiln or (2)
ware chamber, (3) depth of fire box, or (3) slope of the
ware chamber, could classify an area of ceramic scatter
as a former kiln, to mark it for protection or rescue
excavation.

The GPR survey has served as an effective, non-
destructive technique to investigate these shallow, non-
masonry clay mounds. The technique has presented
clear evidence of a potential kiln site that is not easily
distinguishable from its surroundings on the surface. In
comparison to magnetometer surveys, which can identi-
fy the firing chamber, and possibly the ware chamber,
the GPR technique has proved successful in clarifying
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the extent of the complete kiln by distinguishing the
disturbed earth that covers the ware chamber from its
surrounding. When comparing the results with the GPR
data from the Tani survey in the 1990s, where the fire
box was detected but no wall thickness or slope meas-
ured, an expected, but still enormous improvement in
detail and visualization can be determined. If the ware
chamber of a kiln had remained intact or in existence,
its outline, working direction, and depth could be meas-
ured. Particularly the 3D visualization of kiln BK 13
shows the possibilities to investigate this type of struc-
ture with a non-destructive method, making a complete
excavation to determine the size and extent nearly un-
necessary. Clear outlines of the chamber walls in all
four kilns were determined, easily distinguishable from
the sandy soil of the surroundings. The slope however,
was only visible in the data of BK 13. Wherever the
dimension of the ware chamber was determined, it
showed a length of approx. 5m, and width of approx.
2m as well as walls of 0.5 - 0.8 m thickness. These
structural attributes were, considering the shallow built-
up, similar to the excavated kilns at Tani. With addi-
tional knowledge about the interior structure, such as
wooden poles supporting the kiln roof as shown in ex-
cavations of other kilns (Aoyagi et al. 2000: 235-253;
Miksic et al. 2009; Tabata 2008), the probable structure
of the Bangkong kilns can be schematically modelled
(Figure 7).

Figure 7: Schematic plan of the kiln type at Bangkong as
cross-sectional view (top) and 398 from above (bottom), in
accordance to the plans of Tani by Aoyagi et al.. (2000), with
the circular mound, the cylindrical ware chamber and the fire
box in red.

As often in applied geophysical techniques, the GPR
survey was very dependent on the soil composition.
Possibly because of the high clay proportion of the soil,
the GPR survey could not identify the extent of all four
kilns. Most of the area north of the kilns was once cov-
ered by rice paddies. The annual flooding in the mon-
soon of the river may have regularly covered the low
mounds with the fertile soil, which becomes hard when
it is not exposed to moisture. This cover could have
severely attenuated the radio signal (Nakamura 2009:
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227), leading to lower signal penetration depth and
lesser resolution. However, at Angkor often better sig-
nal penetration depth was received in moist environ-
ments, where the clayish soil had been waterlogged due
to a high groundwater level, or the survey passing a
pond or rice-fields, while in dry areas the hardened soil
was often impenetrable for the GPR signal. The results
of the survey over this very hard and dry soil can there-
fore be seen as a success.

CONCLUSION

The survey at the kilns at Bangkong, conducted in com-
bination with field walking and excavation, shows the
necessity to improve the safeguarding of non-structural
archaeological remains and particularly production sites
in Southeast Asia. Since 2009, the construction devel-
opment has halted in the kiln area, and until now (as of
August 2014) no further kiln has been destroyed. Re-
gardless of this, as a result of the combined research a
number of kilns were marked as archaeological features
in a heritage database to prevent their destruction. With
the potential to investigate these kilns further by sys-
tematic excavation, the information gained from this
type of small area GPR survey helps to define the size
of the excavation area, and therefore leaving a smaller
archaeological footprint. Testpits will be conducted in
November 2014 for a number of Bangkong kilns, in-
cluding the described ones, to validate their existence.
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