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ABSTRACT Anthropological studies on burnt bones revealed patterns by which the nature of archaeological
cremation cases can be hypothesized. However, there have been very few histological analyses performed on
cremated bones obtained from archaeological sites in East Asia. The researchers, therefore, endeavored to isolate
the heat-induced changes in Late Silla Kingdom bones that probably had been subjected to post-mortem cremation.
When the researchers examined the bone samples by S-4700 scanning electron microscope (SEM), color changes
in the bones were observed, showing that the cremation temperature might have reached a high level. By the
detailed SEM study on bony microstructure, the researchers estimated that the temperature in one case (Gangneung)
reached about 800°C and in another (Pyeongtaek), possibly as high as 1000-1400°C. The histological nature of
ancient cremated bones in Korea is revealed for the first time ever in the present study, by which the cremation
temperature of them could be successfully estimated.

INTRODUCTION
The recent strides made in burnt-bone research have both enriched and sharpened the
scientific interpretation of cremation in human
history. Even the highly-sophisticated researches such as a DNA or stable isotope analyses
have been successfully performed on the burnt
bones from archaeological sites, nowadays,
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(Pusch et al. 2000; Harbeck et al. 2011). Nevertheless, many key issues relating to crematedbone samples discovered in the archaeological
field still require clarification by anthropologists.
In fact, the researchers must acknowledge that
simple observation of heat-induced color changes cannot reveal every aspect of past cremation,
as there is considerable color variation under
different cremation conditions (Spennemann et
al. 1989).
Ultra microscopic study by scanning electron microscopy (SEM), therefore, is crucial to
researchers studying the nature of archaeologically obtained burnt bones. Heat-induced changes actually are very dramatic under SEM, even if
macroscopic examination does not show the telltale changes in color, the shrinkage, or the frac-
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turing and distortions (Holden et al. 1995). SEM,
thus, has been applied over the past several years
for in-depth study of heat-damaged bones or
teeth (Holden et al. 1995; Bonavilla et al. 2008;
Ubelaker 2009; Absolonova et al. 2012; Amadasi
et al. 2012).
Post-mortem cremation is a long-established
cultural practice in East Asian countries. Whereas many societies and individuals have followed
Buddhist funeral rites in this regard, many others have observed traditions more characteristic
of each country. Korea is no exception in either
respect. However, whatever the cultural background behind historical cremations in East Asia,
we must note that there have been very few scientific studies on cremated bones found in those
countries, despite the abundance of such information accumulated. Recently though, we had
the opportunity to examine two cremated-bone
cases dating to the Late Silla Kingdom (8th–9th
century CE) in Korean history. As no data of this
sort has yet been reported from any East Asian
country, a scientific study on the historical cremated bones in Korea must be important for concerned forensic anthropologists to examine similar cases burnt under similar circumstances. It
will doubtlessly prove useful to anthropologists
interested in historical cremation within shared
or similar funeral traditions.
Objective of the Study
The nature of ancient cremated bones in
Korea is studied by scientific method for the first
time, by which the cremation temperature of ancient times in East Asia could be successfully
estimated.
MATERIAL AND METHODS
Both cases were of human bones that had
been burnt in ancient cremation rites. The Gangneung (Ipam-dong) case involved bone fragments discovered in an earthenware cinerary urn.
Based on its typology, it is likely that the urn
was buried between the 8th and 9th centuries. The
second set of fragments, also in a cinerary urn,
was discovered in Pyongtaek (Dogok-ri), a midwestern county in Korea. Many burnt-bone fragments were collected in both cases (Fig. 1).
Where possible, the cremated bones were
reconstructed prior to the anthropological examination. According to the duplication of skeletal

elements and indications as to size, age and sex,
we endeavored to determine the minimum number of individuals (MNI). The age at death was
estimated by reference to the diaphysis size, the
cortical bone thickness of long-bone diaphysis
and/or cranial vault, and the degenerative changes of the joint surfaces and enthesis sites. The
sex was estimated based on the standard morphological criteria (Buikstra and Ubelaker 1994).
The researchers also studied the bone fragments’
size and color and the post-cremation manner of
fragmentation, following the method of Subirà et
al. (2011).
After the researchers sorted the burnt-bone
types from each cinerary urn, they performed
SEM examinations based on the methods of
Hayat (1970) and Bozzola and Russell (1992). The
samples had been pre-fixed by immersion in 2%
paraformaldehyde / 2.5% glutaraldehyde in neutral 0.1 M phosphate buffer, and post-fixed for 2
hours in 1% (w/v) osmic acid dissolved in phosphate-buffered saline (PBS). They were next treated in a graded ethanol series and isoamyl acetate, dried in a critical point dryer (SCP-2, Hitachi, Japan), and Pt-Pd-coated using an anion
coater (E-1030, Hitachi, Japan). The samples finally were observed under S-4700 SEM (Hitachi,
Japan).
During the SEM examination, the researchers
also measured the bone-crystal sizes. For the Gangneung case, the hexagonal-crystal size was measured in three different areas of the bones. They
measured 17 to 22 crystals in each area, and calculated the means and standard deviations. In the
same manner, they measured the hexagonal-crystal (n=27) sizes for the Pyeongtaek case.
RESULTS
General Features
It was found that the bone fragments, rendered fragile possibly by their combustion, had
been piled up randomly in various sizes in cinerary urns during the period of the Late Silla Kingdom (Fig. 1). The burnt bones showed deep longitudinal fractures, transverse cracks and a certain range of shrinkage in the long-bone diaphysis. The majority of the fragments were calcined
with some white and grey spots.
Gangneung Case
The skull was fragmented and somewhat
shrunken by cremation. The intact postcranial

Fig. 1. Information on cremated human bones examined in this study. (A) The area (red dots) where the cremated bones were discovered.
Upper row (A to C): Gangneung case. Lower row (D to F): Pyeongtaek case. (A) and (D): the earthenware in which the cremated bones were
found. (B) and (E): Inside the earthenware, the cremated bones were observed. (C) and (F) The collected cremated bones.
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remains were limited to both sides of the talus,
hand bones and foot bones. Those with fractures and/or missing pieces included the scapula, the right humerus, the right radius, the right
femur, both sides of the tibia and fibula, some
pelvic fragments and vertebrae mainly of the lower
thoracic and lumbar regions. The majority of the
long bones also showed patterns of fracture and
distortion.
Interestingly enough, the researchers found
duplications of the atlas and fibular distal end.
The co-mingled bones were mainly those of
adults; some, probably those of a child or adolescent, also were identified. The child/adolescent bones were postcranial, and included the
diaphysis of the long bones. the researchers,
thus, concluded that this Gangneung case contained the cremated bones of at least two different individuals.
In the case of the adult bones, the researchers could estimate the sex and age. Briefly, the
shape of the pelvic bone indicated that the individual was most likely to have been a female. At
the time of death, she probably was in at least
her 30s, judging from the degenerative changes
of the supracondylar line in the right femur.
Pyeongtaek Case
In this case, badly fragmented skulls and
postcranial bones again were identified. Unlike
the Gangneung case though, there were no evident duplications; accordingly the researchers
concluded that, these bone fragments originated from only one individual. In the skull vault
fragments, porotic hyperostosis was observed.
The postcranial bones included a fragmented
radius and fibula as well as the diaphysis and
the distal end of the humerus diaphysis. The fragmented bones were seriously distorted and
showed spiral cracks in the diaphysis. Among
the dental remains, the researchers observed only
the root of a maxilla molar and the crown of a
maxilla incisor, along with some other fragments.
Such a poor preservation status in this case made
our bony-indicator-based estimations of sex and
age very difficult.
The only tentative conclusions that could
be drawn from this Pyeongtaek case were that
the individual might have been an adolescent,
judging from the attrition pattern on the crown
of the maxilla incisor. This speculation was further supported by the size of cranial vault bones

and the thinness of the diaphysis cortical bone.
the researchers also noted a small number of
animal bones in this case.
SEM Findings
In the SEM results, we could find no evidence of collagen fibers in any of the cremated
bones. The Harversian canals and osteocyte lacunae had retained their integrity in both cases.
As for the lamellar structure of osteon, the Gangneung bones showed weak osteon patterns,
whereas those in the Pyeongtaek case had not
maintained any. The magnified images in both
cases revealed that most of the fracture surfaces were covered with newly-formed bone crystals (Fig. 2). These bony changes, possibly
caused by high temperature, were observed both
on the Harversian canal walls and fractures: specifically, various ultramicroscopic patterns suggestive of the disintegration process resulting
from heat damage (for example, lifting, shrinkage and splitting), were evident on the endosteal
surface (Figs. 3A to 3C).
Re-crystallization was widely evident for all
of the cremated bones; however, the crystal type
differed between the two cases. In the Gangneung samples, most of the crystals showed hexagonal patterns of similar size (Figs. 3D, 3E). The
average sizes of the crystals in the three different areas measured were 349.50 ± 50.99 nm,
342.76 ± 46.40 nm, and 396.72 ± 76.07 nm, respectively. In the Pyeongtaek samples meanwhile,
there were many different types of crystals mixed
together in the same area. The hexagonal pattern (mean size: 390.70 ± 87.43 nm) was not the
major type; rather, most of the crystals were irregular types (for example, tetragonal or irregular morphologies). Even new-type crystals of
rhombohedral morphology appeared in this case
(Figs. 3F-3H). Fusion of crystals also was observed (Fig. 3I).
DISCUSSION
Irrespective of their historical and cultural
significance, burnt bones discovered at archaeological sites in Korea and in the other East Asian
countries have received relatively little scholarly attention. One of the few exceptions is a pioneering study focusing on a cinerary urn dating
to the Late Silla Kingdom. Kim and Kim (2005)
postulated that their burnt-bone samples might
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Fig. 2. Scanning electron microscope (SEM)
results on (A to E) Gangneung and (F to I)
Pyeongtaek samples. (A) and (B) Osteocyte
lacunae (indicated by arrows) are scattered in the
burnt bone. Harversian canal (indicated by
asterisks) could be clearly seen. (C) and (D)
Lamellar structure is still observed in Gangneung
bones. Lacunae indicated by arrows; Harversian
canal indicated by asterisks. (E) On higher
magnification, crystals were dispersed on the
fracture surface. (F) to (H) In Pyeongtaek case,
Harversian canals (asterisks) and lacunae
(arrows) are clearly observed. Lamella structures
were not evident. (I) On higher magnification,
crystals were dispersed on the surface. Scale bars:
(A) to (C) and (F) to (H) 200 um; (D) 50 um; (E)
and (I) 20 um.

Fig. 3. The changes on the Harversian canal walls,
possibly caused by high temperature. (A)
Shrinkage and splitting is present on the endosteal
surface of canal wall. (B) The crystals formed by
re-crystalization process were found on the canal
wall surface. (C) Lifting (indicated by arrows) is
seen on the Harversian canal wall. (A) and (B) for
Gangneung; (C) for Pyeongtaek.
Re-crystallization observed in (D and E)
Gangneung and (F to I) Pyeongtaek bones. (D)
and (E) Most crystals found in Gangneung bones
are hexagonal. (F) to (H) Different types of crystals
were found in Pyeongtaek case. Crystals of
spherical, hexagonal, tetragonal, rhombohedral
and irregular types were mixed in the same area.
(I) Crystal fusion could be also observed (indicated
by asterisks). Scale bars: Scale bars: (A) and (B)
20 um; (C) 100 um; (D) to (I) 2 um.

have been subjected to very high (above 1,200°C)
temperatures, possibly in a process of cremation. Certainly, fracture patterns and changes in
bone color are known signs of cremation (Subira
et al. 2011; Van Vark 1970). However, the researchers also admit that temperature estimation based
only on gross morphology can only be very tentative, because it is known to be variable case by
case and according to environment (Spennemann
et al. 1989).
In the current study, the researchers performed a gross examination on cremated bones

from the Late Silla Kingdom (8th–9th century CE)
in Korean history. The researchers, fortunately,
were able to obtain invaluable scientific information simply from the morphologies of the cremated bones. In the Gangneung case, they found
evidences that the bones might not have been
originated from a single individual but rather from
a child/adolescent/adult (female) combination, or
in other words, at least two individuals. Why the
cremated bones of two (or more) different persons were buried together in a single cinerary
urn remained a mystery to the researchers.
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In a previous report, considerable warping,
transverse and curvilinear fracture patterns were
regarded as typical signs of cremation (Ubelaker
2009). The study on the Late Silla Kingdom
bones likewise revealed deep longitudinal fractures, many transverse cracks and a range of
shrinkage in long bones. Also pertinent is the
fact that white fragments in burnt bones increase
in number with longer heat-exposure time (Fairgrieve 2008; Ubelaker 2009; Van Vark 1970). Most
of the bones in our Gangneung and Pyeongtaek samples were calcined fragments with white,
grey-blue or grey spots (Fig. 1). These discolorations indicated that the temperature to which
the bones had been subjected might, by the standard of Subira et al. (2011), have been at least as
high as 650–700°C; or above 500°C by the standard of Absolonova et al. (2012).
Notwithstanding all of the scientific clues to
cremation temperature, the researchers were able
to obtain for the cases; the researchers did not
have any ideas on how high the temperatures
were. For reasonably accurate estimation of the
exact cremation-temperature ranges operative,
the researchers turned to SEM. In fact, scientists know that the ultramicroscopic patterns of
bone morphologies are closely correlated with
each temperature range attained during cremation. Using SEM patterns, therefore, researchers
have estimated cremation temperatures (Holden
et al. 1995; Absolonova et al. 2012).
For instance, SEM study has clearly established that no organic component of bones can
survive temperatures above 400°C (Holden et al.
1995). Other SEM results have confirmed that an
organic portion of burnt bones (for example, collagen fibril) was completely consumed at 400°C
(Koon et al. 2003). This finding supports Herrmann (1977)’s position that perfect cremation,
which is to say the complete combustion of all
organic materials, can be achieved at a heat of
700–900°C. Considering these and this study’s
SEM results together, the cremation temperatures
in this study’s cases, in which no remnant organic matter could be observed, must have
reached higher than 400°C at the minimum.
The present results are consistent also with
previous SEM reports showing that heat-induced
morphological changes always accompanied
crystal formation within the 600–1400°C temperature range. In Holck’s study (1986), small spherical crystals began to be observed in burnt bones

at 600°C, and at temperatures between 800 and
1400°C, hexagonal-type crystals predominated.
In studies of Holden et al. (1995), Jarcho et al.
(1976) and Asada et al. (1987), the sizes of bone
crystals grew as temperatures rose. Holden et al.
(1995) discovered that hexagonal-type crystals
that were 0.30 ± 0.05 mm at 800°C had increased
to 1.2 ± 0.10 mm at 1200°C. It is also known that
within the 1000–1400°C range, not only do crystals fuse, but various other types (for example,
rhombohedral, rosette-lie, and irregular morphologies) emerge (Holden et al. 1995).
Since this study’s results showed crystals
throughout all of the bones, they considered that
the temperatures could have reached 600–
1400°C, though the exact levels might have differed in each case. First, as for the Gangneung
bones, most of the crystals were of the hexagonal pattern. Given their sizes (for example, 349.50
± 50.99 nm, 342.76 ± 46.40 nm, and 396.72 ± 76.07
nm), the temperature attained, based on the findings of Holden et al. (1995), must have been about
800°C. Another helpful finding in the Gangneung case was the lamellar pattern. Holden et al.
(1995) discovered that this pattern in burnt bones
was lost at 800°C due to rapid crystal growth.
Since we could confirm, on the basis of the ultramicroscopic images of the Gangneung bones,
that the lamellar pattern remained, the cremation
temperature must not have ranged higher than
800°C.
Likewise, in the Pyeongtaek case, the ultramicroscopic evidence was very suggestive as to
cremation temperature. First, the crystal patterns
observed were much more variable in shape and
size than in the Gangneung case. In the same
bone fragments, various types of crystals, spherical, tetragonal and atypical patterns, additionally to hexagonal ones, were mixed together. This
means that the temperatures might have ranged
as high as 1400°C (that is, 800–1400°C).
In addition, in the Pyeongtaek case, unlike
the Gangneung case, the researchers could find
no lamellar patterns in the ultramicroscopic images, which also implicated cremation temperatures significantly higher than 800°C. Crystal
fusion furthermore, which is another very suggestive clue to cremation temperature occurring
between 1000 and 1400°C (Holden et al. 1995),
was also observed. Therefore, it seems very likely that the cremation temperature in the Pyeongtaek case was actually within that range.
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Still the other clues to temperature are the
morphological integrities of Haversian canals and
osteocyte lacunae. In general, microstructures
in the bones were known to be maintained at the
temperature of 1000°C. However, each microstructure in burned bones was difficult to be identified and differentiated from each other. At the
same temperature, the only microstructures that
could be reliably identified were the intact osteons and the Haversian canals (Absolonova et
al. 2012). According to Holden et al. (1995), Harversian canals and osteocyte lacunae are maintained at temperatures as high as 1400°C, but
when subjected to temperatures of 1600°C or
more, they completely disappear as the results
of total melting and subsequent recrystallization
of bone minerals on cooling. In the Pyeongtaek
case, Harversian canals and osteocyte lacunae
were clearly evident under SEM, which means
that the cremation temperature did not exceed
1400°C. Taken together, this study’s SEM results
indicate that the cremation temperature in the
Pyeongtaek case was as high as 1000°C (fusion
of crystals) but not higher than 1400°C (maintenance of Harversian canal and osteocyte lacunae).
From the anthropological, archaeological,
cultural or historical perspective, the researchers could not determine conclusively the heritage related to the style of cremation practiced in

Fig. 4. Buddhist cremation in Korea
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these cases. In fact, various cremation customs
have been performed within the different cultural traditions of the East Asian nations. Even so,
they could not completely rule out Buddhism,
particularly in light of the profound influence that
tradition has had in Korea.
Buddhist cremation rites as practiced throughout Asia disseminate from the recorded funeral
of Sakyamuni, the founder of the religion (Strong
2007). According to Mahaparinirvana Sutra, the
ancient Indian Buddhist script that documents
the final days of the Buddha, the founder’s body
was cremated on a pyre along with various kinds
of precious woods. His relics were collected after the cremation, to be enshrined inside Stupa,
his funerary mound (Gnanarama 1997; Sister et
al. 1998).
By the early first millennium CE, Jhapita, the
Buddhist cremation rite originating in India, had
been adopted by most of the East Asian peoples
(Fig. 4). Certainly, many high-ranking nobles,
monks and commoners have been cremated over
the course of Korea’s long history (Prebin 2012).
Regardless, as this archaeological data was not
sufficient, the researchers were not able to establish definitively that the current cremation
cases were Buddhist. For now, the researchers
will have to be satisfied with what they have
achieved thus far: the first scientific data on historical cremation in an East Asian country.

138

DO SEON LIM, EUN JIN WOO, JAE-HOON BAE ET AL.

CONCLUSION
By this SEM study on the burnt bones of the
Late Silla Kingdom period in Korean history,
we successfully estimated the cremation temperature of them. The current scientific study on
the historical cremated bones, the first report ever
performed in East Asia, is important for concerned forensic anthropologists to study cremation cases formed under similar cultural heritage.
RECOMMENDATIONS
Interdisciplinary collaborations are needed
for studies on the cremated specimens from the
archaeological sites in East Asian countries. The
researchers hope that, more information on the
burnt bones’ micro structural changes made by
ancient Buddhist cremation could be obtained
by future SEM analysis.
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