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Abstract

reconstruction of the events of the crime.

The normal burn pattern of bone color in humans described and illustrated by Symes and colleagues from
unintentional fires was compared to the burn patterns seen in two forensic cases from Texas and North Carolina that
involved the intentional burning of two victims. Heat altered bone exhibits a range of colors (e.g. white, blue-grey,
black, and yellow) from the highest to the lowest exposure of heat. In the Texas case, atypical burn patterns were
evinced by an asymmetrical burn pattern on the skull and lower body as well as by the predominantly calcined upper
body with a charred lower body. The thermal pattern seen on the body of the North Carolina victim was consistent
with a longer heat exposure to the trunk and left side of the body. In both cases, thermal damage did not obscure
per mortem blunt force trauma. The atypical burn patterns were diagnostic of intentional fires and contributed to the

Keywords: Forensic anthropology; Thermal trauma; Burn color
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Introduction

In the forensic analysis of contemporary burned human skeletal
remains anthropologists use a variety of analytical techniques to extract
information from bones and teeth to aid in the reconstruction of the
events surrounding the crime. Some of the techniques used include
gross and microscopic examination [1-22] as well as examination of
physical properties such as the total weight of cremains [23-31] and
chemical analyses of the organic and inorganic elements of cremated
remains and other trace elements found in burned bone and teeth [32].
Some analytical chemistry techniques include isotopic composition of
bone [33,34], x-ray diffraction [27], and inductively coupled plasma
optical emission spectroscopy (ICP-OES) [35].

Gross examination of burned bone and teeth may include:
bone and teeth color variations associated with thermal exposure
[5-7,9,10,14,18,20,21,23], distortion of burned bone and teeth
through shrinkage and warping [8,13,17,19] and fracture patterns [2-
4,12,16,18,23,36-38]. Microscopic examination and analysis involves
bone histology and the examination of fracture margins to aid in
the differentiation of taphonomic effects of thermal alteration from
perimortem trauma [1,13,19,39,40].

Symes and colleagues [23] suggest that under normal circumstances
when a body is totally engulfed in fire, “bodies will burn in a uniform,
recognizable pattern if all external variables are similar” [23] producing
a normal burn pattern. The normal burn pattern of a human body is
based on three conditions:

1) That the surfaces of the body are equally exposed to the fire,

2) Thatat the time of heat exposure the body s fleshed with minimal
progress in decomposition and

3) The body is in a position that will allow it to contract into the
pugilistic pose.

As a result of the contraction of the body into the pugilistic pose,
certain areas of the body (and underlying bone) are shielded from

heat exposure by the body’s soft tissue, while other areas experience
greater heat exposure. Therefore, the underlying bone will display a
recognizable color pattern that coincides with the amount or duration
and intensity of heat exposure. The color pattern is described in Table
1.

In crime scene cases involving burned human remains, bodies may
not meet the three conditions mentioned above that result in a normal
burn pattern; that is, body surfaces may not be uniformly exposed to
heat, the body may not be fleshed and the body may not be able to
contract into the pugilistic pose. Thus, when a body does not meet these
three conditionsa normal burn pattern on bone would not be observed.
In the two forensic cases presented, heat exposure to human bodies was
a component of both crime scenes with neither case exhibiting a normal
burn pattern. The atypical burn patterns observed in these cases with
evidence of perimortem trauma on the skeleton were used to aid in
recreating the circumstances of the crime and assisted in determining
the cause of death by the medical examiner.

Methods

Here we present two forensic anthropology case studies involving
the analysis and documentation of partially cremated human remains.
One case occurred in Texas, USA and was analyzed by the first and
second authors and the other case occurred in North Carolina, USA
and was analyzed by the last author. Analysis of the remains included
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Exposure Bone Color Bone Condition
Least Natural bone color (yellow) Unburned
Brown Hemoglobin and/or soil discoloration
Black Charred/carbonized
Blue-grey Pyrolized
Most White Calcined

Table 1. Heat altered bone exhibits a range of colors from the lowest to the highest
exposure of heat.

gross and microscopic examination. Gross observation included the
examination of color alterations, distortion through shrinkage and
fracture patterns of bone and teeth. The fracture margins were also
microscopically examined in order to more easily distinguish between
fractures due to heat alteration and fractures due to perimortem trauma
[18]. Once the analysis was completed, the burn patterns exhibited
in the two forensic cases were compared to the normal burn pattern
described by Symes and colleagues [23]. Our comparison is illustrated
by figures three, four, and six.

Results

Texas case

In April, 2010, at the home of the perpetrator who was a drug
acquaintance of the female victim, the female was struck multiple times
in the head with a blunt object until she became unconscious and her
throat was slit. She was wrapped in a tarp placed in a 90-gallon sealed
plastic residential garbage can and placed in the perpetrator’s back
yard in a shaded area for approximately three weeks. After a three week
period, the garbage can was taken to a secluded area of southeast Texas
where the body and garbage can were doused with an accelerant and
set on fire. In May, 2010, the police were notified of a homicide by an
eye witness and the police located the predominantly cremated remains
of a female in the secluded area. Because of the extent of fire damage
to surrounding brush and trees, arson experts from the Montgomery
County SherifPs Office concluded that the garbage can had been fully
engulfed by fire. The only remnants of the fire were the melted bottom
of the garbage can, two metal support bars of the can, rivets from the
tarp and the predominantly cremated remains of the female (Figure 1).

Prior to the fire, the female had been decomposing in the garbage
can in a tightly flexed position (Figure 2) for approximately three
weeks. Based on the burn pattern observed on the skeletal remains
and the position of the body on the ground prior to recovery, the body
appeared to have been placed in the can with the buttocks at the bottom
of the can and the head at the top of the can. The average high and low
daily temperatures of 26°C and 16°C, respectively, would have allowed
the body to reach an advanced stage of decomposition. Because of the
advanced state of decomposition of the body, the body would not have
contracted into a pugilistic position upon burning as conditions two
and three were not met.

As expected, the normal burn pattern was not displayed but rather
an atypical burn pattern (Figures 3 and 4). The Texas case displays
not only an atypical burn pattern compared to the normal pattern
but also an asymmetrical pattern between left and right sides of the
skull. The first to burn evidenced by calcined bone was the right side
of the facial bones including portions of the internal eye orbit, the
complete zygomatic bone, the majority of the maxilla and a portion
of the mandibular body that under normal circumstances would have
burned last. On the left side of the cranium only a small section of the
left orbital margin and a small portion of the maxilla were calcined. The

frontal and parietal bones were predominantly uniformly charred with
delamination or splitting of the ectocranial surface from the underlying
diploé. Delamination of bone is often observed in thermal damage
involving the skull [2] and fractures associated with delamination are
common and recognizable. No area of the frontal or parietal bones
displayed calcined bone. The right side of the face demonstrates that the
bone was exposed to heat for a longer period of time or exposed to a
higher temperature than the left side. The asymmetry and unusual burn
pattern can be attributed to the degree of decomposition and the body’s
position in the garbage can.

When comparing the right lateral views of the skull, two distinct
patterns are observed (Figure 4). Under normal circumstances the
first areas to burn would include the lateral portion of the zygoma, the
zygomatic process of the temporal bone, the mandibular condyle and
a superior portion of the parietals near the sagittal suture. The last areas
to burn would be the majority of the lateral parietal, temporal and
occipital bones, the ectocranial surface of the sphenoid and a portion
of the lateral posterior maxilla bone.

However, the atypical burn pattern shows that the occipital bone
was the first to burn as well as the right temporal bone, which coincides
with the similar calcined pattern seen on the right facial bones indicating
that the right side of the cranium was exposed to heat for longer than
the left side. In contrast to the normal burn pattern seen on the superior
lateral side of the skull, the majority of the frontal and parietal bones are
uniformly charred with no calcined bone present.

The left side of the skull was uniformly charred with the exception
of an area extending from the inferior parietal to the temporal bone that
had perimortem trauma. The burn pattern in this region ranged from
unburned to calcined (Figure 5).

The calcined occipital was exposed to heat for longer than other
skull bones. This may have been due to the position of the head in the
garbage can (i.e. the anterior cranium tightly tucked toward the knees,
the degree of decomposition and/or the accelerant poured into the can)
(Figure 2).

If the body had been in the pugilistic pose the first areas to burn
would be those with minimal tissue shielding (Figure 6), which are
the lateral portions of the proximal and distal humerus, the acromion
process of the scapula, the sternum and sternal rib ends, the dorsal
surface of the hands with the exception of the distal phalanges, portions
of the iliac crest, the lateral portions of the proximal femur, the knee
including the anterior distal femur and proximal tibia and fibula, the
anterior crest of the tibia, the medial malleolus of the tibia, the posterior
portion of the calcaneus and the distal and intermediate foot phalanges.
Thelast areas to burn include the clavicles, the rib shafts, medial portions
of the humerus and scapular body, vertebral bodies, the pelvic inlet, the
iliac blade, the mid-shaft of the femur and posterior mid-shaft of the
tibia.

The burn pattern on the anterior surface of the postcranial skeleton
did not conform to the pattern associated with tissue shielding. The
upper body was predominantly calcined, which included the right
humerus from the proximal to the distal end and the left humerus
extending past mid-shaft. The elbow was the only area charred in
contrast to what would be observed in a normal burn pattern where the
elbow region is pyrolized to calcined. Most of the ribs from the rib heads
to the sternal ends were calcined as well as the vertebral bodies from the
cervical to the lower thoracic vertebrae.

Most of the lower body displayed a pattern according to the
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Figure 1: The Texas crime scene. The top of the photo (rectangular outline)
shows the bottom of the garbage can and the two metal support bars. The
center of the photo shows the predominantly calcined upper body (right side
of photo indicated by circular outline) and the lower body (left side of photo
indicated by the irregular outline).

Figure 2. The assumed position of the body in the garbage can. Drawing by
Angela Rippley.

normal color distribution apart from the right and left legs. The right
leg was largely charred, while the left leg was charred with no evidence
of burning at the mid-shaft of the femur to the patella along with a
pyrolized left tibia.

Pre-Cremation Trauma

In addition to the atypical burn pattern of the skull, evidence
of perimortem blunt force trauma was observed on the left side of
the skull evinced by concentric and radiating fractures. There was
also a triangular-shaped unburned bone fragment and a patterned

defect, consistent with a possible tool mark (Figure 5). The tool mark
was located on the left parietal bone of the skull near the coronal and
squamous sutures approximately 15 mm anterior to the unburned bone
fragment. There were multiple pre-existing radiating fractures on the
skull evinced by “blunted margins” and the extension of these fracture
lines into unburned bone [2]. Since the bone associated with these
fractures had remained charred with minimal calcination, the fracture
lines were clearly visible and not yet deformed, which often occurs
during the calcination process [2]. Some fractures extended from the
tool mark, while others appear to have originated from other possible
impact areas, but due to missing bone, no definitive point of impact
could be determined. The fracturelines created a triangular-shaped bone
fragment on the parietal that was unburned. The triangular piece of
bone measured approximately 23 mm on each side. With the exception
of the postero inferior aspect of the bone no surfaces including edges
were burned. The distinct burn pattern seen on the left side of the
skull appears to indicate that at some point prior to heat exposure the
bone fragment created by the fractures was displaced from its original
position and was exposed differentiallyto heat. Bone displacement was
most likely due to the position of the head against the garbage can and
the advanced stage of decomposition of the body at the time of transport
to the burn scene.

North carolina case

The completely skeletonized and partially cremated remains of a
female were found on July 25,2012 by work crews in a wooded area near
a tree line behind a medical building in Cumberland County, North
Carolina. A tree next to the body exhibited a vertical charred area of
bark with a narrow vertical gray area. Some of her elements had been
scattered and showed varying levels of thermal modification. However,
the pelvic area with articulated femora was located at the base of the
tree and the vertebral column had collapsed to one side of the tree or
onto the left side of the body. In addition, a red colored plastic cap,
consistent with the lid of a lighter fuel bottle, was recovered from the
ground alongside the tree.

The individual had been reported missing at the end of March, 2012.
The average daily temperature between March and July was 21.9°C with
an average precipitation of 10.15 cm.

In this case, an atypical burn pattern was displayed that suggests
that the body was not completely engulfed in flames, nor was the body
exposed to the heat for a prolonged period of time. The pattern of
thermal damage was consistent with a longer heat exposure to the trunk
and left side of the body, which was also consistent with the pattern
observed on the tree trunk (Figure 7).

The burn pattern on the left occipital and mastoid process evidenced
by charring, gray coloration and heat line (Figures 3 and 4) was
consistent with the head having been canted to the left leaning on the
burning tree trunk. The inferior border of the mandible exhibits charring
with a heat line along the chin region. Under normal thermal conditions
the chin region is minimally exposed to heat. The burn pattern of the
skull deviates significantly from the normal burn pattern.

The bones of the left arm and shoulder also had more and longer
exposure than the right arm. The vertebral column showed charring
on the left side with charring of the pelvic region, which was consistent
with the body having been leaning against the tree. The legs showed
minimal thermal damage with only the knees having been affected
suggesting the decedent had the knees flexed to the left side. The burn
pattern displayed on the tree trunk coincides with the pattern observed

Anthropol
ISSN: 2332-0915 ANTP, an open access journal

Volume 2 + Issue 5 + 1000136



Citation: Bytheway JA, Larison NC, Ross AH (2014) Recognition of Atypical Burn Patterns and Pre-cremation Blunt Force Trauma Observed on
Human Remains in Two Forensic Cases in the United States?. Anthropol 2: 136. doi: 10.4172/2332-0915.1000136

Page 4 of 6

while others will burn last.

Figure 3. Comparison of the normal burn pattern of the skull (anterior view) with the two atypical burn patterns seen in the Texas and North Carolina forensic
cases. Based on the anatomical structures of the body and the physiological changes that occur during excessive heat exposure some areas of bone will burn first
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cases.

Figure 4. Comparison of the normal burn pattern of the skull (right lateral view) with the two atypical burn patterns seen in the Texas and North Carolina forensic

on the remains, showing extensive charring vertically along the trunk
and to the left side with a calcined line where the vertebral column was
in contact with the tree (Figure 6).

In addition to the atypical burn pattern, perimortem trauma was
evident on the left ulna and radius, which were consistent with Parry or
Nightstick fractures (Figure 8). The cross-section of the ulna and radius
were examined under a microscope and showed a uniform pattern
of the fracture spanning the burned and unburned portions of bone,
which is associated with wet bone fracture [2,23].

Discussion

Even though the burn pattern in both cases presented was quite
different from a normal burn pattern for most of the skeleton, the
pelvic girdle specifically around the pelvic inlet (with the exception of
the inferior portion of the sacrum, which was calcined in the Texas case
and charred in the North Carolina case) was similar to the normal burn
pattern. Because soft tissue covers the skeleton with varying degrees of
thickness, heat will take longer to affect some bones such as the pelvic
girdle compared to other areas. In extensive thermal exposure the pelvic
girdle often shows evidence of minimal to no burning due to the larger

tissue mass. There are two possible explanations as to why the pelvic
girdle had similar burn patterns even though the circumstances of the
burning were not “typical”. Firstly, in the Texas case it is probable that
the position of the body in the garbage can aided in the protection of
the pelvic girdle. In a tightly flexed position the anterior portion of
the lower abdomen would have been adjacent to the upper thighs
producing a thick tissue shielding for that area. Secondly, even if tissue
had sloughed off as a result of decomposition the tissue would have
accumulated at the bottom of the garbage can surrounding the pelvic
girdle. The fat accumulated at the bottom of the can may have acted as
an accelerant but the amount of decomposition tissue and fluids most
likely would have prevented heat alteration.

In the case from North Carolina, the body was in a seated position
with the legs flexed and the knees bent to the left side, the lower abdomen
and pelvis would have been partially shielded from direct heat. Figures
three and four illustrate the differences in bone color between the
normal (based on Symes and colleagues’ illustrations, [23]) and atypical
burn patterns for the Texas and North Carolina cases.

The two cases presented here confirm that if the circumstances
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Figure 5: The left lateral view of the skull from the Texas case. Note the
perimortem trauma evinced by fractures extending along the parietal bone
and a toolmark (shown in the circular outline). Approximately 15mm posterior
to the toolmark was an unburned triangular-shaped bone fragment. This would
indicate that this piece of bone may have dislodged from its original position
prior to the skull being exposed to the heat.
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Figure 6. Comparison of the normal burn pattern of the anterior skeleton with
the two atypical burn patterns seen in the Texas and North Carolina forensic
cases.

Figure 7. The left side of the body was more exposed to thermal trauma. The
diagram depicts the probable position of the body based on the burn pattern on
the bones and tree trunk.

Figure 8. a. Parry or nightstick fracture of the ulna and radius, b. Cross-section
of the distal radius showing consistent fracture pattern spanning the burned
and unburned areas (arrows), c. Cross-section of the distal ulna showing
consistent fracture pattern spanning the burned and unburned areas (arrows).

under which a body is burned are not normal (i.e. have not met the
three conditions mentioned previously), the soft tissue and underlying
bone will not burn in a uniform pattern and may indicate suspicious
circumstances that would warrant further investigation. While the
crime scenes in these two cases would suggest that the expected burn
pattern would be atypical because only the first condition (e.g. fully
engulfed) was met for the Texas case and only the second condition (e.g.
fleshed body) was met for the North Carolina case, the burn pattern each
body would exhibit was unknown. An atypical burn pattern was seen
on both the cranial and postcranial skeleton for both cases. In the Texas
case, the normal burn pattern was not seen due to the catabolism of
tissue that occurred during the three weeks the body was decomposing
in the garbage can preventing normal contraction of muscles and tissue
shielding, the perimortem blunt force trauma to the skull associated with
radiating fractures and bone fragments, the position of the body in the
garbage can and the accelerant poured on the body and the garbage can.
In the North Carolina case, the normal burn pattern was not observed
due to the body not being in a fully extended position, but sitting with
the pelvic and vertebral column resting on the tree trunk with accelerant
decanted on the left side of the tree and body, which prevented normal
muscle contraction into the pugilistic pose.

A burn pattern observed on a skeleton can indicate a suspicious
death requiring further investigation. A burn pattern is useful for
revealing direct and indirect clues. For example, direct clues include
whether the bone was green or dry when burned, whether the bone
displayed perimortem trauma and whether the bone was burned in a
uniform manner. Indirect clues can give leads to investigators to aid in
searching for and collecting additional evidence. For example, the tool
mark in the Texas case led investigators to interrogate the perpetrator
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concerning a class of object used on the victim and led investigators to
the home to look for a type of hammer. In the Texas case, the atypical
burn pattern also contributed to reconstructing the events of the crime,
which corroborated the perpetrator’s post-plea confession.

Many analytical techniques are used in the assessment of thermal

destruction of bone and teeth. In the present cases, visual observations
of burn color pattern on bone depicted in the figures were particularly
helpful in recreating circumstances of the crime and aided in assessing
the cause of death.

Acknowledgements

We would like to thank Harriet McHale and Angela Rippley for their assistance

in this project. We would also like to thank the reviewers of this manuscript for their
insightful comments and suggestions.

References

1.

Forbes G (1941) The effects of heat on the histological structure of bone. Police
J 14: 50-60.

Pope EJ, Smith OC (2004) Identification of traumatic injury in burned cranial
bone: an experimental approach. J Forensic Sci 49: 3.

Krogman WM (1943) Role of the physical anthropologist in the identification of
human skeletal remains. FBI Law Enforcement Bulletin 12: 12-28.

Baby RS (1954) Hopewell cremation practices. The Ohio Historical Society
Papers in Archeology 1: 1-7.

Gejvall NG (1969) Cremations: Science in Archaeology. Praeger, New York.

Herrmann B (1970) Anthropologische bearbeitung der leichenbranden von
berlin-rudow. Ausgrabungen in Berlin 1: 61-71.

Bonnucci E, Graziani G (1975) Comparative thermo gravimetric, x-ray diffraction
and electron microscope investigations of burnt bones from recent, ancient, and
prehistoric age. Atti Memorie Accademia Nazionale Die Lincei Scienze, Fisiche,
Matematiche Naturali 8: 517-34.

Grupe G, Herrmann B (1983) Uber das schrumpfungsverhalten experimentell
verbrannter spongioser knochen am beispiel des caput femoris. Zeitschrift fur
morphologie und anthropologie 74: 121-127.

Shipman P, Foster G, Schoeninger M (1984) Burnt bones and teeth: an
experimental study of color, morphology, crystal structure and shrinkage. J
Archaeological Sci 11: 307-325.

10. Dunlop JM (1978) Traffic light discoloration in cremated bones. Med Sci Law

18: 163-173.

11. Hunger H, Leopold D (1978) Identifikation. Springer: New York.

12. Thurman M, Willmore LJ (1980) A replicative cremation experiment. North

American Archaeologist 2: 275-283.

13. Bradtmiller B, Buikstra JE (1984) Effects of burning on human bone

microstructure: a preliminary study. J Forensic Sci 29: 535-540.

14. Heglar R (1984) Burned Remains: Human identification: case studies in forensic

15.Schultz M (1986) Hitzeiduzierte veranderungen des knochens.

anthropology. Charles C. Thomas, Springfield, lllinois.

Die
mikroskopische untersuchung prahistorischer skeletfunde. Archaeologie und
Museum 1: 116-29.

16. Buikstra JE, Swegle M (1989) Bone modification due to burning: experimental

evidence: Bone modification. Orono (ME): Center for the Study of the First
Americans.

17. Holland TD (1989) Use of the cranial base in the identification of fire victims. J

Forensic Sci 34: 458-60.

18. Mayne PM (1990) The identification of precremation trauma in cremated remains

[thesis]. University of Alberta, Edmonton.

19. Nelson R (1992) A microscopic comparison of fresh and burned bone. J Forensic

20.

2

Sci 37: 1055-1060.
Schwartz JH (1993) What bones tell us. Henry Holt, New York.

=

. Devlin JB, Herrmann NP (2008) Bone color as an interpretive tool of the
depositional history of archaeological cremains: The Analysis of Burned Human

22.

23.

24,

25.

26.

2

<

28.

29.

30.

3

=

32.

33.

34.

35.

36.

3

J

38.

39.

40.

Remains. Academic Press, London, UK.

Schmidt CW (2008) The recovery and study of burned human teeth: The
Analysis of Burned Human Remains Academic Press, London, UK.

Symes SA, Rainwater CW, Chapman EN, Gipson DR, Piper AL (2008) Patterned
thermal destruction of human remains in a forensic setting: The Analysis of
Burned Human Remains Academic Press, London, UK.

Holager J (1970) Thermogravimetric examination on enamel and dentin. J Dent
Res 49: 546-548.

Civjan S, Selting WJ, De Simon LB, Battistone GC, Grower MF (1971)
Characterization of osseous tissues by thermo gravimetric and physical
techniques. J Dent Res 51: 539-542.

Rootare HM, Craig RG (1977) Vapor phase adsorption of water on
hydroxyapatite. J Dent Res 56: 1437-1448.

.Newesely H (1988) Chemical stability of hydroxyapatite under different

conditions: Trace elements in environmental history. Springer-Verlag, Berlin.

Bohnert M, Rost T, Pollak S (1998) The degree of destruction of human bodies
in relation to the duration of the fire. Forensic Sci Int 95: 11-21.

Schultz JJ, Warren MW, Krigbaum JS (2008) Analysis of human cremains:
Gross and chemical methods: The Analysis of Burned Human Remains
Academic Press, London, UK.

Warren MW, Maples WR (1997) The anthropometry of contemporary commercial
cremation. J Forensic Sci42: 417-423.

.Bass WM, Jantz RJ (2004) Cremation weights in east Tennessee. J Forensic

Sci 49: 1-4.

McCutcheon P (1992) Burned archaeological bone: Deciphering a Shell Midden,
Academic Press, San Diego, CA.

Schurr MR, Hayes RG, Cook DC (2008) Thermally induced changes in the
stable carbon and nitrogen isotope ratios of charred bones: The Analysis of
Burned Human Remains Academic Press, London, UK.

DeNiro MJ, Schoeninger MJ, Hastoff CA (1985) Effect of heating on the stable
carbon and nitrogen isotope ratios of bone collagen. J Archaeological Sci 12:1-
8.

Bodkin T, Potts G, Brooks T, Shurtz K (2005) Elemental analysis of human
cremains using inductively coupled plasma optical emissions spectroscopy
(ICP-OES) to distinguish between legitimate and contaminated cremains.
Proceedings of the American Academy of Forensic Sciences 11:307.

Krogman WM (1939) A guide to the identification of human skeletal material. FBI
Law Enforcement Journal 8: 1-29.

.Binford LR (1963) An analysis of cremations from three Michigan sites.

Wisconsin Archaeologist 44: 98-110.

Symes SA, Smith OC, Berryman H (1996) Bones: bullets, burns, bludgeons,
blunders, and why. Proceedings of the American Academy of Forensic Sciences
2:10-11.

Stiner M, Kuhn S, Weiner S, Bar-Yosef O (2005) Differential burning,
recrystalization, and fragmentation of archaeological bone. J Archaeological
Sci 22: 223-237.

Hiller JC, Thompson TJU, Evison MP, Chamberlain AT, Wess TJ (2003) Bone
mineral change during experimental heating: an X-ray scattering investigation.
Biomaterials 24: 5091-5097.

Anthropol
ISSN: 2332-0915 ANTP, an open access journal

Volume 2 + Issue 5 + 1000136


http://heinonline.org/HOL/LandingPage?handle=hein.journals/policejl14&div=10&id=&page=
http://heinonline.org/HOL/LandingPage?handle=hein.journals/policejl14&div=10&id=&page=
http://www.researchgate.net/publication/8535872_Identification_of_traumatic_injury_in_burned_cranial_bone_an_experimental_approach
http://www.researchgate.net/publication/8535872_Identification_of_traumatic_injury_in_burned_cranial_bone_an_experimental_approach
http://www.worldcat.org/title/hopewell-cremation-practices/oclc/248771
http://www.worldcat.org/title/hopewell-cremation-practices/oclc/248771
http://journal.exarc.net/bibliography/anthropologische-bearbeitung-der-leichenbr%C3%A4nde-von-berlin-rudow
http://journal.exarc.net/bibliography/anthropologische-bearbeitung-der-leichenbr%C3%A4nde-von-berlin-rudow
http://periodici.librari.beniculturali.it/visualizzatore.aspx?anno=1975&id_immagine=32616575&id_periodico=12521&id_testata=14
http://periodici.librari.beniculturali.it/visualizzatore.aspx?anno=1975&id_immagine=32616575&id_periodico=12521&id_testata=14
http://periodici.librari.beniculturali.it/visualizzatore.aspx?anno=1975&id_immagine=32616575&id_periodico=12521&id_testata=14
http://periodici.librari.beniculturali.it/visualizzatore.aspx?anno=1975&id_immagine=32616575&id_periodico=12521&id_testata=14
http://journal.exarc.net/bibliography/%C3%BCber-das-schrumpfungsverhalten-experimentell-verbrannter-spongi%C3%B6ser-knochen-am-beispiel
http://journal.exarc.net/bibliography/%C3%BCber-das-schrumpfungsverhalten-experimentell-verbrannter-spongi%C3%B6ser-knochen-am-beispiel
http://journal.exarc.net/bibliography/%C3%BCber-das-schrumpfungsverhalten-experimentell-verbrannter-spongi%C3%B6ser-knochen-am-beispiel
http://www.sciencedirect.com/science/article/pii/030544038490013X
http://www.sciencedirect.com/science/article/pii/030544038490013X
http://www.sciencedirect.com/science/article/pii/030544038490013X
http://msl.sagepub.com/content/18/3/163.abstract
http://msl.sagepub.com/content/18/3/163.abstract
http://baywood.metapress.com/app/home/contribution.asp?referrer=parent&backto=issue,2,5;journal,131,136;linkingpublicationresults,1:300328,1
http://baywood.metapress.com/app/home/contribution.asp?referrer=parent&backto=issue,2,5;journal,131,136;linkingpublicationresults,1:300328,1
http://www.researchgate.net/publication/16473120_Effects_of_burning_on_human_bone_microstructure_a_preliminary_study
http://www.researchgate.net/publication/16473120_Effects_of_burning_on_human_bone_microstructure_a_preliminary_study
http://www.goodreads.com/book/show/723191.Human_Identification
http://www.goodreads.com/book/show/723191.Human_Identification
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fopus.bsz-bw.de%2Fubhi%2Fvolltexte%2F2012%2F170%2Fpdf%2FDiss_Novacek_Band_1.pdf&ei=6UxXVJzlC4jjuQSCxoHoAQ&usg=AFQjCNFoXCHSJuffBxBWlg1Hq4WTTUPVuQ&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fopus.bsz-bw.de%2Fubhi%2Fvolltexte%2F2012%2F170%2Fpdf%2FDiss_Novacek_Band_1.pdf&ei=6UxXVJzlC4jjuQSCxoHoAQ&usg=AFQjCNFoXCHSJuffBxBWlg1Hq4WTTUPVuQ&bvm=bv.78677474,d.c2E&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fopus.bsz-bw.de%2Fubhi%2Fvolltexte%2F2012%2F170%2Fpdf%2FDiss_Novacek_Band_1.pdf&ei=6UxXVJzlC4jjuQSCxoHoAQ&usg=AFQjCNFoXCHSJuffBxBWlg1Hq4WTTUPVuQ&bvm=bv.78677474,d.c2E&cad=rja
http://journal.exarc.net/bibliography/bone-modification-due-burning-experimental-evidence
http://journal.exarc.net/bibliography/bone-modification-due-burning-experimental-evidence
http://journal.exarc.net/bibliography/bone-modification-due-burning-experimental-evidence
http://www.researchgate.net/publication/20447193_Use_of_the_cranial_base_in_the_identification_of_fire_victims
http://www.researchgate.net/publication/20447193_Use_of_the_cranial_base_in_the_identification_of_fire_victims
http://www.researchgate.net/publication/21648548_A_microscopic_comparison_of_fresh_and_burned_bone
http://www.researchgate.net/publication/21648548_A_microscopic_comparison_of_fresh_and_burned_bone
http://www.uapress.arizona.edu/Books/bid1158.htm
http://www.researchgate.net/publication/233863066_Bone_Color_as_an_Interpretive_Tool_of_the_Depositional_History_of_Archaeological_Cremains
http://www.researchgate.net/publication/233863066_Bone_Color_as_an_Interpretive_Tool_of_the_Depositional_History_of_Archaeological_Cremains
http://www.researchgate.net/publication/233863066_Bone_Color_as_an_Interpretive_Tool_of_the_Depositional_History_of_Archaeological_Cremains
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://jdr.sagepub.com/content/49/3/546.abstract
http://jdr.sagepub.com/content/49/3/546.abstract
http://www.researchgate.net/publication/18544157_Characterization_of_osseous_tissues_by_thermogravimetric_and_physical_techniques
http://www.researchgate.net/publication/18544157_Characterization_of_osseous_tissues_by_thermogravimetric_and_physical_techniques
http://www.researchgate.net/publication/18544157_Characterization_of_osseous_tissues_by_thermogravimetric_and_physical_techniques
http://www.pubfacts.com/detail/277458/Vapor-phase-adsorption-of-water-on-hydroxyapatite.
http://www.pubfacts.com/detail/277458/Vapor-phase-adsorption-of-water-on-hydroxyapatite.
http://link.springer.com/chapter/10.1007%2F978-3-642-73297-3_1#page-1
http://link.springer.com/chapter/10.1007%2F978-3-642-73297-3_1#page-1
http://www.sciencedirect.com/science/article/pii/S0379073898000760
http://www.sciencedirect.com/science/article/pii/S0379073898000760
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://www.researchgate.net/publication/14073389_The_anthropometry_of_contemporary_commercial_cremation
http://www.researchgate.net/publication/14073389_The_anthropometry_of_contemporary_commercial_cremation
http://www.researchgate.net/publication/8254668_Cremation_weights_in_east_Tennessee
http://www.researchgate.net/publication/8254668_Cremation_weights_in_east_Tennessee
http://onlinelibrary.wiley.com/doi/10.1002/gea.3340080209/abstract
http://onlinelibrary.wiley.com/doi/10.1002/gea.3340080209/abstract
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://books.google.co.in/books?id=Q7Pb2wXV2woC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
http://www.sciencedirect.com/science/article/pii/0305440385900111
http://www.sciencedirect.com/science/article/pii/0305440385900111
http://www.sciencedirect.com/science/article/pii/0305440385900111
http://www.researchgate.net/publication/6777111_Elemental_analysis_of_human_cremains_using_ICP-OES_to_classify_legitimate_and_contaminated_cremains
http://www.researchgate.net/publication/6777111_Elemental_analysis_of_human_cremains_using_ICP-OES_to_classify_legitimate_and_contaminated_cremains
http://www.researchgate.net/publication/6777111_Elemental_analysis_of_human_cremains_using_ICP-OES_to_classify_legitimate_and_contaminated_cremains
http://www.researchgate.net/publication/6777111_Elemental_analysis_of_human_cremains_using_ICP-OES_to_classify_legitimate_and_contaminated_cremains
http://books.google.co.in/books/about/A_Guide_to_the_Identification_of_Human_S.html?id=I88uHAAACAAJ&redir_esc=y
http://books.google.co.in/books/about/A_Guide_to_the_Identification_of_Human_S.html?id=I88uHAAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Bones.html?id=5fNPGwAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Bones.html?id=5fNPGwAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Bones.html?id=5fNPGwAACAAJ&redir_esc=y
http://books.google.co.in/books?id=dTsaSQAACAAJ&dq=Differential+burning,+recrystallization,+and+fragmentation+of+archaeological+bone&hl=en&sa=X&ei=E1RXVMP-MsiouwTD8YGICA&ved=0CCAQ6AEwAA
http://books.google.co.in/books?id=dTsaSQAACAAJ&dq=Differential+burning,+recrystallization,+and+fragmentation+of+archaeological+bone&hl=en&sa=X&ei=E1RXVMP-MsiouwTD8YGICA&ved=0CCAQ6AEwAA
http://books.google.co.in/books?id=dTsaSQAACAAJ&dq=Differential+burning,+recrystallization,+and+fragmentation+of+archaeological+bone&hl=en&sa=X&ei=E1RXVMP-MsiouwTD8YGICA&ved=0CCAQ6AEwAA
http://www.sciencedirect.com/science/article/pii/S0142961203004277
http://www.sciencedirect.com/science/article/pii/S0142961203004277
http://www.sciencedirect.com/science/article/pii/S0142961203004277

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Methods
	Results 
	Texas case 
	North carolina case 

	Discussion
	Acknowledgements 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	References 

